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Abstract 

In this research, we present the revolutionary ‘FemAI’ framework for Polycystic Ovary Syndrome (PCOS) severity 

prediction, leveraging the amalgamation of Multimodal Data Fusion. By harnessing the synergies of CNN-based 

Ultrasound Analysis, Clinical Hormonal Profiling, and Patient-Reported Symptomatology, our approach transcends 

conventional unimodal models, offering a robust solution for comprehensive PCOS grading. Notably, we introduce a 

Dynamic Symptom Quantification Module, optimizing the diagnostic process to ensure that subjective patient 

experiences—such as hirsutism and irregular periods—are mathematically integrated into the final severity score. Our 

contributions encompass a meticulous comparative analysis, pitting isolated image- processing models against our 

proposed Weighted Fusion Engine, which strategically assigns domain-specific weights (40% Image, 35% Clinical, 

25% Symptoms) to amplify predictive power. Moreover, we conduct a comprehensive exploration of Explainable AI 

(XAI), employing Grad-CAM and Follicle Segmentation to enhance model interpretability. Performance evaluation 

reveals superior accuracy (98.9%) and sensitivity (99.1%), substantiated by detailed analyses including confusion 

matrices. Compared to existing state-of-the-art techniques, our FemAI model demonstrates a significant improvement in 

detecting 'Severe' cases, achieving a holistic diagnosis that mirrors expert medical reasoning. Robustness is ensured 

through validation across diverse patient profiles, while visualization techniques like Heatmap Overlays shed light on the 

model’s decision-making process. 
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Introduction 

PCOS is a problem for a lot of women all around the world who are old enough to have babies. Women 

with PCOS do not have periods they have hormone problems and they get small cysts on their ovaries. If 

PCOS is not treated it can cause serious problems, like not being able to have a baby getting type 2 diabetes 

and having heart disease. So it is very important to find out if you have PCOS and get treatment soon as 

possible so you can stay healthy for a long time. One good way to find out if you have PCOS is to have an 

ultrasound, which is also called USG. However the systems we have now are not very good. They usually just 

look at ultrasound pictures using machine learning. The problem is that these systems are not accurate and they 

are not strong. They often miss the picture of the condition. This is because they only look at one thing. The 

pictures. A patient might have ovaries that look normal. They can still have problems, with their ovaries. The 

systems do not always catch this because they do not look at the situation just the ultrasound pictures of the 

ovaries .The syndromic aspect of the condition is often missed by these unimodal techniques, as a patient may 

have normal ovarian morphology but experience In addition, these unimodal approaches do not adequately 

capture the polycystic syndrome nature of the condition, which means that even when a woman has normal 

ovarian morphology on ultrasound, she can still suffer from severe hormonal imbalance or symptomatology. 

To improve both the accuracy and reliability of PCOS diagnosis, there is a need to develop novel multimodal 

approaches for diagnosis. 

The healthcare industry is going through a change because of artificial intelligence. Artificial intelligence 

is helping to find health problems by looking at lots of different kinds of information like pictures from medical 

tests and health records. We really need to fix the problems with the way we diagnose Polycystic Ovary 

Syndrome or PCOS now. This is why we did this study. It is hard for regular doctors to diagnose PCOS 

correctly because the pictures from ultrasounds can be a little different each time and the disease itself is very 

complicated. Artificial intelligence can help with this by looking at the information, in a different way. The old 

way of diagnosing PCOS is not very reliable. That is why we need artificial intelligence to help us. Erroneous or 

delayed diagnosis can cause a patient's condition to worsen, leading to missed opportunities for early 

intervention. 

The majority of existing AI solutions are based on early deep learning architectures that focus exclusively 

on binary classification from ultrasound images. The complex patterns and subtle characteristics present in 

USG pictures make it difficult for these models to accurately grade the severity of the condition. It is now 

clear that models with improved discriminative powers—capable of integrating visual data with clinical 

context—are needed. 

 

 

Fig 1:Multifaceted pathophysiology of Polycystic Ovary Syndrome (PCOS) illustrating (A) ovarian morphology 
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characterized by enlarged ovaries with multiple immature follicles, (B) endocrine disruption including elevated 

LH levels, hyperandrogenism, and hormonal imbalance, and (C) clinical manifestations such as hirsutism, acne, 

and weight gain/metabolic disturbances. 

 

This paper introduces the ‘FemAI’ (PCOS-MultiFusion) framework, a comprehensive web-based 

diagnostic system. It features a novel Multimodal Fusion Engine that integrates Convolutional Neural 

Networks (CNN) for ultrasound analysis with weighted processing of clinical biomarkers (e.g., FSH, LH, BMI) 

and a dynamic Symptom Quantification Module. Unlike previous studies that treat symptoms as binary check-

boxes, our approach assigns severity weights (Mild/Moderate/Severe) to subjective patient experiences, 

ensuring a holistic assessment. 

The main contributions of this paper are: 

• We made a system that combines three types of information: Ultrasound Imaging, Clinical Numerical Data and 

what patients say about their symptoms. We use a way of combining these three types of information where we give 

more importance to the Ultrasound Imaging then the Clinical Numerical Data and the least to what patients say about 

their symptoms. This helps us figure out how bad a patients PCOS is. We can say if it is Normal, Mild, Moderate or 

Severe. The system combines the information in a way that gives 40 percent importance to the Ultrasound Imaging, 

35 percent, to the Clinical Numerical Data and 25 percent to what patients say about their symptoms. This way we 

can get a good idea of the PCOS severity. 

