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ABSTRACT

Predictive maintenance has become an essential approach for improving the reliability and
operational efficiency of agricultural machinery and facilities. Traditional maintenance strategies
such as reactive and preventive maintenance often result in unexpected equipment failures, increased
downtime, and higher operational costs. This study proposes an Explainable Artificial Intelligence
(XAI) based predictive maintenance system implemented using a Django web framework integrated
with machine learning models. The system enables real-time monitoring, data preprocessing, model
training, and failure prediction through an interactive web interface. The proposed model utilizes
machine learning algorithms such as Logistic Regression, Support Vector Machine, and Random
Forest to analyze equipment operational parameters including temperature, rotational speed, torque,
and tool wear to predict potential machine failures. The dataset is preprocessed through
normalization, encoding, and train—test splitting to improve model performance. The system
automatically selects the best-performing model based on accuracy and provides visual performance
comparisons using graphical analysis. Additionally, the predictive model allows users to input
machine parameters and obtain failure predictions along with probability scores, enhancing
interpretability and decision support. By incorporating explainable Al concepts, the system improves
transparency in machine learning predictions, allowing agricultural operators and technicians to
better understand the factors contributing to equipment failure. The proposed approach supports
proactive maintenance planning, reduces downtime, and improves productivity in agricultural
facilities. The implementation demonstrates how web-based machine learning systems can be
effectively utilized for intelligent predictive maintenance in smart agriculture environments.

Keywords: Predictive Maintenance, Explainable Artificial Intelligence (XAI), Django Web
Application, Machine Learning, Logistic Regression, Support Vector Machine, Random Forest,
Smart Agriculture, Equipment Failure Prediction, Data Preprocessing.

I. INTRODUCTION reducing operational costs. Equipment such as

Agricultural facilities and machinery play a tractors, harvesters, irrigation systems, and

critical role in modern farming systems, where processing machines are widely used in

continuous  operation and reliability are agricultural environments, and their unexpected

essential for maintaining productivity and failure can lead to significant financial losses

and delays in farming activities. Traditionally,
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maintenance strategies have relied on reactive
maintenance, where repairs are performed after
equipment failure, or preventive maintenance,
where maintenance is scheduled at regular
intervals regardless of the machine's condition.
However, these traditional approaches often
result in inefficient resource utilization,
unnecessary maintenance costs, and unplanned

downtime.

With the advancement of Artificial Intelligence
(AI) and Machine Learning (ML) technologies,
predictive maintenance has emerged as a
promising solution for monitoring equipment
health and predicting potential failures before
they occur. Predictive maintenance systems
analyze sensor data and operational parameters
of machines to identify patterns that indicate the
likelihood of failure. By detecting anomalies
and degradation trends in advance, maintenance
can be scheduled proactively, thereby
improving operational efficiency and extending

the lifespan of agricultural equipment.

In recent years, the concept of Explainable

Artificial Intelligence (XAI) has gained

significant attention in machine learning
applications. While many Al models provide
accurate predictions, they often operate as

black-box systems, making it difficult for users

to understand the reasoning behind their
decisions. Explainable Al techniques aim to

enhance transparency and interpretability by

providing insights into how and why a
prediction 1is made. This is particularly
important in critical domains such as

agriculture, where farmers and technicians must

trust and  understand  the  system's
recommendations before taking maintenance

actions.

The proposed system introduces an Explainable
Artificial Intelligence model for predictive
maintenance in agricultural facilities using a
web-based platform developed with the Django
framework. The system allows administrators to
upload datasets, preprocess data, train machine
learning models, and evaluate their performance
through graphical analysis. Multiple machine
learning  algorithms such as  Logistic
Regression, Support Vector Machine (SVM),
and Random Forest are implemented to analyze
machine operational parameters including
temperature, rotational speed, torque, and tool

wear to predict potential equipment failures.

