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ABSTRACT 

The increasing reliance on biometric authentication systems, particularly facial recognition, has 

significantly enhanced security in domains such as banking, border control, surveillance, and digital 

identity verification. However, the emergence of sophisticated cyber threats, especially face morphing 

attacks, poses serious challenges to the reliability and integrity of these systems. Face morphing involves 

blending multiple facial images to create a single synthetic image that can deceive both human observers 

and automated recognition systems, enabling identity fraud and unauthorized access.  This project 

proposes a deep learning-based face morphing attack detection framework designed to identify 

manipulated facial images with high accuracy. The system leverages Convolutional Neural Networks 

(CNNs) to extract complex features such as texture inconsistencies, pixel-level variations, and blending 

artifacts that are typically present in morphed images. A comprehensive dataset consisting of both 

genuine and morphed images is used to train and validate the model, ensuring robust classification 

performance. The proposed system integrates image preprocessing techniques, including normalization, 

resizing, face alignment, and enhancement methods, to improve input quality and model efficiency. It 

classifies images into two categories: genuine (verified) and morph attack (detected). Additionally, a web-

based interface is developed to facilitate user interaction, allowing image uploads, real-time verification, 

and administrative monitoring through dashboards. The system also incorporates performance evaluation 

metrics such as accuracy, precision, recall, and F1-score, along with visualization tools for better analysis. 

To enhance security and usability, the framework includes real-time alert mechanisms and logging 

systems that ensure transparency, traceability, and prompt response to suspicious activities. Experimental 

results demonstrate that the proposed approach significantly outperforms traditional methods in detecting 

morphing attacks, achieving high accuracy and reliability.  
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I.INTRODUCTION 

Biometric authentication systems have become a fundamental component of modern security 

infrastructure, supporting a wide range of applications including banking, e-governance, border control, 

surveillance, and digital identity verification. Among the various biometric modalities, facial recognition 

has emerged as one of the most widely adopted techniques due to its non-intrusive nature, ease of use, and 

ability to operate without physical contact. Recent advancements in artificial intelligence and deep 

learning have significantly enhanced the performance of face recognition systems, enabling high accuracy 

and efficiency in large-scale deployments [1], [2].  

However, alongside these technological advancements, new forms of security threats have emerged, 

exposing critical vulnerabilities in biometric systems. One of the most prominent and challenging threats 

is the face morphing attack, in which two or more facial images are digitally combined to generate a 

single synthetic image resembling multiple individuals. Such manipulated images can successfully 

deceive both human observers and automated face recognition systems, allowing attackers to fraudulently 

obtain identity documents or bypass authentication mechanisms. Consequently, face morphing attacks 

pose serious risks to national security, personal privacy, and the reliability of identity verification systems 

[3], [4].  

The increasing sophistication of image editing tools and the availability of advanced software have further 

exacerbated this problem by enabling the creation of highly realistic morphed images that are difficult to 

distinguish from genuine ones. Traditional face recognition systems primarily rely on feature matching 

and similarity comparison, and are not inherently designed to verify the authenticity of input images. As a 

result, these systems remain vulnerable to morphing attacks that exploit subtle blending artifacts and 

structural inconsistencies. Furthermore, the growing adoption of online and remote identity verification 

systems has amplified the potential impact of such attacks, increasing the risk of unauthorized access and 

identity fraud [5], [6].  

To address these challenges, this work proposes a deep learning-based framework for detecting face 

morphing attacks using advanced image processing techniques. The proposed system employs 

Convolutional Neural Networks (CNNs) to automatically extract discriminative features from facial 

images, enabling the identification of texture inconsistencies, pixel-level anomalies, and blending artifacts 

associated with morphing. In addition, preprocessing techniques such as normalization, resizing, face 

alignment, and image enhancement are applied to improve input quality and ensure consistent analysis. 

These combined approaches enable the system to achieve high detection accuracy while minimizing false 

positives and false negatives [7], [8].  
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Furthermore, the proposed system integrates a web-based interface that facilitates efficient identity 

verification and administrative monitoring. Users can upload facial images for authentication, while 

administrators can analyze results through an interactive dashboard. The system provides classification 

outputs such as verified, pending, or morph attack detected, along with performance metrics including 

accuracy, precision, and recall. Real-time alert mechanisms and logging functionalities are also 

incorporated to ensure transparency, traceability, and prompt response to potential threats [9], [10]. In 

summary, although facial recognition technologies have significantly improved the efficiency of 

biometric authentication systems, they remain vulnerable to advanced image manipulation techniques 

such as face morphing attacks. The proposed framework addresses this critical issue by integrating deep 

learning, image processing, and system-level functionalities to enhance detection accuracy and strengthen 

the security of identity verification systems [11], [12]. 