• We want to create a system that scores symptoms in a way. This system is different from the way of just saying yes 

or no. We think it would be good to give weight to some symptoms like having too much hair or bad acne. This way 

we can turn what patients tell us into numbers that really matter when we are trying to figure out what is wrong with 

them. The Dynamic Symptom Scoring Mechanism is what we call this way of doing things. It helps us understand 

symptoms, like hirsutism and acne in a detailed way. 

• We use AI for Clinical Trust. This means we make sure that the computer decisions are clear and easy to understand. 

We do this by using something called Grad-CAM. It helps us see the parts of ultrasound images. For example it 

shows us where the follicles are and how the stromal echogenicity looks. This way doctors and other users can see 

why the computer made a decision. We want Explainable AI to help us trust the computer results. 

• The framework uses a kind of neural network to look at pictures of ovaries and find important things like how many 

follicles there are and how big the ovaries are. This framework also makes sure the pictures are good enough to use 

by turning them into grayscale and getting rid of any noise. This helps the framework work well even if the pictures 

are not perfect. The framework does a lot of work to get the pictures ready which is called preprocessing. This helps 

it find the right features, like the follicle count and ovarian size every time. 

• We have a system to figure out how Polycystic Ovary Syndrome or PCOS really is. This system helps us understand 

when PCOS is serious and when it is not. We want to make sure that we do not miss the cases of PCOS where the 

person does not have cysts on their ovaries. They still have other symptoms like hormone problems. These are 

sometimes called "PCOS cases. We need to identify these cases so that we do not think they are normal when they are 

actually not. This way we can give the diagnosis to people, with PCOS even if they do not have ovarian cysts. 

• The Development of a User-Centric Diagnostic Web Application is about making things easy, for the user. This 

research ends with a working web interface, called FemAI that makes the diagnosis process simpler. The FemAI web 

interface provides real-time prediction it gives explanations and it offers lifestyle recommendations that are tailored 

to the user based on how severe the prediction is. The FemAI web application is focused on the user. It helps with 

diagnosis. 

• Rigorous Performance Evaluation: We extensively evaluated the model’s performance using standard metrics such 

as accuracy, precision, sensitivity, and specificity. Detailed analyses, including confusion matrices, provide 

comprehensive insights into the fusion model's superiority over unimodal (image-only) baselines. 
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Related Works 

Since 2020, the area of automated PCOS diagnosis has changed significantly from a basic manual approach to using 

complex AI systems that utilize large amounts of data. Machine learning was initially demonstrated to have benefits 

for diagnostic purpose by earlier studies, though the relevant literature from 2023 through 2025 shows that there is 

strong progress to developing new approaches to medical diagnostic methodologies. These new approaches are 

focused on three emerging trends, which include multimodal fusion, explainable AI (XAI), and lightweight 

architectures designed for use at the point of care. The current section reviews these trends, grouped into three 

categories (ultrasound image analysis, clinical predictive models, and hybrid fusion systems), and outlines some of the 

research gaps and/or limitations of the FemAI framework addressed by this research effort. 

 

A. Advancements In Deep Learning For Ultrasound Imaging (2023–2025): 

Ultrasound imaging remains the gold standard for identifying the "Rotterdam Criteria" of polycystic ovarian 

morphology (PCOM). Recent research has bifurcated into two distinct streams: high- performance heavy 

architectures and resource-efficient lightweight models. 

 

In a landmark 2025 study, Ghosh and Srinivasan [1] introduced EffiDenseGenOp, a heavyweight ensemble 

leveraging EfficientNetB7 and DenseNet201. Their methodology utilized a Genetic Algorithm (GA) to optimize 

hyperparameters such as learning rate and batch size dynamically. Tested on a dataset of over 3,000 images, their 

model achieved near-perfect accuracy (99.58%), demonstrating that transfer learning could capture fine-grained 

textural details of the ovarian stroma that are often invisible to the human eye. However, the computational cost of 

such an ensemble restricts its deployment on standard clinical computers. 

 

To address the problem of computational bottlenecks, recent research by Haq et al. (2024) [2] has developed a 

lightweight convolutional neural network (CNN) based on the ShuffleNet architecture. This new design employs 

"pointwise group convolutions" and "channel shuffling" to achieve a 60% reduction in the number of parameters 

while maintaining diagnostic accuracy of 98.2%. The authors showed that their lightweight CNN could enable 

mobile-based diagnostic tools, although work is still required to develop appropriate datasets to train these types of 

models to perform robustly in practice, as their dataset consisted solely of high-quality images. 

 

In a similar manner, Sidhu and Kumar (2023) [3] have produced automated image segmentation rather than simple 

classification. In their work, an improved version of Mask R-CNN was used to segment individual follicles and 

compute the average follicle number per ovary (FNPO) automatically. They demonstrated precision for counting 

follicles greatest than 5 millimeters of 96.5%, although they reported the performance of these models declined 

sharply when processing images that contained high levels of speckle noise. 

 

Mishra et al. (2024) [4] addressed the aforementioned issue of image quality by creating a preprocessing pipeline that 

integrates a "Denoising Autoencoder" with a ResNet50 classifier. Their results indicate that this approach can 

effectively remove speckle noise while preserving edge detail, resulting in an improvement of area under the curve 

(AUC) from 0.89 to 0.94 compared with the performance of standard Gaussian filters. 

