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Abstract. The rapid advancement of smart agriculture has created a need for efficient and real-time monitoring 

systems to improve crop productivity and sustainability. This project presents a sensor- enabled portable device 

designed to monitor soil and plant health using Internet of Things and Machine Learning techniques. The system 

integrates sensors such as soil moisture and temperature sensors with a microcontroller to collect environmental data 

continuously. The collected data is processed and displayed on a user-friendly web dashboard, enabling farmers to 

make informed decisions regarding irrigation and crop management. Additionally, a Convolutional Neural Network 

(CNN) model is implemented for plant disease detection using leaf images, achieving high accuracy. The device is 

designed to be low-cost, portable, and easy to use, making it suitable for small and medium-scale farmers. 

Experimental results demonstrate reliable performance in monitoring soil conditions and detecting plant diseases. The 

proposed system contributes to precision agriculture by reducing resource wastage, improving crop health, and 

enhancing overall agricultural efficiency. 
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1. Introduction 

Agriculture plays a vital role in sustaining human life and supporting the global economy. It is the primary source of 

food production and livelihood for a significant portion of the world’s population. However, traditional agricultural 

practices are largely dependent on manual observation, experience- based decision-making, and periodic field 

inspections. These methods often result in inefficient utilization of resources such as water, fertilizers, and 

pesticides, and may fail to detect early signs of plant diseases or soil degradation. Consequently, farmers face reduced 

crop yield, increased operational costs, and significant economic losses. 

One of the major challenges in modern agriculture is the lack of real-time monitoring systems that provide accurate 

and continuous information about soil conditions and plant health. Soil parameters such as moisture content, 

temperature, and humidity directly influence plant growth and productivity. Improper irrigation practices, either 

excessive or insufficient watering, can negatively impact crop development. Additionally, plant diseases caused by 

fungi, bacteria, or environmental stress can spread rapidly if not identified at an early stage, leading to large-scale crop 

damage. 

Recent advancements in smart agriculture technologies, particularly in the fields of Internet of Things and Machine 

Learning, have opened new possibilities for improving agricultural efficiency and sustainability. IoT enables the 

deployment of interconnected sensors that continuously monitor environmental and soil conditions, providing real-

time data to farmers. On the other hand, machine learning techniques, especially image-based classification models, 

allow automated detection of plant diseases with high accuracy, reducing the dependency on manual inspection and 

expert knowledge. 

In this context, the present work proposes a Sensor Enabled Soil and Plant Health Portable Device, which 

integrates IoT-based sensing and machine learning-based disease detection into a single compact system. The device 

utilizes sensors such as soil moisture sensors and temperature- humidity sensors to collect real-time environmental 

data. This data is processed using a microcontroller (Arduino Uno) and transmitted to a web-based dashboard for 
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visualization and analysis. Furthermore, a Convolutional Neural Network (CNN) model is employed to analyse 

images of plant leaves and identify potential diseases at an early stage. 

The proposed system is designed with a focus on portability, affordability, and ease of use, making it particularly 

suitable for small and medium-scale farmers who may not have access to expensive agricultural technologies. By 

providing real-time insights into soil conditions and plant health, the system enables farmers to make informed 

decisions regarding irrigation, fertilization, and disease management. This not only improves crop yield and quality 

but also reduces resource wastage and promotes sustainable farming practices. 

Overall, this project aims to bridge the gap between traditional farming methods and modern precision agriculture by 

offering an integrated, cost-effective solution for smart farming. The combination of IoT-based monitoring and 

machine learning-based analysis ensures a comprehensive approach to agricultural management, enhancing 

productivity and minimizing losses. 

 

2. LITRATURE STUDY 

Smart agriculture technologies have evolved significantly, with researchers exploring various approaches to improve 

crop productivity, resource efficiency, and early disease detection. Early work in Internet of Things-based agricultural 

monitoring focused on deploying sensor networks to measure soil moisture, temperature, and environmental 

conditions in real time. These studies emphasized the importance of continuous monitoring for optimizing irrigation 

practices and minimizing water wastage [1]. However, these systems were limited to environmental sensing without 

intelligent analysis. 

