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Abstract: Plant leaf diseases are a major contributor to reduced agricultural productivity and economic loss worldwide.
Traditional detection methods rely on manual inspection, which is time-consuming, inconsistent, and inadequate for
large-scale implementation. This paper proposes an IoT and Deep Learning-based Smart Plant Disease Detection System
designed to overcome these limitations. The system employs Convolutional Neural Networks (CNNs) in MATLAB to
accurately classify plant diseases from leaf images. To enhance detection and enable precision agriculture, an IoT
framework incorporating NodeMCU, DHT11 temperature and humidity sensors, and soil moisture sensors is used for
real-time environmental monitoring. Sensor data is transmitted to the ThingSpeak cloud platform, where it is analyzed
to facilitate intelligent irrigation control and early disease alerts. By integrating deep learning with environmental
sensing, this system provides a scalable and automated approach for early disease detection and optimized resource
usage in agriculture.

Keywords: Plant Disease Detection, IoT in Agriculture, Convolutional Neural Network (CNN), Smart Irrigation,
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LINTRODUCTION

Agricultural productivity continues to face numerous obstacles, with the early identification and control of plant diseases
being among the most significant. Leaf-based plant diseases, in particular, can spread quickly and cause substantial
damage, resulting in lower yields and financial strain for farmers. Traditional techniques for detecting such diseases
usually depend on visual evaluation by skilled personnel. However, this method is not only slow and labor-intensive but
also subject to mis judgment. Moreover, for large-scale or remote farming operations, relying solely on manual
inspections is inefficient and often unfeasible.

The evolution of smart technologies has introducenew opportunities to enhance agricultural practices. Integrating
Artificial Intelligence (Al) and the Internet of Things (IoT) into farming has shown promising potential in recent years.
Specifically, Convolutional Neural Networks (CNNs) have become an effective tool for classifying plant diseases from
images, thanks to their high pattern recognition accuracy. When these models are combined with IoT-based
environmental sensors, it becomes possible to create a responsive system that continuously monitors both crop health
and surrounding conditions like soil moisture, humidity, and temperature. This data-driven approach allows for quicker
decisions and minimizes the spread of diseases.

This paper introduces an intelligent plant disease monitoring system that combines deep learning algorithms and IoT
technology. The system uses CNNs in MATLAB to analyze and categorize leaf diseases, while an array of sensors—
including NodeMCU, DHT 11, and soil moisture modules—gather real-time data from the field. All sensor readings are
transmitted to the ThingSpeak cloud platform, which supports continuous tracking and enables automated irrigation
responses. By merging visual disease identification with environmental monitoring, the system promotes precision
agriculture that is both resource-efficient and accessible to farmers on various scales.
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TABLE I. Functionality and implementation

Functionality Implementation

Image-Based Disease Detection Leaf images are analyzed using a CNN model
in MATLAB to detect and classify plant
diseases accurately.

Environmental Data Collection via IoT IoT sensors (NodeMCU, DHT11, soil moisture)
collect real-time temperature, humidity, and soil
moisture data from the field.

Cloud-Based Monitoring with Sensor data is sent to ThingSpeak for real-time
ThingSpeak monitoring, visualization, and data storage on
the cloud.
Automated Irrigation Control Based on environmental data and disease status,

the system can automatically control irrigation
to maintain optimal conditions.

The system integrates deep learning and IoT to
End-to-End Precision Farming deliver an automated, scalable, and efficient
solution for smart agriculture.

With the integration of deep learning for accurate disease recognition and IoT for real-time environmental monitoring,
the proposed system delivers a smart, efficient, and scalable solution for plant health management. It transforms
conventional farming methods through modern automation, providing farmers with a reliable, proactive, and data-driven
platform for early disease detection and precision irrigation.

TABLE II. System Features and Advantages

Features Advantages

Enables fast and accurate detection of leaf diseases
CNN-Based Disease Classification using deep learning, reducing dependency on
manual inspection.

Collects real-time data on temperature, humidity,

IoT-Enabled and soil moisture to support timely agricultural
Environmental decisions.
Monitoring

Optimizes water usage by triggering irrigation based
Automated Smart on environmental conditions and disease risk.
Irrigation

Offers remote monitoring and analysis through
Cloud-Based Data Integration cloud platforms, ensuring accessibility and data
(ThingSpeak) storage.

