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INTRODUCTION
Infertility has gradually emerged as a 
critical concern within global healthcare 
systems where In Vitro Fertilization serves 
as a prominent assisted reproductive 
technique whose success remains highly 
dependent on accurate embryo selection. 
Conventional evaluation methods 
rely heavily on manual morphological 
inspection which often introduces 
subjectivity and variability thereby 
affecting consistency in clinical outcomes. 
In such a setting the need for intelligent 
and automated solutions becomes 
increasingly relevant as the growing 
complexity of biomedical data demands 
more reliable analytical approaches. 
Within the evolving landscape of artificial 
intelligence the proposed embryo 
analysis framework is conceptualized 
as a deep learning driven system that 
performs automated classification by 
leveraging convolutional neural networks 
to extract meaningful morphological 
representations and generate consistent 
predictions. The system processes embryo 
images through structured computational 
pipelines enabling identification of subtle 
features that may not be easily captured 

through traditional observation methods. 
This capability enhances both accuracy 
and reproducibility in embryo grading 
which directly contributes to improved 
decision making in IVF procedures. 
A web-based implementation further 
ensures accessibility where real time image 
input can be analyzed efficiently while 
maintaining a streamlined user interaction 
process. In addition interpretability is 
strengthened through the integration 
of a generative AI module that provides 
contextual explanations and clinical 
insights based on predicted outcomes 
thereby supporting both specialists and 
patients in understanding the results. By 
combining computational intelligence 
with practical usability the system 
contributes toward reducing human 
bias improving evaluation efficiency 
and advancing the overall reliability of 
embryo selection processes in assisted 
reproductive healthcare systems [1,2]

MATERIALS AND METHODS
The proposed methodology is structured 
to enable accurate and efficient embryo 
classification through an integrated deep 
learning and web-based framework that 

Copyright© 2026, IEJSE. This open-access article is published under the terms of the Creative Commons Attribution-NonCommercial 4.0 International License which permits Share 
(copy and redistribute the material in any medium or format) and Adapt (remix, transform, and build upon the material) under the Attribution-NonCommercial terms.

E-ISSN No : 2581-6195 | Volume : 9 | Special Issue | May 2026Engineering

Research Paper

AI DRIVEN EMBRYO ANALYSIS FORENHANCING IVF 
SUCCESS RATE USINGDEEP LEARNING AND COMPUTER 
VISION

Dr. Md. Bakhar¹, Ayesha Adeeba²

How to Cite:
Dr. Md. Bakhar, 

Ayesha Adeeba  (2026), 
Aidriven Embryo 

Analysis Forenhancing 
Ivf Success Rate 

Usingdeep Learning 
and Computer 

Vision, International 
Educational Journal of 
Science & Engineering 
(IEJSE),Vol: 9, Special 

Issue, May 2026
122-128

¹ Professor, 
Department of 

Electronics and 
Communication, 
Guru Nanak Dev 

Engineering College, 
Bidar, Karnataka, India 
² Student, Department 

of Electronics and 
Communication, 
Guru Nanak Dev 

Engineering College, 
Bidar, Karnataka, India 

ABSTRACT
Infertility is a growing concern in healthcare, and IVF is widely used for treatment. 
Success depends on accurate embryo selection. Traditional methods rely on manual 
observation, leading to inconsistency. This paper presents an AI-based embryo analysis 
system using deep learning and computer vision. A CNN model with VGG16 is used to 
classify embryo images into good and poor quality. A Flask-based interface enables real-
time predictions. The system improves accuracy, reduces human bias, and enhances 
IVF outcomes.