 

According to Zhang et al. (2023) [5] in their exploration of novel architectures, Vision Transformers (ViTs) were 

successfully applied to ovarian ultrasound. They demonstrated that the corresponding self- attention mechanisms 

used in ViTs allowed for superior global mapping of ovarian structure when compared to Convolutional Neural 

Networks (CNNs). However, Aggarwal et al. (2024) [6] illustrated that the convergence of a ViT requires a large 

dataset to be successful. Therefore, Aggarwal's team generated 5,000 realistic "fake" ultrasound images by training 

Generative Adversarial Networks (GANs) to stabilize the training of the data hungry methodologies. 
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Zhao et al. (2025) [7] further operationalized these models through their implementation of the YOLOv11 object 

detection framework, achieving a mean average precision (mAP) of 97.8% in the rapid real-time counting of 

follicles. Similarly, Kannadhasan et al. (2025) [8] and Gulhan et al. (2023) [9] focused on specifically optimizing the 

MobileNetV2 and VGG16 backbone architectures for use with portable ultrasound devices. As a result, they were 

successfully able to reduce the amount of inference time per image to less than 50 milliseconds. 

 

B. Clinical And Metabolic Predictive Modeling 

 

There has been an increase in the number and complexity of clinical biomarker analysis techniques. Initially, they 

involved only simple correlations but now involve complex models and non-linear predictions. 

 

In their recent comparative study, Srivastava and Singh (2023) [10], explored three different ensemble learning 

methods (XGBoost, CatBoost, LightGBM) in a patient case study of 500 patients. From their analysis of the feature 

importance data, they determined that metabolic markers such as Insulin Resistance (Homeostasis Model Assessment 

Insulin Resistance or HOMA-IR) and the Ferriman Gallwey score (for hirsutism) were more predictive of severity 

than traditional hormones testosterone. 

Patel et al. (2024) [11], applied Natural Language Processing (NLP) techniques to mine unstructured Electronic 

Health Records (EHRs) from three large health systems as part of their "Big Data" project. Their Text-to-Diagnosis 

models identified cases of PCOS within the EHRs (e.g., references to "irregular cycles" or "loss of hair from the 

scalp") with an accuracy rate of 92%, suggesting the existence of important diagnostic information outside traditional 

structured laboratory tables. 

 

Zigarelli et al. [12] created a machine learning gradient boosting model from administrative claims data to predict the 

onset of PCOS years before diagnosis. The model achieved an AUC score of 0.85; however, it relied on ICD-10 billing 

codes that lack the granularity of direct clinical measurements. 

 

Khanna et al. [13] focused on specific phenotypes (lean PCOS), a difficult-to-diagnose type of PCOS. Their random 

forest model was specifically trained using lipid and glucose levels to successfully classify lean-PCOS patients vs 

healthy control subjects with a sensitivity of 90.1%—demonstrating that BMI is not the only risk indicator. 

 

Bharati et al. [14] and Mahoto et al. [15] demonstrated that an FSH/LH ratio is still the most robust single biomarker 

for binary classification in smaller datasets. 

 

Ali et al. [16] and Agirsoy [17] developed patient-facing mobile applications for risk assessment. While innovative, 

these applications utilized only binary symptom checklists and did not capture symptom severity (an issue that will 

be addressed by our proposed framework). 

 

Wu et al. [18] provided advanced biological insights into PCOS women by using machine learning to analyse 

quantitative proteomic datasets directly linked to specific metabolic proteins related to pregnancy prognosis in women 

with PCOS. Jantan et al. [19] showed that Particle Swarm Optimization (PSO) significantly reduces the 

dimensionality of clinical datasets while achieving an accuracy level of 94% with only eight key variables. 
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C. Multimodal Fusion And Explainability (The Research Gap) 

 

A significant trend in the most recent literature is Multimodal Fusion of imaging and clinical data to better replicate 

the way humans make diagnoses. 

 

A literature review by Dhilipan et al. (2025) [20] found that fusion models have been shown to statistically 

outperform unimodal baselines by greatly reducing the number of false negatives. For example, Thakkar and Shah 

(2024) [21] proposed "Hybrid-PCOS" which fused the image features of VGG19 with a clinical decision tree and 

demonstrated a 15% decrease in false positives when compared to image-only models. In addition, Al-Zoubi et al. 

(2023) [22] developed a "Multi-Input Deep Learning" model that processed both ultrasound images and hormonal 

vectors at the same time and presented an unprecedented ablation study demonstrating that AMH levels and Ovarian 

Volume are synergistic predictors of one another, and that their combined predictive accuracy was greater than the 

addition of the accuracy of each predictor alone. 

 

A dual-branch neural network developed was evaluated by Alamoudi et al. (2023) [23] and reported 99.6% accuracy 

with the use of a combination of dense ultrasound and normalized clinical data vectors. Barrera et al. (2023) [25] 

noted that, in general, most current models have adopted "early fusion" (combining raw data) methods and, therefore, 

one modality is often much more dominant than the other. Barrera et al. (2023) [25] also recommended "late fusion" 

strategies to reduce the impact of any one modality dominating another, which is the approach employed by the 

FemAI project. 

 

Keenan et al. (2024) [26] and Singh et al. (2023) [27] emphasized that there is a clinical need for Severity Grading 

(Mild/Moderate/Severe) as opposed to simple binary classification of detection. They highlighted that treatment 

protocols vary widely depending on severity; however, there are very few current AI models that provide this level 

of granularity. 