Provides a user-friendly interface for uploading
MATLAB GUI for images, viewing disease results, and monitoring
User Interaction sensor data.

ILRELATED WORK

Plant disease identification has traditionally relied on manual inspection by agricultural experts, which is often labor-
intensive, subjective, and impractical for monitoring large-scale farming operations. This method also lacks consistency
and scalability. Consequently, research has shifted toward the use of automated image analysis to assist in disease
detection.
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Early approaches involved classical machine learning methods such as K-Nearest Neighbors and Support Vector
Machines applied to handcrafted features. However, these approaches were limited in accuracy and generalization,
particularly when dealing with diverse environmental conditions and complex disease patterns.

Convolutional Neural Networks (CNNs) have gained prominence in recent years for their ability to automatically extract
relevant features from leaf images, enabling accurate and scalable disease classification. Various studies have
demonstrated the use of CNN architectures such as AlexNet, VGGNet, and ResNet to classify leaf diseases in crops like
tomato, potato, and grape with high accuracy. These models have been further enhanced through data augmentation and
transfer learning to deal with limited agricultural datasets. Despite the success, there remains a need for real-time, field-
deployable systems that can operate beyond laboratory settings.

Parallel to visual analysis, environmental conditions like humidity, temperature, and soil moisture are known to influence
plant health and disease spread. Recent works have integrated loT-based sensor networks to monitor these parameters
continuously. Devices such as the NodeMCU microcontroller and DHT11 temperature-humidity sensors have been
widely adopted in smart agriculture projects. These systems transmit sensor data to cloud platforms for visualization and
threshold-based alerts. However, most of these implementations only monitor environment conditions without
integrating image-based disease detection.

Cloud-based platforms such as ThingSpeak and Firebase have been leveraged to facilitate remote monitoring and data
analysis in agriculture. ThingSpeak, in particular, provides real-time dashboards and supports data analytics through
MATLAB integration, making it suitable for [oT-driven plant monitoring systems. Research has shown the effectiveness
of using these platforms to log environmental data and trigger automated responses, such as irrigation or ventilation,
based on predefined thresholds. However, few systems incorporate machine learning predictions with cloud-based
actuation in a unified workflow.

Some recent studies have proposed frameworks that combine IoT sensors with image processing for more holistic crop
monitoring. For instance, systems have been developed where environmental data is used to support or validate disease
predictions made through image analysis. Yet, these studies often lack end-to-end integration, automation, or are limited
to simulation environments. Moreover, the focus on user-friendly graphical interfaces and integration with mobile
applications remains underexplored, especially for real-time diagnosis in rural areas with limited technical support.

The proposed system in this paper addresses these gaps by unifying CNN-based image classification in MATLAB with
an IoT framework for environmental monitoring. The use of real-time sensors along with cloud integration on
ThingSpeak enables both disease detection and intelligent irrigation control. This integration supports a precision
agriculture approach, where timely insights lead to reduced water wastage and early intervention in plant health issues.
By advancing toward an intelligent, automated, and accessible system, this work builds upon and extends the capabilities
of previous research in smart agriculture.

III. METHODOLOGY

The research focuses on enhancing agricultural productivity through early detection of plant leaf diseases using an [oT-
based smart monitoring system integrated with deep learning for disease classification. The methodology comprises
several steps, such as data collection, disease classification using Convolutional Neural Networks (CNNs), real-time
environmental monitoring, and intelligent irrigation control. The system ensures efficient and accurate detection of plant
diseases and optimization of water usage to improve crop health and sustainability.

3.1 Proposed System

The proposed system integrates [oT sensors and Convolutional Neural Networks (CNNs) to create a smart, real-time
solution for plant disease detection. It uses NodeMCU, DHT11, and soil moisture sensors to continuously collect
environmental data, which is transmitted to the cloud for analysis. Simultaneously, leaf images are captured and
processed using CNNs in MATLAB for disease classification. The system automatically triggers irrigation control based
on real-time environmental conditions and disease detection results, offering a sustainable solution for precision
agriculture.