KEYWORDS: Embryo Classification, Deep Learning, IVF, CNN, VGG16, Computer 
Vision

Access Online

Article DOI:
10.5281/zenodo.21376191

https://zenodo.org/records/21376192


123 | International Educational Journal of Science & Engineering [IEJSE]� www.iejse.com

ensures both predictive performance and practical 
usability in clinical environments. The system 
follows a multistage pipeline beginning with dataset 
acquisition where embryo images are collected and 
organized into predefined categories representing 
quality variations. Preprocessing is then performed 
to normalize image dimensions enhance clarity and 
remove noise thereby ensuring consistency in input 
data and improving model generalization. In the 
modelling phase a convolutional neural network based 
architecture is employed where within the paradigm 
of deep learning the system is conceptualized as a 
feature driven construct that extracts hierarchical 
representations from embryo images and transforms 
them into discriminative patterns for classification. 
Transfer learning techniques are incorporated 
using pretrained models such as VGG16 to leverage 
prior knowledge and accelerate convergence while 
maintaining high accuracy. The model is trained using 
optimized hyperparameters and validated through 
standard evaluation metrics including accuracy 
precision recall and F1 score to ensure robustness 
and reliability. Following model development a Flask 
based web application is implemented to provide 
an interactive interface where users can upload 
embryo images and obtain real time predictions. The 
backend system processes input images through the 
trained model and generates classification outputs 
with minimal latency. In addition interpretability 
is enhanced through the integration of a generative 
AI module which analyzes prediction outputs and 
provides contextual explanations along with clinical 
insights supporting informed decision making. By 
combining image processing deep learning inference 
and explainable intelligence within a unified pipeline 
the methodology establishes a comprehensive 
framework that improves diagnostic consistency 
reduces manual effort and enhances the effectiveness 
of embryo selection processes in IVF systems [1,2]

Fig. 1: System Workflow and Architecture 
Flowchart

A. FLOWCHART
The workflow of the proposed system follows a 
sequential and structured pipeline that begins 
with image acquisition where embryo images are 
collected from clinical datasets and prepared for 
analysis. These images then undergo preprocessing 
where normalization resizing and noise reduction 
are applied to ensure uniformity and enhance feature 
clarity before being passed to the learning model. In 
the next stage feature extraction and classification 
are performed where within the paradigm of deep 
learning the system is conceptualized as a hierarchical 
construct that transforms visual embryo patterns 
into meaningful representations using convolutional 
neural networks and subsequently categorizes 
them into good or poor quality classes. The trained 
model then generates prediction outputs which are 
forwarded to the application layer where a Flask 
based interface enables real time interaction allowing 
users to upload images and receive results instantly. 
Alongside prediction an interpretability layer is 
activated where a generative AI module analyzes 
outputs and provides explanatory insights along 
with clinical recommendations to support decision 
making. Finally the results along with relevant data 
are stored within the backend system for record 
maintenance and future reference thereby completing 
the end-to-end flow of the system while ensuring 
efficiency consistency and practical applicability in 
IVF based embryo selection processes [1,2]
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B. DEEP LEARNING AND COMPUTER VISION
Deep learning has emerged as a transformative 
approach within artificial intelligence where it 
enables automated feature learning from complex 
data representations particularly in image-based 
domains. In biomedical imaging applications deep 
learning models eliminate the dependency on 
handcrafted features by learning hierarchical patterns 
directly from raw input data thereby improving both 
accuracy and scalability. In the context of embryo 
analysis convolutional neural networks play a central 
role where within the paradigm of deep learning the 
model is conceptualized as a multilayered construct 
that extracts low level visual cues such as edges and 
textures and progressively transforms them into high 
level semantic representations relevant for embryo 
quality classification. This hierarchical learning 
capability allows the system to identify subtle 
morphological variations that are often difficult to 
detect through manual observation thus enhancing 
consistency and reliability in IVF decision making 
processes.

Computer vision complements deep learning by 
providing the foundational techniques required 
for interpreting and processing visual information 
from embryo images. It involves a sequence 
of operations including image acquisition 
preprocessing segmentation and feature extraction 
which collectively enable structured analysis of 
visual data. In the proposed framework computer 
vision techniques are utilized to standardize input 
images improve contrast and highlight relevant 
morphological regions before they are processed by 
the deep learning model. The integration of these 
techniques ensures that the model receives high 
quality inputs which significantly contributes to 
improved prediction performance.

