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Abstract — A normal hormonal disease, Polycystic Ovary Syndrome
(PCOS) has a major impact on reproductive health and fertility in
women. Overlapping follicles, background noise and the doctor's
decision perform all work towards the accuracy and timeliness of
traditional ultrasound imaging diagnosis. This research presents a
state-of-the-art learning-based approach to automatic PCOS
identification using ultrasound images to remove these
deficiencies. In order to improve classification accuracy, we
propose a hybrid model that connects multiple condition -of -art -
transfer teaching architecture including AlexNet, VGG16, and
Inception V3. The proposed architecture uses a wide range of
imaging functions, which allows the model to understand complex
patterns related to PCOS more efficiently. Hybrid method improves
clinical decision -making by reducing the need for human contacts
by increasing clinical accuracy. The proposed model improved
individual models with 87% classification accuracy when the
performance criteria such as accuracy, precision, recall and F1
score were evaluated. The results of this work suggest that the
ability to diagnose Polycystic Ovary Syndrome (PCOS) in hybrid
deep learning models is faster, with greater accuracy and great.
This can lead to better initial diagnosis and more analog treatment
plans in clinical environments.

Keywords — “PCOS, Deep Learning, Transfer Learning,
Ultrasound Imaging, Hybrid Model, Medical Diagnosis, Image
Classification”.

LINTRODUCTION

Reproductive health, metabolic stability & psychological
welfare abide all affected deep from a complex endocrine
position. The duration of irregular menstrual periods,
hyperandrogenism & polycystic ovarian ending abide the
main symptoms of Polycystic Ovary Syndrome (PCOS),
affecting about 5-15% of women of 5-15% breeding age
globally & abide an important cause of female infertility. In
gynecological disorders, PCOS is one of the most wrong &
weak people despite its high frequency. Diagnosis &
treatment abide delayed due to lack of abnormality &
universally agreed clinical norms in symptoms & expressions.
It is important to detect PCOS as soon as possible as it is
associated among a variety of long -term health problems,
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including infertility, type 2 diabetes, heart disease &
endometrial cancer. Ultrasound imaging is usually considered

universally agreed clinical norms in symptoms & expressions.
It is important to detect PCOS as soon as possible as it is
associated among a variety of long -term health problems,
including infertility, type 2 diabetes, heart disease &
endometrial cancer. Ultrasound imaging is usually considered
the standard of gold when it comes to evaluation of ovary
science & a non-invasive diagnosis of polycystic ovarian
syndrome. The amount of follicle, follicle orientation & ovary
is all observable using this method. Overlapping functions,
the noise of the unit & the operator's expert variations makes
it difficult to manually manual interpretation of all ultrasound
images. This emphasizes the importance of continuous &
automated clinical solutions through making accurate
diagnosis more subjective & time -consuming. Medical image
analysis has been replaced through recent progress in artificial
intelligence (AI) & deep learning (DL), able to treat &
understand complex datasets among minimal human
inspection. The increasing amount of medical imaging data
also emphasizes the health care system. Convolutional Neural
Network (CNNS) & other deep teaching models have shown
excellent performance in identifying & sharing medical
images accurately. through eliminating the requirement for
human facilities, these models abide able to automatically
extract useful functions from raw image data, & thus over -
traditional machines cross the performance of the learning
method. Deep learning has the ability to detect small
irregularities & complex patterns in PCOS ultrasound images
that can miss a human eye.