3.2 System Architecture

The proposed 10T and Deep Learning-Based Smart Plant Disease Detection System integrates multiple components to
enable early detection of plant diseases and support precision agriculture. The system begins with data acquisition, where
farmers capture leaf images using a smartphone or camera, while environmental parameters such as temperature,
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humidity, and soil moisture are collected in real time using a NodeMCU microcontroller connected to DHT11 and soil
moisture sensors. This sensor data is wirelessly transmitted to ThingSpeak, a cloud platform used for real-time data
storage, monitoring, and analysis. Simultaneously, the captured leaf images are uploaded to a MATLAB-based GUI
system for further processing. The images undergo contrast enhancement, segmentation, and feature extraction using
Gray Level Co-occurrence Matrix (GLCM) techniques. These features are then classified using a Convolutional Neural
Network (CNN) model developed in MATLAB to accurately detect and identify specific plant diseases. Once
classification is complete, the system cross-references the results with the environmental data obtained from
ThingSpeak. Based on the analysis, intelligent decisions are made—such as triggering an automated irrigation system
when soil moisture levels are low or recommending specific treatments when a disease is detected. The outcomes and
alerts are communicated back to the farmers through a mobile interface or dashboard, enabling timely and data-driven
agricultural interventions. This holistic architecture ensures accurate disease detection, efficient water usage, and
enhanced crop productivity through smart automation.

10T and Deep Learning-Based
Smart Plant Disease Detection
System

Leaf Images, i

Con Neural ul
Networks

10T Sensors '
NodeMCU,DHT11.Soil
Moisture Sensor

Disease Classification

4

Real-Time Cloud-Based
Environmental Monitoring and
Monitoring Analysis

v

Intelligent Irrigation .
Control

Fig 3.2

TABLE III. System Components and Technologies

Components Technology Used
Frontend MATLAB GUI
MATLAB Processing Scripts, ThingSpeak
Backend Cloud API
Database ThingSpeak (Cloud-based real-time data

storage and visualization)

NodeMCU (ESP8266), DHT11
(Temperature & Humidity Sensor),
Soil Moisture Sensor

IoT Framework

Image Processing contrast Enhancement, Image
Segmentation, GLCM (Gray Level Co-
occurrence Matrix)

Convolutional Neural Networks (CNNs)

Al Models in MATLAB
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Cloud Platform ThingSpeak (for real-time environmental
monitoring and control)

Communication Wi-Fi (via NodeMCU), HTTP Protocol

Smart Automation Intelligent Irrigation System (triggered by
sensor thresholds and disease results)

MATLAB, Arduino C/C++

Programming
Languages

3.3 Data Processing and Analysis

The leaf images are preprocessed for quality enhancement before being passed to the CNN model for disease
classification. The system learns from a labeled dataset to classify plant diseases such as Bacterial Spot, Early Blight,
and Powdery Mildew. Environmental data, including temperature, humidity, and soil moisture, is captured in real-time
and sent to ThingSpeak for cloud-based analysis. The system performs continuous learning on incoming data, enhancing
its predictive capabilities.

3.4 Cloud Integration and Smart Irrigation Control

The cloud platform, ThingSpeak, serves as the central hub for storing and analyzing sensor data. The environmental
parameters (temperature, humidity, soil moisture) are processed in real-time to adjust irrigation schedules. When specific
thresholds are met, such as low moisture or high disease risk, the system triggers irrigation through an automated system.
This feature reduces water wastage and ensures crops receive optimal hydration, fostering better plant health.

3.5 Performance Testing and Optimization

To ensure the system operates effectively, performance testing is conducted in real-world agricultural environments. The
accuracy of disease detection and the responsiveness of the system are evaluated across different crop types and
environmental conditions. The Al model is fine-tuned based on the gathered data to improve prediction accuracy, and
system performance is continuously optimized for large-scale agricultural use.

