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Abstract- The rapid advancement of artificial intelligence, image editing tools, and generative models has made visual 

manipulation easier than ever. Altered images can influence legal investigations, journalism, social media, and political 

narratives, creating a critical need for automated authenticity verification systems. This research introduces an AI-Powered 

Forensic Image Suite integrating shadow analysis, image consistency detection, and metadata verification to identify tampered 

digital images. The system preprocesses images through resizing, normalization, and noise reduction, followed by shadow 

recognition using gradient-based and geometric estimation techniques. Image consistency is evaluated using structural similarity, 

lighting coherence, and texture uniformity checks. Metadata analysis extracts EXIF information to verify timestamps, camera 

signatures, and editing traces. Experiments conducted on a dataset of 500 real and manipulated images demonstrate high 

accuracy, with shadow detection (94%), consistency check (92%), and metadata validation (98%). The suite serves as a reliable 

tool for investigators, journalists, and forensic professionals, and provides a scalable foundation for advanced features such as 

deepfake detection, reverse image search, and error-level analysis. 
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I. INTRODUCTION 

 
Problem Statement 

The widespread use of AI-powered editing tools has made 

image manipulation increasingly sophisticated, allowing 

altered visuals to appear almost identical to authentic ones. As 

a result, identifying tampered images has become a significant 

challenge, especially when modifications are subtle and blend 

seamlessly with natural lighting, shadows, and textures. This 

growing difficulty enables the rapid spread of misleading or 

fabricated content, which can negatively impact individuals, 

organizations, and public trust. Traditional image verification 

techniques depend on manual observation or basic error 

detection, but these approaches are no longer adequate as 

modern editing tools can replicate realistic lighting behavior 

and erase common digital traces. The inability to easily verify 

image authenticity creates serious risks across fields such as 

journalism, digital forensics, legal investigations, and online 

security. With manipulation techniques advancing quickly, 

there is a pressing need for a more intelligent, automated, and 

reliable system capable of analyzing multiple forensic cues to 

accurately detect image tampering at scale. 

 

Proposed Solution 

The proposed solution presents an integrated AI-powered 

forensic framework designed to authenticate digital images by 

analyzing multiple visual and metadata-based indicators. 

Unlike traditional verification techniques that depend solely on 

pixel artifacts or manual inspection, the system combines 

shadow analysis, illumination consistency, and metadata 

evaluation to create a more reliable method for detecting 

manipulation. The approach examines the geometric alignment 

of shadows, lighting direction, and texture coherence to reveal 

discrepancies that typically occur during image editing or 

object insertion. Additionally, the system analyzes EXIF 

metadata to identify inconsistencies in timestamps, camera 

identifiers, or editing traces that may indicate tampering. 

 

A unified decision mechanism then fuses outputs from all 

modules, allowing the system to leverage complementary 

evidence and improve the reliability of the final authenticity 

verdict. This multi-layered approach enhances detection 

accuracy across various manipulation techniques and 

environmental conditions. The integration ensures strong 

generalization, making the system capable of identifying both 

subtle and complex alterations while remaining scalable for 

forensic, journalistic, and legal applications. 

 

 

 

 

II. LITERATURE SURVEY 
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Research in image forensics has progressed substantially over 

the past decade, evolving from basic pixel-level inspection 

methods to sophisticated computational techniques capable of 

identifying complex manipulations. Early studies in the field 

primarily relied on analyzing inconsistencies in pixel 

arrangements, compression artifacts, and noise signatures to 

detect tampered regions. These approaches worked reasonably 

well for simple edits but proved inadequate when editing tools 

grew more advanced and capable of producing highly natural-

looking modifications. As editing technology improved, 

researchers began exploring illumination-based cues such as 

lighting direction, shadow geometry, and reflectance patterns.  

  

Parallel advancements introduced texture-based and frequency-

domain analysis, where methods such as Fourier transforms, 

wavelet decomposition, and local binary patterns were used to 

identify irregular textures indicative of manipulation. While 

effective for detecting splicing and cloning, these techniques 

struggled with high-resolution edits and sophisticated blending. 

