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Abstract

Amniotic fluid is essential for fetal growth, provides cushioning, facilitates movement, and supports the growth of vital organs.
Maintaining an ideal level of amniotic fluid is crucial, as abnormalities such as oligohydramnios (low fluid levels) and polyhydramnios
(excessive fluid levels) can lead to significant pregnancy complications, including restricted fetal growth, preterm birth, and delivery
challenges. Early detection and monitoring of amniotic fluid levels are vital for timely medical intervention and ensuring better
maternal and fetal health outcomes.This study leverages a robust dataset of maternal and fetal health parameters, processed through
advanced data cleaning and feature engineering techniques to enhance quality and relevance. The proposed system uses supervised
learning models, includes deep learning algorithms to predict fluid level efficiently. The developed system demonstrates the ability to
predict and classify fluid abnormalities, identifying conditions like oligohydramnios and polyhydramnios with significant precision.
This approach offers a non-invasive, cost-effective, and efficient alternative to traditional diagnostic methods, and also enables
healthcare providers to receive timely alerts and actionable insights.

Keywords: Amniotic fluid, oligohydramnios, polyhydramnios, Resnet, MobileNetV2.

Introduction informed  decisions, minimizing complications during
Deep learning is a subset of artificial intelligence, is pregnancy.
transforming healthcare by enabling the analysis of complex 1.1 Problem Statement
datasets with high accuracy. Unlike traditional machine

learning models, deep learning architectures such as

mobilenetV2, resnet excel at recognizing patterns in time-series

data, making them ideal for analyzing maternal health trends
over the course of pregnancy.

Amniotic fluid is a protective liquid contained within the
amniotic sac surrounding a developing fetus in the uterus. It is
To identify the level of amniotic fluid in pregnant women,
existing systems rely on ultrasonic equipment and other
radiation-producing devices. However, these methods may
monitoring of amniotic fluid levels is vital to detect pose risks to fetal organs and overall health if used repeatedly.

abnormalities and prevent complications.The project proposes Therefore, our solution aims to predict amniotic fluid levels
(low, ideal, high) using health records of pregnant women.

essential for the healthy growth and

development of the fetus throughout pregnancy. Regular

a deep learning-based predictive system that forecasts amniotic
fluid levels using historical maternal health data. This 1. 2 Research Gaps

predictive analysis helps clinicians assess risks early and make
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e Lack of diverse and comprehensive UFU models
across populations and gestational ages.

e Limited validation of segmentation methods in real-
world clinical conditions.

e Challenges in segmenting noisy ultrasound images
and resolving overlap with non-AF regions.

e Limited application of deep-learning models like
YOLOV8 on diverse and large datasets.

e Limited multimodal Al models combining imaging,
biomarkers, and clinical data.

e Minimal predictive models for dynamic AF changes
during pregnancy.

e Limited evaluation of SAR under varying maternal
body positions, activity levels, and device usage
scenarios.

Il Literature Review

Realistic UFU(Uterus Fetus Units) models are obtained from
ultrasound images acquired for different fetuses and at specific
development stages (7 weeks, 9 weeks and 11 weeks old), for
which a deep-learning based segmentation method is
developed. The Specific Absorption Rate (SAR) of the fetus at
commonly used wireless communication frequencies is
estimated using a commercially available numerical
electromagnetic solver. Fetus SAR values are reported for
different combinations of excitation frequencies, phone
positions and UFU ages. It was found that the fetus SAR for all
the cases is well below the maximum allowable exposure limit
of 80 mW/kg, as prescribed by ICNIRP.

For efficient assessing of amniotic fluid volume we can use
segmentation techniques to clearly define AF(amniotic fluid)
compartments.They applied the YOLOv8 model to segment
AF in ultrasound (US) images . A robust methodology was
developed, addressing key challenges in AF assessment,
including segmentation, volume quantification, and risk
analysis, using advanced techniques like deep learning and
natural language processing. The model accurately quantifies
AF volume, classifies AF levels, and predicts associated risks.
However, limitations such as segmentation inaccuracies in
noisy images and overlap with non-AF regions suggest areas
for refinement.