In recent years, a branch of transmission of learning depth
learning has become an effective tool for reusing & optimizing
pre -trained models for new but related tasks, especially in
situations where training data is rare among the help of
transmission learning, its drawing skills in known architecture
such as Inception V3, Alex Net & VGG16 can endure used on
more specific features, such as PCOS detection. In order to
improve clinical accuracy & reduce training time &
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calculation costs, these designs, which were originally created
for generic image classifications, can endure adjusted to
identify special patterns in ultrasound images of the ovaries.
Still, when it comes to medical imaging, it is not a special deep
learning architecture that works better than anyone else.
When you compare the depth, the plant of production capacity
& calculation complexity, each network has its own set of
professionals & oppositions. As an example, VGGI16 is
deeper & great when it comes to catching the good-to-bear
characteristics, while AlexNet is shallower, but effective in
terms of calculation. Catching both local & global images
information, the Inception V3 is able to thank the treatment on
the multi -party for the gutter module. Hybrid architecture,
which combines the best properties of many models, can do
for the weaknesses of each model, resulting in more reliable
& accurate systems. Hybrid deep learning methods aim to
improve the performance & generality of the model through
mixing multiple networks in a framework. Automatic PCOS
ultrasound is aimed at image classification, this research
proposes a new hybrid deep learning model. The model is
designed to combine PCOS through combining the functional
extraction features of multiple pre -trained CNN & using
transfer from these networks. The hybrid model is designed
to distinguish between normal & polycystic ovarian images
through collecting a wide range of properties in several
parameters & layers. There abide some common measures
used to evaluate accuracy, accurate, recall & F1 score
performance, which allows for intensive evaluation of clinical
reliability of models.

Creating this type of automatic clinical equipment is not just
any theoretical training; Patients abide real consequences for
care. In areas among limited resources, where experts may
not endure easily accessible, deep learning models can help
doctors make better decisions through reducing clinical
content & increasing continuity. Improvement in health
results for suffering for suffering women, initial & accurate
diagnosis of PCOS can lead to proper treatment that avoids the
beginning of metabolism & reproductive problems. In
addition, an important trend among digital changes in the
health care system is congratulations among involvement in
the medical diagnosis Al. Increasing dependence on artificial
intelligence (Al) for data management, interpretation & action
is necessary due to electronic health records, heavy data
versions manufactured through telemedicine & portable
devices. Within customized therapy, where diagnosis &
treatment decisions abide based on unique patient profiles,
deep learning-based algorithms abide well distributed to
endure particularly important tools.

While deep learning PCOS shows the promise of diagnosis,
there abide still some obstacles that need to endure removed
before used in clinical environments. Lack of data, especially
commented on a medical image, is still a major obstacle.
Openness & belief in clinical contexts can only endure
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achieved through dealing among moral ideas related to patient
data security & privacy & through improving the
interpretation of the Al model. However, these obstacles
gradually lead to continuous research & collaboration between
data researchers, engineers & doctors, leading to more reliable
& skilled Al-led health solutions. Finally, the use of hybrid
deep learning models for intelligent diagnosis of polycystic
ovarian syndrome is very advanced through this study. The
proposed solution does better through traditional manual
methods in diagnostics when using transmission learning to
combine more nerve network topology, so reduce the
deficiencies. The results shed light on how AI can
revolutionize the reproductive health service & how important
it is to invent & collaborate in discipline to solve complex
medical problems.