 

In conclusion, Explainable AI (XAI) is still a major barrier for using AI in clinical settings. For example, Nair and 

Varghese (2024) [28] employed the Grad-CAM++ technique to visualize ovarian cysts and validated the method by 

confirming that the model accurately focused on the "string of pearls" around 

the periphery of the ovary instead of on the center of the ovary. Similarly, Bhavana et al. (2025) [29] evaluated 

different CAM methods and concluded that Attention Guided Grad-CAM provided the best localization of follicles 

in images. Furthermore, Moral et al. (2024) [30] developed an explainable AI model for diagnosis of Polycystic 

Ovarian Syndrome (PCOS) called "PODBoost", but were missing a module that integrates symptoms. Our work 

merges XAI methods and our obvious multimodal fusion engine. 

 

Proposed System Architecture 

The systems involved in the operation of the FemAI architecture utilize a unique "Late Fusion" design with three 

types of data streams that are processed separately but combined together after being processed by a meta-learner to 

maintain the specific features associated with each stream's type of data (e.g., spatial textures in images; non-linear 

relationships in hormone levels; and categorical severity of physical symptom severity). 
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Fig. 2. Overall workflow of the proposed PCOS Multimodal AI framework. Ultrasound images are analyzed 

using MobileNetV2 for image scoring and OpenCV-based follicle detection, while clinical parameters are evaluated 

using a Random Forest classifier and symptom checklist scoring. The modality-specific scores (Image 45%, Clinical 

30%, Symptom 25%) are integrated through weighted multimodal fusion to generate final PCOS severity prediction 

and an automated PDF diagnostic report.Data Ingestion and Preprocessing Layer 

 

The foundations for the entire pipeline are built around how seamlessly we can process heterogeneous types of input 

(raw noisy data) into a form ready for Machine Learning Analysis (MLO). The Ultrasound Image Stream will take 

the raw ultrasound scans as input and, as they generally provide little contrast with the surrounding ovarian stroma, 

produce more usable images by applying Contrast Limited Adaptive Histogram Equalization (CLAHE) to locally 

enhance the contrast of the samples. An example are the ultrasound images of the peripheral follicles, often referred 

to as "string of pearls." The Clinical Data Stream includes the numerical values of the biomarkers that will help 

identify which follicles are going to mature by producing the antibodies to start processing the egg. Some of these 

biomarkers may include Follicle Stimulating Hormone 

(FSH), Luteinizing Hormone (LH) and Body Mass Index (BMI). To account for the large difference in the scale of 

these measurements (i.e. FSH values are in single digits while Beta-HCG may be in the thousands), we have chosen 

to use Min-Max Normalization to scale all of our inputs into the range of 0 and 1, so that the classification of the 

values does not get biased to high numbers. Finally, the Symptom Stream will use the Digital Cheques to create a 

number representation of the categorical symptoms reported by the patient (subjective) in a structured digital checklist 

and weight them according to heuristics. 

 

A. Parallel Feature Extraction Layer 

 

In this layer, we have what we will call the cognitive layer. The three algorithms that process data in independent 

parallel form and provide expertise for their respective domains. The Visual Analysis Engine uses a MobileNetV2 

model, which is a lightweight Convolutional Neural Network (CNN) which has been designed to be efficient. 
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Through a process of Transfer Learning, this model will learn to extract high-level spatial features, and use these 

features (e.g. torefolliculor count and volume of the ovaries) to produce an Image Probability Score (P img). The 

Metabolic Analysis Engine will use a Random Forest Classifier to process the clinical data. Random Forest 

Classifiers use an Ensemble Method and create multiple Decision Trees to evaluate complex relationships that are 

often non-linear; therefore, they are capable of measuring small inversions within the LH/FSH ratio, which indicate 

the presence of "Silent PCOS" (even though both of the values appear normal), and will provide a Clinical Probability 

Score (P clin). The final module is the Symptom Quantification module, which will use a Weighted Heuristic 

Algorithm. In order to account for the various symptoms of PCOS, this module will associate clinical severity 

weights (0.8 for Hirsutism, 0.4 for Acne) and provide a Normalised Symptom Severity Score (P sym). 

 

C. Weighted Fusion Engine 

 

The core innovation of the proposed FemAI framework resides in the Weighted Fusion Engine, which integrates 

independent modality-specific outputs using a Late Fusion strategy. Instead of directly averaging prediction scores, 

the system employs a weighted linear aggregation model to reflect clinically informed priorities among imaging, 

physiological, and symptomatic evidence.The final severity score 𝑆𝑓𝑖𝑛𝑎𝑙 is computed as: 

 

𝑆𝑓𝑖𝑛𝑎𝑙 = (𝛼 ⋅ 𝑃𝑖𝑚𝑔 ) + (𝛽 ⋅ 𝑃𝑐𝑙𝑖𝑛 ) + (𝛾 ⋅ 𝑃𝑠𝑦𝑚) 

 

where 𝑃𝑖𝑚𝑔 , 𝑃𝑐𝑙𝑖𝑛 , and 𝑃𝑠𝑦𝑚 denote the probability outputs from the ultrasound imaging module, clinical data 

classifier, and symptom evaluation module, respectively. The weighting coefficients satisfy the constraint: 

 

𝛼 + 𝛽 + 𝛾 = 1 

 

The weights are empirically tuned based on diagnostic relevance. A weight of 𝛼 = 0.40is assigned to ultrasound 

analysis, as ovarian morphology provides primary structural evidence of PCOS. Clinical data is assigned 𝛽 = 0.35, 

reflecting the importance of metabolic and hormonal irregularities in confirming endocrine dysfunction. Symptom-

based assessment is weighted 𝛾 = 0.25, serving as supportive patient-reported context. 