The system automatically compares the
performance of these models and selects the
best-performing model based on prediction

accuracy. Furthermore, the developed platform
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provides a user-friendly interface where users
can input machine parameters and obtain real-
time predictions regarding machine failure
along with probability values. By integrating
machine learning with a web-based decision
support system, the proposed approach helps
agricultural operators detect equipment issues
early and perform maintenance in a timely

manner.

1. LITERATURE SURVEY

1. Predictive Maintenance Enabled by

Machine Learning

Authors: A. Theissler, A. Pérez-Vega, M.
Kettelgerdes, and G. Gonzalez

Abstract:

This study presents a comprehensive survey of
machine learning techniques used in predictive
maintenance systems. The authors analyze
various machine learning models and categorize
them based on their applications in industrial
systems. The research highlights how predictive
maintenance utilizes sensor data and historical
operational records to detect early signs of
equipment degradation. The study also
discusses open challenges such as data quality,
model reliability, and scalability in real-world
environments. The findings show that machine

learning significantly improves maintenance

planning by predicting equipment failures in

advance and reducing operational downtime.

2. Explainable Predictive Maintenance:

Methods, Challenges and Opportunities

Authors: Logan Cummins, Alex Sommers,
Somayeh Bakhtiari Ramezani, Sudip Mittal,
Joseph Jabour, Maria Seale, and Shahram

Rahimi

Abstract:
This paper explores the integration of
Explainable Artificial Intelligence (XAI)

techniques in predictive maintenance systems.
The authors examine various explainability
approaches that improve transparency and trust
in  machine learning models used for
maintenance prediction. The survey categorizes
XAI methods and discusses how they can assist
engineers and operators in understanding model
predictions. The study emphasizes that
explainable predictive maintenance enhances
decision-making, improves system reliability,
and increases user confidence in Al-driven

maintenance systems.

3. Application of Machine Learning Models
for Predictive Maintenance of Agricultural

Equipment
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Authors: Adrian losif et al.

Abstract:

This research investigates the use of machine
learning algorithms for predictive maintenance
of agricultural machinery, specifically focusing
on the hydraulic system of a tractor. Sensor data
such as hydraulic pressure and operational
parameters are collected to detect early signs of
mechanical faults. Several machine learning
techniques are applied to analyze the collected
data and identify potential equipment failures.
The results demonstrate that predictive
maintenance models can significantly reduce

machine downtime and improve operational

efficiency in agricultural environments.

4. Explainable AI in Manufacturing: A

Predictive Maintenance Case Study

Authors: Bahrudin Hrnjica and Selver Softic
Abstract:

This study presents a case study on the
implementation  of explainable artificial
intelligence for predictive maintenance in
manufacturing systems. The authors develop a
machine learning model based on gradient
boosting decision trees to predict machine
failures. The system incorporates explainability
techniques to help users understand the factors

influencing prediction results. The research

demonstrates that explainable Al improves the

interpretability of predictive maintenance

systems and supports better maintenance

planning and operational decision-making.

I11. EXISTING SYSTEM

In traditional agricultural environments,
maintenance of machinery and equipment is
primarily performed using reactive maintenance
or preventive maintenance strategies. Reactive
maintenance involves repairing machines only
after a failure occurs, which often leads to
unexpected breakdowns and interruptions in
agricultural operations. Preventive maintenance,
on the other hand, schedules regular servicing
of equipment based on time intervals or usage
cycles rather than the actual condition of the
machine. Although preventive maintenance
reduces sudden failures to some extent, it does
not accurately determine the real health status

of machinery.

