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I. INTRODUCTION 

Cybersecurity threats are growing more complex, requiring 

proactive and intelligent defense mechanisms. Honeypots 

decoy systems designed to 

attract, engage, and analyze malicious actors have become 

essential tools in modern security strategies. This paper 

surveys the evolution of honeypot technologies, from 

traditional low-interaction traps to advanced, AI-driven, 

cloud-integrated deception platforms. We explore how these 

systems contribute to threat detection, attacker profiling, and 

incident response. This paper presents a comparative 

analysis of seven popular honeypot tools (Dionaea, Cowrie, 

Honeyd, Kippo, Amun, Glastopf, and Thug) are evaluating 

their detection ability, reliability, scalability, and data 

quality. The paper also highlights how honeypots can be 

integrated with firewalls and incident response systems, and 

how new technologies like machine learning and cloud-

based deployment are improving their effectiveness. 

 

II. LITERATURE REVIEW 

Early surveys focused on honeypot classification and 

deployment strategies. Recent literature emphasizes 

integration with AI/ML, blockchain, and adaptive 

orchestration. Studies have demonstrated the effectiveness 

of reinforcement learning in dynamic honeypot behavior and 

the use of blockchain for tamper-proof logging. Educational 

and industrial deployments have validated honeypots as 

tools for both research and real-time defense. Honeypots 

have proven effective in cybersecurity defence, enabling 

defence methods to engage with simulated cyberattacks and 

understand attacker tactics, tools, and techniques. Research 

shows that incorporating honeypots into curricula enhances 

technical skills and prepares them for real-world security 

challenges. Honeypots also play a critical role in identifying 

and mitigating fingerprinting attacks, ensuring their 

effectiveness as defensive tools. Recent studies emphasize 

the integration of honeypots with machine learning and 

http://www.ijcrt.org/


www.ijcrt.org                                                          © 2026 IJCRT | Volume 14, Issue 4 April 2026 | ISSN: 2320-2882   

IJCRTBT02009 International Journal of Creative Research Thoughts (IJCRT) www.ijcrt.org 39 
 

blockchain technologies, enabling predictive and efficient 

threat mitigation. Honeypots have been deployed in various 

environments, including IoT networks, industrial control 

systems, and wireless networks, to address specific 

vulnerabilities and collect attack data. Centralized honeypot 

management systems, such as 

the SoftSwitch framework, have improved scalability and 

reduced overhead in large-scale networks. Adaptive 

honeypots employing reinforcement learning have shown 

effectiveness in engaging attackers and addressing 

sophisticated threats, such as runtime DoS attacks. 

Honeypots are increasingly used in academic and research 

institutions to collect cyberattack data and enhance security 

education. Their ability to replicate real-world systems and 

integrate advanced technologies ensures their continued 

relevance in addressing emerging cyber threats. 

 

III. METHODOLOGY 

This survey synthesizes findings from peer-reviewed 

articles, including a 2025 comparative study of seven 

honeypot solutions. This study aims to evaluate the 

significance of honeypots in cybersecurity by analyzing 

their advantages, limitations, and practical applications. A 

comparative analysis of seven widely used honeypot 

solutionsDi onaea, Cowrie, Honeyd, Kippo, Amun, 

Glastopf, and Thug was conducted to assess their 

effectiveness, scalability, realism, and operational demands. 

The research employed a systematic approach, including a 

comprehensive literature review, inductive case study 

analysis, and deductive examination of theoretical 

frameworks. Honeypots were evaluated based on predefined 

criteria such as detection scope, emulation accuracy, data 

quality, reliability, scalability, and ease of deployment. 

 

3.1. Realism and Dynamic Deception 

 Reinforcement learning has emerged as a critical enabler 

of dynamic deception, allowing honeypots to adapt their 

behavior in real time based on attacker actions. 

 Adaptive honeypots prolong attacker engagement by 

mimicking legitimate system responses, thereby increasing 

the fidelity of collected threat intelligence. 

 Comparative studies reveal that realism is a decisive 

factor in preventing early detection by adversaries, with 

systems such as Cowrie excelling in simulating authentic 

SSH environments. 