Figure1:SystemArchitecture 

The presented system architecture illustrates a multi-layered framework for face morphing attack 

detection, consisting of the User Interface Layer, Application Layer, and Data Layer. The process begins 

when a user uploads a facial image through the web interface, which is then passed to the application 

layer for processing. Within this layer, the image undergoes preprocessing (such as normalization and 

alignment), followed by face detection to isolate facial regions. The processed image is then analyzed by 

a CNN-based classification module, which determines whether the image is genuine or morphed. The 

classification results are handled by the result management module and simultaneously trigger the alert 

system in case of detected attacks, notifying the administrator. The results are displayed to the user via the 

interface, while all relevant data, including images and predictions, are stored in the database within the 

data layer. Administrators can monitor activities, view reports, and manage system outputs, ensuring a 

secure, efficient, and real-time identity verification process. 
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II SURVEYOFRESEARCH 

Face morphing attack detection has emerged as a critical research area within biometric security 

due to the increasing vulnerability of facial recognition systems to sophisticated image manipulation 

techniques. Early research primarily focused on traditional image processing methods, where morphing 

detection was performed by analyzing image degradation, compression artifacts, and inconsistencies in 

pixel distributions. For instance, initial approaches utilized image quality assessment techniques to 

identify anomalies introduced during the morphing process. While these methods were effective for low-

quality morphs, they struggled to detect high-resolution and well-crafted morphed images, limiting their 

practical applicability. Subsequent studies introduced machine learning-based techniques, particularly 

using classifiers such as Support Vector Machines (SVM) combined with handcrafted features like Local 

Binary Patterns (LBP). These approaches improved detection performance by capturing texture 

irregularities in facial regions. However, they relied heavily on manual feature extraction, which made 

them less robust and less adaptable to complex morphing variations. Additionally, their performance 

often degraded when applied to diverse datasets or real-world scenarios.  

With advancements in deep learning, researchers began adopting Convolutional Neural Networks 

(CNNs) for morphing attack detection. CNN-based models demonstrated superior performance by 

automatically learning hierarchical features from facial images, including both low-level textures and 

high-level structural patterns. Studies showed that deep learning approaches significantly outperform 

traditional methods in detecting subtle blending artifacts and inconsistencies present in morphed images. 

However, these models require large and diverse datasets for effective training and may face challenges in 

generalization across different environments. Recent research has further explored advanced techniques 

such as transfer learning and Generative Adversarial Networks (GANs) to enhance detection accuracy 

and robustness. Transfer learning approaches leverage pre-trained models to reduce training time and 

improve performance on limited datasets, while GAN-based methods focus on distinguishing between 

real and synthetically generated images through adversarial learning. Hybrid approaches combining 

image processing techniques with deep learning models have also been proposed to achieve better 

accuracy and reduce false detection rates. Despite these advancements, challenges such as real-time 

detection, computational complexity, and handling high-quality morphs remain open research problems. 

III WORKING METHODOLOGY 

The proposed system for face morphing attack detection follows a structured and multi-stage methodology 

designed to ensure accurate identification of manipulated facial images. Initially, the system begins with 
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the data acquisition phase, where a comprehensive dataset comprising both genuine and morphed facial 

images is collected. These images are obtained from standard biometric datasets and synthetically 

generated morph datasets to ensure diversity and robustness. The collected data is then divided into training 

and testing sets to facilitate effective model development and validation. In the next stage, image 

preprocessing is performed to enhance the quality and consistency of the input data. This includes 

operations such as image resizing, normalization, noise removal, and face alignment. Face detection 

techniques are applied to extract the region of interest (ROI), ensuring that only the facial portion is 

processed further. These preprocessing steps reduce computational complexity and improve the 

performance of the deep learning model by providing standardized input.  

Following preprocessing, the system employs a feature extraction and learning phase using 

Convolutional Neural Networks (CNNs). The CNN model automatically learns hierarchical features from 

the input images, including low-level features such as edges and textures, as well as high-level features like 

facial structures and blending artifacts. These features are critical for distinguishing between genuine and 

morphed images, as morphing introduces subtle inconsistencies in texture, pixel distribution, and facial 

geometry. Subsequently, the extracted features are passed to the classification module, where the trained 

CNN model performs binary classification. The system categorizes each input image as either “genuine” or 

“morph attack detected.” The model is trained using supervised learning techniques, optimizing parameters 

through backpropagation and minimizing classification error using appropriate loss functions. Performance 

evaluation metrics such as accuracy, precision, recall, and F1-score are used to assess the effectiveness of 

the model during the testing phase.  In addition to the core detection mechanism, the system integrates a 

web-based application layer that enables real-time user interaction. Users can upload facial images 

through a graphical interface, and the system processes these images through the trained model to generate 

instant results. The results are displayed on the interface, indicating whether the image is authentic or 

morphed. An administrative module is also included to monitor system activities, view logs, and analyze 

detection reports, ensuring transparency and system management.  

