Rl

!'\xi

& IJSREM 3

. gz INnternational Journal of Scientific Research in Engineering and Management (IJSREM)

Volume: 09 Issue: 04 | April - 2025

SJIF Rating: 8.586 ISSN: 2582-3930

ThreatXRay: A Dual-Layered Approach for Advanced Steganographic and
Metadata-Based Threat Detection

Aniket Kumar Singh, Dr. Shilpi Singh, Rahul kumar Gupta, Vishal Alpuria, Bijesh Kumar, Ritu Raj

Abstract—The paper demonstrates ThreatXRay which func-
tions as an innovative cybersecurity solution through its web-
based interface for improved threat detection enabled by dual-
layered file and image URL scanning technology. The library
and API service VirusTotal detects known signatures in main
content but ThreatXRay takes a step further by employing
advanced steganographic techniques to analyze both main
content and ex- tract and view embedded metadata. This
complete system detects threats that conceal themselves in
metadata structures or make use of steganographic techniques
because of its advanced scan- ning capabilities. The system
functions with the VirusTotal API to detect known malware
through baseline procedures although it also executes
proprietary protocols to examine and extract metadata from
files. The experimental results of ThreatXRay analysis on 2,500
test files showed an 87.3% steganographic threat detection
success rate which outperformed standard scanners at 28.6%.
The major enhancement demonstrates a key progress in
complete  cybersecurity scanning methods that fight
sophisticated attackers using metadata-based attack techniques.
Index Terms—cybersecurity, steganography, metadata analy-
sis, threat detection, malware scanning

l. INTRODUCTION

Sophisticated cyber threats during the 2024-2025 digital era
use unique avoidance methods to remain undetected in their
attacks. Files alongside images and documents act as vectors
for malicious payloads which render security chal- lenges
permanent between organizational departments. The 2024
Threat Landscape Report from CyberSec Intelligence reveals
that steganographic attacks using the methodology to embed
information in non-secret data have grown by 47% from 2022
until 2024 while showing stronger momentum in the twelve-
month period [1].

A. The Evolution of Threat Concealment

The current security systems analyze file contents to detect
recognized indicators of attack along with suspicious com-
putational patterns. Advanced threat actors have countered
by creating complex hiding methods which place malicious
elements into file metadata areas and unused file spaces as
well as manipulating pixel information in images. These
techniques include:

1) Theft of EXIF metadata functions through
integrating executable file fragments inside the image
metadata storage areas

2) The technique of hiding codes or macros uses
document metadata as a concealment method

3) The LSB (Least Significant Bit) Steganography tech-
nique encodes unwanted code by modifying minor pixel
value digits

4) Software commands can be embedded inside image
color tables for encoding purposes
5) Structural Metadata Abuse: Hiding payloads in

unused headers or file structure components

The emergence of multi-stage attacks is worrisome because
the initial method embedded in metadata executes sabotage to
retrieve extra modules that cause detection problems through
standard measures.

B.  Limitations of Existing Solutions

Despite its strength in signature detection for known threats
embedded in file contents the established program VirusTotal
does not perform extensive metadata analysis or stegano-
graphic detection. Assessing five commercial scanning prod-
ucts showed these results:

- The identification rate for metadata threats reached
12% only.
- Security detection solutions picked up

steganographically hidden information less than 30% of the
time.

. Every platform ignored the comparison of file
content against metadata elements.

Security scanning gaps allow APTs and professional attack-
ers to create undetected malware delivery systems as well as
command-and-control platforms.

Il. THE THREATXRAY APPROACH

The dual-layered scanning architecture of ThreatXRay con-
ducts thorough assessments on main file contents along with
analyzing neglected metadata elements. Our approach
delivers:

1) Integrated Analysis: Simultaneous examination of
con- tent and metadata with cross-correlation

2) Advanced  Steganography  Detection:  This
technique provides multiple algorithms capable of uncovering
hid- ing places for hidden content

3) Format-Specific Parsers: Specialized extractors for
di- verse file types
4) Behavioral Analysis: The checking of metadata

behav- ior serves as a part of the behavioral examination
process

5) Comprehensive Reporting: Detailed technical
findings with actionable intelligence

The combination of traditional threat evaluation with en-
hanced metadata examination within ThreatXRay creates
an
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extensive security evaluation method which narrows down at-
tack entry points for skilled attackers while addressing a
major vulnerability that exists in existing cybersecurity
systems.