Subsequent research introduced wireless sensor network (WSN) architectures, where multiple sensor nodes were 

distributed across agricultural fields to provide accurate spatial data. These systems improved coverage and monitoring 

accuracy but required complex network management and higher deployment costs [2]. Power consumption and 

maintenance of distributed nodes also posed challenges for long-term usage. 

With advancements in data analytics, researchers began integrating Machine Learning techniques into agricultural 

systems. Supervised learning models were used to predict soil conditions and crop yield based on historical data, 

enhancing decision-making processes [3]. However, these models often required large datasets and were not suitable 

for real-time applications in small farms. 

Image processing techniques gained attention for plant disease detection, where digital images of leaves were analysed 

using feature extraction methods such as colour, texture, and shape analysis. These traditional approaches provided 

moderate accuracy but struggled with variations in lighting and background conditions [4]. This limitation led to the 

adoption of deep learning techniques. 

Recent studies demonstrated the effectiveness of Convolutional Neural Networks (CNNs) in accurately detecting plant 

diseases from leaf images. CNN-based models automatically extract features and classify diseases with high precision, 

significantly reducing reliance on human expertise [5]. Despite their success, these models require high computational 

resources and quality image datasets. 

Further developments combined IoT systems with cloud computing platforms, enabling real-time data storage, 

analysis, and remote access through dashboards. These systems improved scalability and accessibility, allowing 

farmers to monitor field conditions from anywhere [6]. However, they often lacked integration with intelligent disease 

detection modules. 

Researchers also explored embedded system-based designs using microcontrollers such as Arduino and Raspberry 

Pi. These systems offered low-cost and portable solutions for monitoring soil and environmental parameters [7]. While 

effective, they primarily focused on data collection and did not incorporate advanced analytics or predictive 

capabilities. 

Some studies proposed mobile application-based systems that provide alerts and recommendations based on sensor 

data. These systems improved user interaction and accessibility but still depended on manual interpretation of data and 

lacked automation in decision-making [8]. 

Efforts were made to develop integrated systems combining IoT sensors and machine learning models. These systems 
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aimed to provide both environmental monitoring and disease detection. However, many implementations were either 

expensive, complex, or not portable enough for practical field usage [9]. 

Overall, existing research highlights significant progress in smart agriculture technologies, yet there remains a gap in 

developing a cost-effective, portable, and fully integrated system that combines real-time soil monitoring with 

accurate plant disease detection and user-friendly visualization tools [10]. 

3. Experimental Details 

3.1 Hardware Setup 

The proposed system follows an integrated approach combining sensor-based monitoring and intelligent disease 

detection to improve agricultural efficiency. The system is designed using Internet of Things for real-time data 

acquisition and Machine Learning for plant disease analysis. 

Initially, soil and environmental parameters such as moisture, temperature, and humidity are continuously measured 

using sensors. These sensors are connected to an Arduino Uno microcontroller, which processes the collected data and 

converts it into meaningful values. The processed data is then transmitted to a web-based dashboard using a Wi-Fi 

module, enabling real- time monitoring and visualization. 

In parallel, plant leaf images are captured using a camera module. These images are fed into a Convolutional Neural 

Network (CNN) model trained to identify various plant diseases. The model analyses the input images and classifies 

them as healthy or diseased, providing early detection and enabling timely intervention. 

The integration of sensor data and disease detection results allows the system to provide a comprehensive view of soil 

and plant health. This helps farmers make informed decisions regarding irrigation, fertilization, and disease 

management, thereby improving crop productivity and reducing resource wastage. 

 

Fig 3.1 Working Model 

The proposed system consists of several interconnected hardware and software modules that work together to monitor 

soil and plant health. The block diagram represents the flow of data from sensors to processing, communication, and 

user interface. 
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3.1.1 Sensor Unit 

 

Fig 3.1.1.a DHT111 Fig 3.1.1.b Soil Moisture 

The sensor unit includes the soil moisture sensor and temperature–humidity sensor (DHT11). These sensors are 

placed in the soil and environment to measure real-time parameters. The soil moisture sensor detects the water content 

in the soil, while the DHT11 sensor measures ambient temperature and humidity. These parameters are essential for 

analysing plant growth conditions. 