The dynamic changes of amniotic fluid during pregnancy are
crucial for the development, protection, defense and nutrition
of the fetus. Amniotic fluid contains a variety of trace
biomarkers, such as microRNA, free DNA, reactive oxygen
species, interleukin and metabolomics, etc., which are of great
significance for fetal health, diagnosis and drug control of
various diseases.The development trend and challenges of trace
biomarker detection in amniotic fluid. Firstly, several trace bio
markers for diagnosis of amniotic fluid disease are introduced.
Secondly, the detection technique is discussed in detail.

AFV is a key indicator of fetal well-being. AF disturbances
indicate a fetal, placental, or maternal pathologic condition.
The degree and timing of AF disturbances and a thorough
understanding of the underlying mechanisms of fluid
homeostasis can help make an accurate diagnosis. A detailed
evaluation of fetal anatomy and structural anomalies helps
direct clinical assessment and management toward potential
maternal or placental factors.

Metabolomics could prove useful in optimizing individualized
treatment and nutritional guidance, assess drug-related efficacy
or toxicity, identify phenotype changes associated with disease
onset/progression and improve early diagnosis and prognosis.
They could improve the accuracy of efficacy, paving the way
for better clinical trials.

The area of utilizing Al for AF detection and classification to
provide a starting point for researchers to identify the
knowledge gaps in this area and conduct more extensive
research. Furthermore, the use of DL- and ML-based
classification and segmentation methods in measuring AF
volume and highlights the challenges and opportunities in this
field.

The appearance and volume of AF depend on gestational age.
Finally, the survival of stem cells in the AF, their high
proliferation rate, the substantial potential of differentiation,
normal karyotype, and low immunogenicity were discussed.
AF allows the fetus to grow inside the uterus, supports it from
injuries, retains consistent pressure and temperature, and
enables the exchange of body chemicals with the mother. At
first, it consists of water and electrolytes but after the 12-14th
wk the liquid also contains carbohydrates, proteins, lipids,
phospholipids, urea, hormones, and some biochemical
products.

It is feasible to recover fetal signals through the abdomen of a
pregnant mother in order to perform non-invasive
transabdominal fetal pulse oximetry. This is supported by the
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literature that has revealed several successful studies and the
improved modeling from our team using accurate MC
simulations (improved algorithm allowing more photon
packages; 1 billion). The fetal signal power contribution varies
widely depending upon fetal depth and sourcedetector distance.
We present both the mother and fetal contributions to the
overall signal, showing more contribution from the fetus at
greater source-detector distances. The PHD maps showed the
probability of obtaining light in the fetal layer given a
particular source-detector distance.

The largest AF cell-free transcriptomics study that catalogues
physiologic adaptations with advancing gestation in normal
pregnancy and surveys the effects of relevant maternal, fetal,
and experimental covariates on the transcriptome. The data
show that AF mRNA profiles can be used to track placental
function through single-cell specific signatures, as a readout of
the maternal-fetal crosstalk during pregnancy.

Abnormalities of AFI both reduced and excess liquor are
associated with high maternal morbidity and perinatal
morbidity and mortality. Ultrasonography proved to be an
important tool for early and accurate diagnosis of oligo and
polyhydramnios and also to rule out congenital malformations
and hence to improve maternal and fetal outcome.
Oligohydramnios is frequent finding in pregnancies involving
IUGR, PIH and post-datism. Polyhydramnios is associated
with congenital malformations. AFl abnormalities demands
intensive fetal surveillance and proper antepartum and
intrapartum care. Timely decision for intervention is helpful in
reducing perinatal morbidity and mortality

S.NO | Year Authors

Article Title

Key Findings

1. 2024 SRIKUMAR

SANDEERP et..al

RF-EMF Exposure Assessment of
Fetus During the First Trimester of
Pregnancy

e Deep-learning based image
segmentation method to
build realistic digital 3D
models of uterus fetus units
from ultrasound images

e Computational analysis of
Radio Frequency -
Electromagnetic Field (RF-
EMF) exposure of Uterus-
Fetus Units (UFUs)
embedded inside the body
of a 26 year old human
female.

