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Abstract.

Agriculture requires timely monitoring of crop health, soil condition, and water availability.
In many farms, these tasks are still done manually, which may delay disease identification
and irrigation decisions. The current paper is about an Al-based agricultural robot that
monitors crops, detects plant diseases, and controls irrigation. The study employs loT
sensors, an ESP32 controller, wireless communication, and a CNN-based model to detect
plant diseases using leaf images. Irrigation is automatically controlled by soil moisture data,
and temperature, humidity, and light detection allow monitoring of the situation on the field.
This study will help to minimize manual work, enhance response time, and assist farmers in
making decisions faster. Experimental comparison reveals that the time of disease detection,
water consumption, labor demand, and disease detection accuracy are improved. It is a low-
cost, modular design and is scalable with cloud monitoring and edge Al in the future. %
accuracy in disease detection and offers a scalable solution to precision agriculture.

Keywords. Deep Learning, Precision Agriculture, Internet of Things (10T), Smart Irrigation,
Agricultural Robotics.

1. INTRODUCTION

Agriculture is vital to food production, but many tasks require manual observation. Farmers
usually inspect crops visually and decide on irrigation based on experience. This method
works for small areas, but it becomes difficult when the field size increases or when disease
symptoms appear at an early stage. Delay in detecting plant disease reduces crop quality. In
the same way, improper irrigation may either waste water or affect plant growth. With the
development of 10T, artificial intelligence, embedded systems, and agricultural robotics,
smart farming systems can now collect field data and support faster decision-making in farm
operations [1], [5], [7]- A small agricultural robot can move in the field, collect sensor
readings, capture plant images, and provide alerts when abnormal conditions are found.

Small and medium-sized farmers can benefit from an affordable, easy-to-use system. This
paper introduces an Al-based agricultural robot that monitors crops, detects diseases, and
intelligently irrigates. The system includes an ESP32 controller, soil moisture sensor,
temperature and humidity sensor, light sensor, ultrasonic sensor, and a CNN disease
classification model. The overall objective of the system is to minimize manual monitoring
and deliver up-to-date data on crop and soil conditions.

2. LITERATURE SURVEY

Several researchers have worked on agricultural robotics, 10T-based irrigation, and plant
disease detection. Agricultural robots are mainly used to reduce repetitive field work,
support field monitoring, and improve decision-making in precision agriculture [1], [2].
Earlier studies also show that mobile robots can help in collecting field data and assisting
crop inspection activities. Deep learning can detect plant diseases from leaf images using
CNN-based models trained on proper datasets [3], [4].
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Disease classification using images performs well when the images used are clear, well-
labeled and when taken in controlled conditions . Nevertheless, there are real field conditions
that can interfere with performance due to lighting conditions, background noise, camera
angle, and leaf position.

The irrigation systems based on loT are common in water management. Such systems
monitor the soil moisture and weather and then turn on irrigation, thus preventing
unnecessary water consumption as opposed to fixed-time irrigation [5], [8]. Many current
systems are only concerned with a single task, e.g. agro irrigation or detecting plant diseases.
The suggested project integrates crop detection, intelligent irrigation, and disease
identification into one inexpensive robot

3. KEY CONTRIBUTION

The miniature agricultural robot with sensing, disease detection, and irrigation control is the
main contribution. This study measures field conditions with soil moisture, temperature,
humidity, light, and ultrasonic sensors. An ESP32 controller processes sensor data and
controls the irrigation pump. Leaf images are used to detect plant disease using a CNN
model. The system also allows communication wirelessly to allow readings and alerts to be
sent to a dashboard. Design is modular for future updates.

4. MACHINE LEARNING MODEL

A CNN-based deep learning model is used for disease detection.
e Architecture: VGG16-based CNN

Dataset: PlantVillage (18,000+ images)

Classes: 9 diseases + healthy

Accuracy: ~90%

The model processes real-time images and detects diseases within seconds

5. METHODOLOGY
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Fig 5.1. Methodology Flowchart

The system operates as follows:

Collect sensor data

Capture plant image

Preprocess image

Apply CNN model

Detect disease

Execute actions (irrigation/alerts)
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Algorithm 1: Smart Irrigation Control

Input: Soil Moisture (M)

If M < Threshold — Turn ON Pump.

Else — Turn OFF Pump

6. SYSTEM DESIGN

The system is based on a multi-layer architecture comprising sensor, processing,

communication, and application layers.

6.1 Sensor Layer

This layer collects environmental information with:
e Soil moisture sensor
e  Humidity and temperature sensor (DHT22)
e Light sensor (BH1750)

e Ultrasonic sensor

6.2 Processing Layer

The sensor information is processed on the ESP32 microcontroller, and decision-making is
done. It regulates the irrigation and the movement of the robots according to the set values.

6.3 Communication Layer

Wi-Fi is used to facilitate wireless communication. MQTT/HTTP is used to transfer data to
cloud platforms.

6.4 Application Layer

The application allows farmers to keep track of conditions and alerts.

7. RESULTS AND PERFORMANCE ANALYSIS

The system was evaluated against traditional farming methods.

Table 1 Experimental results

Parameter Traditional Proposed
Detection Time 1.0 0.01
Water Usage 1.0 0.65
Labor Cost 1.0 0.10
Accuracy 0.65 0.90

7.1. Key Improvements
e Disease detection time reduced from days to seconds

e  Water usage reduced by 30-40%
e Labor cost reduced by up to 90%
e Detection accuracy improved to ~90%

These results demonstrate improved efficiency and reliability of the system.



8. DISCUSSION

Al, 10T, and robotics enhance the functionality of the overall agricultural activities. The
system helps to make decisions faster and minimizes the use of manual labor. They will be
subjected to frequent surveillance to offer timely intervention, thereby minimizing the losses
that crops will suffer. The performance of the system can, however, change according to the
environmental factors, stability of the network and model accuracy. Further innovations can
add to resiliency and flexibility.

9. CONCLUSION

The article presents a concept of an artificial intelligence-based agricultural robot that would
be used to improve crop monitoring, detection of diseases, and irrigation. The system
demonstrates that it is significantly quicker, more precise and better resource utilization than
those of the past. The solution combines sensing and intelligence with automation to provide
a viable solution to modern precision agriculture. It has strong potential for real-world
adoption, especially in resource-constrained farming environments.
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