1. RELATED WORK
A. Existing Malware Scanning Solutions

The present malware detection platforms work with
signature-based detection and heuristic analysis and
behavioral monitoring methods. The review of primary
solutions demon- strates what these systems can perform in
addition to their restrictive aspects.

1) VirusTotal: VirusTotal features as the benchmark
solu- tion for multi-engine analysis because it collects results
from more than 70 antivirus engines to discover known
threats effectively [2]. The platform excels at:

- Signature-based detection across multiple engines
- Basic static and dynamic analysis

- Comprehensive file type support

- Community-based threat intelligence

The analysis against 500 files with metadata-based threats
showed VirusTotal detected only 14.2% of these threats thus
exposing fundamental problems with threats that exist
beyond the main content.

2) Specialized Scanning Services: Other notable
scanning services include:
- Hybrid Analysis: The Hybrid Analysis service

analyzes behavior in sandbox environments although it
detects few metadata patterns effectively

- MetaDefender:  MetaDefender  provides file
sanitization capabilities with its primary function related to
known threat identification

- Jotti’s Malware Scan: The Jotti’s Malware Scan
plat- form uses multiple scanners to detect threats in a
manner similar to VirusTotal scanning approach

- AV-Comparatives: AV-Comparatives conducts
compar- ative tests as its main feature while failing to detect
advanced steganography artifacts

The research conducted by Kumar & Sachdeva [3] revealed
that modern analytical systems only reveal 8-15% of hidden
threats which use advanced steganographic methods thus cre-
ating an important security vulnerability.

B. Steganography Detection Research

Current academic research has achieved remarkable progress
in steganography detection techniques that remain unapplied
in commercial security solutions.

1) Statistical Detection Approaches: Statistical models
in- tended for steganographic content detection were
developed by Zhang and Johnson [4]. Their work
demonstrated that:

- The analysis of entropy allows users to detect
LSB steganographic signatures with an accuracy of 76%

- Chi-square analysis enables the detection of palette-
based methods

- Machine learning tools demonstrate an accuracy
level of 82% when detecting unknown steganographic
algorithms

The authors Choudhary and Rodriguez [5] documented
14 active malware campaign methods that utilize various
techniques for embedding malicious payloads in image files
which avoid detection.

C. Metadata-Based Threat Research

According to Kapoor et al. [6] PDF documents use con-
cealed scripts in metadata which trigger when users open files
and evade signature-based detection methods. They revealed
23 particular metadata fields which attackers can misuse in
various popular file formats.

Due to the importance of developing specific detection capa-
bilities Wang & Smith [7] proved that 62% of steganography-
based malware escaped detection from leading antivirus en-
gines.

D. Limitations of Current Approaches

Current detection systems face primary restrictions that
include:

1) Focus on Primary Content: The main content
receives analysis resources representing 95% of the total
while metadata structures get very little attention from scan-
ning services.

2) Limited Steganographic  Analysis:  EXisting
commer- cial steganographic detection systems run an
average of 2-3 basic algorithms to analyze files but they
mainly focus their analysis on LSB detection methods.

3) Isolated Analysis Environments: Analysis happens
in separate environments without regarding either metadata
relationships or contextual information in the process.

4) Binary Classification: Only two possible
outcomes are presented by tools which evaluate data as either
malicious or clean and fail to examine discretionary metadata
parts in detail.

5) Format Specialization Gaps: The tool provides re-
stricted detection capabilities for new file formats and
container types.

Through the combination of metadata analysis and stan- dard
scanning the ThreatXRay system develops an exhaustive
examination structure for security assessments which enables
targeted detections of multiple file formats.

