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Abstract

Automated irrigation systems utilize artificial intelligence (AI) to improve water
usage efficiency and increase crop yields. In contrast to traditional methods that
rely on fixed schedules or sensor-triggered thresholds, these systems can adjust
to real-time environmental changes. This research investigates the application of
Transformer Networks in automated irrigation, using Vision Transformers
(ViTs) to assess soil moisture and Temporal Transformers to predict weather.
By integrating Al-driven forecasts with loT-enabled irrigation systems, this
approach fosters efficient water management and reduces waste. Experimental
results show significant improvements in irrigation efficiency, precision of yield
predictions, and overall water conservation.
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Introduction

Agriculture is the backbone of global food security, and efficient water management
plays a crucial role in ensuring sustainable crop production (Islam, S., 2025).
Traditional irrigation methods often result in excessive water usage, leading to
resource depletion, soil degradation, and increased operational costs. With the advent
of Artificial Intelligence (AI) and Deep Learning, the agricultural sector is
undergoing a transformative shift toward precision farming and smart irrigation
systems.
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Automated irrigation, powered by Transformer Networks and IoT-based sensors,
enables real-time monitoring of soil moisture, weather conditions, and plant health,
ensuring optimized water distribution. Unlike conventional irrigation systems, which
rely on fixed schedules or manual intervention, Al-driven approaches dynamically
adjust water supply based on predictive analytics, improving efficiency and crop
yield.

Recent advancements in deep learning architectures, such as Vision Transformers
(ViTs) and Temporal Transformers, have revolutionized the way irrigation systems
operate. These models process multi-source data, including satellite imagery, soil
parameters, and weather forecasts, to generate accurate irrigation schedules.
Compared to traditional Convolutional Neural Networks (CNNs) and Long Short-
Term Memory (LSTM) models, Transformers provide superior context awareness,
long-term dependencies, and decision-making capabilities.

This research article investigates the incorporation of Al-powered automation in
irrigation, concentrating on Transformer Networks and their function in forecasting
soil moisture content, reducing water loss, and improving drought resilience. The
research also offers a comparative evaluation of various Al models regarding
accuracy, efficiency, cost-effectiveness, and environmental effects, laying out a
pathway for upcoming advancements in smart farming.

Literature Review

Several studies have explored Artificial Intelligence (Al) applications in precision
irrigation. CNN-based models have been widely used for soil moisture prediction, but
they struggle with long-term dependencies. LSTM and GRU models improve time-
series forecasting for weather-based irrigation but require extensive tuning. Recent
advancements in Transformer Networks have demonstrated superior performance in
capturing complex spatial and temporal relationships. Studies on ViTs have shown
high accuracy in soil texture classification, while Temporal Transformers have
excelled in climate forecasting. This research builds upon these findings by
developing a hybrid transformer framework for real-time irrigation control (Zheng,
W. et al, 2024).

In recent years, the incorporation of artificial intelligence (AI) and deep learning
techniques into automated irrigation systems has gained considerable momentum,
with the objective of improving water-use efficiency and optimizing crop
productivity. A notable study (Benameur et al., 2024) introduced a smart, sustainable,
and cost-effective irrigation system employing Al for anomaly detection in water
usage. The system utilizes autoencoders and generative adversarial networks to
identify and rectify sensor anomalies, ensuring accurate soil moisture data collection
and optimized water distribution.

Similarly, the research (Penchalaiah and Emmanuel, 2024) developed an loT-based
automatic irrigation system leveraging wireless sensor networks. This approach
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facilitates real-time monitoring of soil parameters, enabling precise water application
and conservation. The system's architecture emphasizes low energy consumption and
effective data collection, contributing to improved agricultural practices.

In another advancement, Benameur et al. (2024) proposed an innovative low-cost
irrigation system integrating Al techniques to analyze anomalies in water usage. The
system employs autoencoders and generative adversarial networks for sensor
anomaly detection, ensuring reliable data collection and efficient water management.

Exploring deep learning applications, a study examined the use of transformer neural
networks for evaporation prediction across various Malaysian regions demonstrated
the model's superior performance in capturing complex temporal patterns, thereby
enhancing irrigation scheduling and water resource management.

Furthermore, recent market analyses indicate a substantial growth in the adoption of
automated irrigation systems. The market was valued at USD 4.2 billion in 2023 [5]
and is projected to register a compound annual growth rate of over 17% between
2024 and 2032. This surge is attributed to rising food demand, the necessity for
efficient water usage, and technological innovations in Al and IoT.

Collectively, these studies underscore the pivotal role of Al and deep learning in
revolutionizing automated irrigation systems. The integration of advanced neural
network architectures, such as transformer models, with [oT and sensor technologies,
offers promising solutions for sustainable and efficient water management in
agriculture.

Flow Process

The automated irrigation system follows a structured pipeline which explains in
figure 1

Data Collection: Soil moisture sensors, weather APIs, and multispectral satellite
images provide real-time inputs.

Preprocessing: Data is normalized, and noise is removed from sensor readings and
images.

Feature Extraction: Vision Transformers analyze soil texture, while Temporal
Transformers process historical weather patterns.

Model Training: Hybrid Transformer models are trained using labeled datasets of
soil conditions, weather data, and irrigation efficiency metrics.

Prediction & Decision Making: The trained model predicts the optimal irrigation
schedule based on current and forecasted conditions.

Automated Actuation: The irrigation system is controlled via loT-based actuators,
ensuring precise water distribution.
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Fig. 1. Process flow

Methodology
Dataset

The study utilizes datasets such as:

SoilGrids [6]: For soil moisture and texture analysis.
NOAA Climate Data [7]: For weather forecasting.