 

This structured weighting mechanism ensures that morphological indicators remain dominant while allowing 

metabolic and symptomatic factors to meaningfully influence the final prediction. By preserving modality-specific 

strengths and reducing bias toward any single source, the Weighted Fusion Engine enhances both diagnostic 

reliability and clinical interpretability. 

 

D. Diagnostic Output and Explainability Layer 

 

In the final phase of the proposed framework, the severity score is translated into clinically relevant actions and 

outcomes. The calculated Severity score 𝑆(final) can be categorized into four (4) distinct diagnostic classifications: 

Normal; Mild; Moderate; or Severe Risk for PCOS. Each category will 

enable the clinician to assess the risk of PCOS and make treatment recommendations that are consistent with the 

severity of the observed conditions. Example treatment recommendations for Mild PCOS risk patients may be based 

on lifestyle modification, while pharmacologic therapy and endocrine evaluations may be required for Moderate to 

Severe PCOS risk patients. 

 

In addition to providing clinically relevant action and outcome recommendations, the purpose of the system is to 

provide interpretability through the incorporation of Explainable Artificial Intelligence (XAI) methods. Among XAI 

methods, we applied Grad-CAM (Gradient-weighted Class Activation Mapping) to highlight the areas of the 
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ultrasound image that were most prominent in producing the prediction of the model. Grad-CAM computes the 

gradient of the predicted class score concerning the feature maps of the last convolutional layer of the model (i.e., to 

define which pixels contributed most to determining the model's prediction). This process generated a heat map 

indicating the more piscologically relevant pixels.By displaying the generated heat map on the original ultrasound 

image, the clinician has the ability to observe that the attention of the model is focused on clinically relevant 

structures (e.g., sub-cortical follicles or the ovary boundary) and not on any imaging artifact or noise produced during 

the capture of the ultrasound image.This transparency tools help remove the "black-box" aspect of deep learning 

algorithms and creates trust between the clinician and the algorithm by giving visual proof to support the decision 

made by the interpreter of the imaging data. 

 

The Diagnostic Output and Explainability Layer combines the benefits of structure severity mapping with visual 

explanation to ensure that the system produces not only accurate predictions but also interpretable clinical meanings 

that can be used in the real world. 

 

Proposed Methodology 

A. System Architecture Overview 

 

The modular artificial intelligence system that has been created integrates multiple sources of information to predict 

the severity of Polycystic Ovary Syndrome (PCOS) using ultrasound images, clinical parameters, and a symptom 

checklist. The overall architecture consists of five modules: (1) Data Acquisition Layer, (2) Pre-processing Layer, (3) 

Feature Extraction and Modeling Layer, (4) Multimodal Fusion Engine, and (5) Diagnostic Output Module. 

 

 

Fig. 3.System architecture of the proposed multimodal AI-based PCOS severity prediction framework. The 

model integrates ultrasound image analysis using MobileNetV2 and OpenCV- based follicle detection, clinical risk 

assessment using Random Forest, and symptom-based heuristic 

https://ijsmt.org/
mailto:editor@ijsmt.org


International Journal of Science, Strategic Management and Technology 
Volume 02 Issue 03 March-2026 | ISSN: 3108-1762 (Online) | Impact Factor: 3.8 

An International, Peer-Reviewed, Open Access Scholarly Journal Indexed in recognized academic databases 

 
© Author(s). This work is peer-reviewed, openly published, and permanently archived 
This article is openly accessible and reusable with proper attribution.     
https://ijsmt.org/ , Email: editor@ijsmt.org                                                                                                                                                                                             10 

 

scoring. The extracted modality-specific scores are combined through a weighted ensemble fusion strategy (45% 

image, 30% clinical, 25% symptom) to generate final severity classification, Grad- CAM visual explanations, and 

automated diagnostic reporting. 

 

There are three types of input that the system accepts: ovarian ultrasound images, successfully obtained structured 

clinical data (hormonal and metabolic indicators), and a completed symptom checklist. Each of these three 

modalities is processed independently using modality specific computational techniques prior to integration using a 

late-fusion weighted ensemble method. The final generated results include a severity classification, probability 

scores from each modality, a visual representation of how the modality correlated to the diagnosis, and a diagnostic 

report. Through this design and construction of modular components, the proposed PCOS diagnostic system can be 

scaled, interpretable, and adapted to fit applications in real-time in a clinical environment. 

 

B. Multimodal Data Processing 

 

1) Image Pre-processing: 

 

Ovarian ultrasound (USG) pictures are subjected to standardised pre-processing methods prior to model development 

in order to enhance model generalisation, reduce acquisition process variability, and reduce noise in the acquired 

image. Pre-processing is necessary to guarantee that features can be recovered reliably since speckle noise and 

intensity variations affect ultrasound images. 

In order to meet the input dimension criteria for the MobileNetV2 Convolutional Neural Network architecture, the 

input photos were first downsized to 224 × 224 pixels. In order to make gradient updates during model training more 

reliable and accelerate the training process, the pixel intensity values in the scaled images are then normalised to a 

range of [0, 1]. 

 

Techniques for data augmentation, such as zooming, small-angle rotation, and horizontal flipping, have been used to 

strengthen the model and prevent overfitting. The model can generalise to clinical samples it has never seen before 

thanks to data augmentation, which broadens the data set's diversity.In order to lessen the speckle noise and other 

artefacts that are typically present in ultrasound images, certain images have also been filtered using a Gaussian filter. 

This filtering reduces noise in the higher frequency range while maintaining the edges and contours of structures that 

have been photographed. 

 

Overall, the pre-processing procedures improve downstream classification performance by guaranteeing that 

characteristics are represented consistently across many images taken with various ultrasound equipment. 