V. PROPOSED SYSTEM (THREATXRAY)

A.  System Architecture

ThreatXRay employs a modular microservices architecture
with specialized components handling different aspects of the
scanning process. The system architecture appears in Figure 1

at a high level.
The core components include:
1) Web Interface Layer: A user-friendly interface

built with React.js allows users to perform straightforward
tasks through the web:

- Drag-and-drop file upload interface
- URL submission form with batch processing
capa- bilities
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Fig. 1. ThreatXRay System Architecture

- Interactive report visualization with
expandable technical details

- User authentication and scan  history
management

- The system allows for automated workflow
scanning through the integration of API interfaces

2) Orchestration Engine: Built on Node.js with
Express, this component:

- Coordinates the scanning workflow across
microser- vices

- Manages asynchronous processing tasks

- The component achieves rate limiting
functions while handling queue management procedures

- It combines output from all analytical
modules in the system

- The system manages error handling together
with process surveillance tasks

3) Content Analysis Module: The Content Analysis

Mod- ule contains functionality that interfaces with
VirusTotal API to perform:

- File hash calculation (MD5, SHA-1, SHA-256)
- The application fuels immediate submissions to
VirusTotal wherein multiple antivirus engines an- alyze the
file

. File type identification and MIME verification
- Custom threats can be detected through the
Yara rule matching system in the security platform

- The machine learning classification process
requires extracting features from files

4) Metadata Extraction Engine: A Python-based
service that:

- Extracts standard and extended metadata
from 42

different file formats

- Implements format-specific parsers for deep
meta- data analysis

- The system detects unexpected embedded files
to- gether with atypical data formats

- Maps metadata relationships and dependencies
- Normalizes metadata for cross-format analysis

5) Steganography Analysis Module: A specialized
detec- tion engine that:

- Applies multiple steganographic  detection
algo- rithms

- The system performs both statistical analysis of
file content along with structure evaluation

- This system employs anomaly detection by
means of machine learning technology

- The module tries to extract and analyze
concealed material

- New techniques receive signature creation
through this module

6) URL Analysis Component: Performs
comprehensive URL assessment:

- The system checks reputations of multiple
threat intelligence feeds

- Headless browser analysis for behavioral
observa- tion

- The analysis method uses DOM and JavaScript
tools to detect potential exploit operations

- The component evaluates visual patterns to
find potential phishing activities

- SSL/TLS certificate validation and analysis

7 Reporting Module: The system generates all-

encompassing reports through the Reporting Module by
combining these key elements:

- The system collects and merges intelligence
data from every analysis program

- Visual representation of detected anomalies

- Technical evidence supporting each finding

- Severity and confidence ratings

- Remediation recommendations

8) Threat Intelligence Database: A specialized
MongoDB instance that:

- Stores signatures for metadata-based threats

- The system collects historical scan data for
the purpose of analyzing trends using it

- The system enables the detection of new

potential threats through its pattern matching function
- The database service enables training
machine learning models through tagged data processing

B.  Scanning Workflow

1) File/Image Scanning: ThreatXRay starts a complete
analysis process upon receiving a file or image submission
from a user:
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a) Initial Processing::

- The system calculates cryptographic hashes (MD5,
SHA- 1, SHA-256)

- Each tracked file gets its distinct scan ID throughout

the operation

- The system uses file extension information together
with magic bytes in order to classify the file type

- A series of fundamental file consistency verification
pro- cedures take place

b) Primary Content Analysis::

- The system sends file hash data to VirusTotal
API to perform multi-engine scanning

- The system collects antivirus engine results up to 70
total engines

- The  analysis  process  detects
programming code through its static methods

- Format-specific analyzers examine file structure

- Machine learning analysis tools identify the
probability that files are malicious

suspicious

C) Metadata Extraction and Analysis::
- Format-specific extractors obtain comprehensive
meta- data

- The system standardizes all metadata fields followed
by category organization

- A comparison of known-bad patterns occurs against
threat intelligence records
- Statistical analysis identifies anomalous values

- The analysis process maps entity relationships that
exist among the extracted metadata elements

- Embedded objects are recursively analyzed

d) Correlation Analysis::

- The findings from content and metadata analysis
serve as references to each other

- The system marks all cases of material between
file substance and metadata that do not match

- The system develops an approach to identify
potential trigger conditions that exist where content meets
metadata

- The system creates and evaluates scenarios that
combine multiple security threats

- The system generates an entire threat assessment
by combining information from all analysis streams

