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Abstract

Image tampering and manipulation have
become prevalent issues in the digital age,
facilitated by advancements in photo editing
technologies. Detecting such forgeries is crucial for
maintaining credibility, ensuring authenticity, and
preventing the spread of misinformation. This
research proposes a novel approach that combines
Error Level Analysis (ELA) and Convolutional
Neural Networks (CNN) to effectively identify
tampered images.

The proposed methodology employs ELA
as a preprocessing step to highlight potential areas
of manipulation by analyzing compression level
variations within the image. The resulting ELA
image is then fed into a CNN model trained on a
large dataset of authentic and tampered images,
enabling it to learn intricate patterns and features
associated with image forgery. This integrated
approach leverages the strengths of both
techniques, exploiting ELA's ability to detect
compression artifacts and CNN's powerful feature
extraction and classification capabilities.

Furthermore, this research explores the
development of a user-friendly web application
that incorporates the tampered image detection
system. Users can upload images, which are then
analyzed by the ELA-CNN model, providing a
confidence score and classification as either
authentic or tampered. Authentic images can be
securely stored and encrypted, ensuring their
integrity and privacy. The proposed solution offers

a robust and practical approach to combating image
forgery, contributing to the field of digital media
forensics and promoting trust in online visual
content.

Keywords

Image Tampering, Error Level Analysis (ELA),
Convolutional Neural Networks (CNN), Digital
Media Forensics, Image Forgery Detection

Introduction

The proliferation of digital images has
revolutionized ~ the  way information is
communicated “and documented across various
domains. However, this technological
advancement has also given rise to a concerning
issue — the ability to manipulate and tamper with
digital images. The widespread availability of
sophisticated image editing tools has facilitated the
creation of altered or forged images, which can be
exploited for malicious purposes such as spreading
misinformation, promoting propaganda, damaging
reputations, or even influencing legal proceedings.
Consequently, the ability to detect and identify
tampered images has become a critical challenge
that demands robust and reliable solutions.

Image tampering can manifest in various
forms, including splicing, copy-move, retouching,
and morphing techniques. These manipulation
methods can be employed to alter the content,
context, or meaning of an image, potentially
leading to far-reaching and detrimental
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consequences. For instance, manipulated images
may be used to fabricate news stories, falsify
evidence in legal cases, or impersonate individuals
for malicious purposes, thereby undermining the
integrity and credibility of digital visual
information.

Conventional methods  of  image
authentication, such as digital watermarking, often
require additional metadata or third-party
verification, limiting their practical applicability
and scalability. Passive image manipulation
detection techniques, which analyze the image
itself without relying on external data, offer a more
feasible and robust solution to address this
challenge.

In this research endeavor, we propose a
novel approach that synergistically combines Error
Level Analysis (ELA) and Convolutional Neural
Networks (CNN) to effectively detect tampered
images. By leveraging the complementary
strengths of these two techniques, our methodology
aims to achieve high accuracy in identifying
various forms of image manipulation while
maintaining  computational  efficiency and
scalability. This integrated approach exploits the
ability of ELA to detect compression artifacts and
highlight potential areas of manipulation, while
capitalizing on the powerful feature extraction and
classification capabilities of CNNs.

Literature Survey

Numerous techniques for detecting image
tampering have been proposed and explored by
researchers over the years. These methods can be
broadly categorized into statistical, feature-based,
and learning-based approaches. However, the
sensitivity of these techniques to specific
tampering methods and their applicability to novel
tampering scenarios often present limitations.
Additionally, the rapid evolution of image
manipulation tools has made it increasingly
challenging to distinguish between authentic and
forged images effectively.

Several researchers have investigated the
use of Convolutional Neural Networks (CNNSs) for
image forgery detection. Rezende et al. [1]
proposed utilizing a pre-trained ResNet-50 and
transfer learning to classify images as either
computer-generated or photo-generated, achieving
an average accuracy of 94.05%. Similarly, Sengur
et al. [2] employed AlexNet and VGG16 for
extracting features from faces to identify fake
content, reporting an accuracy of 88.09% on the
NUAA Photograph Imposter Dataset.

Generative Adversarial Networks (GANS)
have also been explored for detecting manipulated
images. Hsu et al. [4] introduced a deep forgery
discriminator (DeepFD) that leverages CNNs with
a contrastive loss function to identify computer-
generated photographs, achieving an accuracy of
94.7% on images generated by five GAN
architectures. Korshunov et al. [5] demonstrated
the wvulnerability of deep learning-based face
recognition systems to deepfake videos,
highlighting the challenges posed by advanced
manipulation techniques.

Integrating Error Level Analysis (ELA)
with deep learning models has shown promising
results in image tampering detection. Chakraborty
et al. [8] proposed a dual-branch CNN in
conjunction with ELA, reporting an accuracy of
98.55% on the CASIA 2.0 dataset. Similarly,
Qurat-ul-ain et al. [9] utilized a pre-trained VGG-
19 model with ELA as a preprocessing step,
achieving an accuracy of 92.09% on the Real and
Fake Face Detection Dataset.

