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ABSTRACT: Intellectual Property (IP) represents a critical asset for modern organizations, encompassing sensitive 

information such as proprietary designs, research data, and strategic knowledge. With the rapid advancement of cyber 

technologies, IP repositories have become prime targets for sophisticated attacks, particularly automated data extraction 

methods that utilize machine learning techniques for document classification and topic modeling. Traditional security 

mechanisms, while effective at restricting access, often fail to prevent intelligent adversaries from analyzing and 

inferring valuable information once access is obtained.   

 

To address this challenge, this paper proposes DEFT-IP (Decoy Enhanced Framework for Threat Protection in 

Intellectual Property), an intelligent and proactive defense system designed to safeguard sensitive documents. The 

framework employs a Variational Autoencoder (VAE) to monitor user behavior and detect anomalies indicative of 

potential threats. Upon identifying suspicious activity, the system dynamically generates decoy documents by 

manipulating content through keyword shuffling, topic alteration, and controlled data modification.  

 

The proposed system integrates advanced Natural Language Processing (NLP) techniques, including TF-IDF, K-Means 

clustering, and Latent Dirichlet Allocation (LDA), to create semantically plausible yet misleading data. This approach 

disrupts automated analysis tools used by attackers while preserving seamless access for legitimate users. Experimental 

outcomes demonstrate that DEFT-IP significantly enhances the confidentiality, robustness, and resilience of intellectual 

property systems against emerging cyber threats, offering a novel direction for intelligent data protection. 
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I. INTRODUCTION 

 

In the contemporary digital era, Intellectual Property (IP) has emerged as one of the most valuable assets for 

organizations, encompassing proprietary research, innovative designs, trade secrets, and strategic knowledge. The 

increasing reliance on digital storage and collaborative platforms has significantly improved accessibility and 

productivity; however, it has also exposed sensitive information to a wide range of cyber threats. Among these, 

automated intellectual property theft—driven by advanced data mining and machine learning techniques—poses a 

critical challenge to traditional security frameworks. 

 

Conventional security mechanisms such as encryption and access control, while essential, are often insufficient against 

sophisticated adversaries who exploit automated document classification and topic modeling techniques to extract 

meaningful insights from large repositories of data. These attacks are particularly concerning because they can operate 

silently, bypassing detection while systematically identifying and exfiltrating valuable information. 

 

To address these limitations, this work introduces DEFT-IP (Decoy Enhanced Framework for Threat Protection in 

Intellectual Property), a novel and intelligent defense mechanism designed to safeguard sensitive documents by actively 

disrupting adversarial analysis. Unlike passive security approaches, DEFT-IP adopts a proactive strategy that combines 

anomaly detection with deception techniques to both identify and mislead potential attackers.The proposed framework 

utilizes a Variational Autoencoder (VAE) to monitor user access patterns and detect anomalies indicative of malicious 
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behavior. Upon identifying suspicious activity, the system dynamically generates decoy documents that resemble 

legitimate data but contain strategically modified content. These decoys are designed to interfere with automated 

extraction processes by altering keywords, restructuring topics, and injecting misleading information. 

 

To enhance the effectiveness of deception, DEFT-IP integrates Natural Language Processing (NLP) techniques, 

including Term Frequency–Inverse Document Frequency (TF-IDF), K-Means clustering, and Latent Dirichlet 

Allocation (LDA). These methods enable the system to manipulate document semantics in a way that confuses 

adversarial models while preserving the integrity and accessibility of original documents for authorized 

users.Furthermore, the framework incorporates a secure access architecture that ensures legitimate users can retrieve 

authentic information without disruption. By combining anomaly detection, intelligent decoy generation, and secure 

access control, DEFT-IP represents a significant advancement over traditional IP protection strategies.Overall, this 

research contributes to the field of cybersecurity by introducing a resilient and adaptive approach to intellectual 

property protection, capable of countering emerging threats posed by automated and intelligent attack systems. 