 

3.2. Comparative Performance of Honeypot 

Solutions 

 Dionaea: Demonstrated high precision in detecting 

malware and exploits targeting network services, with 

strong versatility across multiple protocols. 

 Cowrie: Excelled in SSH-based deception, providing 

detailed insights into brute-force attempts and attacker 

command sequences.  

 Honeyd: Offered scalability benefits through lightweight 

deployment but faced challenges in maintaining data quality 

and realism. 

 Hybrid approaches: Combining Dionaea and Cowrie 

with other honeypots improved detection range and attacker 

profiling, balancing scalability with depth of engagement. 

 

3.3. Integration with Security Ecosystems 

 Honeypots integrated with SIEM systems enable 

automated alerts and real-time incident response, reducing 

detection-toresponse latency.  

 Their seamless incorporation with firewalls, intrusion 

detection systems, and deception networks enhances layered 

defense strategies. 

 Centralized honeypot management frameworks, such as 

those leveraging software-defined networking (SDN), 

further optimize deployment and monitoring in large-scale 

infrastructures. 

 

3.4. Scalability and Elastic Deployment 

 Cloud-native orchestration has enabled honeypots to 

scale elastically across diverse environments, including IoT 

networks, enterprise infrastructures, and industrial control 

systems. 

 Frameworks leveraging containerization and 

virtualization allow rapid deployment and centralized 

management, reducing operational overhead while 

maintaining consistency across distributed honeypot 

instances. 

 Hybrid models, combining low-interaction and high-

interaction honeypots, balance scalability with depth of 

engagement, ensuring both broad coverage and detailed 

intelligence collection. 
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3.5. Data Integrity and Trustworthiness 

 The integration of blockchain frameworks ensures the 

immutability of threat data collected by honeypots. 

Immutable logs strengthen forensic analysis and provide 

verifiable records for incident response teams. 

 Blockchain-enhanced honeypots mitigate 

risks of tampering or data loss, thereby improving the 

reliability of intelligence shared across collaborative 

cybersecurity networks. 

 

3.6. Emerging Trends 

 IoT-focused honeypots capture evolving attack vectors 

targeting smart devices, highlighting the dominance of IoT-

based malware in modern threat landscapes. 

 Game-theoretic placement strategies improve honeypot 

efficiency by simulating defender–attacker interactions, 

optimizing resource allocation. 

 LLM-powered honeypots enhance realism in human–

attacker engagement, offering deeper insights into 

adversarial tactics and decision-making processes.  Modern 

honeypots have evolved into scalable, intelligent, and 

trustworthy systems that integrate seamlessly with 

enterprise cybersecurity frameworks. Reinforcement 

learning and blockchain technologies enhance adaptability 

and data integrity, while cloudnative orchestration ensures 

elastic deployment. Comparative analysis confirms that 

tools like Dionaea and Cowrie deliver high precision, 

whereas hybrid models provide balanced scalability and 

depth. These results underscore honeypots’ pivotal role in 

proactive defense, actionable threat intelligence, and long-

term resilience against emerging cyber threats. 

 

IV. COMPARATIVE ANALYSIS 

Honeypots are indispensable tools in modern cybersecurity, 

designed to attract, detect, and analyze malicious activity. 

By simulating vulnerable systems or services, they provide 

defenders with valuable intelligence on attacker tactics, 

techniques, and procedures (TTPs). Their classification is 

typically based on interaction levels, which determine the 

depth of engagement with adversaries and the richness of 

data collected. The three primary categories are high- 

interaction honeypots, low- interaction honeypots, and 

hybrid honeypots. 

 

 

 

4.1. Honeypot Types 

Honeypots are critical tools for detecting and analyzing 

cyber threats, providing insights into attack vectors, 

exploits, and malware. They are categorized into three main 

types based on interaction levels: 

 

4.1.1. High-Interaction Honeypots: Simulate fully 

operational systems, offering detailed insights into attacker 

behavior, zero-day vulnerabilities, and advanced persistent 

threats (APTs). They are ideal for research and forensic 

analysis but require significant resources and careful 

isolation to prevent attackers from pivoting into production 

systems. These honeypots simulate fully operational 

systems, often running real operating systems and 

applications. Attackers can interact extensively, believing 

they have compromised a genuine target. 