Metadata-based forensic analysis also gained importance, with 

studies showing that EXIF data—camera model, timestamps, 

GPS coordinates, and editing traces—can expose discrepancies 

when manipulated images lack coherent metadata structure.  

 

However, metadata alone is insufficient, as it can be manually 

altered or completely removed.Recent work introduced 

multimodal fusion frameworks, combining spatial, temporal, 

and biometric data to enhance reliability. Yet, these systems 

often lacked contextual reasoning, especially when visual cues 

were minimal or audio- visual alignment inconsistencies were 

present. To address these shortcomings, the proposed system 

incorporates the Temporal Vision-Language Transformer 

(TVLT), a next-generation model that jointly learns from 

visual, temporal, and semantic modalities. TVLT extends 

traditional transformer-based detectors by integrating cross-

modal attention, enabling it to analyze not only motion and 

texture irregularities but also semantic misalignment between 

facial movements and speech patterns. 

 

Recent literature emphasizes hybrid approaches combining 

multiple forensic indicators to improve reliability. Researchers 

developed models that integrate illumination cues, metadata 

consistency, and pixel-level anomalies into unified detection 

frameworks. Machine learning further enhanced these 

capabilities by enabling automated feature extraction and 

classification. More contemporary studies incorporated deep 

learning architectures, particularly convolutional neural 

networks, to identify subtle spatial irregularities unnoticed by 

traditional techniques. 

 

Despite these advancements, many existing solutions analyze 

only a single cue—either shadows, textures, or metadata—

resulting in limited robustness when dealing with complex 

manipulations. To address these limitations, researchers have 

proposed multi-module forensic systems capable of cross-

verifying information from different domains. Such systems 

aim to strengthen detection accuracy by corroborating 

inconsistencies across lighting, structure, and metadata. 

 

Broader Implications 

This forensic image verification system can play a significant 

role in protecting users and digital platforms from being 

deceived by manipulated visual content. By offering precise 

and transparent analysis, the system assists investigators, 

journalists, and general users in quickly identifying altered 

images before they spread online. Its ability to highlight 

inconsistencies in lighting, shadows, and metadata helps reduce 

the influence of misleading visuals and strengthens the 

credibility of information shared across the internet. In a time 

where edited images circulate rapidly, such tools promote 

accountability and discourage malicious misuse of photo 

manipulation. Ultimately, the system contributes to creating a 

more secure and trustworthy digital environment, supporting 

broader efforts to combat misinformation and preserve the 

authenticity of visual media. 

 

III. RELATED WORK 
 

Research on image authenticity verification has progressed 

from basic pixel-level detection techniques to more advanced 

forensic frameworks capable of analyzing multiple visual cues. 

Early studies concentrated on identifying manipulation through 

pixel inconsistencies, noise patterns, and compression artifacts, 

which worked well for detecting simple edits but struggled with 

modern, high-quality image alterations.  

 

Subsequent approaches incorporated illumination and shadow-

based analysis, examining lighting direction and object 

geometry to uncover inconsistencies introduced during 

compositing. Metadata-oriented research also gained traction 

by analyzing EXIF attributes to identify missing or altered 

information. More recent work combines texture analysis, 

lighting evaluation, and metadata validation within hybrid 

forensic systems to improve reliability. Although these methods 

enhance detection accuracy, many operate independently on 

isolated features, limiting their robustness. This gap highlights 

the need for integrated solutions that analyze multiple forensic 

signals simultaneously. 

 

Implementation 

The implementation of the proposed forensic image suite 

follows a structured workflow that includes dataset preparation, 

preprocessing, feature extraction, and module integration. 

Initially, a diverse collection of authentic and manipulated 

images is assembled from open datasets and manually edited 

samples to ensure broad coverage of manipulation types. Each 

image is standardized through resizing, denoising, and color 

normalization to maintain uniform quality across the dataset. 

Shadow-relevant regions are segmented using HSV-based 
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thresholding, while illumination features and texture 

components are extracted to support consistency analysis. 

Metadata is retrieved using EXIF parsing tools to identify 

discrepancies in timestamps, device identifiers, and editing 

markers. 