 

II. LITERATURE SURVEY 

 

Decoy-based cybersecurity has emerged as an effective approach to mitigate insider threats and unauthorized data 

access. One of the foundational works in this domain is the study by Voris et al., which introduced the concept of 

generating decoy documents using automated translation techniques. The authors proposed that translating sensitive 

documents into different languages can produce realistic yet misleading versions that retain structural characteristics 

while distorting semantic meaning. This approach significantly reduces content similarity and increases the difficulty 

for automated systems to distinguish between real and fake data. The study also emphasized key design principles such 

as believability, detectability, and variability to ensure effective deception. However, the method faced limitations 

related to translation inconsistencies and lack of large-scale real-world validation. 

 

Building upon the concept of deception, Taofeek et al. proposed a cognitive deception model aimed at preventing data 

exfiltration in enterprise environments. Their approach dynamically generates fake documents based on user behavior 

and contextual information. By integrating behavioral analytics and natural language generation, the system produces 

decoys that closely resemble genuine data. Experimental results demonstrated that such deception techniques 

significantly delay attackers and reduce the likelihood of successful data theft. Despite its effectiveness, the approach 

introduces computational overhead and challenges in maintaining scalability across large systems. 

 

In another significant contribution, Park et al. developed a secure cyber deception architecture incorporating dynamic 

decoy injection mechanisms. The system consists of monitoring, deception, and response layers, where suspicious user 

activities trigger the insertion of decoy data into accessible environments. This real-time injection strategy increases the 

probability of attacker interaction with deceptive content while enabling efficient tracking and analysis of malicious 

behavior. The study highlights the effectiveness of integrating behavioral monitoring with adaptive deception, though it 

requires careful design to avoid interference with legitimate users. 

 

Further research by Ferguson-Walter et al. explored the psychological aspects of cyber deception, emphasizing how 

attacker perception and decision-making influence the effectiveness of decoy systems. The study demonstrated that 

both technical and psychologically appealing decoys significantly increase attacker cognitive load, delay malicious 

actions, and improve detection capabilities. The findings suggest that combining behavioral insights with technical 

mechanisms leads to more robust and adaptive defense strategies. However, the effectiveness of such approaches 

depends on continuous adaptation and variability in decoy design. 

 

More recently, Zambianco et al. introduced a proactive decoy selection framework based on the MITRE ATT&CK 

model. Their approach leverages predictive analytics to determine optimal decoy placement based on anticipated 

attacker behavior. By dynamically selecting high-impact decoys, the system improves detection rates and resource 

efficiency compared to static deployment methods. The inclusion of feedback mechanisms allows the system to learn 

from attacker interactions and refine its strategy over time, making it more adaptive and intelligent. 

 

These studies collectively highlight the growing importance of deception-based security mechanisms in modern 

cybersecurity. While existing approaches demonstrate significant improvements in threat detection and mitigation, 

many rely on static or partially adaptive techniques. The proposed DEFT-IP framework addresses these limitations by 

integrating anomaly detection using Variational Autoencoders with advanced natural language processing techniques 

such as TF-IDF, K-Means clustering, and Latent Dirichlet Allocation. This combination enables dynamic, intelligent, 
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and context-aware decoy generation, providing a more robust and proactive solution for protecting intellectual property 

against sophisticated cyber threats. 

 

III. RESEARCH METHODOLOGY 

 

The proposed DEFT-IP framework integrates anomaly detection, natural language processing, and deception strategies 

to protect intellectual property. The system identifies adversarial behavior and responds proactively by generating 

misleading content, ensuring both detection and disruption of unauthorized data extraction.The framework employs 

secure authentication and role-based access control, while continuously monitoring user activities such as login 

behavior and document access patterns. A Variational Autoencoder (VAE) is used to model normal behavior and detect 

anomalies based on deviations. 

 

Upon detection, a deception mechanism generates decoy documents using keyword manipulation and topic alteration. 

These documents are further processed using NLP techniques such as TF-IDF, K-Means clustering, and Latent 

Dirichlet Allocation (LDA), ensuring misleading analytical outputs. Legitimate users receive original content, while 

adversaries are served altered data, and administrators are notified through real-time alerts. 