 

Strengths: 

o Provide detailed forensic insights into attacker behavior, 

including zero- day exploits and advanced persistent threats 

(APTs). 

o Capture complete attack sequences, command execution, 

and malware payloads.  

o Valuable for academic research, malware analysis, and 

law enforcement investigations. 

 

Limitations: 

o Require significant resources and monitoring overhead. 

o Must be carefully isolated to prevent attackers 

from pivoting into production networks. 

o Higher risk if misconfigured. 

 

Use Cases: 

o Research institutions studying novel attack vectors. 

o Enterprises seeking deep intelligence on targeted attacks. 

o Forensic teams investigating sophisticated adversaries 

 

4.1.2. Low-Interaction Honeypots: Simulate  specific 

services or ports with limited functionality, making them 

cost-effective and easy to deploy. They are suitable for 

early-stage threat detection and scalable deployments but 

provide less detailed 

insights into sophisticated attacks. These honeypots emulate 

specific services, ports, or protocols without running full 

systems. They provide limited functionality but are 

lightweight and easy to deploy. 
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Strengths: 

o Cost- effective and simple to configure. 

o Highly scalable, suitable for deployment across large, 

distributed networks. 

o Effective for detecting automated attacks, worms, and 

scanning activities. 

 

Limitations: 

o Limited realism; advanced attackers may quickly identify 

them. 

o Provide less detailed intelligence, focusing mainly on 

early- stage detection. 

Use Cases: 

o Early warning sensors in enterprise networks. 

o Large- scale monitoring of botnets and malware 

propagation. 

o Organizations with limited resources requiring broad 

visibility. 

 

4.1.3. Hybrid Honeypots: Combine the scalability of low-

interaction honeypots with the detailed analysis capabilities 

of high-interaction systems. They offer a balanced approach 

for organizations  equiring both broad coverage and in-depth 

threat intelligence. Hybrid honeypots combine the 

scalability of low- interaction systems with the realism of 

high- interaction honeypots. They often use layered 

architectures, where low- interaction nodes detect mass 

activity and redirect attackers to high- interaction nodes for 

deeper engagement. 

 

Strengths: 

o Provide a balanced approach, offering both 

breadth and depth of threat intelligence.  

o Adaptive engagement: attackers are first detected 

by lightweight sensors, then studied in detail by 

high- interaction systems. 

o Suitable for enterprise- scale deployments and 

collaborative research networks. 

 

Limitations: 

o Increased architectural complexity. 

o Require orchestration frameworks (e.g., cloud- native 

platforms, SDN) for effective management. 

 

 

 

Use Cases: 

o Large organizations requiring both scalable monitoring 

and deep forensic analysis. 

o Collaborative environments where multiple institutions 

share intelligence. 

o Cloud and IoT ecosystems needing elastic, distributed 

deception strategies. 

 

Each type has unique strengths and limitations, and the 

choice depends on organizational needs, resources, and 

targeted threat vectors. Strategic deployment and integration 

into a layered security strategy maximize their effectiveness 

in detecting, analyzing, and mitigating cyber threats. 

 

4.2. Comparative Insights 

 

 High- interaction honeypots excel in realism and 

intelligence depth but demand careful isolation and resource 

investment. 

 Low- interaction honeypots are ideal for scalability and 

cost- effectiveness but sacrifice detail. 

 Hybrid honeypots represent the future direction, 

leveraging orchestration, AI, and blockchain to balance 

scalability, realism, and trustworthiness. 

 Strategic deployment often involves layered architectures, 

where low- interaction honeypots act as early warning 

sensors, while high- interaction honeypots serve as deep 

intelligence collectors. 

Figure 1 Comparative Honeypot Types 

The comparative evaluation of modern honeypot solutions 

highlights significant advancements in scalability, realism, 

and integration with broader cybersecurity infrastructures. 