Muhammad
Rafi,et..al

2. 2024

Automated
Volume

YOLOv8 for
Health Diagnosis in Ultrasound

Amniotic Fluid
Assessment Using
Enhanced Fetal

e Assessing Amniotic Fluid
Volume (AFV) due to the
dependence on the skill of
the sonographer
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Imaging

Used segmentation
techniques to clearly define
AF  compartments. We
applied the YOLOv8
model to segment AF in
ultrasound (US) images.

2024

Xiangyin Liu,et..al

Current trends and challenges in
amniotic fluid of biomarkers in
trace amounts

The latest advances in the
detection of mi crobial
markers in amniotic fluid,
and introduces the methods
of amniotic fluid collection
and attention

The biological approach to
amniotic fluid testing is
discussed

2024

Sonia-Teodora
Luca,et..al

A Review of the Literature:
Amniotic Fluid “Sludge”™—
Clinical Significance and Perinatal
Outcomes

Antibiotic therapy helped
resolve AFS and reduced
preterm birth rates.

In IVF pregnancies, AFS
correlated with a short
cervix and increased risk of
preterm labor.

2023

Priyankalha
MBBS,et..al

Assessment of Amniotic Fluid
Volume in Preghancy

AF disturbances indicate a
fetal, placental, or maternal
pathologic condition

A detailed evaluation of
fetal anatomy and
structural anomalies helps
direct clinical assessment
and management toward
potential  maternal  or
placental factors

2023

Charalampos
Kolvatzis,et..al

Utilizing Amniotic Fluid
Metabolomics to Monitor Fetal
Well-Being: A Narrative Review
of the Literature

Metabolomics could prove
useful in optimizing
individualized  treatment
and nutritional guidance,
assess drug-related efficacy
or toxicity, identify
phenotype changes
associated with disease
onset/progression and
improve early diagnosis
and prognosis

Applying metabolomics to
monitor fetal well-being, in
such a context, could help
in  the understanding,
diagnosis, and treatment of
these conditions and is a
promising area of research

2023

Putu Desiana
Wulaning Ayu,et..al

Combining CNN Feature

Extractors and Oversampling Safe

Deep Learning Models for
Amniotic Fluid
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Level SMOTE to Enhance
Amniotic Fluid Ultrasound Image
Classification

Classification
Oversampling Techniques
for Handling Imbalanced
Data

2022

Amniotic Fluid Classification and
Artificial Intelligence: Challenges
and Opportunities

The area of utilizing Al for
AF detection and
classification to provide a
starting point for
researchers to identify the
knowledge gaps

Created visual aids to
analyze  the  reviewed
papers based on the nature
of their datasets as well as
the performance of applied
algorithms

2021

Amniotic fluid characteristics and
its application in stem cell therapy

The  development and
function of AF and the
application of its stem cells
in cell therapy

The appearance and
volume of AF depend on
gestational age

10.

2021

Irfan Ullah
Khan,et..al

Hoda
Shamsnajafabadi
Ph.D, Zahra-Soheila
Soheili Ph.D
Jacqueline

Gunther,et..al

Effect of the presence of amniotic
fluid for optical transabdominal
fetal monitoring using Monte
Carlo simulations

It is feasible to recover
fetal signals through the
abdomen of a pregnant
mother in order to perform
non-invasive
transabdominal fetal pulse
oximetry

Demonstrated a significant
difference in the
simulations when amniotic
fluid was and was not

present,  especially  at
longer source-detector
distances.

11.

2020

Adi L. Tarca

Amniotic fluid cell-free
transcriptome: a glimpse into fetal
development and placental cellular
dynamics during normal pregnancy

The largest AF cell-free
transcriptomics study that

catalogues physiologic
adaptations with advancing
gestation in normal
pregnancy

Data show that AF mRNA
profiles can be used to
track placental function
through single-cell specific
signatures

12.

