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Abstract:  Modern military operations and disaster response missions demand advanced technological 

solutions capable of operating in high-risk, inaccessible, or hazardous environments. In recent years, robotic 

systems have emerged as vital tools for real-time surveillance, threat detection, reconnaissance, and 

autonomous action in defense and emergency scenarios. This systematic review examines the progress in 

smart robotic systems designed specifically for military and disaster management applications, synthesizing 

findings from over 20 published studies spanning from 2009 to 2024. The paper explores key technological 

domains, including autonomous navigation, sensor-based landmine and explosion detection, adaptive 

camouflage using environment-based colour mapping, and deep learning for real-time object classification 

and threat identification. The review highlights innovations such as IoT-based command and control systems, 

AI-enabled targeting mechanisms, hybrid energy systems, and modular robotic frameworks that improve field 

adaptability and reduce operator risk. A comparative literature review table is presented to analyze each 

system’s focus area, technological integration, strengths, and limitations. While notable advancements are 

evident in sensor fusion, AI performance, and system autonomy, significant research challenges remain. These 

include terrain adaptability under variable weather and soil conditions, limited energy efficiency, IoT network 

vulnerabilities, and ethical considerations in autonomous engagement. Looking ahead, the paper identifies 

promising directions for future research, including the use of swarm robotics for cooperative tasks, bio-

inspired locomotion for uneven terrains, and embedded edge-AI chips for faster and more secure decision-

making. The integration of real-time emotional recognition for medical robots and adaptive mission re-

planning through generative AI are also discussed. This review offers a comprehensive foundation for 

researchers and developers aiming to design scalable, intelligent, and resilient robotic platforms for 

deployment in military zones and disaster-prone areas, emphasizing the need for interdisciplinary solutions 

to bridge current technological gaps. 
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I. INTRODUCTION 
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                  Fig: Smart Robotic Systems for Military and Disaster Applications 

HIGHLIGHTS 

1. Reviews 20+ robotic systems for defense and disaster applications 

2. Covers AI, IoT, and camouflage-enabled smart vehicles 

3. Discusses landmine, explosion, and threat detection systems 

4. Identifies gaps in sensor fusion and rugged deployment 

5. Suggests future trends in modular AI-enabled military robots 

 INTRODUCTION 

The evolution of modern defense technologies has ushered in an era of intelligent, autonomous systems 

capable of supporting or replacing human presence in life-threatening scenarios. Robotics has seen 

particularly aggressive growth in high-risk domains like border patrol, battlefield reconnaissance, and disaster 

response. The integration of deep learning, IoT, and real-time sensor fusion has redefined robotic capabilities, 

shifting from basic surveillance bots to autonomous units capable of target tracking, landmine detection, and 

active threat engagement. This review aims to explore, compare, and contextualize the latest developments in 

robotic vehicles designed for defense and disaster management. It consolidates knowledge from the past 15 

years, highlighting critical innovations, persistent gaps, and opportunities for future growth in smart military 

robotics. 

II.  METHODOLOGY 

A systematic literature review was conducted based on PRISMA guidelines. Peer-reviewed articles and 

conference proceedings were sourced from IEEE Xplore, ScienceDirect, Scopus, and SpringerLink. The 

selection criteria included relevance to military/disaster robotics, technological innovation (autonomy, 

detection, targeting), and publication years from 2009–2024. The initial pool of 87 studies was filtered down 

to 20 based on inclusion criteria. Each selected study was analyzed for application scope, technology type, 

strengths, and limitations, and then summarized in a comparative review table. 
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COMPARATIVE LITERATURE REVIEW 
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Fig: PRISMA Flow Diagram representing literature selection process 

CORE TECHNOLOGIES IN MILITARY AND DISASTER ROBOTICS 

The integration of artificial intelligence (AI), sensor networks, real-time control systems, and mobility 

platforms forms the technological backbone of modern defense and disaster response robotics. This section 

reviews the key technologies that enable autonomous decision-making and mission execution in complex, 

high-risk environments. 

III. ARTIFICIAL INTELLIGENCE AND DEEP LEARNING 

AI algorithms, particularly convolutional neural networks (CNNs) and recurrent neural networks (RNNs), are 

central to object detection, classification, and threat recognition. Modern systems employ deep learning 

models trained on military datasets to recognize hostile targets and distinguish civilians. Algorithms such as 

YOLOv4 and MobileNet are frequently used for fast, lightweight inference in embedded platforms [5][6]. 

IV. SENSOR FUSION SYSTEMS 

Military and disaster robots rely on multiple sensors for situational awareness, including infrared (IR), 

ultrasonic, radar, GPS, and LIDAR. Fusion of these inputs helps improve reliability in diverse terrains. For 

example, ground-penetrating radar (GPR) paired with thermal imaging is effective in buried landmine 

detection. Sensor integration is managed through edge processors like NVIDIA Jetson or Raspberry Pi with 

Arduino for control logic [7]. 

V. INTERNET OF THINGS (IOT) AND REMOTE COMMAND 

IoT frameworks allow real-time data transmission between robots and command stations via wireless 

protocols. These systems enable semi-autonomous operation and immediate feedback for threat engagement. 

Encryption protocols like TLS are increasingly used for secure communication in defense-grade robotics [8]. 

VI. ADAPTIVE CAMOUFLAGE SYSTEMS 

One of the cutting-edge innovations in surveillance robots is the implementation of adaptive camouflage using 

image-processing and color-mapping algorithms. By analyzing surrounding terrain and blending its own body 

surface via LCD coatings or paint-based actuators, a robot can significantly reduce its visibility [9]. 