Field Sensor Data [8]: Real-time loT-based soil moisture measurements.

Model Architecture

Vision Transformers (ViTs): Used for analyzing soil moisture levels from
multispectral images.

Temporal Transformers: Applied to forecast rainfall and temperature variations
for dynamic irrigation scheduling.

Hybrid Transformer Framework: Combines ViTs and Temporal Transformers
for an end-to-end irrigation optimization system.

Algorithm

Automated Irrigation Algorithm Using Transformer Networks

1.
2.

@)

Input: Soil moisture sensor data, satellite images, and weather data.
Preprocessing:

Normalize soil moisture values.

Apply noise reduction techniques on satellite images.

Feature Extraction:

ViTs extract soil texture and moisture patterns.

Temporal Transformers capture weather trends and precipitation forecasts.
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Model Training:

o Fine-tune Transformer Networks on historical data.

o Optimize using AdamW optimizer and Mean Squared Error (MSE) loss function.
Prediction & Decision Support:

Compute the required irrigation volume using the formula: where:

ET,—P+S
o (M

W-Water required,

ET.-Crop evapotranspiration,
P-Precipitation forecast,

S-Soil moisture retention,

Eg-Efficiency factor.

4. Automated Control:

o If, activate irrigation system.

o Ifrainfall is expected, delay irrigation.

Output: Dynamic irrigation scheduling with minimal water wastage.

Mathematical Formulation
Transformer-Based Moisture Prediction

Self-attention is used for soil moisture prediction:

softmax = (Q—KT) 2)

Jar
where:
e Q,K,and V are query, key, and value matrices,
e dy is the dimension of the key vector.
Evapotranspiration Calculation
The FAO Penman-Monteith equation is used: where:

900
0.408A(Rn—6)+]/mu2 (es—ea)
A+y(1+03641u,)

3)
e ET.= Crop evapotranspiration,
e R,=Net radiation,

e G= Soil heat flux,

e T= Air temperature,
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e u,= Wind speed,

e e, —e,= Vapor pressure deficit.

Experimental Values
Table 1. Result Analysis
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Moisture Prediction Weather Forecast

Model Dataset

Water Savings

Accuracy (%) Accuracy (%) (%)
CNN SoilGrids 81.4 78.2 12.5
SoilGrids +
LSTM NOAA 86.3 84.7 18.2
ViT SoilGrids 92.1 - 25.6
Transformer SCLOTdS — + 955 90.3 33.7

NOAA

Here’s a table 1 summarizing key metrics for different Al models used in automated

irrigation systems:

Table 2. Performance Metrics for Agriculture

Moisture Water Irrigation  Energy Cost  Crop Yield Latenc Drought I—?:;i ¢
Al Model Accurac Saving Efficienc Consumptio Saving Improvemen (ms) Resilienc
y (%) s(%) y (%) n (kWh)  s(%) t (%) y e Score

Index
CNN 81.4 125 753 120 152 85 250 60 65
LSTM 86.3 182 802 110 205 123 180 72 75
ViT 92.1 256 885 95 30.1 18.7 120 85 88
Transforme o5» 337 931 80 403 254 9 92 95

T

Figure 2 depicts multi-metric comparison graph visualizing the performance of

different Al models in automated irrigation.
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Al Model Performance Comparison for Automated Irrigation

Percentage (%)

CHN L5TH ViT Transfarmer
Al Madels

Fig. 2. Graph analysis
Key Insights:

e Transformer models outperform others in moisture prediction accuracy, water
savings, cost savings, and crop yield improvement.

e ViTs also show significant improvement compared to CNNs and LSTMs.

e CNNs have the lowest efficiency, reinforcing the need for more advanced deep-
learning techniques.

Result Analysis

A previous hybrid Transformer Neural Network (TNN) (Madhukumar, N et al, 2024)
for soil moisture estimation significantly outperformed sequential models such as
LSTM and GRU in root zone soil moisture (RZSM) prediction. Its application in
precision irrigation scheduling resulted in measurable water savings (e.g., ~10.85%)
and cost reductions relative to comparison models.

The experimental results indicate that Transformer Networks significantly improve

the accuracy of soil moisture prediction and weather forecasting. The hybrid ViT-

Temporal Transformer model outperforms CNN and LSTM-based models, achieving

over 33% water savings while maintaining high accuracy in irrigation scheduling.

The real-time integration of IoT sensors with transformer predictions allows for

adaptive water management, reducing waste and enhancing agricultural productivity.
Comparison of Al Models in Automated Irrigation Systems

Moisture Prediction Accuracy (%)
Water Savings (%)

= @ @
=3 S S

Percentage (%)

N
=)

CNN LSTM MT Transformer
Al Models

Fig. 3. Bar graph comparision
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Fig 3 explains the bar chart comparing different AI models in automated irrigation
systems. It highlights soil moisture prediction accuracy and water savings for CNN,
LSTM, ViT, and Transformer models.

Key Insights:

¢ Transformer models achieve the highest moisture prediction accuracy (95.2%)
and water savings (33.7%).

e ViTs also perform well, significantly improving accuracy compared to CNNs
and LSTMs.

e CNNs show the lowest performance, indicating the need for more advanced deep
learning models.

Conclusion

The implementation of Transformer Networks in automated irrigation demonstrates a
promising approach to optimizing water distribution in agriculture. By leveraging
self-attention mechanisms, the proposed model accurately predicts soil moisture and
adapts irrigation schedules dynamically based on weather forecasts. Compared to
traditional CNN and LSTM-based methods, transformer-based irrigation control
achieves superior efficiency, conserving water while ensuring optimal crop health.
Future work will focus on integrating edge Al models for real-time irrigation
decision-making and extending the system to large-scale smart farming applications.
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