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Abstract

The inability to conceive after 12 months of consistent, unprotected sexual activity is known as infertility, a
common reproductive health problem. Millions of couples worldwide are impacted by it, and it can be caused
by issues pertaining to the male, female, or both partners. Genetic disorders, hormonal imbalances, structural
abnormalities, infections, and lifestyle factors like poor diet, smoking, alcohol consumption, and stress can all
contribute to male infertility. A thorough medical history, physical examination, semen analysis, and
additional diagnostic testing as needed are typical components of evaluation. Ovulatory conditions like
polycystic ovary syndrome (PCOS), fallopian tube damage, uterine abnormalities, endometriosis, or age-
related decline in fertility are frequently linked to female infertility. Hormonal evaluations, ultrasound
imaging, and specialized procedures like laparoscopy in certain situations are among the diagnostic
techniques used for women. Depending on the underlying cause, treatment options for infertility may involve
medication, surgery, lifestyle changes, or assisted reproductive technologies like intracytoplasmic sperm
injection (ICSI) and in vitro fertilization (IVF). Accurate diagnosis and successful treatment depend on a
comprehensive assessment of both partners. Reproductive medical advancements keep improving treatment
results, giving infertile couples more hope and a higher standard of living.

Keywords: Assisted Reproductive Technology (ART); Diagnosis and Treatment; Female Infertility; In-vitro
Fertilization; Reproductive Health.

1. Introduction

The inability to conceive after 12 months of
consistent, a thorough medical history, physical
examination, semen analysis, and additional
diagnostic testing as needed are all common
components of evaluation. Ovulatory conditions like
polycystic ovary syndrome (PCOS), fallopian tube
damage, uterine abnormalities, endometriosis, or
age- related decline in fertility are frequently linked
to female infertility. Hormonal evaluations,
ultrasound imaging, and specialized procedures like
laparoscopy in certain situations are among the
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diagnostic techniques used for women. unprotected
sexual activity is known as infertility, a common
reproductive health problem. Millions of couples
worldwide are impacted by it, and it can be caused by
issues pertaining to the male, female, or both
partners. Genetic disorders, hormonal imbalances,
structural abnormalities, infections, and lifestyle
factors like poor diet, smoking, alcohol consumption,
and stress can all contribute to male infertility.

2. Methodology

The first step in this study is gathering clinically
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significant male and female fertility data from
trustworthy medical databases and medical records.
To handle missing values and minimize noise, the
data is meticulously cleaned, normalized, and
preprocessed. Statistical analysis and feature
selection techniques are used to identify significant
factors influencing infertility (Figure 1). To identify
various patterns in the data, several machine learning
models are trained separately.

SYSTEM ARCHITECTURE
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information and prediction outcomes, the
system makes use of a MySQL database. To
facilitate effective loading and reuse during
analysis, trained machine learning model files,
such as those in the.h5 and .sav formats, are kept
apart. Consistent data preprocessing throughout
the training and prediction phases is ensured by
scaler files stored in the.pkl format.
Additionally, user-uploaded files or datasets
needed for processing are securely stored in a
dedicated upload directory (Figure 2).

Frontend Backend Data Layer
« HTML/CSS/JS * Flask App « MySQL
* Bootstrap « ML Models Database
« Responsive Ul | | « Auth System * Model Files
(.h5,.sav)
N e ~FDF « Scaler Files
Upload Generation
P ' (.pkl)
» Upload
Directory

Figure 1 System Architecture

2.1. Frontend (User-Interface Layer)

+ User Accounts
+ Patient Records
+ Audit Trail

| « PCOS Detection
* Fertility Score

DATA INPUT PREPROCESSING DATA INFERENCE
* Manual Entry || * DataCleaning ~ [| * Female PCOS
+ CSV Upload + Feature Scaling * Model (NN)
+ Form Data + Validation + Male Infertility
DATA STORAGE PREDICTION REPORT GEN
RESULTS

-

+ PDF Reports
+ Web Display
+ Data Export

The platform's front-end is created with HTML,
CSS, and JavaScript to offer a well-organized
layout, eye- catching styling, and seamless user
interaction. In order to guarantee a contemporary,
responsive design that easily adjusts to various
devices and screen sizes, Bootstrap is integrated.