Energy and Power Management 

Robots deployed in remote conflict or disaster zones benefit from solar-powered panels and hybrid lithium-

polymer battery systems. Power-aware routing algorithms and AI-based load-balancing ensure long-duration 

operation without frequent recharge cycles [10]. 

VII. CHALLENGES AND RESEARCH GAPS 

Despite notable advances, several limitations persist in the real-world deployment of robotic systems for 

military and disaster scenarios. A major challenge is the reliability of sensor fusion in dynamically changing 

and unstructured environments, which can lead to false positives in landmine or threat detection. Another 

persistent issue is the adaptability of robots to different terrains such as mud, waterlogged zones, rubble, and 
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deserts. The energy autonomy of deployed units is limited by power supply constraints, particularly in solar-

restricted or long-mission environments. 

 

Security remains a concern in IoT-based robotic systems, with risks of data interception and unauthorized 

access. AI-based targeting systems also require stringent validation to prevent unintended engagement due to 

adversarial or unexpected inputs. Additionally, cost factors limit the scalability and deployment of advanced 

robotic systems, especially in resource-limited defense operations. 

VIII.  FUTURE SCOPE AND EMERGING TRENDS 

Future robotic systems in military and disaster response will increasingly integrate swarm intelligence, where 

multiple units coordinate autonomously for area coverage, surveillance, or neutralization. The use of bio-

inspired locomotion mechanisms—such as snake-like or legged robots—will enhance maneuverability in 

complex terrains. Solar-fabric integration and hybrid AI chips will significantly extend operational autonomy. 

Another emerging area is the use of generative AI for adaptive mission planning and real-time object 

classification. The fusion of drones and land robots into a collaborative network will also allow for faster and 

safer response operations. Finally, lightweight, ruggedized robots that include human-robot interface (HRI) 

capabilities and emotional recognition may allow better support roles in rescue and medical assistance. 

IX. CONCLUSION 

Robotic systems are redefining the scope of autonomous surveillance and decision-making in defense and 

disaster operations. With the integration of AI, IoT, and sensor fusion, these platforms have moved from 

passive monitoring units to intelligent, field-operating agents capable of threat detection, adaptive 

camouflage, and even offensive targeting. 

This review presented a systematic comparison of 20+ robotic implementations and outlined the technological 

pillars enabling their functionality. Despite existing challenges in terrain handling, power autonomy, and 

security, the future of smart robotic systems in defense looks promising, especially with trends toward swarm 

intelligence, energy-efficient design, and AI-enhanced cognition. 

Funding 

The authors did not receive any specific grant from funding agencies in the public, commercial, or not-for-

profit sectors. 

 

REFERENCES 

[1] Kim, H., et al. (2010). Surveillance Robot Using Sensor Fusion. International Journal of Robotics, 

25(3), 112–120. 

[2] Joshi, R., et al. (2018). IoT-Based Surveillance Using Raspberry Pi. IJRTE, 7(6), 89–92. 

[3] Alshukri, H., et al. (2019). Low-Cost Embedded Intrusion Detection. J. of IoT, 5(4), 201–208. 

[4]  Swain, R., et al. (2017). GPS-Enabled Border Patrol Robot. IJSR, 6(5), 114–118. 

[5] Kulkarni, N. P., et al. (2023). Adaptive Camouflage Robots for Military Use. ECB, 12(SI6), 345–350. 

[6] Oruc, S., & Yilmaz, A. (2024). Drone Detection Using CNN in Low Light. Drones, 8(1), 45–57. 

[7] Abdalla, R., et al. (2017). IoT-Powered Spy Surveillance Using Raspberry Pi. IoT Journal, 4(2), 220–

226. 

[8] Lee, H., et al. (2020). Multi-Sensor Landmine Detection Robot. Sensors, 20(8), 2555. 

[9] Smith, J., et al. (2021). Autonomous Ground Vehicles with LIDAR. Robotics and Autonomous 

Systems, 123, 104–110. 

[10] Patel, M., et al. (2022). Thermal-Aided AI Robots for Disaster. Emergency Robotics, 10(1), 33–39. 

[11] Brown, T., et al. (2020). YOLOv3 for Surveillance Bots. Machine Vision and Applications, 31(3), 

88–94. 

http://www.ijcrt.org/


www.ijcrt.org                                                              © 2025 IJCRT | Volume 13, Issue 7 July 2025 | ISSN: 2320-2882 

IJCRT2507610 International Journal of Creative Research Thoughts (IJCRT) www.ijcrt.org f339 
 

[12] Tanaka, Y., et al. (2018). Sensor Grid for Intrusion Detection. Journal of Defense Systems, 14(2), 

141–147. 

[13] Singh, V., et al. (2023). DL-Controlled Recon Drones. J. of AI in Defense, 5(1), 23–30.Wang, L., et 

al. (2022). GPR & IR Fusion for Mine Detection. Sensors, 22(3), 1893. 

[14] Fernandez, D., et al. (2019). Surveillance Bot with Thermal Vision. Robotics and Control, 7(2), 115–

121. 

[15] Gupta, A., et al. (2020). All-Terrain AI Robots. Int. J. of Adv. Robotic Systems, 17(4), 220–229. 

[16] Chen, B., et al. (2021). Scalable Smart Defense with IoT. IEEE Access, 9, 110542–110550. 

[17]  Raj, A., et al. (2018). Sensor Framework with GPS + Accelerometer. IJET, 10(3), 87–91. 

[19]  Zhang, Z., et al. (2024). Weapon Detection Using MobileNet. JCVS, 6(1), 15–23. 

  [20] Ali, M., et al. (2016). Wired Surveillance Robot. Int. J. of Embedded Systems, 4(2), 99– 

 

 

 

http://www.ijcrt.org/

