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Abstract: The rapid advancement in artificial intelligence and robotics has revolutionized the field of
agriculture, particularly indoor farming. This paper presents an innovative solution for enhancing plant
health and pest control in indoor farming environments using Al The system employs a combination
of cameras, robotics, and Al algorithms to monitor, analyse, and manage plant health, disease detection,
and pest control. This paper introduces an automated system that leverages artificial intelligence and
robotics to address these challenges. The purpose is to enhance plant health, identify diseases, and
provide automated pest control, thus improving indoor farming outcomes. The system employs a
network of cameras moved by a robotic mechanism to capture plant images. Al algorithms analyse
these images to determine plant health and identify specific diseases. Automated watering is triggered
when soil moisture falls below 45%. Thermal cameras detect pests, prompting automated spray
treatments. A web application records and displays plant health, watering schedules, temperature data,
pest control percentages, and offers recommendations for timely interventions. It indicates that the
system effectively maintains and enhances plant health, detects diseases, and controls pests, thereby
increasing the yield and quality of indoor farming produce. The significance of this system lies in its
potential to optimize indoor farming, reduce the need for human intervention, and lower the
environmental impact of pest control methods. It offers a cost-effective, efficient, sustainable solution
for the emerging field of indoor farming.
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1. Introduction

An Automated Plant Health Pest Control System is a cutting-edge agricultural technology that
integrates sensors, actuators, and data analysis to optimize the well-being of crops and protect them from pests
and diseases. By leveraging real-time data, this system enables farmers to monitor environmental conditions
and plant health remotely through a user-friendly web application. It offers automated responses to factors
like soil moisture, temperature, and pest outbreaks, ensuring timely interventions to maximize crop yields
while minimizing the need for chemical pesticides. This innovative solution represents a sustainable and
efficient approach to modern agriculture, contributing to improved crop management and overall food
security.

2.Purpose

The purpose of an automated plant health and pest control system for indoor planting is to create a
controlled and optimal environment for indoor plants, enhancing their growth, health, and overall well-being.
2.1. Optimized Growth Conditions
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The system provides an environment where various factors like light, temperature, humidity, and
nutrient levels are precisely controlled to meet the specific needs of different plant species. This optimization
can lead to faster growth and healthier plants.

2.2. Consistent Watering:

Automated watering ensures that plants receive the right amount of water at the right time, preventing
both over-watering and under-watering, which can stress or damage plants.
2.3. Monitoring and Feedback:

The system continually monitors environmental parameters and plant health, providing real-time data
and feedback. This information is invaluable for plant caregivers, enabling them to make informed decisions
and promptly address any issues.

Pest and Disease Prevention: The system can incorporate sensors and mechanisms for early detection
and prevention of pests and diseases. It can, for example, trigger the release of beneficial insects or apply
organic pest control measures when issues are detected.

2.4. Energy Efficiency:

Indoor plant health systems are often designed to be energy-efficient by using efficient LED grow lights
and heating/cooling systems, saving on energy costs.
2.5. Labor and Time Savings:

Automated systems reduce the need for manual care and intervention. This is particularly beneficial for
those who may not have the time or expertise for intensive plant care.
2.6. Year-Round Gardening;:

Indoor systems enable year-round gardening, regardless of external weather conditions. This is
advantageous for growing plants that wouldn't survive outdoors in certain climates.
2.7. Data-Driven Decisions:

The system collects data over time, allowing plant caregivers to make data-driven decisions, such as
adjusting light cycles, nutrient levels, or humidity to optimize plant growth.
2.8. Remote Monitoring and Control:

Many systems can be controlled remotely through smartphones or computers. This means you can
check on your plants and make adjustments even when you're away from home.

3. Methodology
3.1. Plant Detection

we source a dataset from Kaggle and annotate it on rob flow and used augmentation and prepossessing
techniques to make the datasets more effective. we used three disease Bacterial Spot, Black Rot and Scab.
Datasets splits 80% of training 10% of valid and testing. Model is trained it on yolov8 custom model. we use
100 epochs to train model with picture size of 640 and batch size 16. It set up robotic mechanism which will
move in front of every plant will click pictures from esp32 camera board. image separation is also implemented
through OpenCV in esp32 cam board. Web application use model to detect and identify diseases in every plant.
The esp32 cam board is programmed to control the robot mechanism in a strategic manner. The robot follows
a predefined movement trajectory and stops at each plant for 5 seconds to capture a clear and Semantic
segmented image using the embedded ESP32-CAM board. This process enables the collection of plant images
for subsequent analysis and monitoring purposes. This integration of the ESP32-CAM board with the robotic
mechanism allows for efficient and systematic data acquisition, which is crucial for comprehensive plant
analysis and monitoring.
3.2. Pest Detection

The AMGS8833 captures thermal data as a grid of temperature values. You will need to collect this data
continuously. You can interface with the sensor using an Arduino and collect temperature readings from the
grid.it need to establish a baseline temperature for the healthy plant.
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Figure 1. Epochs Training and validation

This can serve as a reference point. When an insect comes into the field of view, it will generate a heat
signature different from that of the plant. You can set temperature thresholds to trigger an alert to Arduino
and start spraying pesticide spray when a temperature anomaly is detected.