In some modern systems, basic monitoring
techniques and simple data analysis methods
are used to track machine performance.
However, these systems often rely on limited
sensor data and lack advanced analytical
capabilities to detect hidden patterns related to
Additionally,

equipment degradation. many

existing predictive maintenance solutions use

International Journal of Data Science and loT Management System

1IDIM, 2026, 5 (2(2)), 389-399 | 392



ISSN: 3068-272X

International Journal of
DATA SCIENCE AND IOT MANAGEMENT SYSTEM

Peer Reviewed, Referred & Indexed Journal
www.ijdim.com

Original Research Paper

complex machine learning models that operate
as black-box systems, where the reasoning
behind predictions is not easily understandable
by wusers such as farmers, technicians, or
agricultural facility managers. As a result, users
may find it difficult to trust or interpret the

predictions provided by such systems.
1V. PROPOSED SYSTEM

The proposed system introduces an Explainable
Artificial Intelligence (XAI) based predictive
maintenance  framework for  agricultural
facilities using machine learning and a web-
based platform developed with the Django
framework. The system is designed to analyze
operational data from agricultural machinery
and predict potential equipment failures before
they occur. It provides an integrated
environment where administrators can upload
datasets, preprocess machine data, train
multiple machine learning models, and evaluate
their performance. The system uses algorithms
such as Logistic Regression, Support Vector
Machine (SVM), and Random Forest to analyze
parameters including air temperature, process
temperature, rotational speed, torque, and tool

wear.

During preprocessing, the dataset is cleaned by

removing missing values and duplicates,

followed by encoding categorical data and
applying feature scaling to improve model
performance. The dataset is then divided into
training and testing sets to train the predictive
models. The system automatically compares the
performance of the implemented algorithms and
selects the best model based on accuracy.
Visualization tools such as bar charts, pie
charts, and line graphs are used to display
model performance and comparison results.
Additionally, users can enter machine
parameters through the web interface to obtain
real-time predictions regarding machine failure
along with probability values. By integrating
explainable Al concepts, the system improves
transparency and helps users understand the

factors contributing to equipment failure.

V. SYSTEM ARCHITECTURE

The system architecture diagram illustrates the

workflow of the Explainable Al-Based
Predictive Maintenance System for Agricultural
Facilities. The architecture is divided into
several functional layers including the User
Interface, Data Acquisition and Preprocessing,
Machine Learning Models, Model Evaluation
and Visualization, Prediction and Explanation,
and Application Output. Each layer plays an

important role in collecting machine data,
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processing 1it, training predictive models, and

generating maintenance recommendations.

In the User Interface layer, both the admin and
user interact with the system through a web-
based application developed using the Django
framework. The administrator is responsible for
managing system operations such as uploading
datasets, preprocessing data, training machine
learning models, and monitoring system
performance. The user can access the prediction
module to input machine parameters and view
predictive results related to equipment failure.
This interface ensures easy accessibility and
provides a user-friendly environment for
interacting with the predictive maintenance

system.

The next layer is Data Acquisition and
Preprocessing, where operational data from
agricultural machinery is collected. This data
may include parameters such as air temperature,
process temperature, rotational speed, torque,
tool wear, and other machine condition
indicators. The dataset is uploaded into the web
application and undergoes preprocessing steps
such as removing missing values, eliminating
duplicate  records, encoding categorical
variables, and applying feature scaling. These

preprocessing steps improve the quality of the

dataset and ensure that the machine learning

models receive well-structured input data.

After preprocessing, the data moves to the
Machine Learning Model layer. In this stage,
the system trains different machine learning
algorithms such as Logistic Regression, Support
Vector Machine (SVM), and Random Forest
using the processed dataset. These models
analyze patterns in machine operational data to
identify conditions that may lead to equipment
failure. The dataset is divided into training and
testing sets so that the models can learn from
evaluate their

historical data and later

performance on unseen data.

The Model Evaluation and Visualization layer
analyzes the performance of the trained models.
The system calculates accuracy scores and
compares the performance of each algorithm.
Graphical visualizations such as bar charts, pie
charts, line graphs, and horizontal bar charts are
generated to illustrate the accuracy and
effectiveness of the models. Based on the
evaluation results, the system automatically
selects the best-performing model for making

predictions.
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Fig 5.1: System Architecture

V1. IMPLEMENTATION

Fig 6.3: Algorithms

Fig 6.1: Home Page

International Journal of Data Science and loT Management System IDIM, 2026, 5 (2(2)), 389-399 | 395



ISSN: 3068-272X

International Journal of
DATA SCIENCE AND IOT MANAGEMENT SYSTEM

Peer Reviewed, Referred & Indexed Journal
www.ijdim.com

Original Research Paper

© Machine Faliure Prediction
. - i
CEESeaenl) Ao ) .
g -~ .