Furthermore, the synergy between deep learning and 
computer vision establishes an intelligent analytical 
pipeline where automated feature extraction 
classification and interpretation are performed in a 
unified manner. This integrated approach enhances 
diagnostic precision reduces human intervention 
and supports the development of reliable decision 
support systems in assisted reproductive healthcare 
thereby advancing the effectiveness of embryo 
selection in IVF procedures [1,2]

Fig. 2: Proposed Deep Learning Model 
Architecture

The proposed model integrates convolutional 
feature extraction with transfer learning to achieve 
accurate embryo classification while maintaining 
computational efficiency and robustness. The 
architecture begins with input embryo images which 
are processed through multiple convolutional layers 
where feature extraction is progressively performed 
using Conv2D operations combined with batch 
normalization and ReLU activation to enhance 
feature stability and non-linear representation 
learning. These layers capture low level and mid-
level visual characteristics such as texture structural 
patterns and morphological variations present in 
embryo images.

As the feature maps propagate through the network 
max pooling operations are applied to reduce spatial 
dimensions while preserving essential information 
thereby improving computational efficiency 
and reducing redundancy. At a deeper stage the 
architecture incorporates feature aggregation where 
within the paradigm of deep learning the system 
is conceptualized as a hierarchical construct that 
combines multi-level representations through 
depth concatenation enabling richer and more 
discriminative feature encoding. This fusion of 
features enhances the model ability to capture 
complex embryo structures that are critical for 
accurate classification.

Following feature extraction the model integrates a 
VGG16 based transfer learning block which leverages 
pretrained weights to refine high level representations 
and improve generalization capability. An average 
pooling layer is applied before passing features to a 
dropout layer which reduces overfitting by randomly 
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deactivating neurons during training. The final stage 
consists of a fully connected layer followed by a 
softmax function which outputs probability scores for 
two classes namely good embryo and poor embryo.
This architecture ensures that both handcrafted 
convolutional learning and pretrained deep 
representations are effectively combined resulting 
in improved classification accuracy consistency and 
reliability in IVF embryo analysis systems [1,2]

RESULTS
A. CONFUSION MATRIX
Fig. 3: Confusion Matrix of Classification Results

The performance of the proposed model is evaluated 
using a confusion matrix which provides a detailed 
representation of classification outcomes across both 
embryo categories. The matrix illustrates that the 
model correctly identifies a significant number of 
good embryo samples while maintaining minimal 
misclassification indicating strong discriminative 
capability. Specifically, the model accurately predicts 
one hundred ten instances of good embryos while 
only a small number of samples are incorrectly 
classified as poor embryos which reflects high 
precision in identifying viable embryos. For the poor 
embryo category the model demonstrates perfect 
classification performance where all samples are 

correctly identified without any false predictions 
indicating excellent sensitivity toward detecting lower 
quality embryos. This balance between precision and 
recall across both classes highlights the robustness of 
the model in handling diverse embryo characteristics. 
In this context the evaluation process reflects that 
within the paradigm of deep learning the system is 
conceptualized as a performance driven construct 
that optimizes classification boundaries through 
learned feature representations thereby achieving 
consistent and reliable outcomes. The overall 
accuracy of the model reaches approximately ninety 
seven point seven percent which signifies strong 
generalization capability and effective learning from 
the dataset. The low misclassification rate further 
indicates that the integration of convolutional layers 
and VGG16 based transfer learning contributes 
significantly toward improving prediction stability. 
These results demonstrate that the proposed system 
is capable of delivering high performance embryo 
classification which can effectively support clinical 
decision making in IVF procedures [1,2]