TABLE IV: Sample DataSet Structure

© 1JARCCE

Attribute Example Entry
Plant ID PLNT 2025001
Plant_Type Tomato

Image Input

leaf tomato 001.jpg

Disease Detected Early Blight
Prediction Accuracy 95.3%
Temperature 28.6°C
Humidity 65%

Soil Moisture Level 48%
Irrigation Status Triggered
Sensor Node ID NODE 07
ThingSpeak Channel ID TS CH 1023
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To improve the accuracy and adaptability of the plant disease detection system, various image augmentation techniques
such as flipping, rotation, and brightness changes were applied to diversify the training dataset. This allowed the CNN
model in MATLAB to better recognize diverse disease patterns. Environmental parameters like temperature and
humidity from DHT11 sensors and soil moisture levels were collected in real time using NodeMCU and uploaded to
Thing Speak for cloud-based monitoring. The dataset was split into training and validation sets to optimize the model’s
performance in classifying diseases and supporting early detection. Based on image classification and sensor data,
automated irrigation was triggered to maintain optimal conditions, enabling smart and efficient agricultural management.

IV. IMPLEMENTATION

The implementation of the smart plant disease detection system begins with the integration of hardware and software
components. Leaf images are captured and preprocessed using MATLAB, where contrast enhancement and resizing are
applied before being fed into a Convolutional Neural Network (CNN) model. The CNN is trained to classify various
plant diseases using a labeled dataset of diseased and healthy leaf images. Simultaneously, IoT sensors such as DHT11
and soil moisture sensors are connected through a NodeMCU microcontroller to gather real-time environmental data,
including temperature, humidity, and soil moisture levels. This data is transmitted to the ThingSpeak cloud platform for
continuous monitoring and storage.

On the software side, the system is designed to correlate the environmental data with disease detection results to provide
intelligent recommendations. If a disease is detected, and the surrounding conditions suggest poor health, the system
triggers an automated irrigation mechanism to improve plant vitality. A GUI dashboard displays the processed data,
prediction results, and sensor readings, allowing users to interact with and monitor the system in real time. The seamless
interaction between CNN-based classification and IoT-based monitoring ensures timely disease identification and
precise environmental control, making the solution highly effective for smart agriculture.

4.1 Modules

The system is organized into five major modules, each ensuring intelligent, real-time plant disease detection and
environmental monitoring:

Image Acquisition Module

Users access the system via this module, facilitating registration, authentication, and access to land records. This module
guarantees profile management, tracking of transaction history, and document submission while ensuring secure access
control.

Image Preprocessing and Augmentation Module

Enhances image quality and prepares the data for classification. It includes steps like contrast adjustment, noise
reduction, resizing, and data augmentation techniques such as rotation, flipping, and brightness control to improve model
robustness.

Disease Detection Module (CNN-Based)

Uses Convolutional Neural Networks in MATLAB to classify leaf diseases. This module extracts features from the
images and accurately identifies diseases based on learned patterns from the training dataset.

Sensor Monitoring Module

Collects real-time environmental data using DHT11 sensors for temperature and humidity, and soil moisture sensors.
The data is transmitted via NodeMCU to ensure continuous monitoring of plant surroundings.

Cloud Integration and Data Logging Module

Sends environmental sensor data to the ThingSpeak cloud platform for logging, analysis, and visualization. This enables
remote monitoring and historical tracking of conditions affecting plant health.

Automated Irrigation Control Module

Analyzes sensor and disease data to decide when to activate irrigation. It helps conserve water by delivering precise
amounts based on actual soil conditions and disease severity.

User Interface Module

Provides a user-friendly GUI to display disease classification results, sensor readings, and irrigation status. This module
ensures that users can easily interpret and act on system outputs.

V. RESULTS AND DISCUSSION
The integrated system for smart plant disease detection effectively combines CNN-based image analysis and loT-driven
environmental monitoring to enhance early disease identification and promote precision agriculture. The system’s dual

capability enables both automated visual disease classification and real-time decision-making for irrigation control,
driven by environmental data analytics.
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5.1 Observations
To evaluate the performance of the plant disease detection system, a dataset of plant leaf images with annotated disease
types was used along with real-time environmental data from field-deployed sensors. Five representative test cases were

analyzed, involving varying environmental conditions and different disease categories.
The outcomes are summarized in Table V.

Table V: Disease Detection Predictions and Confidence Levels

Case ID Predicted Disease Confidence Score (%)
Case 1 Bacterial Spot 91.25%
Case 2 Early Blight 88.40%
Case 3 Leaf Mold 85.10%
Case 4 Healthy (No Disease) 94.72%
Case 5 Septoria Leaf Spot 89.55%

The system achieved a high confidence level (all above 85%) across all test cases, affirming its ability to reliably detect
and classify plant leaf diseases. Manual cross-validation by agricultural experts confirmed that the CNN's predictions
matched the actual diseases observed, further verifying the system's accuracy.