2019

Manisha M. Parmar ,
Sandeep M. Parmar

Study of amniotic fluid index and
its pregnancy outcome

Amniotic fluid index is an

important part of
antepartum fetal
surveillance

Abnormalities of AFI are
associated  with  high
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perinatal morbidity and
mortality and maternal
morbidity

I11. Methodology

Deep learning, a transformative subset of artificial intelligence,
is revolutionizing healthcare by enabling the analysis of
complex datasets with remarkable accuracy. Unlike traditional
machine learning models, deep learning architectures, such as
Convolutional Neural Networks (CNNs), excel in
recognizing patterns in medical imaging data. These
capabilities make them highly suitable for analyzing amniotic
fluid levels and fetal growth detection using X-ray images.

Amniotic fluid, a vital protective liquid within the amniotic
sac, plays a crucial role in fetal development. It cushions the
fetus, facilitates movement, and supports the growth of
essential organs. Maintaining optimal levels of amniotic fluid
is critical, as abnormalities like oligohydramnios (low fluid
levels) and polyhydramnios (excessive fluid levels) can result
in serious pregnancy complications, including restricted fetal
growth, preterm labor, and challenges during delivery.

To address these challenges, this study employs MobileNet, an
optimized deep learning model, to analyze X-ray images for
amniotic fluid level prediction and fetal growth detection.
The system follows a structured approach, ensuring robust
preprocessing and classification for accurate results.

p

&) DATA SOURCES
Maternal Age, Blood  — i f
Health Group,
ek R e oaa
Preprocessing

Health Data

@ > > ||

o % Deep Algorithms Qutput
Learning
@ Model

Datasets on
Amniotic
Fluid

Amniotic Fluid Measurement Using MobileNet

The prediction model leverages the MobileNetV2 algorithm
due to its efficiency in medical image classification and
feature extraction. The algorithm works as follows:

Data Collection & Preprocessing

e Fetal X-ray images are collected and categorized
based on normal, oligohydramnios, and
polyhydramnios cases.

e Image preprocessing techniques, including contrast
enhancement, noise reduction, and resizing
(224x224 pixels), are applied using OpenCV.

e Data augmentation (rotation, flipping, brightness
adjustments) is performed to enhance model
generalization.

Feature Extraction & Model Training

e The MobileNetV2 model is fine-tuned for amniotic
fluid classification.

e The final layers are modified to classify images into
three categories: normal, oligohydramnios, and
polyhydramnios.

e The model is trained using categorical cross-entropy
loss and optimized using Adam optimizer.

e Training is conducted in a GPU-based environment
for efficient computation.

Prediction & Evaluation

e  The model predicts the amniotic fluid level based on
new input images.

e Evaluation metrics such as Accuracy, Precision,
Recall, and F1-score are used to measure
performance.

e Grad-CAM visualization highlights important
regions in the X-ray image that contribute to
classification.

Real-Time Analysis & Deployment

e The trained model is integrated into a Flask-based
web application for real-time medical image analysis.
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e Healthcare professionals can upload fetal X-ray
images, and the system provides instant Al-driven
predictions and diagnostic insights.

e 3.1 Objectives

To enhance the identification of fetal health and
amniotic fluid levels by leveraging deep learning
models, reducing the need for repeated ultrasonic
tests.

To utilize MobileNet for accurate classification of
amniotic fluid levels (normal, oligohydramnios,
polyhydramnios) and fetal growth analysis from
medical imaging.
To ensure that processed data and insights are
securely accessible to authorized healthcare
professionals through an effective, real-time system.
To address limitations of existing medical
equipment by providing an Al-driven, non-invasive,
and cost-effective diagnostic tool for clinical setting

3.2 Used Methodology

This study leverages deep learning, specifically MobileNetV2,
to analyze fetal X-ray images for predicting amniotic fluid
levels. A comprehensive dataset underwent image
preprocessing, enhancement, and feature extraction to
improve accuracy. The model was trained to classify
amniotic fluid abnormalities (low, ideal, high) based on
imaging features.