 

The dataset is divided into training, validation, and testing 

subsets to ensure fair evaluation. The shadow detection module, 

consistency analyzer, and metadata verifier are implemented as 

independent components, each responsible for generating 

specific forensic indicators. These components are then 

integrated into a unified decision engine that aggregates 

shadow vectors, lighting coherence scores, and metadata 

anomalies. The system is tested using controlled experiments 

to verify its ability to detect tampering across various 

environmental conditions and editing techniques, ensuring 

reliable and interpretable authenticity assessments. 

  

IV. METHODOLOGY 
 

The proposed forensic framework employs a multi-stage 

analytical pipeline designed to evaluate visual, structural, and 

metadata-based cues within digital images, enabling reliable 

authenticity verification. The process begins with the shadow 

analysis module, which identifies physical inconsistencies 

using geometric, photometric, and threshold-based techniques. 

Images are first converted into shadow-sensitive color spaces 

to isolate low-intensity regions, followed by contour extraction 

to assess the direction and length of shadows. These 

measurements are compared across objects within the scene to 

detect deviations from expected light behavior. Subtle 

variations in illumination gradients, which often expose 

splicing or object insertion, are also analyzed through gradient-

based filters, allowing the system to capture anomalies 

undetectable through manual inspection. 

 

Parallel to shadow evaluation, the system performs an image 

consistency assessment that focuses on texture coherence, 

lighting uniformity, and structural integrity. Frequency-domain 

methods, local pattern analysis, and region-based similarity 

measures such as SSIM are used to identify irregularities 

introduced during editing. This component is particularly 

effective for detecting alterations like cloning, color 

manipulation, and edge inconsistencies. Through regional 

comparisons, the module highlights areas where illumination 

or texture diverges from the natural patterns of the surrounding 

environment.In addition to visual and temporal analysis, the 

framework incorporates physiological biometric signal 

extraction to measure subtle involuntary human cues such as 

blink rates. 

 

In addition to physical and structural cues, metadata analysis 

plays a crucial role in determining authenticity. EXIF 

attributes—including timestamps, device identifiers, file 

history, and geolocation tags—are extracted and checked for 

inconsistencies or signs of alteration. Since metadata is often 

edited or removed during manipulation, the module flags 

missing, contradictory, or tampered information. This step also 

provides contextual clues that complement the visual findings. 

 

All extracted features—lighting cues, shadow vectors, texture 

inconsistencies, and metadata indicators—are integrated into a 

unified representation space through a decision-level fusion 

mechanism. This enables the system to reason collectively over 

multiple evidence streams rather than relying on a single 

forensic indicator. The fusion engine assigns weighted 

importance to each module based on reliability and contributes 

to generating an overall authenticity score. 

 

To improve robustness, the methodology incorporates 

extensive preprocessing techniques, including noise reduction, 

color normalization, and resolution enhancement. Data 

augmentation methods are applied during testing to assess 

stability under varying conditions such as compression, 

brightness shifts, and resizing. The combined multi-stage 

approach allows the system to deliver interpretable and 

consistent predictions, ensuring reliable forensic evaluation 

across diverse manipulation types and real-world imaging 

scenarios. 

 

V. RESULTS 
 

The proposed forensic system demonstrates strong accuracy in 

differentiating authentic images from manipulated ones. By 

combining shadow analysis, lighting consistency evaluation, 

and metadata verification, the framework achieves significantly 

improved detection reliability compared to single-module 

approaches. Experimental testing across a diverse set of 

manipulated and original images confirms that the system 

performs robustly under varying illumination conditions, 

editing styles, and resolution levels. 

 

Table 1 

Accuracy Precision Recall F1 Score 

94.0% 93.2% 94.5% 93.8% 

93.5% 92.8% 93.9% 93.3% 

94.3% 93.9% 94.7% 94.3% 

93.8% 93.1% 94.2% 93.6% 
 

The evaluation shows consistently strong performance across 

key metrics, demonstrating the system’s ability to detect a wide 

range of image manipulations with minimal error. High 

accuracy values highlight its reliability, while strong precision 

scores indicate a low rate of falsely flagging genuine images as 

tampered. Likewise, high recall values confirm the system’s 

effectiveness in correctly identifying manipulated samples, 

reducing the risk of undetected forgeries. This balanced 

performance underscores the advantages of integrating 

multiple forensic cues, enabling the system to address complex 
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editing techniques and provide dependable authenticity 

assessments. 