Pesticides can have different effects on plants. Some may cause localized heating, while others may lead
to cooling in specific areas. Monitor the temperature changes in the plant canopy and look for anomalies that
might indicate pesticide damage.

3.3. Watering System

Automated watering system that adjusts watering based on temperature involves incorporating a
temperature sensor into your setup. This sensor measures the ambient temperature, which can be crucial for
plant care, as plants' water requirements often vary with temperature. In your Arduino code, you can read
temperature data from this sensor and make watering decisions based on both soil moisture and temperature.
Arduino continuously monitors the soil moisture level using a soil moisture sensor and the ambient
temperature using

A temperature sensor as Shown in fig 2. You set specific thresholds for both moisture and temperature
based on the needs of your plants. If the soil moisture drops below a certain threshold and the temperature is
within the desired range, the system activates the water pump to deliver water to the plants. This ensures that
the plants receive water when both moisture and temperature conditions are appropriate for their growth. By
integrating temperature data into the decision-making process, your automated watering system becomes
more sophisticated, allowing it to adapt to changing environmental conditions. This can help ensure that your
plants receive the right amount of water at the right time, which is essential for their health and growth. You
can fine-tune the moisture and temperature thresholds based on your plant's specific requirements and observe
how they respond to the automated system to achieve the best results.

Figure 2. Watering System
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3.4. System Architecture
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Figure 3. Architecture system

4. Results
4.1. Disease Detection

Post-segmentation, the segmented images are fed into separate modules responsible for disease and pest
detection. The Disease Detection Model and Pest Detection Model individually analyse these segmented
images, employing machine learning or Al algorithms to identify diseases and pests within the plant images,
respectively. Both models provide detection results based on their analysis of the segmented regions.

This workflow ensures a systematic process of capturing plant images, transferring them for analysis,
segmenting the images, and subsequently employing specialized models to detect diseases culminating in
actionable results for plant health assessment as shown in Fig 4
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Figure 4. Precision and Confidence Curve
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Figure 5. Semantic segmented image and Detections
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Figure 6. Disease detection
4.2. Pest Detection

Pests can cause localized changes in temperature due to their metabolic activity, which can be detected
by thermal cameras. For instance, clusters of pests might generate slightly higher temperatures compared to
the surrounding healthy areas. Thermal cameras create a visual representation of temperature variations in the
observed area. Pests can sometimes create hotspots or cooler spots on plants, which might be distinguishable
in the thermal images as shown Fig 7.

Figure 7. Pest Detection

4.3. Automated Watering

The automated watering system integrates a Soil Moisture Sensor, Arduino board, and a Water Pump
to ensure precise and timely watering based on soil moisture levels. Functioning autonomously, the Soil
Moisture Sensor continually measures soil moisture content. This data is relayed to the Arduino board, which
compares the current moisture level against a predefined threshold, typically set at 45%. When the measured
moisture falls below this threshold, signalling dryness, the Arduino triggers the Water Pump. Activating the
pump, it dispenses water to the plants until the soil moisture rises above the threshold, ensuring that watering
occurs only when necessary.
4.4. Project Prototype

Figure 8. Prototype
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4.5. Web Application
In web Application you can get every detail information about your plant. As shown in figure 9
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Figure 9. Web application Dashboard

5. Conclusion

In conclusion, the development and implementation of the plant monitoring, disease detection, and
automated watering system have resulted in a comprehensive solution aimed at enhancing agricultural
management practices. Through the integration of hardware components, including the ESP32 module for
image acquisition and an Arduino Uno for automated watering control, coupled with sophisticated software
modules for image processing, disease detection, and a user-friendly web interface, the project achieved
several significant milestones. The system exhibited commendable accuracy in disease and pest detection,
leveraging machine learning algorithms and semantic segmentation techniques. This precision, coupled with
the ability to trigger automated watering based on soil moisture readings, presents a proactive approach to
plant care, ensuring timely intervention when anomalies are detected. Additionally, the web application
interface facilitated easy visualization and interpretation of the detection results, enhancing user accessibility
and decision-making. However, while the project showcases promising outcomes, several areas merit further
exploration and refinement. Addressing limitations such as hardware constraints, improving model accuracy,
scalability, and ensuring robustness under varying environmental conditions stand as crucial considerations
for future iterations. The project underscores the significance of technology in agriculture, offering a glimpse
into the potential advancements that integrated systems bring to efficient plant care. Moving forward,
continual iterations and enhancements will refine this system, contributing to more sustainable and effective
agricultural practices, thereby fortifying our efforts towards ensuring global food security. This project serves
as a foundation for further innovation, highlighting the intersection of technology and agriculture, and sets the
stage for ongoing advancements in automated plant monitoring and care.
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