II. LITERATURE REVIEW

PCOS has a wide range of complex etiology & symptoms,
making diagnosis & treatment difficult for doctors. Clinical
research by Azziz R, et al. [1], biochemical testing &
ultrasound imaging to study ovarian morphology were the
beams of clinical methods earlier. Due to the operator's skills,
the quality of the imaging instrument & the underlying
content, the manual interpretation of ultrasound paintings is
often accompanied through deviations. Because of this
deficiency, researchers examine computer-controlled clinical
methods to improve the reliability & justice of PCOS
diagnosis. Unlike more traditional methods by Litjens G, et al.
[2], a stable change in literature has been made to use deep
learning & other forms of artificial intelligence for automatic
& increase clinical results. Originally, rules-based systems &
traditional machine learning algorithms were the beams of
PCOS computer diagnosis. Facilities, including ovarian
volume, compartment & environmental stroma, should endure
extracted manually using these approaches. These symptoms
were important markers, but they needed a lot of work & a lot
of domain knowledge. through using these properties, the
decision to classify PCOS cases was used for algorithms such
as DT, KNN & SVMs). In his study on ovarian classification,
Suri et al. Used texture analysis in combination among SVMs.
Although the results were encouraging, scalability & practical
in the project were interrupted through the need for manually
generated facilities. For example, ultrasound images of the
ovaries began analyzed through researchers Esteva A, et al. [3]
using deep CNN architecture such as VGG16, AlexNet & the
lab. Compared to more traditional methods, these models
greatly improved diagnosis accuracy. The combination of
deep architecture & Relu activation of AlexNet allowed
effective training on rare medical data sets, thanks to the trade
between depth & processing efficiency. The use of transfer
learning to fine-tune pre-trained models on huge datasets like
ImageNet for specific tasks like medical image classification
is a more recent trend in the literature. Due to the scarcity of
labeled datasets, transfer learning has been particularly useful
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in medical imaging. Researchers Patel V, et al. [4] were able
to improve convergence speed & accuracy while reducing the
need for enormous labeled datasets through employing feature
extraction layers from pre-trained networks. Notable research
through Ayyagari et al. demonstrated a considerable
improvement in specificity & accuracy when compared to
training models from beginning when using fine-tuned
VGG16 & Inception V3 models for PCOS classification from
grayscale ultrasound pictures. But there isn't a single model
architecture that works perfectly in every scenario. One
example is VGG16 and research by Szegedy C, et al. [5],
which provides deep hierarchical feature extraction but
requires a lot of computing power. The third iteration of
Inception, however, uses parallel convolutions of varying
sizes to better capture multi-scale features—a trade-off for
increased architectural complexity. Some have suggested
Zhang Y, et al. [6] using hybrid deep learning models to get
around the shortcomings of each component & boost
classification accuracy. These models usually make use of the
best features of multiple architectures through combining
them. While some hybrid methods suggest Topol EJ. [7]
ensemble predictions at the decision level, others combine
feature maps produced from numerous CNNs. Improved
generalizability, diagnostic accuracy, & resilience in the face
of picture noise & variability abide common outcomes of such
approaches. When it comes to polycystic ovary syndrome,
suggests hybrid models abide quite promising. Several
assessments by Patel V, et al. [8] criteria, such as accuracy,
precision, recall, & Fl-score, have shown increased
performance in studies that combine the feature maps of
Inception & ResNet or AlexNet & VGG16. Compared to
single-model approaches, these models abide better able to
deal among ovarian shape variability, follicular dispersion, &
background noise. In addition, hybrid models generally have
lower rates of false positives & false negatives, which is very
important in clinical settings because a wrong diagnosis can
greatly affect a patient's treatment plans. Some researches
Dewailly D, et al. [9] has used hybrid models that combine
image-based classification among clinical & biochemical
characteristics to give a more complete diagnosis. Imaging
data merged among metrics from the patient's history, such as
hormone levels & menstrual irregularities, using multimodal
data fusion approaches, has further enhanced diagnosis
accuracy. The interpretation of deep learning models is a big
question. Since deep nerve networks abide not transparent as
more traditional machine learning models, doctors may have
problems in the choice due to lack of openness around these
systems. through using researches by Kelly CJ, et al. [10] such
as “Gradient-weighted Class Activation Mapping (Grad-
CAM), researchers have attempted to create explainable Al
(XAI)” model that can distinguish the clinical packed areas in
ultrasound paintings.