2.2. Backend (Logic Layer)
Flask, a lightweight and adaptable Python web
framework that effectively handles server-side
operations, is used to implement the system's back-
end. It manages user requests for prediction and
analysis and hosts the trained machine learning
models. To regulate user logic and platform access,
a secure authentication system is integrated.
Furthermore, users can download comprehensive
reports and results in an easy-to-read format thanks
to the system's support for PDF generation.

2.3. Data Layer (Storage and Model Files)
To safely store structured data, including user
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+ Risk Factors

Figure 2 Methodology

2.4, Data Input
To provide users with flexibility and ease of use, the
data input module collects data from various sources.
Through user-friendly forms, it permits manual data
entry, allowing people to enter information straight
into the system. For bulk data processing, users can
also upload datasets in CSV format. Data collection
is further streamlined by web-based form
submissions, which make the input process as a
whole easy, accessible, and effective.

2.5. Preprocessing
By enhancing its quality and dependability, the
preprocessing step gets the gathered data ready for
efficient modeling. It entails cleaning the data to get
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rid of mistakes, inconsistencies, and missing values
that might affect how accurately predictions are
made.

2.6. Data Inference
The trained machine learning models are used in the
data inference stage to evaluate the processed input
data and produce insightful predictions. By
identifying pertinent health patterns and indicators,
neural network-based models are used to predict
female PCOS. In order to assess the factors that
contribute to reproductive health, an analysis of male
infertility is conducted concurrently.

2.7. Data Storage
To guarantee dependability and privacy, the data
storage components safely preserve all system
records. It provides safe and controlled access by
storing user accounts and profile data in an orderly
fashion. In order to facilitate precise analysis and
future reference, patient medical records are
maintained in an appropriate manner. Additionally,
audit trails are kept to monitor data access and
changes, improving system security, accountability,
and transparency.

2.8. Prediction Results
Clear and significant results produced by the system
are displayed in the prediction results module. In
order to highlight possible issues with female
reproductive health, it shows the PCOS detection
status. In addition, a risk index or fertility score is
offered to assist users in comprehending the overall
degree of infertility risk.

2.9. Report Generation
Prediction results are transformed into well-
structured and comprehensible outputs by the report
generation module. It generates PDF reports that can
be downloaded and accessed offline for sharing or
future reference. Additionally, results are shown
directly on the web interface for quick interpretation
and real-time viewing. Furthermore, the system
permits data export in appropriate formats, allowing
for additional analysis or tool integration when
needed.
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3. Figures

P Infertility Analysis

Please sign in to continue

Username
o
2
Password

&

=] Sign In

Don't have an account? Sign up here

Figure 3 Sign Up Page

The secure login screen for the infertility
analysis system is shown in Figure 3. To access
the platform and its features, users must input
their username and password. The login
process is simple and easy to use thanks to the
design’s organization and simplicity. For new
users without an account, there is also a sign-up
option.

@ Infertility Analysis [ Logout

¢ Select Patient Gender

Choose the appropriate form for data entry

A Login successfult X
Female Male

PCOS and Female Fertility Data Male Fertility and Health Data

. Snipoing ¥
= Select Female
Screer

Figure 4 Gender Selection Page
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The gender selection interface of the infertility
analysis system is displayed in Figure 4.
Depending on the kind of fertility analysis they
wish to conduct, users can select either male or
female.

@ Female Patient Data Management

PCOS and Female Fertility Analysis

= 4
CSV File Upload Manual Data Entry

Upload existing female patient data in CSV format Enter individual female patient data manually
for analysis and reporting. through our comprehensive form.

Choose File  No file chosen ® Manual Entry
1, Upload CSV

Figure 5 Patient Data Entry Page

The infertility analysis system's female patient
data entry section is displayed in Figure 5. It
enables users to enter patient data manually via a
form or by uploading a CSV file. Figure 6 shows
the report generated.