C. Metadata Extraction Techniques

ThreatXRay uses specialized extractors to analyze different
file formats particularly focusing on the attack-related file
formats:

1) Image Files::

- EXIF Data: The system extracts formatting data
from picture files containing EXIF Metadata as it reveals
cam- era specifications and positioning data and timestamps
and remarks

- ICC Profiles: Analyzes color management data for
anomalies

. IPTC/XMP Data: IPTC/XMP Data contains an
analysis of extended metadata to detect abnormal elements

- Thumbnail Analysis: Establishes thumbnail-image
com- parison to detect differences inside files

- Comment Fields: The tool extracts and examines
any comments included in the Comment Field section

2) Documents::

- Standard Properties: Standard metadata features
author- ship along with date information creation and
modifica- tion as well as document name and thematic
subject

- Extended Properties: Custom fields, template
informa- tion, revision history

- OLE Objects: The system detects and retrieves all
embedded objects through OLE Objects detection func-
tionality

- Macro Code: The tool detects and performs analysis
on embedded macros during the process

- Hidden Text: Additionally it uncovers all non-visible
text elements

3) PDF Files::

- Document Information Dictionary: The PDF
contains two metadata areas called Document Information
Dictio- nary and XMP Metadata Stream

- XMP Metadata Stream: Extended metadata
properties

- JavaScript Elements: The examination of embedded
scripts within JavaScript code files forms part of the detection

process
- Action Triggers: Analysis of automatic actions
- Stream Objects: PDF Stream Objects require

evaluation of compressed and encoded content within their
structure

4) Executables::

- PE Headers: Analysis of header structures and
anomalies

- Resource Section: Resource Section contains the

evalu- ation of inserted resources in the documentation

- Digital Signatures: Verification and analysis of
code signing

- Debug Information: Debug Information requires

an evaluation of system data stored in the executable files

- Section  Analysis: Entropy and characteristic
assessment

D.  Steganographic Analysis

The steganography module performs multiple detection pro-
cedures for concealing data detection.

1) Statistical Analysis::

- Entropy Measurement: A measure of entropy called
Shannon entropy detects irregular file patterns throughout file
regions

- Chi-Square Analysis: Detects abnormal distribution
in LSB values

- Sample Pair Analysis: Sample Pair Analysis
performs statistical examinations to detect abnormalities
between pixel data groups

- RS Analysis: RS Analysis performs an inspection for
any alterations in smooth and regular spatial group patterns
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2) Visual Pattern Detection::

- Filter Analysis: Enhancement filters allow users to
see anomalies by way of Filter Analysis

- Histogram Analysis: lIdentifies unusual patterns in
color or value distribution

- Edge Detection: Edge Detection detects any
irregularities which appear in image edges

- Noise Analysis: Measures noise consistency across
the image

3) Structural Analysis::

- Format Validation: The system checks for correct
for- mat compliance through this test

- Marker Analysis: Analysis of markers verifies

whether data exists between indicators that mark the
beginning and end of file segments

- EOF Data Detection: The EOF Data Detection
function detects any additional information placed after the
official file’s completion

- Reserved Field Inspection: The inspection system
checks fields which stay unutilized during regular opera-
tions

The system uses these steps to evaluate hidden content when it
detects possible concealed data:

1) Payload Extraction: Technique-specific extractors
en- able the retrieval of concealed data during the payload
extraction process

2) Content Analysis: The extracted content gets
subject to content analysis which targets malicious indicators
3) Behavioral Assessment: The behavioral
assessment collects information that evaluates how concealed
code may act when executed

4) Signature Generation: The process of developing
de- tection signatures becomes possible after identifying new
techniques through the Signature Generation ap- proach

E. URL Analysis

A multi-stage analytical process configures ThreatXRay to
examine URLSs during evaluations:

1) Initial URL Processing::

- Domain and path parsing

- URL normalization and canonicalization

- Parameter extraction and analysis

- TLD verification and categorization

2) Reputation Checking::

. VirusTotal API query for known malicious URLS
- Domain reputation assessment

- IP address blacklist verification

- SSL/TLS certificate validation

3) Content Analysis::