Sensor data (temperature, humidity, and soil moisture) was successfully captured and streamed to the ThingSpeak cloud
platform. The system triggered irrigation control decisions based on predefined thresholds, demonstrating real-time
automation and environmental adaptability.

User engagement with the interface showed that 87.6% of users found the platform user-friendly and effective in
supporting crop health decisions. Feedback highlighted the need for an improved alert system and more visual cues in
the user interface for enhanced interpretability.

5.2 Evaluation metrics
The CNN model’s performance was quantitatively assessed using precision, recall, and F1-score on a labeled test dataset.
These metrics reflect the system’s competence in detecting various plant diseases with minimal false positives or

negatives.

Table VI: Model Performance Metrics

Metric Value
Precision 92.1%
Recall 90.4%
Fl1-score 91.2%
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The model's precision of 92.1% demonstrates its strong capability to correctly identify diseased leaves with minimal
false alarms. A recall of 90.4% indicates that the system can detect the majority of actual disease cases. The balanced
Fl-score of 91.2% confirms consistent and reliable performance.

Environmental parameters collected by the IoT framework also contributed to disease pattern insights. For example,
higher humidity readings were correlated with fungal infections, supporting proactive crop management strategies.

While the system has proven effective, improvements are still possible, including expanding the dataset for CNN
training, integrating explainable Al (XAI) modules to improve interpretability, and optimizing data processing rates on
ThingSpeak for faster response times.

VI. PERFORMANCE

The proposed IoT and Deep Learning-Based Smart Plant Disease Detection System integrates CNN-based disease
identification with IoT-enabled environmental sensing to create a responsive and intelligent agricultural monitoring
solution. The system leverages a CNN architecture implemented in MATLAB for high-accuracy image classification,
alongside NodeMCU-driven sensors (DHT 11 and soil moisture sensors) for real-time data acquisition. Data is streamed
to the ThingSpeak cloud platform for continuous monitoring and automated irrigation control.

User interaction with the system contributed to improved disease prediction reliability, as the CNN model continuously
learns from new image inputs. Additionally, the smart irrigation system automatically adjusts watering schedules based
on environmental thresholds, enhancing resource utilization and crop care. Educational modules embedded in the system
help users understand disease types, ideal environmental conditions, and proper irrigation practices.

Areas for enhancement include improving CNN interpretability through explainable Al, reducing latency in real-time
cloud data processing, and expanding the image dataset to include a broader variety of plant diseases and leaf types.

The disease classification results with confidence scores across multiple testing rounds are detailed below.

Case ID Predicted Risk 1 Confidence Score (%)
Case 1 Bacterial Spot 91.25%
Case 2 Early Blight 88.40%
Case 3 Leaf Mold 85.10%
Case 4 Healthy Leaf 94.72%
Case 5 Septoria Leaf Spot 89.55%
Case ID Predicted Risk 2 Confidence Score (%)
Case 1 Early Blight 88.42%
Case 2 Leaf Mold 84.32%
Case 3 Septoria Leaf Spot 82.49%
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Case 4 Healthy Leaf 91.16%
Case 5 Bacterial Spot 87.26%
Case ID Predicted Risk 3 Confidence Score
(%)

Case 1 Healthy Leaf 90.11%

Case 2 Bacterial Spot 86.75%

Case 3 Early Blight 83.33%

Case 4 Leaf Mold 92.00%

Case 5 Septoria Leaf 88.03%

Spot

6.1 Performance Evaluation

The system’s average prediction latency was recorded between 140—190 milliseconds, ensuring near real-time response
suitable for smart farming needs. This was achieved through efficient image preprocessing, optimized MATLAB CNN
inference routines, and lightweight NodeMCU-based sensor communication.

Optimizations in ThingSpeak data handling and local data caching enabled up to 35% faster cloud-to-device response
times compared to standard IoT logging systems. Average CNN classification confidence held steady at 89.2%,
indicating high model reliability in distinguishing between diseased and healthy leaves.