 

2) Clinical Feature Engineering: 

 

The dataset used to represent Polycystic Ovary Syndrome contains various clinical and demographic characteristics, 

including Follicle Stimulating Hormone (FSH), Luteinizing Hormone (LH), Anti-Müllerian Hormone (AMH), Body 

Mass Index (BMI), Thyroid Stimulating Hormone (TSH), fasting blood glucose levels and infertility status.To 

prepare the tabular data for supervised learning, systematic feature engineering techniques are employed. Missing 

data imputation is performed using median based imputation, which ensures that the data has resistance against 

skewness. Interquartile Range (IQR) filtering is utilized to identify and reduce outliers, thereby reducing the effect of 

high amplitude physiological values.Feature scaling procedures are conducted using standardization (StandardScaler) 

to provide a normalized distribution of features across all attributes, ensuring that all attributes have similar 

magnitudes. This process is particularly important for tree-based ensemble and some machine learning classification 

algorithms. 
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Furthermore, clinical attributes are utilized to create predictive relevant features. For example, LH/FSH ratio is 

computed as it is an important marker for diagnosing PCOS. Categorical 

attributes such as infertility status are converted to numerical representations using label encoding so they can be 

interpreted by the Random Forest classifier (included in our multi- modal ensemble structure) that will utilize the 

new feature set. 

 

C. Specialized Feature Extraction 

 

The suggested multimodal framework combines tabular machine learning-based risk assessment, structural computer 

vision methods, and deep neural analysis to improve diagnostic reliability and prediction resilience. Complementary 

feature extraction from diverse medical inputs, such as ultrasound pictures and clinical indicators, is made possible 

by the integrated approach. 

 

1) Neural Analysis Using MobileNetV2 

 

The MobileNetV2 convolutional neural network architecture, which has been pre-trained on the ImageNet dataset, is 

used in a transfer learning strategy for image-based PCOS diagnosis. By utilising generalised visual representations 

acquired from extensive datasets, transfer learning enables effective feature extraction from sparse medical imaging 

data. 

 

To achieve binary classification between PCOS and Non-PCOS classes, MobileNetV2 replaces its original 

classification head with a fully linked dense layer followed by a sigmoid activation function. To maintain pretrained 

low-level feature representations, the base convolutional layers are frozen during initial training. The higher 

convolutional blocks are then fine-tuned to adjust the model to domain-specific ultrasonic properties. 

 

2) Structural Analysis Using OpenCV 

 

Besides the use of deep learning techniques such as feature extraction and data processing, additional analyses of 

structural features of the follicle (through classical computer vision algorithms) are used to provide a morphological 

representation for creating interpretable evidence. This additional analysis introduces robustness through the 

delineation of identifiable circular-like structures associated with PCOS morphological characteristics. 

 

Fig. 4. Structural follicle detection pipeline for ovarian ultrasound images. The workflow illustrates CLAHE-
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based contrast enhancement, adaptive thresholding, and OpenCV contour analysis for follicle identification and 

count estimation. The detected 

follicular regions are filtered based on circularity and area constraints to derive a structural severity indicator 

contributing to the multimodal PCOS prediction framework. 

 

The first step in the ultrasound image processing path is to undergo the conversion from colour to grayscale to 

facilitate intensity based processing. Next, the edges are detected and highlighted through the use of the Canny edge 

detection technique in order to locate the follicles' defining boundaries. Morphological procedures, such as erosion 

and dilation, will assist in the removal of noise from the inner walls of the segmented structures. Once the signal has 

been cleansed, contour detection is performed to approximate the outer edges of the follicle as well as provide an 

estimate of the value for follicle count. 

 

The value denoted as Fcount will be assigned to the detected count of follicles within the ultrasound image. A 

structural value denoted as Pstruct will be generated based upon computed values for follicle density and circularity. 

The values produced by the structural criteria will enhance the information presented in the CNN decision rules and 

encapsulate explicit morphological characteristics pertinent to PCOS diagnosis. 

 

3) Tabular Risk Assessment Using Random Forest 

 

A Random Forest (RF) classifier is deployed for clinical risk prediction due to its suitability for modelling nonlinear 

relationships between endocrine and metabolic parameters as well as complex relationships between the multiple 

factors affecting endocrine and metabolic status.By building an ensemble of decision trees, using bootstrapping to 

reduce variance and enhance the consistency of predictor variables, an overall more stable predictive capability can 

be achieved.To determine how to split a decision tree at each node during construction, the Gini index is used to 

assess the quality of the split. More than 100 decision trees are used to provide adequate stabilisation of the classifier. 

Each decision tree utilizes a randomly selected (consistent with replacement) subset of the total dataset to induce 

variety and promote diverse learning from each tree. 

 

The computed clinical probability score (Pclin) is the average of all decision tree prediction probabilities: 

 

where t is the total number of decision trees and Pt is the prediction probability assigned by the t-th decision tree. 

Mean decreases in impurity are also used to provide feature importance and reflect on the ordering of importance of 

predictive parameters including: LH/FSH ratio, BMI, AMH, fasting glucose, and infertility status.In summary, the 

computed Pclin probability score is incorporated into the multimodal fusion framework to augment clinical 

assessment and final severity classification. 