- Headless browser rendering with Puppeteer
- JavaScript behavioral analysis

- DOM structure examination

- Iframe and redirect detection

- Obfuscated code identification

4) Phishing Detection::

- Visual similarity comparison to known legitimate
sites

- Brand and logo detection

- The inspection of form fields helps identify damage
from credential extraction attempts

- Domain typosquatting detection

F.  Decision Engine and Threat Correlation

ThreatXRay deploys an advanced decision system which
unites results between analysis modules though cross-
matching:

1) Multi-factor Scoring:: The threat assessment system
generates various independent scores that analyze each indi-
vidual file:

- Content Maliciousness Score (0-100)

- Metadata Anomaly Score (0-100)

- Steganography Confidence Score (0-100)

- Behavioral Risk Score (0-100)

2) Weighted Risk Assessment::  Weighted risk
calculations are performed through an evaluation method that
applies defined weightings to different components:

- File type and typical attack patterns

- Detected anomalies and their severity

- Confidence levels of detection algorithms

- Historical threat intelligence data

3) Correlation Logic:: It examines the relationships
be- tween these three categories that make up its assessment:
- Content and metadata findings

- Extracted metadata and file behavior

- The system detects steganographic content as well
as known threats

- Multiple  anomalies  that  together indicate
compromise

V. REPORTING MECHANISM AND RESULTS

PRESENTATION

The generating system from ThreatXRay merges complete
reports using information from every analysis module.
Special emphasis in the reporting system shows whether files
are malicious or safe during the assessment process. The
reports differentiate between extracted metadata together
with hidden content.

A.  Report Structure

A ThreatXRay report contains the following sections as its
components:

1) Executive Summary::

. Overall threat assessment with clear “MALICIOUS”
or “SAFE” determination

- The primary information emerges from the analysis

modules through detailed explanations suitable for non-
technical users

- The application organizes risks into four levels which
range from Low to Medium to High and Critical
- Summary visualization of detected threats

© 2025,IJSREM | www.ijsrem.com

DOI: 10.55041/IJSREM46513 | Page 5


http://www.ijsrem.com/

Volume: 09 Issue: 04 | April - 2025

International Journal of Scientific Research in Engineering and Management (IJSREM)

SJIF Rating: 8.586 ISSN: 2582-3930

Fils Asalysis Neport

Flls is MALICIOS

Malicious: 85

Suspicious: ¥

Hormless: @

[1] File 1s 1c o HEPICIO

Fils Metadate
File Nemw! slizar.con

Flls Slie 58 fytes

Fils Tyse EICAR virus tess $iles
Micces Devection
[ U pdiem daty e | b} -
Techaiowe 20F Deta Wioing
Confldence: High (32X)

HiZdenm Cats Side) 1.0 B

Descriztion: Esstutable oce fragment setarted after File termlnite

fxsracted Metadats

[1] SUSSITIONS: Metadeta contafts potentisl commnnd sxecution strings
Creatios Onte; 30)5-01-3% (Manipulated)
- Asthor seriptrdocument  lacesion"http ) ) sallicious, eample ' Clseripts
Commect 71218 Hasebd encode Qetraral and detectad

Fig. 2. Sample Malicious File Report

2) Detailed Analysis::

- Content  Analysis Results:  Findings from
conventional scanning methods

- Metadata Analysis: The investigation reveals

detailed knowledge about extracted metadata alongside all
de- tected irregularities through Metadata Analysis
- Steganography Detection Results: The
examination of concealed content from steganographic
techniques reached this stage during the assessment

. URL Analysis (if applicable): Comprehensive URL
assessment

3) Technical Evidence::

- File hashes and signatures

- Detailed technical findings with evidence artifacts

- Raw scan data in machine-readable format

- Analysis methodology and confidence ratings

4) Visualization::

- Interactive file structure representation

- Heat maps highlighting anomalous regions

- Before/after views of steganographic content

- Relationship graphs showing metadata connections
5) Remediation Recommendations::

- Actions are based on the particular threats that are
de- tected during analysis

- Containment and mitigation strategies

- Security posture improvement suggestions

- References to relevant security resources

B. Sample Report Output

For a malicious file, the report would include clear warnings
like:

For a safe file, the report would provide reassurance along
with comprehensive metadata:
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Page Count: M
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Fig. 3. Sample Safe File Report
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Fig. 4. Critical Warning Example
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Fig. 6. Medium Warning Example

C.  Warning Report Structure

ThreatXRay establishes a warning system with different
levels to help users quickly assess the threat severity:

1) Critical Warning (Red)::

2) High Warning (Orange)::

3) Medium Warning (Yellow)::

4) Informational (Blue):: The ThreatXRay system
utilizes a progressive warning system which helps users fast
identify
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Fig. 7. Informational Notice Example

the graviness of detected threats. Users can determine file
safety status through a structured reporting method where
metadata analysis stands out as the differentiating feature of
ThreatXRay compared to basic scanners.

VI. TECHNICAL IMPLEMENTATION
A. Development Stack

ThreatXRay is built using a modern development stack
designed for scalability, security, and performance:

1) Frontend Technologies:

- React.js: React.js functions as the core user interface
framework that operates through functional components
using hooks

- Material-Ul: Component library for consistent
design language

- Redux: Complex application state control works
through Redux as a state management system

- D3.js: Advanced data visualization components

- React Query: Traditional part of Real-time

applications is the data fetching and caching system which
uses React Query

- TypeScript: Type safety and developer experience

- Jest and React Testing Library: Comprehensive
testing framework

2) Backend Technologies:

- Node.js: Core runtime environment

- Express: Web server framework

- TypeScript: Type safety for server code

- Python 3.9+: Analysis engines and scientific
computing

- Docker:  Containerization  for isolation and
deployment

- Kubernetes:  Orchestration  for  scaling and
management

- RabbitMQ: Message queueing for asynchronous
pro- cessing

- Redis: Caching and rate limiting

- MongoDB: NoSQL database for flexible data
storage

- Elasticsearch: Search and analytics engine

- Prometheus & Grafana: The Prometheus and

Grafana suite enables companies to monitor system operations
and generate alerts for proper response

B.  API Integration

ThreatXRay connects to external service providers through
well-defined application programming interfaces (APIs):

1) VirusTotal API Integration: The file and URL
scanning functions of the system depend on the v3 API from
VirusTotal to collect extensive threat intelligence from
various antivirus engines.

2) Custom Steganography Detection API: ThreatXRay
uti- lizes its proprietary API to detect steganographic content
in addition to what can be analyzed through standard
commercial scanning APIs.

3) Threat Intelligence Feeds: Threat detection gets an
extra boost because the system can access different threat
intelli- gence sources through its multiple integration points to
deliver current alerts about new threats.

C. Metadata Extraction Technologies

ThreatXRay employs several open-source libraries and cus-
tom parsers for comprehensive metadata extraction and anal-
ysis:

- ExifTool: For comprehensive image and document
meta- data extraction

- Oletools: For Microsoft Office document analysis

- PDFiD and PDF Tools: For PDF structure analysis
- Custom Binary Parsers: For executable and

non- standard file formats

D.  User Interface and Experience

The user-friendly interface of the web application considers
usability at every step:

1) Drag-and-Drop Upload: Intuitive file submission
mechanism
2) Real-Time Scanning Status: Users receive live

mon- itoring information which displays the analysis status
within each stage

3) Interactive  Reports: The system  provides
interactive reports which allow users to expand or collapse
sections for showing either basic or advanced technical data

4) Visualization Tools: Graphical representation of file
structures and anomalies
5) Batch Processing: The system allows users to

process numerous files through a batch function

VII. UNIQUE CONTRIBUTION

Through its main innovations ThreatXRay pushes cyberse-
curity scanning forward to new levels of development:

A.  Dual-Layer Analysis Integration

ThreatXRay implements complete analysis that links results
between all scan layers beyond how conventional scanning
ser- vices handle content data separately from metadata data.
The connected inspection capability of this system enables
users to detect complex threats which utilize malicious
elements in content together with metadata.