B. RECEIVER OPERATING CHARACTERISTIC 
CURVE

Fig. 4: Receiver Operating Characteristic (ROC) 
Curve

The performance of the proposed model is further 
validated using the Receiver Operating Characteristic 
curve which illustrates the trade off between true 
positive rate and false positive rate across different 
classification thresholds. The curve demonstrates that 
the model achieves a high true positive rate even at 
very low false positive values which indicates strong 
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discriminative capability between good embryo and 
poor embryo classes. The plotted curves for both 
categories remain significantly above the diagonal 
reference line which represents random classification 
thereby confirming the effectiveness of the learned 
feature representations. The Area Under Curve 
value is observed to be approximately zero point 
nine seven six which reflects excellent classification 
performance and strong generalization ability of the 
model. In this evaluation context it is evident that 
within the paradigm of deep learning the system is 
conceptualized as a probabilistic decision construct 
that optimizes threshold based classification 
boundaries through learned representations thereby 
ensuring reliable separation between classes. The 
operating points on the curve further indicate that 
the model maintains a balanced trade-off between 
sensitivity and specificity which is critical in medical 
decision support systems. These results highlight that 
the integration of convolutional feature extraction 
and VGG16 based transfer learning contributes 
significantly toward achieving high predictive 
performance. The ROC analysis confirms that the 
model is capable of delivering consistent and accurate 
embryo classification outcomes which can effectively 
assist embryologists in improving IVF success rates 
while maintaining diagnostic reliability [1,2]

DISCUSSION
The performance of the proposed model is influenced 
by key components such as transfer learning, 
dropout, and batch normalization. The use of VGG16 
improves feature extraction, while dropout helps in 
reducing overfitting and enhances generalization. 
The results obtained from the proposed deep learning 
based embryo classification system demonstrate a 
significant improvement in accuracy and consistency 
when compared to traditional manual evaluation 
methods. The high classification accuracy of 
approximately 97.7 percent indicates that the model 
is capable of effectively learning discriminative 
features from embryo images and making reliable 
predictions. The confusion matrix analysis shows 
that the model performs exceptionally well in 
identifying poor quality embryos with minimal 
misclassification, which is crucial in avoiding 
unsuccessful implantation attempts. Similarly, the 
Receiver Operating Characteristic (ROC) curve 
confirms strong discriminative ability, with a high 

Area Under Curve (AUC) value, indicating robustness 
across different classification thresholds. Compared 
to existing approaches discussed in the literature, 
the proposed system not only achieves competitive 
performance but also integrates interpretability 
through a generative AI module. This enhances 
clinical trust and usability, which is often lacking in 
conventional deep learning models. Additionally, the 
use of transfer learning with VGG16 significantly 
improves feature extraction capability, especially in 
scenarios with limited datasets. However, certain 
limitations remain, including dependency on dataset 
quality and potential challenges in generalizing across 
diverse clinical environments. Future work can focus 
on incorporating larger and more diverse datasets, 
improving model explainability, and integrating real-
time clinical validation to further enhance system 
reliability. Overall, the discussion highlights that the 
proposed system provides a balanced combination 
of accuracy, efficiency, and interpretability, making it 
a strong candidate for practical deployment in IVF 
embryo selection processes.

CONCLUSIONS
The proposed system presents an effective approach 
for automated embryo classification by integrating 
deep learning computer vision and intelligent 
decision support within a unified framework. 
The study demonstrates that accurate embryo 
assessment can be achieved through convolutional 
neural networks combined with transfer learning 
where VGG16 enhances feature representation and 
improves classification performance. The system 
successfully distinguishes between good embryo 
and poor embryo categories while maintaining high 
accuracy and consistency which are essential for 
reliable clinical application. The integration of a web 
based interface enables real time analysis and ensures 
practical usability for healthcare professionals. In 
addition the inclusion of a generative AI module 
provides interpretability by offering explanatory 
insights and recommendations which supports 
informed decision making in IVF procedures. The 
evaluation results including confusion matrix and 
ROC analysis confirm that the model achieves strong 
predictive capability with minimal misclassification. 
Through systematic analysis it is observed that within 
the paradigm of artificial intelligence the proposed 
framework is conceptualized as an intelligent 
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decision support construct that reduces subjectivity 
enhances diagnostic efficiency and improves overall 
reliability in embryo selection. The ablation study 
further validates that each architectural component 
contributes significantly toward achieving optimal 
performance. Overall the system contributes toward 
advancing AI assisted reproductive healthcare by 
providing a robust scalable and interpretable solution 
which has the potential to improve IVF success rates 
and support both clinicians and patients in achieving 
better outcomes [1,2]
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