PCOS PATIENT DATA ANALYSIS REPORT

Generated by: js | Date: 2025-11-05 14:54:08

Attribute Record 1

Age (yrs) 26
Weight (Kg) 49.792563499 |
Height(Cm) 152.1764350841 |
BMI 21.8971627347 |
Blood Group 1
Pulse rate(bpm) 72
RR (breaths/min) 20
Hb(g/dl) 1
Cycle(R/N)
[ Cycte tengthidays)
Marraige Status (Yrs)
Pregnant(Y/N)
No. of abortions o
[ 1 beta-HCGmILmL) 1.99
Il beta-HCG(mIU/mL) 1.99
[ FSH(mIU/mL) 5.7
LH(mIU/mL) 45
FSHILH 1.27

Hipinch) 32

Waist(inch) 28

Figure 6 Report Generation
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4. Results and Discussion
4.1. Results
Following appropriate preprocessing and feature
scaling, the results of the suggested infertility
prediction system demonstrate that all three machine
learning models operated consistently and
effectively. The neural network-based PCOS
prediction model for females had the highest
accuracy of  roughly  89.2%,  successfully
differentiating between PCOS and non-PCQOS cases
with high sensitivity and specificity. It produced fast
predictions within the Flask-based application and
was particularly impacted by important hormonal
characteristics like the follicle count and LH/FSH
ratio. Using a Random Forest ensemble, the male
lifestyle-based fertility model demonstrated balanced
precision and recall across fertility classes, with an
accuracy of roughly 85.7. Prediction was
significantly influenced by lifestyle factors such as
age, stress levels, alcohol consumption, smoking, and
physical activity. The ensemble approach prevented
overfitting while preserving quick inference. Sperm
motility emerged as the most significant parameter in
the semen analysis model, which was implemented
using a Decision Tree classifier and recorded an
accuracy ranging from 82% to 86%. It performed
especially well for normal fertility cases. The model
produced extremely accurate and quick predictions,
though it was marginally less successful in cases that
were slightly altered. Overall, the comparative
analysis shows that while ensemble and tree-based
approaches worked well for structured lifestyle and
semen data, deep learning was best for complex
hormonal patterns in PCOS detection. The system is
appropriate for early infertility screening and
supportive clinical decision-making because of its
strong predictive ability and practical efficiency.
4.2. Discussion

According to the results discussion, the suggested
infertility prediction system successfully uses
machine learning techniques to support both male
and female fertility assessments. With accuracy
levels between 80% and 90%, which are thought to
be appropriate for medical decision-support
applications, all three models showed dependable
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performance and remained stable under various
testing circumstances. The system's real- time
usability is one of its main advantages; even when
processing large inputs like CSV files, predictions
were produced in less than a second via the Flask-
based interface. From a clinical standpoint, each
module has significant value: the male lifestyle-based
model offers useful information that can promote
healthier fertility- related behaviors, while the PCOS
prediction model helps identify women who might
benefit from testing. The model provides an early
warning of  possible  reproductive  issues.
Additionally, the system is built with scalability in
mind, facilitating future cloud deployment and
making it simple to integrate additional prediction
modules. The findings do, however, also point out
some drawbacks, such as the requirement for more
extensive and superior medical datasets in order to
improve accuracy and dependability. Crucially, even
though the system offers useful predictive insights, it
must be used in conjunction with professional
medical interpretation and is not meant to take the
place of clinical diagnosis. All things considered, the
system has great potential to assist clinics,
telemedicine services, fertility counseling, and
personalized health monitoring by providing quick,
data-driven predictions. This will help to minimize
diagnostic delays and encourage early detection of
fertility- related problems.

Conclusion

The discussion demonstrates how well the infertility
prediction system supports machine learning-based
fertility assessments for both men and women. With
accuracy ranging from 80% to 90%, all three models
produced good results that are suitable for medical
support systems. Even when several records are
uploaded at once, the system is simple to use and
yields results quickly—typically in less than a
second. Each model has practical significance: the
semen analysis model aids in the early detection of
reproductive issues, the male lifestyle model offers
helpful recommendations for improving fertility
through better habits, and the PCOS model helps
identify women who might require additional
hormonal testing. Because of its flexibility, the
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system can be expanded in the future by deploying it
on the cloud and adding new prediction models.
However, by utilizing more extensive and superior
medical data, the accuracy can be increased.
Additionally, the system is designed to assist
physicians rather than to take the place of medical
diagnosis. Overall, by offering quick and early
insights into fertility-related issues, this system can
be helpful for clinics, telemedicine platforms, and
fertility counseling.
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