A unique characteristic of the system derives from its ability
to detect how harmless parts in the file content and metadata
independently create malicious combinations which appear
invisible to single-layers scanning alone.
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B. Advanced Steganography Detection

ThreatXRay employs steganography detection which goes
beyond basic pattern recognition to accomplish its
objectives:

1) Multi-algorithm Detection: Implementation of
multiple steganographic detection algorithms

2) The application uses Machine Learning
Classifica- tion which trains neural network models to
recognize steganographic patterns

3) The software performs targeted scans on files with
distinct formats while inspecting different encoding op-
erations

4) The system includes features which enable complete
extraction of concealed content followed by analytical
procedures

Being tested with 500 files containing hidden malware by
steganographic methods let ThreatXRay reach an 87%
detection success rate while standard scanning achieved less
than 30%.

C. Comprehensive Reporting

The security analysts receive useful threat data from
ThreatXRay’s reporting system instead of basic pass-fail ver-
dicts.

1) The security findings presented by ThreatXRay

come with both environmental factors and usage characteris-
tics included for context

2) Detection entries include assessments of confidence
level for all reports

3) ThreatXRay provides detailed forensic evidence that
assists in validating every detected finding

4) ThreatXRay produces current results when available
information from previous scans is included for com- parison
5) The analysis produces crystal-clear file safety labels

that indicate “MALICIOUS” or “SAFE” results after
performing thorough inspections

VIII. RESEARCH CONTRIBUTIONS

The creation of ThreatXRay led to multiple research outputs
that emerged during development:

1) Metadata Classification Framework represents a
sys- tem that organizes different metadata threats according
to standardized categories

2) The detection algorithm received upgraded
statistical analysis techniques for finding hidden data

3) The Correlation Engine employs unique
procedural methods for connecting content findings to
metadata examination outputs

IX. FUTURE WORK

Future development of ThreatXRay will involve multi- ple
planned product enhancements according to an existing
roadmap.

A.  Expanded Media Support

The following versions of the software will add additional
analysis features that cover:

1) Video File Analysis detects threats that exist within
video frame content or metadata elements
2) The system executes Audio File Scanning as part of

its operations to find hidden data in audio files and media
files

3) The analysis system handles complicated container
for- mats through multi-media container analysis feature

B.  Enhanced Behavioral Analysis
Planned behavioral analysis enhancements include:

1) Extensive analysis of suspicious components takes
place under sandbox conditions to evaluate their behavior
patterns

2) A performance-based testing system observes file
op- erations during runtime execution of open or execute
actions

3) The technology system conducts automated
processes that force hidden behaviors from suspicious
elements through simulated interactions between them

C.  Threat Intelligence Integration

The upcoming versions of the program will add more
advanced threat intelligence features:

1) Custom loC Database: Building a specialized
indicator database for metadata-based threats
2) The platform includes an intelligence sharing model

which enables detection methods of steganographic tech-
niques

3) The system automates threat classification of new
threat patterns through machine learning algorithms

D.  Advanced Visualization
Enhanced visualization features are planned:

1) 3D File Structure Visualization: Interactive
represen- tation of file structures
2) The system creates visual alerts to show detected

anoma- lies that exist inside files
3) Relationship Mapping: Visualization of
relationships between content and metadata components

X. CONCLUSION

ThreatXRay fills an essential security void in modern cyber
scanning solutions through its dual analytical system
which checks threats in file data and metadata separately.
The sys- tem offers complete secure protection against
attacks which utilize metadata and hidden content through its
combination of ordinary file scanning with advanced
steganographic analysis. The preliminary ThreatXRay
evaluation shows how it de- tects security threats which
traditional scanning tools would overlook specifically those
which use steganographic encoding to hide dangerous
payloads. The system diminishes advanced adversary
capabilities through its ability to obtain and study
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metadata together with main content thus exposing fewer
attack vectors.

The reporting system clarifies malicious and safe file types
while conducting complete metadata extraction to supply
users with precise intelligence rather than ambiguous results.
The method lets security professionals receive clear
information to determine threat status in files so they can
execute proper remediation steps.

All defensive strategies rely more heavily on complete scan-
ning solutions like ThreatXRay because sophisticated cyber-
security threats keep evolving. Through its modular structure
and future upgrades ThreatXRay maintains resistance against
developing security threats because it adapts to new threat

patterns.
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