 

 
 

OUTPUT IMAGE: 

                       
 

          Fig : AI- generated Image                                                           
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VI. DISCUSSION 
 

The proposed forensic system demonstrates reliable 

performance in identifying manipulated images across diverse 

editing techniques. By integrating shadow analysis, 

illumination consistency checks, and metadata verification, the 

suite captures subtle discrepancies that standalone methods 

often fail to detect. This multi-module approach enhances 

accuracy and reduces misclassification, ensuring dependable 

results in varied environments. The findings highlight the 

importance of combining physical, structural,                                                                                                                                  

and metadata cues to create a robust and trustworthy image 

authenticity framework. 

 

Strengths 

A key strength of this system lies in its multi-layered forensic 

approach, which combines shadow evaluation, illumination 

consistency checks, and metadata verification to significantly 

improve authenticity assessment. This integrated methodology 

enhances detection accuracy and provides resilience against a 

wide range of manipulation techniques that single-check 

methods often overlook. Furthermore, the system’s ability to 

generate clear, interpretable outputs supports transparency, 

helping analysts understand the basis of each decision. Its 

strong performance across diverse image types also 

demonstrates practical effectiveness, adaptability, and 

suitability for real investigative and validation environments. 

 

Limitations 

Despite its strengths, the system has certain limitations. 

Shadow-based analysis may become less accurate in images 

with minimal illumination or low-resolution quality, which 

frequently occurs on social media platforms. Additionally, 

evaluating multiple forensic cues together increases 

computational load, making real-time processing challenging 

on devices with limited hardware capacity. The framework is 

also trained on a controlled dataset, which may not fully 

represent emerging manipulation techniques, affecting long-

term adaptability. Finally, while the system provides 

interpretable outputs, further refinement is needed to make 

explanations more intuitive for non-technical users. 

 

Future Work 

Future developments can aim at improving the efficiency of the 

forensic suite to support faster processing on lightweight and 

mobile platforms. Enhancing the training dataset with more 

diverse manipulation techniques and real-world image 

variations will further strengthen the system’s adaptability. 

Integrating additional forensic signals—such as noise pattern 

analysis, camera fingerprinting, and error-level evaluation—

offers promising avenues for expanding detection capabilities. 

Incorporating deepfake-specific 

analysis modules may also increase 

applicability. Moreover, advancing 

explanation techniques will help make 

forensic outputs clearer and more accessible for investigators, 

journalists, and legal professionals in practical environments. 

 

VII. CONCLUSION 
 

This project successfully presents an advanced forensic image 

analysis framework that integrates shadow evaluation, 

illumination consistency assessment, and metadata verification 

to enhance authenticity detection. By combining physical, 

structural, and contextual cues, the system reliably separates 

manipulated images from genuine ones, even when edits are 

subtle or visually convincing. The incorporation of multi-

feature analysis significantly improves detection performance, 

offering strong resilience against a wide range of tampering 

methods. High accuracy, precision, and recall metrics 

demonstrate the system’s capability to reduce the risks 

associated with fabricated visual content and support efforts to 

maintain trust in digital imagery. 

 

Beyond delivering strong results, the system establishes a solid 

foundation for future research in image forensics. Enhancing 

interpretability through clear visualization of anomalies 

enables users—including investigators, analysts, and 

journalists—to better understand the rationale behind each 

authenticity decision. This transparency is essential for real-

world adoption, especially in legal and investigative contexts 

where evidence integrity is critical. As manipulation techniques 

continue to evolve, further work is required to improve real-

time processing efficiency and integrate additional forensic 

cues such as noise signatures and camera-specific fingerprints. 

Overall, this project contributes a valuable tool in the broader 

effort to combat image-based misinformation, helping preserve 

the integrity and reliability of visual information in an 

increasingly  digital world.    
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Fig: Shadow Detection of the Image 
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