III. METHODOLOGY
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The function of this study to detect better PCOS among an
intensive teaching model is based on a method, complete &
step -by -step approach. The goal was to create a solid clinical
system that could find out the PCOS in ultrasound paintings
well & accurately. To guarantee that the final clinical results
meet clinical expectations, the proposed approach combines
pre -treatment, transmission learning, hybrid model building,
training & verification, performance evaluation & model
optimization. The collection of relevant information is the
initial phase. The ultrasound paintings in the ovaries were
collected from a large & diverse data set that included both
PCOS-positive & PCOS-negative individuals. In order to
focus on patient anatomy, operator handling, tool noise &
change in image solutions, it was important for the guarantee
for data set diversity. The photos were acquired in a way that
adheres to ethical norms, & in order to safeguard patient
confidentiality, they were anonymized. To facilitate efficient
learning & fair evaluation, the prepared dataset was divided
into three parts: training, validation, & test. The ratio of these
parts was 80:10:10. The input data was pre-processed using
images to improve its quality & consistency after data capture.
Because model performance can endure negatively affected
through noise, contrast change, & irrelevant artifacts, this
stage is crucial in medical imaging applications. The dataset
was subjected to consistent processing, including shrinking
images, converting to grayscale, equalizing histograms, &
filtering out noise. All of the images were downsized to a
consistent 224 x 224 pixel size so they could endure fed into
the deep learning models. Because it works among popular
transfer learning models like VGGI16, Inception V3, &
AlexNet, this resolution was selected. The computational
burden was decreased without sacrificing morphological
information through grayscale conversion. To further aid
faster convergence during training & reduce the likelihood of
vanishing or exploding gradients, normalization was applied
to scale pixel intensity values between 0 & 1.

In the third stage, we prepared the deep learning architectures

for transfer learning after selecting them. The goal of transfer
learning is to repurpose neural networks that have already
been trained on huge datasets like ImageNet for specific tasks
like medical picture categorization. Three pre-trained CNN
models were chosen for this study: Inception V3, AlexNet, &
VGG16. The selected architectures have a track record of
success in picture categorization & feature extraction. In order
to maintain the generic feature extraction capabilities that
were developed during training on ImageNet, the initial layers
of the imported pre-trained models were frozen. To better
handle binary classification (PCOS vs. Non-PCOS), recently
connected teams were added to replace older people, who
were responsible for the work-specific classification. It was
completed through incorporating a close layer of a
regularization dragon, a global average pool layer and a
sigmoid activation feature, which generates starting options
from 0 to 1.
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The next phase was to combine function maps from different
CNN to create a hybrid model. In this way, the combination
of many architectures was to make them more accurate &
more normal. The function maps were combined to create
function maps for a single model from the last two layers of
AlexNet, VGG16 & Inception V3. To complete the
classification, this merged functional vector was later fed into
a fresh tight layer. To ensure that the dimensions of the
function maps were compatible, the architecture of the hybrid
model was built among a specific layer configuration.

In order to avoid overfitting, dropout layers were also used in
between thick layers. In order to stabilize learning, batch
normalization was used to standardize the inputs to each layer.
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Fig 1. Flow Diagram

The training process was started after the model architecture
was defined. The training set was utilized to train the model,
while the validation set was employed to assess its capacity
for generalization. The loss function, binary cross-entropy,
was selected because it is well-suited for binary classification
problems. Because of its adaptability & effectiveness among
sparse gradients, the Adam optimizer was utilized among a
learning rate of 0.0001. To prevent overfitting & save
computing resources, early stopping was used to cease
training when the validation loss stopped improving. The
maximum number of epochs used to train the model was 50,
& the batch size was 32. In order to make the dataset larger &
more diverse, which strengthens the model, we used real-time
data augmentation techniques like horizontal flipping,
zooming, & rotation during training. The test set was used to
evaluate the model after training. To measure the model's
diagnostic capability, performance measures were calculated,
including accuracy, precision, recall, & F1-score. Accuracy
measures how well the model performs as a whole, whereas
precision & recall reveal how well it can distinguish between
PCOS-positive & PCOS-negative instances. As a correct
measure of general performance, F1 score was calculated
harmoniously through average recall & accuracy. The results
of the classification were shown & systematic abortion was
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identified using confusion matrices. To further assess the
discriminatory performance of the model, the field & Area
Under the Curve (AUC) & Receiver Operating Characteristic
were also plotted.

To improve the efficiency & accuracy of the model, it was set

& optimized after performance evaluation. The best value for
hyperparameters, including learning speeds, dropout & batch
sizes, was found using web searches. In addition, various
hybrid model configurations were evaluated, through
adjusting the depth of activation function choices, weight
initializations & conference teams. The optimal trade band
model design was achieved through repetition between
accurate, calculation costs & generality. The opaque &
unknown structure of intensive learning models was treated
through applying the clarification of clarity. To determine
which parts of ultrasound paintings were the most important
for model decisions, heatmaps were created using Grad-CAM.
To ensure the clinical relevance of highlighted areas, these
visual explanations were double tested through a professional
radiologist. This contributed to the reliability of the model &
highlights physical properties that distinguish PCOS from
normal patients.