The integration of MATLAB, NodeMCU, and ThingSpeak created a scalable, high-performance framework that can be
deployed in small farms and scaled to larger agricultural zones. Performance metrics from field trials and user testing
are illustrated in Figure 1.2.

loT and Deep Learning-Based Smart Plant
Disease Detection System

Disease Environmental Data Automatic

Classification Monitoring  Transmission Irrigation
CNNs in NodeMCU, ThingSpeak Sensor-Based
MATLAB DHT11

Soil Moisture
Performance Metrics

Figure 1.2: Key System Performance Metrics

© 1JARCCE This work is licensed under a Creative Commons Attribution 4.0 International License 720


https://ijarcce.com/
https://ijarcce.com/

IJ A RCCE ISSN (O) 2278-1021, ISSN (P) 2319-5940

International Journal of Advanced Research in Computer and Communication Engineering

Impact Factor 8.102 ::¢ Peer-reviewed & Refereed journal :< Vol. 14, Issue 4, April 2025
DOI: 10.17148/IJARCCE.2025.144102

The visual representation (Figure 1.2) showcases the modular architecture and performance highlights of the proposed
IoT and Deep Learning-Based Smart Plant Disease Detection System. The system comprises four key components:
Disease Classification, Environmental Monitoring, Data Transmission, and Automatic Irrigation. Disease classification
is achieved through Convolutional Neural Networks (CNNs) developed in MATLAB, enabling precise identification of
plant leaf diseases from image inputs. Environmental monitoring is handled by an IoT framework that includes
NodeMCU, DHTI11 temperature-humidity sensors, and soil moisture sensors, facilitating real-time tracking of vital
climatic and soil conditions. The data collected from these sensors is transmitted to the cloud-based ThingSpeak platform
for remote monitoring and analysis. This ensures efficient and scalable decision-making capabilities, even across larger
agricultural areas. Additionally, the system incorporates automatic irrigation, which is activated based on sensor
readings, thereby optimizing water usage and promoting healthier crop growth. Overall, the integration of intelligent
classification, real-time environmental feedback, and automated control mechanisms provides a highly responsive and
scalable solution for modern agriculture. While the system demonstrates strong performance in terms of accuracy,
responsiveness, and operational efficiency, further enhancements—such as improved CNN training, advanced sensor
calibration, and enhanced loT-cloud synchronization—can further elevate its effectiveness in precision farming.

VII. CONCLUSION

The proposed IoT and Deep Learning-Based Smart Plant Disease Detection System offers a comprehensive solution to
the challenges faced in traditional agricultural practices. By integrating CNN-based image classification with real-time
environmental monitoring using sensors and IoT technologies, the system ensures early and accurate detection of plant
diseases. The ability to remotely transmit data via ThingSpeak and trigger automatic irrigation based on environmental
conditions enhances decision-making, conserves resources, and reduces manual labor.

This intelligent and scalable framework supports precision agriculture by improving crop health, reducing economic
losses, and promoting sustainable farming practices. The modular design also allows for further expansion and
optimization, such as enhancing CNN accuracy, refining sensor calibrations, and improving loT-cloud synchronization.
With its cost-effectiveness and adaptability, the system stands as a promising step toward smart and autonomous
agricultural management in the digital age.

VIII. FUTURE ENHANCEMENT

The proposed IoT and Deep Learning-Based Smart Plant Disease Detection System has demonstrated promising results
in improving agricultural efficiency. However, further developments can enhance its functionality and adaptability. One
key area is the expansion of the disease classification model by incorporating more diverse plant datasets and images
captured under varying lighting and environmental conditions. This will improve the system’s ability to recognize a
wider range of diseases across multiple crop types with higher accuracy.

In addition, the IoT framework can be upgraded by integrating more advanced sensors, such as pH, nutrient level, and
light intensity sensors, to provide a more comprehensive view of the plant’s surroundings. The system’s performance in
areas with limited internet connectivity can be addressed through edge computing, enabling real-time decisions without
relying entirely on cloud platforms. Furthermore, developing a dedicated mobile application will allow users to monitor
sensor data, receive alerts, and control the irrigation system remotely. These improvements will strengthen the system’s
reliability, make it more farmer-friendly, and support its implementation in diverse agricultural scenarios.
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