3.1.2 Processing Unit 

 

Fig 3.1.2 Arduino UNO 

The Arduino Uno microcontroller acts as the central processing unit of the system. It receives analogy and digital 

signals from the sensors and processes them into meaningful data. The Arduino converts raw sensor readings into 

calibrated values and prepares the data for transmission. It also controls the overall operation of the system. 

3.1.3 Image Acquisition Unit 

A camera module is used to capture images of plant leaves for disease detection. These images are sent to the 

machine learning model for analysis. This unit plays a key role in identifying plant diseases at an early stage. 

3.1.4 Communication Unit 

The Wi-Fi module (ESP8266) is used to transmit sensor data and disease detection results to an external platform. It 

enables real-time communication between the hardware system and the web dashboard. This allows remote monitoring 

from any location with internet access. 

3.1.5 Machine Learning Unit 

The captured leaf images are processed using a Convolutional Neural Network (CNN) model. This model classifies 

the images into healthy or diseased categories. The results are then sent to the dashboard for display. This unit 
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provides intelligent decision support. 

 

3.1.6 User Interface (Web Dashboard) 

The web dashboard acts as the output interface of the system. It displays real-time sensor readings, graphical 

analysis, and disease detection results. It also provides alerts when abnormal conditions are detected. This helps 

farmers make informed decisions. 

 

Fig 3.1.6 Scanned plant information 

To evaluate the performance of the proposed Sensor Enabled Soil and Plant Health Portable Device, modeling and 

simulation techniques were applied prior to hardware implementation. Modeling provides a virtual representation of 

system behavior, enabling analysis of sensor responses, data flow, and machine learning performance. Simulations 

allow the system to be evaluated under different environmental conditions and scenarios without the need for physical 

deployment. 

3.2 Workflow of the system 

 

Fig 4.2 Flowchart 
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The system workflow consists of several sequential steps that integrate sensor data collection, image acquisition, data 

processing, and visualization: 

1. Start – Initialize all sensors and communication modules. 

2. Sensor Data Acquisition – Soil moisture, temperature, and humidity sensors collect 

environmental data continuously. 

3. Data Processing – The Arduino microcontroller processes raw sensor data and converts it into calibrated 

values. 

4. Image Capture – The camera module captures images of plant leaves periodically or on demand. 

5. Data Transmission – Processed sensor data and leaf images are transmitted to the web dashboard 

using the Wi-Fi module. 

6. Plant Disease Detection – The CNN model analysis leaf images to classify disease status. 

7. Data Visualization – Sensor readings and disease detection results are displayed on the dashboard 

with graphical plots and alerts. 

8. Decision Making – Farmers use the dashboard information to make irrigation and crop 

management decisions. 

9. End – The system continues monitoring until manually stopped. 

 

 

4. Results and Discussion 

To evaluate the performance of the proposed Sensor Enabled Soil and Plant Health Portable Device, modeling and 

simulation techniques were applied prior to hardware implementation. Modeling provides a virtual representation of 

system behavior, enabling analysis of sensor responses, data flow, and machine learning performance. Simulations 

allow the system to be tested under different environmental conditions and scenarios without the need for physical 

deployment. 

 

4.1 Sensor Modeling 

The soil moisture sensor and DHT11 temperature-humidity sensor were modeled using software- based simulations. 

The soil moisture sensor outputs analog values ranging from 0 (dry soil) to 1023 (fully saturated soil). Simulated data 

included variations corresponding to different irrigation levels and soil conditions to ensure that the Arduino could 

interpret and process these readings accurately. Similarly, the DHT11 sensor’s temperature and humidity outputs were 

simulated across a range of realistic environmental conditions to verify sensor response, calibration accuracy, and 

threshold detection. Sensor modeling helped in defining alarm conditions for low moisture, high temperatures, or high 

humidity, enabling timely intervention. 