Finally, we saw some factors consider when distributing the
model.  through customizing the model learned using
Tensorflow little, it can endure distributed on a mobile or age
device, making it available to doctors in settings among
limited resources. In order to facilitate real -time image
upload & immediate prediction, a spontaneous user interface
was intended to include in clinical software. Final assessment
of this method: This provides a deeper, sequential approach to
detect PCOS among a hybrid deep learning model. Pre -
treatment of image processing, through model design transfer
learning, hybrid function merger, stiff training & extensive
evaluation abide the initial stages after careful data
preparation. Using the clarification method, the function is
strengthened & designed for the implementation of the real
world. The model improves its accuracy & reliability in
PCOS diagnosis in this process, which further improves
medical diagnosis.
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Fig 2. System Architecture
IV. RESULTS & DISCUSSIONS

Clinical feasibility, generality & reinforcement were
suggested, which was done through implementing intensive
learning-based PCOS detection systems, which produced
encouraging results in several standard performance criteria.
The hybrid model improved upon each of the distinct base
models, reaching a classification accuracy of 87% using a
heterogeneous ultrasound picture dataset that included both
normal ovaries & ovaries affected through polycystic ovary
syndrome. Take, for example, the 81% & 84% accuracy
achieved through standalone VGG16 & Inception V3,
respectively, compared to Alexnet’s slightly lower score of
79%. Even although individual networks occasionally missed
PCOS morphological indications & minor patterns, the
integrated hybrid model—which successfully combines the
benefits of all three architectures—was able to spot them.
Thanks to combining low-level, mid-level, & high-level
characteristics obtained from various depths & viewpoints of
the ultrasound pictures, a more complete feature
representation was obtained, leading to this enhancement. In
addition, the hybrid model had an impressive recall value of
89%, indicating that it accurately identified a significant
number of actual instances of PCOS.

When it comes to medical diagnostics, this is of the utmost
importance because false negatives can cause therapeutic
delays. Similarly, the accuracy of the model was 86%, which
means that the properly acclaimed majority of PCOS cases &
reduced the possibility of making healthy people wrong. As a
whole, the model handled the square imbalance well &
discovered complex images among an F1 score of 87.4%,
which is an accurate & a measure of memory.

Important insight into the classification behavior of the model
was postponed through intensive examination of confusion
matrix. The model identified errors a small number of
common paintings such as PCOS & vice versa from all data.
Most of this incorrect diagnosis occurred when ultrasound
paintings had low resolution or when ovarian morphological
properties were not clear, others led to confusion among non-
PCOS diseases among diseases. These examples demonstrate
the need for ongoing model improvement using bigger & more
varied datasets & the limitations of medical imaging.
However, heatmaps were made available to physicians using
Grad-CAM visualizations, which showed exactly which
regions were impacting the model's conclusions.

The hallmark markers of polycystic ovary syndrome (PCOS),
such as peripherally situated cysts or extensive ovarian
stroma, were usually the focus of these maps. Visualizing the
model's decision-making process greatly improves its
reliability in clinical contexts. through merging human
knowledge among machine intelligence, this openness paves
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the way for interactive diagnosis, in which doctors can use Al-
generated insights to back up their own views.

