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ABSTRACT 
 

Advancing Urban Agriculture Practices via Integration of Artificial 

Intelligence into Hydroponics Systems to Enhance Food Security 

 

G P Supun Nilanka De Silva 

MSc. in Information Technology 

Supervisor: Prof. Anuradha Jayakody 

December 2024 

 

This research investigates the integration of artificial intelligence (AI) into hydroponic 

farming systems to tackle challenges in urban agriculture, particularly food security and 

resource optimization. Urban expansion and shrinking arable land necessitate innovative 

agricultural solutions, and hydroponics—a soilless cultivation method—is increasingly 

recognized for its efficiency and scalability in urban environments. By leveraging AI and 

Internet of Things (IoT) technologies, this study develops an automated nutrient 

management system that optimizes critical parameters such as pH, electrical conductivity 

(EC), and nutrient concentrations (NPK: Nitrogen, Phosphorus, Potassium) to enhance 

plant growth and resource efficiency. 

The experimental design includes two hydroponic systems: an AI-driven system and a 

manual control setup, both operating under identical conditions. The AI-driven system 

utilizes real-time sensor data, processed by machine learning models, to automate nutrient 

adjustments. Data collected from sensors, including pH, EC, and temperature, is 

transmitted via AWS IoT Core and stored in DynamoDB for real-time monitoring and 

historical analysis. The system's performance is visualized through an Angular-based 

dashboard, enabling continuous monitoring and decision-making. 

Results demonstrate that the AI-driven system significantly outperforms manual nutrient 

management in terms of plant growth, resource efficiency, and environmental stability. 

Plants grown in the automated system exhibited a 48% increase in weight and improved 

root development compared to those grown in the manual system. The automated system 
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also maintained optimal pH (6.3–6.7) and EC (1.8–2.4) levels with minimal deviations, 

reducing nutrient waste and ensuring precise dosing. 

This research contributes to the field of smart agriculture by showcasing the 

transformative potential of AI and IoT technologies in hydroponic farming. The findings 

emphasize the viability of AI-driven systems to enhance the sustainability, scalability, 

and efficiency of hydroponics for urban agriculture. The integration of advanced 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



5 

 

ACKNOWLEDGEMENT 
 

While at Sri Lanka Institute Information Technology, I have benefited from having great advisors 

who seem to agree about very little.  Dr. Koliya Pulasinghe was a great mentor, providing advice, 

constant constructive criticism of my ideas and writing, access to his web of contacts and friends, 

financial support, and the freedom to work on my own projects on his research account’s time. 

 

This project could not have been completed without various groups providing financial assistance 

to fund fieldwork and the inclusion of questions on various surveys in 2024.  I am especially 

grateful to the Mahapola Trust, which funded the fieldwork in 2024. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



6 

 

TABLE OF CONTENTS 

 

DECLARATION ........................................................................................................................................... 2 

ABSTRACT .................................................................................................................................................. 3 

ACKNOWLEDGEMENT ............................................................................................................................. 5 

TABLE OF CONTENTS .............................................................................................................................. 6 

List of Figures ................................................................................................................................................ 9 

List of Tables ............................................................................................................................................... 10 

Chapter 1 Introduction ................................................................................................................................. 11 

 Background ........................................................................................................................................ 11 

 Problem Statement ............................................................................................................................. 12 

 Research Objectives ........................................................................................................................... 12 

 Research Questions ............................................................................................................................ 12 

 Significance of the Study ................................................................................................................... 12 

Chapter 2 Literature Review ........................................................................................................................ 14 

 Introduction........................................................................................................................................ 14 

 Relevant Theories and Models .......................................................................................................... 15 

2.2.1 AI in Agriculture ......................................................................................................................... 15 

2.2.2 Hydroponic Systems ................................................................................................................... 16 

2.2.3 Smart Farming and IoT Integration ............................................................................................ 18 

2.2.4 Theoretical Framework for Urban Agriculture ........................................................................... 21 

 Key Studies ........................................................................................................................................ 23 

2.3.1 AI in Agriculture and Disease Detection .................................................................................... 23 

2.3.2 Hydroponics and AI Integration ................................................................................................. 25 

2.3.3 Smart Farming and IoT Applications ......................................................................................... 27 

2.3.4 Urban Agriculture and Food Security ......................................................................................... 29 

Chapter 3 Methodology ............................................................................................................................... 32 

 Research Design ................................................................................................................................ 32 

3.1.1 Research Approach ..................................................................................................................... 32 

3.1.2 Variables and Parameters ........................................................................................................... 33 

3.1.3 Experimental Setup ..................................................................................................................... 33 

3.1.4 Study Objectives ......................................................................................................................... 34 

3.1.5 AI-Driven Approach ................................................................................................................... 34 

3.1.6 Manual Control Setup ................................................................................................................. 35 

3.1.5 Experiment Duration and Phases ................................................................................................ 35 

3.1.7 Experimental Setup Diagram ...................................................................................................... 35 



7 

 

 System Setup ..................................................................................................................................... 37 

3.2.1 Overview of System Components .............................................................................................. 37 

3.2.2 Description of System Interactions ............................................................................................. 42 

3.2.3 Integration with AWS IoT and Data Storage ............................................................................. 42 

3.2.4 Physical Layout and Setup Description ...................................................................................... 43 

 Data Collection Methods ................................................................................................................... 45 

3.3.1 Overview of Data Collection ...................................................................................................... 46 

3.3.2 Hardware for Data Collection ..................................................................................................... 47 

3.3.3 Data Transmission and Storage .................................................................................................. 47 

3.3.4 JSON Data Structure ................................................................................................................... 49 