The results demonstrate that honeypots are no longer static, 

isolated traps but dynamic, adaptive systems capable of 

supporting enterprise-grade defense strategies. The choice of 

honeypot type depends on 

organizational needs, available resources, and targeted threat 

vectors. Low- interaction honeypots provide scalable early 

detection, high- interaction honeypots deliver deep forensic 

intelligence, and hybrid honeypots offer a balanced solution. 

When strategically deployed and integrated into a layered 

security architecture, honeypots maximize their 

effectiveness in detecting, analyzing, and mitigating cyber 

threats. 
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V. CHALLENGES AND LIMITATIONS 

 

Despite these advancements, several challenges remain: 

 Deployment complexity: Configuring adaptive 

honeypots requires significant expertise, particularly in 

balancing realism with isolation from production systems. 

 Resource overhead: High-interaction honeypots and AI-

driven deception systems demand substantial computational 

and monitoring resources, which may limit adoption in 

resource-constrained environments. 

 Evasion by advanced adversaries: Sophisticated 

attackers increasingly employ fingerprinting techniques to 

detect honeypots, necessitating continuous innovation in 

deception strategies. 

 Ethical and legal considerations: The use of deception 

technologies raises questions about entrapment, data 

privacy, and compliance with international cybersecurity 

regulations.  

 Despite their promise, honeypots face challenges related 

to deployment complexity, resource overhead, and 

evasion by advanced adversaries. 

 Ethical and legal considerations, particularly around 

deception and data privacy, must be carefully addressed to 

ensure responsible use.  

 Opportunities lie in leveraging generative AI to enhance 

realism, federated learning to enable collaborative 

detection without compromising privacy, and blockchain 

frameworks to ensure data integrity and trustworthiness. 

 

VI. DISCUSSION 

 

The integration of artificial intelligence (AI) and 

distributed architectures represents a paradigm  shift in 

the evolution of honeypot design and deployment. 

Traditional honeypots, once limited to static decoy systems, 

are now being transformed into intelligent, adaptive 

platforms capable of misleading attackers in real time and 

generating actionable threat intelligence. This 

transformation is reshaping the role of honeypots from 

passive monitoring tools into proactive, collaborative 

defense mechanisms. 

 

 

 

 

 

6.1. Adaptive Honeypots and Real-Time Deception 

 

 Reinforcement learning enables honeypots to 

dynamically adjust their responses based on attacker 

behavior, prolonging engagement and enhancing the fidelity 

of collected intelligence.  

 Adaptive deception systems can simulate legitimate 

services and protocols, reducingthe likelihood of early 

detection by adversaries. 

 By continuously evolving their interaction models, these 

honeypots provide deeper insights into attacker tactics, 

techniques, and procedures (TTPs), thereby strengthening 

incident response strategies. 

 

6.2. Federated Learning and Collaborative Threat 

Detection 

 

 Federated learning frameworks allow multiple 

organizations to collaboratively train detection models 

without sharing raw data, thereby preserving privacy and 

compliance with regulatory requirements.  

 Distributed honeypot networks can pool intelligence 

across geographically diverse  environments, improving 

detection of largescale, 

coordinated attacks. 

 This collaborative approach enhances resilience against 

emerging threats, particularly in IoT and industrial control 

system (ICS) domains where attack vectors are increasingly 

diverse. 

 

6.3. Integration with Distributed Architectures 

 

 Cloud-native orchestration supports elastic deployment 

of honeypots across enterprise and IoT networks, enabling 

scalability and centralized management. 

 Software-defined networking (SDN) and blockchain-

based frameworks further enhance trust, immutability, and 

consistency in honeypot operations. 

 Distributed architectures reduce single points of failure, 

ensuring that honeypot systems remain effective even under 

highvolume or geographically dispersed attack scenarios. 
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VII. Future Work 

 

The findings of this study highlight several promising 

avenues for advancing honeypot and deception technologies. 

While current solutions demonstrate scalability, realism, and 

integration, future research must address unresolved 

challenges and explore innovative directions to ensure long-

term relevance.  