Fig 6.4: Final Output

VII. CONCLUSION

This project presented an Explainable Artificial

Intelligence (XAI) based predictive
maintenance system for agricultural facilities
designed to detect potential machine failures
before they occur. The system integrates
machine learning techniques with a web-based
application developed using the Django
framework to provide an intelligent and user-
friendly platform for predictive analysis. By
utilizing machine operational parameters such
as temperature, rotational speed, torque, and
tool wear, the system is able to analyze machine
conditions and identify patterns that indicate

possible equipment failures.

! ."

Multiple machine learning algorithms including
Logistic Regression, Support Vector Machine
(SVM), and Random Forest were implemented
and evaluated to determine the most effective
model for predicting machine failures. The
dataset was preprocessed through techniques
such as data cleaning, label encoding, and
feature scaling to improve the performance and
accuracy of the predictive models. The system
automatically compares model performance and
selects the best-performing model based on

accuracy, ensuring reliable prediction results.

Additionally, the system provides graphical
visualization of model performance through
charts and graphs, allowing users to easily
interpret the results. The prediction module
enables users to input machine parameters and
real-time

receive predictions

which

along with

probability  scores, helps in
understanding the likelithood of equipment
failure. The incorporation of explainable Al
concepts enhances transparency by helping
users understand the reasoning behind the

predictions.

Overall, the proposed system helps agricultural

operators and technicians make informed

maintenance decisions, reducing equipment

downtime, minimizing maintenance costs, and
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improving  operational  efficiency. = The

implementation demonstrates that machine
learning and explainable Al technologies can
play a significant role in developing intelligent
predictive maintenance solutions for modern

agricultural environments.

VIll. FUTURE SCOPE

The proposed Explainable Artificial Intelligence

based predictive maintenance system for
agricultural facilities can be further enhanced
by incorporating advanced technologies and
additional functionalities to improve its
performance and usability. Although the current
system successfully predicts machine failures
using machine learning models, several
improvements can be made to expand its
capabilities and make it more suitable for real-

world agricultural environments.

In the future, the system can be integrated with

Internet of Things (IoT) sensors to

automatically collect real-time data from
agricultural machinery. Sensors installed in
machines can continuously monitor parameters
such as temperature, vibration, pressure, and
operational speed. This real-time data can be
transmitted to  the

directly predictive

maintenance system, enabling continuous

monitoring and early detection of equipment

issues without manual data entry.

Another possible improvement is the use of
advanced deep learning algorithms such as
Artificial Neural Networks (ANN), Long Short-
Term Memory (LSTM), or Convolutional
Neural Networks (CNN) for more accurate
prediction of machine failures. These advanced
models can analyze complex patterns in large

datasets and improve prediction accuracy

compared to traditional machine learning
techniques.
The system can also be enhanced by

implementing  advanced

techniques such as SHAP (SHapley Additive

explainable Al

Explanations) or LIME (Local Interpretable

Model-Agnostic Explanations). These
techniques can provide detailed insights into
how each machine parameter influences the
prediction result, making the system more

transparent and trustworthy for users.

Additionally, a mobile application can be
developed to allow farmers and technicians to
access the predictive maintenance system
through smartphones. This would enable users
to receive instant alerts, notifications, and
maintenance recommendations whenever a

potential machine failure is detected.
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Finally, the system can be expanded to support
multiple types of agricultural equipment and

larger datasets, making it suitable for large-

scale smart farming environments. By
integrating  cloud computing, real-time
monitoring, and advanced analytics, the

predictive maintenance system can become a
comprehensive solution for improving the

efficiency, reliability, and sustainability of

agricultural operations.
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