3.3.5 Data Collection Workflow .......................................................................................................... 50 

3.3.6 Challenges in Data Collection .................................................................................................... 52 

3.3.7 Hydroponic System Configuration ............................................................................................. 52 

3.3.8 AI and Automation Tools ........................................................................................................... 53 

 AI Model Selection and Training ...................................................................................................... 54 

3.4.1 Dataset Preparation ..................................................................................................................... 54 

3.4.2 Data Analysis .............................................................................................................................. 56 

3.4.3 Data Cleaning and Preprocessing ............................................................................................... 61 

3.4.4 Model Selection .......................................................................................................................... 64 

3.4.5 Model Training ........................................................................................................................... 66 

3.4.6 Model Evaluation and Visualization .......................................................................................... 66 

 Model Deployment and System Integration ...................................................................................... 73 

3.5.1 3.6.1 System Overview ............................................................................................................... 73 

3.5.2 Model Integration and Functionality .......................................................................................... 73 

3.5.3 Real-Time and Long-Term Integration ...................................................................................... 76 

Chapter 4 Results and Discussion................................................................................................................ 77 

 Overview ............................................................................................................................................ 77 

 Experimental Results ......................................................................................................................... 78 

4.2.1 System Performance Metrics ...................................................................................................... 78 

 Model Performance ........................................................................................................................... 81 

4.3.1 pH Adjustment Model Performance ........................................................................................... 81 

4.3.2 EC Adjustment Model Performance ........................................................................................... 82 

4.3.3 Feature Importance Analysis ...................................................................................................... 82 

4.3.4 Visual Performance Assessment ................................................................................................. 83 

4.3.5 Model Limitations ...................................................................................................................... 83 

 Overview of Findings ........................................................................................................................ 83 

4.4.1 Plant Growth: .............................................................................................................................. 84 



8 

 

4.4.2 Resource Efficiency: ................................................................................................................... 85 

4.4.3 Environmental Stability: ............................................................................................................. 86 

4.4.4 Dosing Accuracy: ....................................................................................................................... 86 

4.4.5 Feature Importance: .................................................................................................................... 86 

4.4.6 Dosing Logic: ............................................................................................................................. 87 

 Challenges and Limitations ............................................................................................................... 87 

4.5.1 Chemical Substitutions: .............................................................................................................. 88 

4.5.2 Temperature Control: .................................................................................................................. 88 

4.5.3 Sensor Calibration: ..................................................................................................................... 88 

4.5.4 NPK Sensor Limitations: ............................................................................................................ 88 

4.5.5 Practical Implications ................................................................................................................. 88 

4.5.6 Scalability: .................................................................................................................................. 88 

 Automation Benefits: ......................................................................................................................... 88 

4.6.1 Advanced AI Models: ................................................................................................................. 89 

 Validation of Hypotheses .................................................................................................................. 89 

4.7.1 Insights from the Results ............................................................................................................ 90 

4.7.2 Relation to Existing Literature .................................................................................................... 91 

4.7.3 Implications ................................................................................................................................ 91 

Chapter 5 Conclusion .................................................................................................................................. 91 

Reference ..................................................................................................................................................... 94 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



9 

 

List of Figures 

  

Figure 3.1.6.1: Diagram of the hydroponic system configuration, illustrating the integration of the control 

unit, dosing unit, sensors, and reservoirs ..................................................................................................... 36 
Figure 3.3.1.1 - Gravity Analog pH Sensor ................................................................................................. 38 

Figure 3.3.1.2 - Gravity: Analog Electrical Conductivity Sensor ............................................................... 39 
Figure 3.3.1.3 DHT11 Temperature & Humidity Sensor ............................................................................ 40 

Figure 3.3.3.1 - Angular Dashboard to visualize data ................................................................................. 43 

Figure 3.3.4.1: Data collection workflow depicting the integration of sensors, Arduino, Raspberry Pi, and 

cloud components. ....................................................................................................................................... 46 

Figure 3.4.3.1: Sample real-time sensor data collected for analysis and nutrient optimization .................. 48 
Figure 3.5.2.1: Histograms of Key Sensor Data Features ........................................................................... 57 

Figure 3.5.2.2: Boxplots for Outlier Detection ............................................................................................ 59 

Figure 3.5.2.3: Combined Time Series of pH, EC, Ambient Temperature, Water Temperature, and 

Humidity ...................................................................................................................................................... 60 

Figure 3.5.5.1: Bar chart showing the feature importance scores for the pH adjustment model, where the 

pH value is the dominant factor. .................................................................................................................. 68 

Figure 3.5.5.2: Bar chart showing the feature importance scores for the EC adjustment model, highlighting 

that EC is the leading factor ......................................................................................................................... 69 
Figure 3.5.5.3: presents a scatter plot of Predicted vs Actual pH Adjustment ............................................ 70 

Figure 3.5.5.4: Predicted vs Actual EC Adjustment .................................................................................... 71 
Figure 3.6.2.1: Automated dosing system ................................................................................................... 75 

Figure 4.2.1.1: Time-Series Plot for pH Levels ........................................................................................... 78 

Figure 4.2.1.2: Time-Series Plot for EC Levels .......................................................................................... 79 
Figure 4.2.1.3:Figure 4.3 & Figure 4.4: Scatter Plots for Predicted vs. Actual Adjustments pH................ 80 

Figure 4.2.1.4: Figure 4.3 & Figure 4.4: Scatter Plots for Predicted vs. Actual Adjustments EC .............. 80 

 

 

 

 

 

 

 

 

 

 

 

 



10 

 

List of Tables 
 

Table 1: Comparison of Plant Growth Metrics ............................................................................................ 84 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 