The methodology follows these key steps:
[Data Collection & Preprocessing

e X-ray images of fetal scans categorized into normal,
oligohydramnios, and polyhydramnios cases.

e Contrast enhancement, noise reduction, and
resizing (224x224 pixels) applied using OpenCV.

e Data augmentation (rotation, flipping, brightness
adjustment)  performed to  improve  model
generalization.

P Deep Learning Model (MobileNetV?2)

e Feature extraction using MobileNetV2, a
lightweight and efficient CNN model.

e The final layers are modified to classify images into
three categories based on fluid levels.

e The model is trained using categorical cross-entropy
loss and optimized with Adam optimizer.

FEvaluation & Real-Time Deployment

e Accuracy, Precision, Recall, and F1-score used for
performance evaluation.

e Grad-CAM visualization applied to highlight
critical regions in X-ray images influencing
predictions.

e The trained model is integrated into a Flask-based
web application, allowing healthcare professionals to
upload images and receive instant Al-driven
insights.

This CNN-based approach offers a non-invasive, efficient,
and real-time solution for monitoring maternal and fetal
health, ensuring early detection and intervention for amniotic
fluid abnormalities.

1V. Results and Discussion

The results are analyzed to evaluate the system's effectiveness
in predicting amniotic fluid levels and fetal growth
abnormalities using deep learning. The performance of the
MobileNetV2 deep learning model is assessed based on
accuracy, efficiency, and real-time application in maternal
health monitoring.

Prediction Accuracy

The accuracy of different models for classifying amniotic fluid
levels was compared.

Model Accuracy
Decision Tree 85%
Random Forest 88%

MobileNetV2 (Proposed Model) 94%
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Graph 1. A bar chart comparing the accuracy of different
predictive models.

Analysis:

The MobileNetV2 model exhibited the highest accuracy
(94%), demonstrating its effectiveness in medical image
classification for detecting amniotic fluid abnormalities
(oligohydramnios & polyhydramnios). The CNN-based
model outperformed traditional machine learning models due
to its ability to extract complex spatial features from fetal X-
ray images.

Non-Invasive Diagnosis Comparison

Feature Ultrasound-Based Al-Based System
Systems (Proposed Model)

Radiation High None

Exposure

Cost High Low

Accuracy Variable Consistent

Analysis:

The Al-based MobileNetV2 system eliminates radiation
exposure risks and reduces reliance on expensive ultrasound

equipment, making it a safer and more cost-effective
alternative for routine monitoring of amniotic fluid levels.

Efficiency in Early Detection

Abnormality Type Detection Rate

Oligohydramnios (Low Fluid) 93%
Polyhydramnios (High Fluid) 91%
Analysis:

The MobileNetV2 model ensures early and accurate
detection of amniotic fluid abnormalities, allowing clinicians
to intervene promptly and reducing the risks of preterm
birth, fetal distress, and delivery complications.

Discussion:

The findings of this research highlight the potential of deep
learning-based medical imaging systems in transforming
maternal healthcare. The high accuracy of the MobileNetV2
model demonstrates its ability to process and classify fetal X-
ray images effectively, providing real-time, non-invasive,
and precise diagnosis of amniotic fluid abnormalities.

Unlike traditional ultrasound-based methods, the proposed
Al-driven approach offers a cost-efficient, radiation-free,
and automated alternative, improving accessibility in low-
resource clinical settings. This system empowers healthcare
providers with instant Al-driven insights, allowing timely
decision-making and improved maternal and fetal health
outcomes.

Conclusion:

In conclusion, this study presents a non-invasive, image-based
deep learning approach for predicting amniotic fluid
abnormalities using MobileNetV2. By leveraging medical X-
ray images and CNN-based feature extraction, the system
classifies oligohydramnios, polyhydramnios, and normal
amniotic fluid conditions with high accuracy.

This predictive capability enables early identification of fluid
level abnormalities, facilitating timely interventions and
reducing health risks for both the mother and fetus. The
proposed Al-driven system provides a practical and scalable
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solution

for routine fetal health monitoring, significantly

enhancing maternal healthcare outcomes.
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