Tirtha Raj Kandel al. International Journal of Recent Research Aspects ISSN: 2349-7688, Special
Issue: International Conference on Intelligent Systems for Complex, Chaotic, & Connected
Environments Sept 2025, pp. 55-61

Advancements In Agricultural
Automation: Implementing Ai and
IOT for Sustainable Farming

Practices
Tirtha Raj Kandel

Sharda School of Computing Science and Engineering, Greater Noida
tirthakandel123@gmail.com

ABSTRACT: The use of Artificial Intelligence (AI) and the Internet of Things (IoT) is redefining
agriculture. AI and IoT make it possible for farmers to embrace automated, precise practices of farming
and sustainable management of farm resources. This paper presents a practical discussion concerning Al
and IoT-based technologies, including automated irrigation, pest detection, crop health monitoring, and
yield forecasting, within the context of an agricultural operation. The case studies conducted in India, the
Netherlands, and Canada show that sensor networks, Al algorithms, and connected devices can assist with
data-informed decisions, reduce resource-use, and increase productivity. Water use efficiency, detection of
active disease (in crops), and crop quality improvements were demonstrated in the case studies, but
challenges remain related to complexity and implementation cost. In conclusion, this paper shows there is
enormous opportunity to apply Al and IoT technology for agricultural market adoption, which would
improve sustainability and global food security.
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I. INTRODUCTION

Agriculture is a crucial component of the world economy
that provides food, raw materials and livelihoods for
billions of people. However, agriculture faces many
issues that systems may want to start addressing: lack of
labour, inefficient resource use, threats to crops and
livestock from pests and diseases, variability in weather
and climate, and increasing demand due to the growing
global population [1][3]. An emerging area that aims to
help address the issues faced by agriculture is technology,
which aims to increase productivity, mitigate
environmental impact and provide food security in the
future[10][11]. Advances in technology such as Artificial
Intelligence (Al) and the Internet of Things (IoT), will
improve and change agriculture and farming by
providing autonomy and precision in agriculture
activities [4][5].

Artificial intelligence (Al) and the Internet of Things
(IoT) in agriculture allows intelligent decision making
through the use of large datasets for monitoring crop
health, predicting crop yields, and diagnosing crop
disease, and intelligent real time monitoring of soil
conditions,  weather, and  irrigation  through
interconnected sensors and smart devices. Al for
agriculture is enabling automated and data-driven
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farming applications that helps optimize resource use,
reduce operational costs to increase the productivity of
farm crops [6]. This paper provides examples, practical
application, and case studies of the use of Al and IoT for
agriculture, and examples from around the world to
demonstrate how adopting Al and IoT technologies into
the agricultural sector can yield sustainability and
efficiency benefits. The purpose of this paper is to
analyze the practical impacts of agricultural automation,
the practical challenges of adoption, and implications for
the future of Al smart farming through examining
applications that have been applied in the real world

[91[12]

II. SYSTEM ARCHITECTURE

The agricultural automation system under consideration

utilizes IoT devices, cloud computing, and Al algorithms

to allow farmers to perform real-time monitoring and

make intelligent decisions with respect to agricultural

production. The architecture can be divided into the

following layers:

1. Sensor Layer (IoT Devices)

e Soil Sensors: Measure moisture, pH, and nutrient
levels.
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e  Weather Sensors: Record temperature, humidity,
rainfall, and solar radiation.

e Crop Monitoring Sensors: Use cameras or
multispectral sensors to observe growth status,
detect pest infestations and diseases.

2. Data Transmission Layer

e JoT devices send collected data using wireless
protocols such as Wi-Fi, LoRaWAN, Zigbee, and
NB-IoT to a localized gateway.

e The gateway collates the data and transmits it to a
cloud server for storage and computing.

3. Al and Data Processing Layer

Data Cleaning and Preprocessing: Cleans and

normalizes sensor data.
Al Models:

e  Crop Health Prediction: Uses image processing and
machine learning models for detection of crop
diseases.

e  Yield Prediction: Makes prediction for crop outputs
based on historical and real-time data.

e Irrigation Scheduling: Takes into account soil
moisture and weather data to optimize water usage
efficiency in the field.

4. Control and Automation Layer

e Automated Irrigation Systems: Triggered based on
the decisions made by the Al models.

e Actuators: These grower-controlled actuators
manage the watering of crops, drones and/or robotic
machinery.

e Feedback loop: Continuously monitors decisions
from the farmer's action or decisions made in
response to sensory information and refines the Al
models.

5. User Interface Layer

Farmers view status of their field on dashboards or
mobile applications, receive alerts, and allow for manual
overrides of the automated decision made by the Al in
response to the sensed data.

Algorithm for AI & IoT-based Smart Agriculture

# Algorithm: AI and IoT-based Smart Agriculture
System

# Input: Sensor data (soil, weather, crop images)

# Output: Automated irrigation, disease alerts, yield
predictions
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1. Initialize ToT sensors and connect to gateway
2. Collect real-time data from sensors
3. Preprocess data:
- Clean missing values
- Normalize sensor readings
4. For each crop field:
a. Analyze soil moisture and weather data
b. Predict irrigation requirement using Al model
c. If irrigation needed:
- Activate automated irrigation system
d. Capture crop images

e. Detect crop health and diseases using CNN-based
Al model

f. Generate alerts for detected diseases

g. Predict crop yield based on historical & real-time
data

5. Store all data and Al predictions in cloud database
6. Display real-time dashboard for farmer with:

- Soil & weather status

- Irrigation schedule

- Disease alerts

- Yield predictions
7. Repeat steps 2-6 periodically (real-time monitoring
III. METHODOLOGY

The methods used to support the adoption of Al and IoT

technologies in agriculture with an emphasis on data
provision through obtaining, deploy an iot systems,
develop ai models and performance assessment.