 

A.Algorithms and Techniques: The DEFT-IP framework utilizes a combination of machine learning and natural 

language processing techniques to detect and mitigate adversarial activities. A Variational Autoencoder (VAE) is 

employed as an unsupervised model to learn normal user behavior patterns through encoding and decoding processes. It 

detects anomalies by measuring reconstruction error, where higher deviations indicate suspicious activity. The 

objective function of VAE is defined as: 

                                                                          L=Eq(z∣x)[log p(x∣z)]−DKL(q(z∣x)∥p(z))                              (1) 

 

TF-IDF is used to evaluate the importance of terms within documents, enabling effective keyword manipulation for 

deception. It is defined as: 

          TF-IDF(t,d)=TF(t,d)×IDF(t) 

                         IDF(t)=log⁡(Ndf(t))IDF(t) = \log \left(\frac{N}{df(t)}\right)IDF(t)=log(df(t)N)                  (2) 

 

K-Means clustering is used to group documents based on similarity in feature space. The objective function minimizes 

the distance between data points and their respective cluster centroids: 

                                                                                 J=i=1∑kx∈Ci∑∥x−μi∥2                                                        (3) 

 

Latent Dirichlet Allocation (LDA) is used for topic modeling, where documents are represented as mixtures of topics 

and topics as distributions over words. The probability distribution is expressed as: 

                                                                                   P(w)=z∑P(w∣z)P(z∣d)                                                         (4) 

These techniques collectively enable the system to detect anomalies, manipulate document features, and generate 

misleading outputs that effectively disrupt adversarial analysis. 

 

B. System Workflow and Security Mechanism:The DEFT-IP framework operates through a structured workflow that 

begins with secure user authentication and role-based access control to ensure authorized access to intellectual 

property. User activities, including login patterns and document interactions, are continuously monitored and recorded 

to establish behavioral profiles. A Variational Autoencoder (VAE) analyzes this data to detect anomalies by identifying 

deviations from normal patterns. Upon detecting suspicious behavior, a deception mechanism is activated, allowing the 

system to mislead adversaries without restricting access. Decoy documents are generated through manipulation 

techniques such as keyword alteration and topic modification, which distort the semantic meaning of the content. These 

manipulated documents are further processed using Natural Language Processing techniques, including TF-IDF, K-

Means clustering, and Latent Dirichlet Allocation (LDA), to produce misleading analytical outputs. Finally, legitimate 

users receive original documents, while adversaries are served altered content, and real-time alerts are sent to 

administrators for monitoring and response. 

 

C. Decoy Generation Strategy: The decoy generation strategy is a core component of the DEFT-IP framework, 

designed to mislead adversaries through controlled document manipulation. This approach includes techniques such as 

keyword shuffling, keyword injection, content reduction, and topic alteration. Keyword shuffling disrupts the structural 

flow of information, while keyword injection introduces misleading terms that distort analytical significance. Content 

reduction removes critical elements, resulting in incomplete interpretations, and topic alteration replaces domain-
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specific terms to change the perceived context. Together, these techniques ensure that automated analysis tools generate 

inaccurate results, effectively preventing meaningful information extraction. 

 

IV. ARCHITECTURE 

 

The overall architecture of the proposed DEFT-IP framework is illustrated in Fig. 1, which presents a multi-layered 

design integrating user interaction, anomaly detection, and deception mechanisms for protecting intellectual property. 

The system begins with the user interface layer, where administrators and authorized users access the platform based on 

role-based access control. 

 

User activities are continuously monitored and analyzed by the behavior monitoring module, and the collected data is 

processed by the Variational Autoencoder (VAE)-based anomaly detection module to identify abnormal patterns. Upon 

detecting suspicious behavior, the system activates the document manipulation module, which generates decoy 

documents using techniques such as keyword shuffling, injection, and topic alteration. 

 

The manipulated documents are further processed using Natural Language Processing techniques, including TF-IDF, 

K-Means clustering, and Latent Dirichlet Allocation (LDA), to produce misleading analytical outputs. Simultaneously, 

alerts are generated to notify administrators of potential threats. Legitimate users receive original documents, while 

adversaries are served altered content, ensuring both security and usability. 