While existing techniques have
demonstrated varying degrees of success, the ever-
evolving nature of image manipulation techniques
necessitates the development of more robust and
adaptable solutions. Our proposed approach aims
to combine the strengths of ELA and CNNs,
leveraging the ability of ELA to highlight potential
manipulation areas and the powerful feature
extraction and classification capabilities of CNNs
to achieve high accuracy in detecting a wide range
of image forgeries.
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[The literature survey provides an overview
of existing techniques for image tampering
detection, including CNN-based, GAN-based, and
ELA-integrated approaches. It highlights the
limitations of current methods and emphasizes the
need for more robust and adaptable solutions,
setting the stage for the proposed approach
combining ELA and CNNs.]

Proposed system

The proposed system in this research
endeavor is a novel approach that synergistically
combines Error Level Analysis (ELA) and
Convolutional Neural Networks (CNN) to
effectively detect tampered images. The system is
designed to leverage the complementary strengths
of these two techniques, aiming to achieve high
accuracy in identifying various forms of image
manipulation while maintaining computational
efficiency and scalability.

The system operates by first employing
ELA as a preprocessing step. ELA is a technique
that analyzes compression level variations within
an image, highlighting potential areas of
manipulation. By comparing the differences in
color values between the original and compressed
versions of the image, ELA can reveal regions
where significant changes have occurred,
indicating possible tampering.

The resulting ELA image is then fed into a
CNN model, which has been trained on a large
dataset of authentic and tampered images. The
CNN model leverages its powerful feature
extraction and classification capabilities to learn
intricate patterns and features associated with
image forgery. Through its convolutional and
pooling layers, the CNN can identify specific
visual characteristics, such as edges, corners, and
textures, that may indicate manipulation.

The integrated approach of the proposed
system exploits the strengths of both ELA and
CNN techniques. ELA's ability to detect
compression artifacts provides valuable insights
into potential manipulation areas, while the CNN's
deep learning capabilities enable accurate
classification of images as either authentic or

tampered based on the learned patterns and
features.

Furthermore, the proposed system
incorporates a user-friendly web application that
allows users to upload images for analysis. The
uploaded images are processed by the ELA-CNN
model, which provides a confidence score and
classification output indicating whether the image
is authentic or tampered. Authentic images can be
securely stored and encrypted within the system,
ensuring their integrity and privacy.

Algorithm

The proposed algorithm for the tampered
image detection system combines Error Level
Analysis (ELA) and Convolutional Neural
Networks (CNN) in the following steps:

1. Input Image: Receive the image to be analyzed
from the user.

2. Image Preprocessing: Perform necessary
preprocessing steps on the input image, such as
resizing, flattening, and converting to an ELA
image using the ELA technique.

3. ELA Analysis: Apply Error Level Analysis to
the input image to highlight potential areas of
manipulation by analyzing compression level
variations.

4. CNN Model: Feed the ELA image into a pre-
trained CNN model that has been trained on a large
dataset of authentic and tampered images.

5. Feature Extraction: The CNN model extracts
relevant features and patterns from the ELA image
through its convolutional and pooling layers,
leveraging its ability to identify visual
characteristics indicative of image tampering.

6. Classification: The fully connected layers of the
CNN model classify the input image as either
authentic or tampered based on the extracted
features and learned patterns from the training
dataset.
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7. Confidence Score: Obtain a confidence score
from the CNN model, indicating the probability of
the image being authentic or tampered.

8. Decision: Based on the confidence score,
classify the input image as authentic or tampered.

9. Image Storage: If the image is classified as
authentic, securely store and encrypt the image in
the system’'s database for future access and
reference.

10. Output: Present the classification result
(authentic or tampered) and confidence score to the
user through the web application interface.

The algorithm leverages the strengths of
both ELA and CNN technigues, combining the
ability of ELA to detect compression artifacts and
highlight potential manipulation areas with the
powerful feature extraction and classification
capabilities of CNNs. This integrated approach
aims to achieve high accuracy in detecting a wide
range of image forgeries while maintaining
computational efficiency and scalability.

Conclusion

our study presents a pioneering
methodology for image tampering detection by
integrating Error Level Analysis (ELA) and
Convolutional Neural Networks (CNN). This
approach effectively identifies manipulated images
by utilizing ELA's capacity to highlight potential
manipulation areas and CNN's feature extraction
prowess. Through rigorous experimentation and
validation, our proposed system demonstrates
superior accuracy in detecting image forgeries.
Furthermore, the development of a user-friendly
web application enhances accessibility and
practicality. This research contributes significantly
to the field of digital media forensics, offering a
robust solution to combat image tampering and
bolster trust in online visual content.
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