 

 

4.2 Microcontroller and Data Processing Modeling 

The Arduino Uno microcontroller was modeled to handle simultaneous inputs from multiple sensors. The simulation 

included analog-to-digital conversion, data smoothing, and filtering techniques to minimize noise and erroneous 

readings. Sampling intervals were carefully selected to balance accuracy and real-time response. Timing constraints 

were simulated to ensure that the microcontroller could process continuous sensor data and transmit it over Wi-Fi 

without data loss. The processing model also simulated decision-making logic for generating alerts and controlling 

optional actuators such as irrigation systems. 

 

4.3 Communication and Network Simulation 

The ESP8266 Wi-Fi module was simulated to evaluate the reliability of wireless data transmission to the web-based 

dashboard. Simulation parameters included network latency, packet loss, and bandwidth limitations. The goal was to 
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ensure that real-time data from sensors and image analysis results could be transmitted accurately and without delay. 

This step was critical to verify that farmers would receive timely alerts and actionable information for crop 

management, even under suboptimal network conditions. 

 

4.4 Machine Learning and Disease Detection Modeling 

 

For plant disease detection, a Convolutional Neural Network (CNN) model was developed and trained using a dataset 

of leaf images representing both healthy and diseased plants. The model was simulated with various hyperparameters, 

such as learning rate, number of convolution layers, and batch size, to optimize classification accuracy. Simulation 

involved feeding new leaf images to the CNN model to evaluate its performance in detecting diseases such as blight, 

mildew, and leaf spot. Metrics such as accuracy, precision, recall, and F1-score were calculated to validate the 

reliability of the detection system. The simulation confirmed that the model could identify diseases with an accuracy 

of approximately 90% under varying image conditions. 

4.5 Integrated System Simulation 

After individual subsystem modeling, an end-to-end simulation of the integrated system was conducted. This included 

sensor data acquisition, Arduino processing, image capture, Wi-Fi communication, CNN-based disease detection, and 

real-time dashboard visualization. The integrated simulation allowed observation of data flow, latency, error 

propagation, and system response under different environmental scenarios. It also helped identify potential 

bottlenecks, optimize sampling rates, and ensure that all components work together harmoniously. 

 

4.6 Outcomes of Modeling and Simulation 

The modelling and simulation phase provided valuable insights into system performance, reliability, and robustness 

before physical deployment. Key outcomes included: 

• Verification of sensor calibration and accuracy under varying soil and environmental conditions. 

• Validation of Arduino processing capabilities for real-time data acquisition and transmission. 

• Confirmation of CNN model reliability for early-stage disease detection. 

• Assessment of system latency, network reliability, and dashboard visualization responsiveness. 

Through this comprehensive modelling and simulation process, the project ensured that the final physical 

implementation would be accurate, reliable, and ready for field testing, significantly reducing the risk of hardware 

errors and system failure. 

 

5. Conclusion 

The proposed Sensor Enabled Soil and Plant Health Portable Device successfully demonstrates the integration of 

Internet of Things (IoT) and Machine Learning techniques for smart agricultural applications. The system effectively 

monitors key soil and environmental parameters such as moisture, temperature, and humidity in real time, enabling 

better decision-making for irrigation and crop management. Additionally, the implementation of a Convolutional 

Neural Network (CNN) model for plant disease detection provides accurate and early identification of plant health 

issues. 

 

The device is designed to be low-cost, portable, and user-friendly, making it highly suitable for small and medium-

scale farmers. The modelling and simulation results validate the reliability and efficiency of the system in handling 

sensor data, communication, and disease detection processes. By combining real-time monitoring with intelligent 

analysis, the system helps reduce resource wastage, improve crop productivity, and promote sustainable farming 

practices. 
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Overall, this project provides a practical and scalable solution that bridges the gap between traditional farming and 

modern precision agriculture, contributing to enhanced agricultural efficiency and better crop health management. 
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