IV RESULTS EXPLANATIONS 
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Figure1:Home page 

This screenshot represents the home page of the Face Morph Attack Detection web application, which 

serves as the primary user interface for interacting with the system. The page is designed with a clean and 

modern layout, featuring a navigation bar that includes sections such as Home, User, Admin, About, and 

Contact, allowing easy access to different functionalities. The central banner clearly highlights the 

purpose of the system—detecting face morphing attacks—along with a brief description emphasizing the 

vulnerability of traditional facial recognition systems to such attacks. A prominent “Explore Us” or “Get 

Started” button enables users to initiate interaction with the system, such as registration, login, or image 

verification. The interface is visually engaging with graphical elements and colors, enhancing user 

experience while ensuring simplicity and accessibility. Overall, this page acts as the entry point to the 

application, guiding users toward uploading images, accessing detection features, and navigating the 

system efficiently. 

 

Figure2:In above screen select and upload image and then click on ‘Upload and Submit’ button and 

get below page 

 

This screenshot shows the image upload and morph processing interface of the Face Morph Attack 

Detection system, where users can interact directly with the core functionality. The page includes multiple 

file selection options, allowing users to upload one or more facial images for analysis or morph 

generation. After selecting the images, the user can initiate the process using the “Morph” button, which 

triggers the backend processing pipeline, including preprocessing, face detection, and CNN-based 

analysis. The interface also provides placeholders or preview sections where uploaded images are 

displayed, helping users verify their inputs before submission. The navigation bar at the top (Dashboard, 

Morph, Apply, My Profile, Log Out) enables easy movement across different modules of the application. 

Overall, this page serves as the operational workspace where users submit images and interact with the 

system’s core detection mechanism in a simple and user-friendly manner. 
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Figure 3: image selection step within the morph detection interface 

This screenshot illustrates the image selection step within the morph detection interface, where the 

user is choosing facial images from their local system to upload into the application. A file explorer 

window is opened, displaying a dataset of facial images, from which the user can select specific images 

for processing. This step is crucial as it provides the input data for the system, allowing users to choose 

genuine or potentially morphed images for analysis. Once selected, the images are loaded into the web 

application, where they will undergo preprocessing, face detection, and CNN-based classification. The 

interface ensures a smooth and intuitive workflow by enabling easy browsing and selection of files, 

thereby simplifying the user interaction with the system’s core functionality. 

 

Figure 4: image selection step within the morph detection interface 

This screenshot shows the application form interface of the Face Morph Attack Detection system, 

where users provide personal and identity-related details for verification. The form includes fields such as 

given name, surname, date of birth, email, mobile number, gender, marital status, citizenship, and 

educational qualification, along with an option to upload a facial image. This step is essential for 

collecting user information and linking it with the uploaded image for authentication and analysis. Once 

the form is completed and submitted, the system processes the provided image through its detection 

pipeline to determine whether it is genuine or a morph attack. The structured layout and clear input fields 

ensure ease of use, enabling efficient data entry and supporting a streamlined identity verification process 

within the system. 
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V.CONCLUSION 

This project presents a robust and intelligent framework for detecting face morphing attacks in 

biometric authentication systems using deep learning techniques. With the increasing adoption of facial 

recognition for identity verification, the risk of morphing attacks has become a significant security 

concern. The proposed system effectively addresses this challenge by leveraging Convolutional Neural 

Networks (CNNs) to analyze facial images and identify subtle inconsistencies such as texture variations, 

blending artifacts, and structural distortions. 

The integration of image preprocessing techniques further enhances the quality and consistency of 

input data, leading to improved model performance. Experimental results demonstrate that the system 

achieves high accuracy, precision, and reliability, outperforming traditional methods that rely on manual 

verification or basic image processing. The implementation of a web-based interface enables real-time 

image upload, classification, and monitoring, making the system practical and user-friendly. Additionally, 

the inclusion of alert mechanisms and logging features strengthens system security by ensuring prompt 

detection and traceability of suspicious activities. Despite its effectiveness, the system has certain 

limitations, such as dependency on dataset quality and challenges in detecting extremely high-quality 

morphs. 
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