In addition, the model was learning steadily without
overfitting, since the validation loss constantly declined
among the training loss, as shown in the temporal training
graph. In order to achieve this generalization stability, data
augmentation, dropout regularization, & early stopping
conditions were crucial. This was particularly true when
dealing among small medical datasets, which abide a common
limitation in the healthcare industry.
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Rapid, reliable, & interpretable diagnostic support is
becoming more & more crucial in real-world clinical
workflows, & this research has larger implications for these
workflows. This model can endure used as an initial screening
tool to identify possible cases of polycystic ovary syndrome
(PCOS) that need further investigation in medical facilities
that abide under-resourced or located in rural areas, where
there is limited access to specialized radiologists. Thanks to
its deployment-ready lightweight model that utilizes
TensorFlow Lite, the system is compatible among low-
resource situations. This means that mobile diagnostic units or
portable ultrasound devices can incorporate the Al tool for
immediate results. In addition, our research adds to the
growing body of knowledge in Al-assisted gynecological
diagnostics through promoting the use of patient-reported
symptoms & hormone profiles as multi-modal data sources for
the development of more accurate predictive models.
Currently, the system can endure trained on longitudinal
datasets that record changes in ovarian morphology over time;
this allows for both diagnosis & tracking of illness
development, thanks to the system's modular architecture.
Crucially, this Al tool's ethical framework places an emphasis
on clinical supervision, data security, & patient privacy.
Ensuring that medical responsibility is maintained, the model
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is designed to augment human judgment rather than replace it
among diagnostic suggestions. Further validation of the
system through cross-institutional collaborations & larger
datasets has the potential to make PCOS screening more
efficient, accurate, & accessible to women from all
socioeconomic backgrounds, replacing the current manual &
€ITOI-prone process.

V. CONCLUSION

Overall, it's safe to say that medical imaging & diagnostic
automation have taken a giant leap forward among the use of
sophisticated deep learning algorithms for PCOS
identification. The proposed hybrid model has proven to
endure highly effective in identifying the complex & subtle
morphological indicators of polycystic ovary syndrome
(PCOS) in ultrasound images. It combines the sensible
strength of AlexNet, VGG16, & Inception V3, & has shown
better accuracy, precision, recall, & Fl-score. In situations
when medical expertise is rare, the model improves clinical
reliability & speeds up clinical decision -making through
removing obstacles to manual diagnosis, such as operator
addiction, visual ambiguity & noise.

VI. FUTURE SCOPE

Through increasing the interpretation of the model among
character comb-visual, we can create a cooperation interface
between human decisions & artificial intelligence, which is
important for doctors to trust & validate Al-driven findings.
The practical relevance of dealing among global inequalities
in the health care system has been further exposed through the
possibility of scalability, adaptability & implementation in the
resource references of the system. This study is a new goal
for Al- driven Gynecological Care, & opens the door to
clinical technologies that abide more powerful, open & user-
friendly. PCOS has the ability to improve reproductive health
results for women globally in preliminary intervention,
personal treatment scheme & long -term patient care,
especially when future improvements include multimodal data
& longitudinal surveillance skills.

VII.LREFERENCES

[1] Azziz R, et al. (2016). Polycystic ovary syndrome. Nature
Reviews Disease Primers.

[2] Litjens G, et al. (2017). A survey on deep learning in
Medical Image Analysis.

[3] Esteva A, et al. (2017). Dermatologist-level classification
of skin cancer among deep neural networks. Nature.

[4] Patel V, et al. (2019). Deep Learning for Improved
Diagnosis & Classification of PCOS. Computers in Biology &
Medicine.

Page | 1849
Index in Cosmos

JUNE 2025, Volume 15, ISSUE 2
UGC Approved Journal

[5] Szegedy C, et al. (2016). Rethinking the Inception
Architecture for Computer Vision. CVPR.

[6] Zhang Y, et al. (2019). A Hybrid Deep Learning Model for
Breast Cancer Diagnosis. IEEE Access.

[71 Topol EJ. (2019). High-performance medicine: the
convergence of human & artificial intelligence. Nature
Medicine.

[8] Saba T, et al. (2020). Deep Learning Applications in
Medical Imaging. Journal of Healthcare Engineering

[9] Dewailly D, et al. (2014). Ultrasound criteria & the
diagnosis of PCOS. Fertility & Sterility.

[10] Kelly CJ, et al. (2019). Key challenges for delivering
clinical impact among artificial intelligence. BMC Medicine.


http://www.ijbar.org/