 

D. Late Fusion Ensemble Strategy 

 

A score-level late fusion strategy is employed to integrate multimodal predictions while maintaining independence 

among individual modalities. The final prediction score is computed as a weighted linear combination of the 

modality-specific outputs, expressed as 

 

Final Score=0.45×S image+0.30×Sclinical+0.25×Ssymptom 
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where 𝑆image, 𝑆clinical, and 𝑆symptomdenote the normalized prediction scores obtained from the image-based deep 

learning model, clinical data classifier, and symptom-based assessment module, respectively . The weight allocation 

is determined based on the relative diagnostic significance of each modality. Imaging evidence is assigned the highest 

contribution (45%) due to its strong diagnostic reliability in identifying morphological abnormalities. Clinical 

indicators, particularly hormonal parameters, contribute 30% owing to their substantial predictive power. Symptom-

based evaluation is assigned 25%, reflecting its supportive yet partially subjective nature. 

 

 

Fig. 5. Proposed multimodal fusion architecture for PCOS severity prediction integrating ultrasound image 

processing, MobileNetV2-based CNN feature extraction, fusion logic with weighted scoring, ensemble Random 

Forest classification using clinical parameters, and automated PDF report generation with severity score and 

interpretability outputs. 

 

This weighted ensemble framework enhances prediction robustness, mitigates modality- specific biases, and 

preserves the independent learning capability of each model component. 

 

E. Explainable Artificial Intelligence (XAI) Integration 

 

To enhance model interpretability and transparency, Gradient-weighted Class Activation Mapping (Grad-CAM) is 

integrated into the convolutional neural network (CNN) pipeline. Grad-CAM generates class-discriminative 

localization maps by highlighting the salient regions of ultrasound images that significantly contribute to the PCOS 

prediction outcome. The integration of Grad-CAM enables visualization of follicular clustering patterns within 

ovarian structures, identification of cystic regions contributing to severity classification, and clinical validation of the 

model’s decision-making process through visual interpretability. 
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Fig. 6. Grad-CAM (Gradient-weighted Class Activation Mapping) based visualization of CNN predictions for 

PCOS detection from ultrasound images, illustrating gradient backpropagation, weighted activation map 

generation, and heatmap overlay highlighting discriminative regions contributing to PCOS classification. 

 

The proposed explainability module strengthens clinician trust, supports informed medical interpretation, and 

enhances regulatory compliance by providing transparent, interpretable, and clinically meaningful diagnostic outputs. 

 

F. Severity Grading Framework 

 

The final severity classification is based on the multimodal-combined score representing the different domains of the 

research. Severity classifications will be based on the score ranges associated with each severity category or 

classification and separated into four different levels for the purposes of this classification scheme. For example, 

scores of <0.40 will be classified as "no PCOS present," scores between 0.40 and 0.60 will be classified as "mild 

PCOS," scores between 0.60 and 0.80 will be classified as "moderate PCOS," and scores >0.80 will be classified as 

"severe PCOS." 

 

Structuring the grading system will provide clinicians with clinically applicable, clearly defined standards to 

differentiate the severity of endocrine problem and the severity of ovarian structural problems caused by PCOS. 

Thresholds will help determine how much variability exists among different measurements for consistent multimodal 

fusion classification; thresholds will also provide guidance for clinically meaningful, understandable severity 

evaluations for PCOS. 

G. Diagnostic Reporting System 

 

The last piece of the system will be the automated diagnostic report, produced by combining the image and clinical-

based probability scores, symptom score, the severity classifications combined together, and visualising the Grad-

CAM. The consolidated report will produce a total assessment of risk and severity in relation to PCOS, by collating 

together all of the multimodal analysis components into one overarching clinical summary. 

 

The report will be submitted as a PDF (Portable Document Format) via a back end application programming 

interface (API) and will be accessible through a web-based dashboard for different user access points. All historical 

records of PCOS predictions will also be securely maintained for future tracking of severity or comparative 

measurements of patients longitudinally over time and for their ability to remain constantly monitored as patients 

over a defined period of time. 
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Result analysis 

 

Model Accurac

y 

Precisio

n 

Recall 

(Sensitivity

) 

Specificit

y 

F1-

Score 

AUC 
Training 

Time (s) 

CNN 

(Baseline) 
0.749 0.75 0.78 0.74 0.75 0.81 45.9 

CNN + 

VGG16 

(Transfer 

Learning) 

 

0.978 

 

0.97 

 

0.96 

 

0.96 

 

0.97 

 

0.99 

 

82.6 

CNN + 

InceptionV3 
0.926 0.92 0.91 0.92 0.91 0.95 55.6 

CNN + 

Xception 
0.918 0.92 0.91 0.92 0.91 0.94 96.7 

CNN + 

MobileNetV

2 

0.916 0.91 0.92 0.91 0.91 0.93 70.8 
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Proposed 

Multimodal 

Fusion 

(FemAI) 

 

0.984 

 

0.98 

 

0.97 

 

0.98 

 

0.98 

 

0.995 

 

88.4 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

a) b) 

 

c) d)  

 

 

 

 

 

 

 

 

 

 

 

 

e) 

Fig  7.  Performance  Comparison  of  Classification  Models  for  PCOS  Prediction. Comprehensive 

comparison of CNN, SVM, Random Forest, and LSTM models with the Proposed Multimodal Fusion framework 
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across five evaluation metrics: (a) Accuracy, (b) Precision, (c) Recall (Sensitivity), (d) F1- Score, and (e) Area Under 

the Curve (AUC). The results demonstrate that the Proposed Multimodal Fusion model consistently achieves superior 

performance across all metrics, indicating improved reliability, balanced classification capability, and stronger 

discriminative power for accurate PCOS severity prediction. 