3.1 System Setup
IoT Deployment:

* Soil sensors, weather stations, and crop monitoring
cameras are deployed across the Field.

* Data collected by the sensors will be sent wirelessly
(LoRa, Zigbee, Wi-Fi) to a Gateway.

* Cloud & Data Storage:
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e The raw sensor data will be then be stored in and
accessed from the cloud sourced database that will be
accessed and processed.

» Each data set will be timestamped and tagged to the
sensor type and location in the Field.

* The system will perform the irrigating, crop treatment
etc, based on the Al predictions.

3.2 Data Collection and Preparation

e Soil and Weather Data: Collected continuously at
fixed intervals and when availability as a result of failing
sensors occurs, this includes on-the-ground sensors and
geo-sensors. The missing or inconsistent values will
either be treated and filled with interpolation or
statistical imputation will be used.

e Crop Imagery: Using ground cameras or drone
cameras, crop images can be taken. Imagery can easily
be resized, normalized, and loaded for annotation for the
purposes of disease detection.

e Data Alignment: Data and image files can be time
synchronized to allow for time-series data to be used
from both sensors and images.

3.3 AI Model Development
1. Disease Detection:

* Model: Convolutional neural network (CNN) trained on
labelled image files of crops.

* Purpose: To detect and categorize the crops disease in
time to allow for optimal response or options for disease
management.

2. Irrigation Scheduling: Machine learning regression
models, either Random Forest or XGBoost, were be used
to determine an optimal irrigation schedule based on soil
moisture, weather, and crop type.

3. Yield Prediction: Predictive modelling from either
LSTM or regression-based yield prediction based on
historical yield data and sensor data is used for real-time,
in-season yield prediction.

3.4 Implementation and Control

* Al models operate in the cloud or on farm-connected
edge computing devices.

¢ The AI model recommendations are communicated to
actuators (sprinklers, drones) for execution.

« Real-time dashboards allow farmers to oversee farm
activities and override automated execution as they see
fit.
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3.5 Evaluation Metrics

« Irrigation Efficiency Metric: the degrees of efficiency
we gained in water retention compared to traditional
methods.

» Disease Detection Accuracy Metric: precision, recall,
and F1 score of the Al model.

* Yield Prediction Accuracy metric: Mean Absolute Error
(MAE) or Root Mean Square Error (RMSE).

 System Reliability: uptime of sensors, success rate of
communication messaging, and actuator performance.

3.6 Experimental Design

e Location: Field sites in India, the Netherlands, and
Canada.

* Duration: 3—6 months per cropping season.

» Comparison: The comparison will be farm management
performance versus conventional methods to see if
improvements are present.

The methodology becomes the  step-by-step
implementation roadmap providing the necessary
considerations for hardware, software, development of
the Al model, and evaluation metrics making it
applicable as an applied research paper.

IV.EXPERIMENTAL RESULT

The system that was instigated was tested in several
domains in India, the Netherlands, and Canada during a
growing season. The evaluations show the efficacy of
artificial intelligence (Al) and the Internet of Things
(IoT) in enhanced agriculture productivity, resource
efficiency, and crop monitoring.[18][19]

4.1 Irrigation Efficiency

Observation: Automated irrigation based on Al
predictions significantly reduced water usage compared
to conventional schedules.

The results are:
oWater usage decreased by 25-30% in Indian fields.

oNetherlands smart farms recorded a 20% reduction.

page -~ 57~



Tirtha Raj Kandel al. International Journal of Recent Research Aspects ISSN: 2349-7688, Special Issue:
International Conference on Intelligent Systems for Complex, Chaotic, & Connected Environments Sept

2025, pp. 55-61

Graph Suggestion: Bar graph comparing water usage
between conventional and Al-IoT based irrigation across

different fields.[20][21]
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Fig 1: Predicted Vs actual crop yield

4.2 Disease Detection Accuracy

e Observation: CNN-based
effectively detected early-stage

models

crop

diseases using drone and camera imagery.

¢ Results:
Crop Type | Precision | Recall | F1-score
Wheat 0.92 0.89 0.905
Tomato 0.95 0.91 0.93
Rice 0.90 0.87 0.885
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V. CONCLUSION

This study indicates that Agriculture has the potential to
see marked improvements in efficiency, sustainability,
and productivity by integrating Artificial Intelligence
(AI) and the Internet of Things (IoT). The results indicate
that using an Al-loT-based system can achieve a 30%
data reduction rate with water, over 0.90 F1-scores for
disease detection, and prediction accuracy with under 5%
error rates for yield prediction. The reliability of the
systems was also proven consistently high, meaning the
systems could operate dependably throughout the
growing season.

The results confirm that using Al and IoT in agriculture
allows for real-time decision-making, preemptive action
to detect disease, and better optimized resources for
measurable outcomes such as lower costs of operation,
enhance crop quality, and higher yields. High costs of
marginalized farms, the need for technicians, and issues
of data privacy and security pose many of the same
challenges of adoption on a widespread scale.

Future work should focus on Al-IoT-based systems for
agriculture while incorporating edge computing,
blockchain for data seating and trusting the process, and
federated learning for better ability to scale and
cooperation across regions. By allowing for technology
and practices that farmers and agriculture professionals
have taken on, and infusing systems, we have the
opportunity to drive sustainable agriculture and build
global food security.
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