 

7.1. Enhancing Realism with Generative AI 

Generative AI-powered honeypots can create highly 

realistic, context-aware environments that engage attackers 

more effectively and yield richer intelligence.  

 Generative adversarial networks (GANs) and large 

language models (LLMs) can be leveraged to create highly 

realistic system responses, user behaviors, and network 

traffic patterns. 

 These AI-driven honeypots will reduce the likelihood of 

detection by adversaries and improve engagement depth, 

yielding richer intelligence. 

 

7.2. Collaborative and Privacy-Preserving Intelligence 

Future research should explore hybrid frameworks  that 

combine adaptive deception with collaborative intelligence 

sharing, ensuring both depth of engagement and breadth of 

coverage. 

 Federated learning: Enable collaborative training of 

honeypot detection models across organizations without 

sharing raw data, preserving privacy and regulatory 

compliance. 

 Threat intelligence integration: Seamless incorporation 

of honeypot data into global threat intelligence platforms 

will allow real time sharing of attacker profiles and 

emerging threat vectors. 

 

7.3. Addressing Advanced Adversarial Evasion 

 Research into anti-fingerprinting techniques is needed 

to counter adversaries who attempt to identify honeypots 

through behavioral or environmental cues. 

 Adaptive deception strategies should evolve continuously 

to remain indistinguishable from legitimate systems. 

 

 

 

 

 

7.4. Domain-Specific Applications 

 IoT and edge computing: Design lightweight honeypots 

tailored for resource constrained devices, addressing the 

growing prevalence of IoT-based malware. 

 Industrial control systems (ICS): Expand honeypot 

capabilities to simulate complex industrial protocols, 

enhancing protection for critical infrastructure. 

 Cloud-native honeypots: Investigate elastic, multi-tenant 

honeypot deployments that scale dynamically with 

enterprise workloads.  

 

7.5. Standardization and Framework Development  

Standardization of orchestration frameworks will be 

essential to simplify deployment, ensure interoperability, 

and promote widespread adoption across industries. 

Addressing deployment complexity through standardized 

frameworks and automation will be critical for widespread 

adoption in enterprise and academic environments. 

 

 Investigations into game-theoretic placement strategies 

and LLM-powered honeypots may further enhance realism 

and attacker engagement, while minimizing detection risks. 

 Unified orchestration frameworks: Develop 

standardized deployment models that simplify 

configuration, monitoring, and interoperability across 

heterogeneous environments. 

 Benchmarking methodologies: Establish universally 

accepted criteria for evaluating honeypot performance, 

including detection accuracy, scalability, and resilience 

against evasion. Future work should converge on building 

intelligent, standardized, and collaborative honeypot 

ecosystems that integrate seamlessly with broader 

cybersecurity infrastructures. By leveraging AI, federated 

learning, and generative models, honeypots can evolve into 

next-generation deception platforms—capable of real-

time defense, attacker profiling, and global threat 

intelligence sharing. Addressing deployment complexity, 

adversarial evasion, and ethical considerations will be 

critical to ensuring their sustainable adoption in both 

academic and enterprise contexts. 
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VIII. CONCLUSION 

 

Honeypots have undergone a remarkable  transformation, 

evolving from simple, passive traps into intelligent, 

adaptive, and distributed defense systems that play a 

pivotal role in modern cybersecurity strategies. This survey 

underscores their technological progression, strategic value, 

and growing relevance in addressing the complexities of 

today’s threat landscape. This research highlights that 

honeypots are no longer peripheral tools but core 

components of next-generation cybersecurity ecosystems. 

Their evolution reflects a broader shift toward proactive, 

intelligent, and collaborative defense mechanisms. By 

embracing AI, distributed architectures, and standardized 

frameworks, future honeypot systems will not only detect 

and contain threats but also contribute to global 

cybersecurity resilience. As organizations confront 

increasingly sophisticated adversaries, honeypots will 

remain indispensable in bridging the gap between 

deception, intelligence, and real-time defense. 

. 
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