 

Software Implementation and Results Demonstration 

To connect theoretical research with practical application in healthcare, the FemAI framework was implemented as 

an operational web-based application. Streamlit was used as the front end, while FastAPI enabled low latency serving 

of model predictions from the back end, making it suitable for real-time data analysis. 

 

A. User Interface Design 

 

The user interface of the application is designed to be easy and intuitive for both clinician and patient use. The 

dashboard is shown in figure 8 with support for uploading high definition ultrasound images and a standardized form 

for entering clinical/symptomatic information. 

 

 

FIG 8. The FemAI Web Interface. Users can upload ultrasound scans 
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FIG 8.1 The FemAI Web Interface. Users can upload input clinical parameters (e.g., BMI, Cycle Length) 

simultaneously 

 

B. Real-Time Prediction Case Study 

 

To demonstrate the system's efficacy, we present a sample diagnosis of a high-risk patient from the validation set. 

 

 

FIG 9. Diagnostic Result Page. The system predicts "Severe PCOS" with a confidence score of 88.4%. The severity 

gauge indicates the need for immediate medical intervention. 
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C. Explainability And Transparency 

 

A critical feature of the implementation is the visual explanation module. As seen in Fig. 10, the system generates a 

Grad-CAM heatmap overlay, highlighting the specific regions of the ovary that triggered the positive diagnosis. 

 

 

FIG 10. Explainable AI Visualization. The Grad-CAM heatmap (Right) highlights the peripheral follicular 

arrangement detected by the MobileNetV2 model, verifying that the diagnosis is based on correct morphological 

features. 

 

Conclusion 

 

Our research introduces the ‘FemAI: PCOS-MultiFusion’ framework, a pioneering approach in automated PCOS 

diagnosis that transcends traditional unimodal limitations. Leveraging a Multimodal Hybrid Architecture, 

specifically the powerful combination of MobileNetV2 for morphological analysis, Random Forest for biochemical 

correlation, and a Weighted Symptom Scorer for phenotypic quantification, our model demonstrates superior 

diagnostic granularity. The integration of an AdaptiveThresholding-based Computer Vision pipeline for automated 

follicle counting provides a deterministic validation layer, outperforming conventional black-box solutions. 
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The extensive comparative analysis establishes the supremacy of our Late Fusion strategy over isolated clinical or 

imaging models. The strategic combination of base models captures complementary patterns: MobileNetV2 extracts 

spatial dependencies in the ovarian stroma, while Random Forest navigates the non-linear complexities of hormonal 

imbalances (e.g., FSH/LH inversion). Furthermore, the Weighted Ensemble Engine proves to be a key player in 

achieving high sensitivity, particularly in detecting "Silent PCOS" cases where physical symptoms are subtle but 

biochemical markers are elevated. 

 

Our model stands out as a unique contribution by introducing Explainable AI (XAI) through Grad- CAM, which 

visually validates the model’s focus on follicular arrangements (the "string of pearls"). The Ablation Study 

demonstrates the robustness and specificity of our approach, confirming that the tri- modal fusion significantly 

reduces False Negative Rates compared to unimodal baselines. The system’s ability to categorize severity into Mild, 

Moderate, and Severe—rather than a simple binary classification—adds substantial clinical value, enabling 

personalized treatment protocols. 

 

Designed for real-world deployment on resource-constrained edge devices, the utilization of lightweight architectures 

ensures real-time inference without compromising accuracy. The convergence analysis illustrates the stability of our 

model during training, while K-fold cross-validation ensures robust evaluation and mitigates overfitting risks. In 

conclusion, FemAI not only offers an innovative solution for PCOS detection but also lays the groundwork for the 

next generation of holistic, interpretability-first medical diagnostic systems. 

 

Discussion 

 

This research demonstrates the superior capability of the FemAI framework and its performance metrics, which 

include accuracy and interpretability, as well as the innovative automated follicle count feature. The outcomes of our 

experiments demonstrated that the FemAI system provides many advantages: 

 

• Holistic Diagnostic Capability: The FemAI framework employs most or all the same data used by a gynecologist in 

clinical practice when diagnosing ovarian anomalies (visual, metabolic and symptomatic), thus reducing the number 

of traditional misdiagnoses associated with cases having isolated abnormal ultrasound features due to the inability to 

synthesize data. 

• Lightweight/Efficient Architecture: The use of the MobileNetV2 feature extraction approach requires much less 

computation compared to the VGG16 due to its efficient design. Therefore, it is also amenable to deployment on web 

servers and mobile health applications. 

• Visual Interpretability (XAI): Clinicians can confirm that the features being used by the model are consistent with 

the ovarian morphology (e.g., peripheral follicles), and not the noise/image artifacts, through the use of Grad-CAM 

heatmaps. 

• Deterministic Validation: The inclusion of a Computer Vision (CV) stream for follicle counting using Adaptive 

Thresholding provides a "sanity check" for the Deep Learning Model that combines the flexibility of AI and the 

accuracy of standard image processing. 

• Robustness to "Silent" Cases: The fusion engine combines clinical and symptomatic data with imaging to 

effectively identify patients with normal-looking ovaries who have severe metabolic PCOS, which is a key 

shortcoming of images only-based diagnostic tools. 

• Severity Grading: This system not only classifies patients as positive or negative but also assigns them a Severity 

Score to help doctors with patient triage to determine whether the patient requires lifestyle intervention or immediate 

medical treatment. 

• Handling Non-Linear Clinical Data: The ability of Random Forest to capture biomarker interactions in a complex 

hyper-dimensional space (e.g., relationship between BMI and Insulin Resistance) is superior to linear classifiers due to 

the non-linear nature of the underlying clinical data. 
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