 
 

FIG 1.OVERALL ARCHITECTURE OF THE PROPOSED DEFT-IP 

 

V. RESULTS AND DISCUSSION 

 

The performance of the proposed DEFT-IP framework was evaluated based on its ability to detect anomalous user 

behavior and effectively disrupt automated intellectual property (IP) extraction techniques. The system was 

implemented using Python-based machine learning and Natural Language Processing (NLP) libraries and tested on a 

structured document repository containing domain-specific data. The evaluation focuses on anomaly detection 

accuracy, decoy effectiveness, system efficiency, and overall security improvement. The overall framework and 

operational workflow are illustrated in Fig. 2 and Fig. 3. 
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The Variational Autoencoder (VAE) model was trained on normal user activity patterns, including document access 

frequency, session duration, and navigation behavior. Experimental results indicate that the model successfully 

identifies abnormal access patterns such as bulk document retrieval, irregular login timings, and access to unrelated 

document categories. The reconstruction error metric effectively distinguishes legitimate users from potential 

adversaries, enabling timely activation of defensive mechanisms. As shown in Fig. 2, the model achieves high 

accuracy, precision, recall, and F1-score, demonstrating the robustness of the anomaly detection mechanism. 

 

 
 

FIG 2.  DEFT-IP FRAMEWORK                           FIG 3. PROJECT OPERATION FLOW 

 

The decoy generation module demonstrates strong effectiveness in misleading automated data extraction techniques. 

Documents manipulated using keyword shuffling, keyword injection, content reduction, and topic alteration retain 

structural similarity while altering semantic meaning. Consequently, topic modeling using Latent Dirichlet Allocation 

(LDA) produces inaccurate topic distributions, and clustering algorithms such as K-Means generate misleading 

document groupings. As illustrated in Fig. 3, the high misclassification rate and distorted clustering outputs confirm 

that adversarial analysis is effectively disrupted. 

 

The system response time was also evaluated to ensure real-time performance. The results indicate that operations such 

as authentication, anomaly detection, decoy generation, and alert notification are performed with low latency. As 

depicted in Fig. 5, the system maintains efficient processing speed even while executing complex machine learning and 

NLP tasks, ensuring that security mechanisms operate without negatively affecting system performance or user 

experience. 

 
 

FIG 4. DECOY EFFECTIVE ANALYSIS       FIG 5. SYSTEM RESPONSE TIME 
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The integration of anomaly detection with deception mechanisms significantly enhances overall system security. 

Unlike traditional approaches that focus solely on detection or prevention, the DEFT-IP framework actively misleads 

attackers, reducing of successful data exfiltration. The system also maintains a clear separation between legitimate and 

adversarial users, ensuring that genuine users receive original documents without disruption. The effectiveness of the 

deception strategy is further supported by the analysis shown in Fig. 4. 

 

Overall, the results demonstrate that the DEFT-IP framework achieves high detection accuracy, effectively disrupts 

automated analysis techniques, and maintains efficient system performance. The combination of anomaly detection, 

NLP-based processing, and deception strategies provides a comprehensive and proactive security solution, making it 

highly suitable for protecting intellectual property in modern digital environments. 

 

VI. CONCLUSION 

 

This paper presented DEFT-IP, a proactive framework for protecting intellectual property against advanced cyber 

threats. By combining Variational Autoencoder (VAE)-based anomaly detection with decoy-driven document 

manipulation, the system effectively identifies suspicious behavior and misleads adversarial analysis techniques. The 

integration of NLP methods such as TF-IDF, K-Means, and LDA further enhances the system’s ability to disrupt 

automated data extraction. Experimental results demonstrate improved detection accuracy, strong decoy effectiveness, 

and efficient performance. Overall, DEFT-IP provides a robust and intelligent approach for securing sensitive digital 

assets against both external and insider threats. 

 

VII. FUTURE WORK 

 

1. The future scope of the project is expansive, with potential for continual improvement and adaptation to evolving 

technological landscapes.  

2. Integration with Blockchain Technology:Use blockchain to create a tamper-proof log of all access and changes to IP 

documents, ensuring better transparency and traceability. 

3. Multi-Factor Authentication (MFA):Introduce multi-factor authentication to provide an additional layer of security 

for accessing the IP repository, reducing the risk of unauthorized access. 

4. Cross-Platform Integration: Enable integration with various platforms (e.g., mobile devices) to allow secure access 

and management of documents across different devices and environments. 
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