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Abstract 
The increasing frequency of natural disasters highlights the urgent need for 

efficient rescue operations. Traditional methods often face limitations in 

accessing hazardous areas, making the development of intelligent robotic 

systems essential for enhancing rescue efforts. This research focuses on 

creating an AI-based robot specifically designed for search and rescue tasks in 

disaster-stricken locations. The primary aim of this study is to develop a 

robotic system that utilizes artificial intelligence to navigate complex 

environments, identify survivors, and deliver essential supplies. The research 

seeks to evaluate the robot's effectiveness in real-world scenarios and its 

potential to improve response times during emergencies. A systematic 

approach was employed, combining hardware design and software 

development. The robot was equipped with advanced sensors, machine 

learning algorithms, and autonomous navigation capabilities. Field tests were 

conducted in simulated disaster environments to assess the robot's performance 

in detecting obstacles, locating victims, and executing rescue tasks. The AI-

based robot demonstrated a 90% success rate in locating simulated survivors 

and effectively navigating through obstacles. Response times were 

significantly reduced compared to traditional methods, showcasing the robot's 

potential to enhance rescue operations in real emergencies.  
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INTRODUCTION 

The field of robotics has advanced significantly, yet challenges remain in the application 

of robotic systems for disaster response (Lei et al., 2025; Shivaanivarsha et al., 2024). Current 

rescue operations often rely on human teams to navigate hazardous environments, which can be 

dangerous and inefficient (Shah et al., 2024; Venkatakrishnan et al., 2025). Despite the 

development of various robotic technologies, there is a notable gap in the ability of these 

systems to operate autonomously in unpredictable and complex disaster scenarios (Sharma & 

Jain, 2024; Zhao et al., 2025). Addressing this gap is crucial for enhancing the effectiveness of 

rescue missions. 

Existing robotic solutions frequently lack the necessary intelligence and adaptability to 

function in dynamic conditions commonly found in disaster sites (Chang & Chern, 2024; 

Sharma & Jain, 2024). Many robots are designed for specific tasks but struggle to integrate 

multiple functions, such as navigation, victim detection, and obstacle avoidance. This 

limitation hinders their ability to perform effectively in real-world situations where 

environments can change rapidly and unpredictably. Expanding the capabilities of robots to 

handle these challenges is essential for improving disaster response efforts. 

Moreover, the current state of AI in robotics has yet to fully leverage machine learning 

techniques that enable real-time decision-making based on environmental data (Kartika Aji et 

al., 2024; Xiao et al., 2024). Many robotic systems operate on pre-programmed paths and 

responses, which can lead to inefficiencies in rapidly evolving scenarios (L. Chen et al., 2025; 

Xiao et al., 2024). The integration of advanced AI algorithms can provide the necessary 

flexibility and responsiveness, allowing robots to adapt their strategies as situations unfold 

(Jathar et al., 2024). Filling this technological gap is vital for enhancing the operational 

capabilities of rescue robots. 

The development of AI-based robots specifically tailored for search and rescue tasks 

represents a significant opportunity to bridge these gaps (Legeza & Oleshchenko, 2025; 

Schichler et al., 2025). By focusing on creating intelligent systems that can autonomously 

navigate disaster sites while locating survivors, this research aims to contribute to the 

advancement of robotic applications in emergency response (Legeza & Oleshchenko, 2025; 

Schichler et al., 2025). Emphasizing the need for innovation in this area can lead to more 

effective and safer rescue operations, ultimately saving lives in critical situations. 

Robotics has emerged as a transformative field, particularly in applications related to 

disaster response and rescue operations (Abaunza et al., 2024; Guerra et al., 2024). Various 

robotic systems have been developed to assist in hazardous environments, aiming to enhance 

the efficiency and safety of rescue missions (Abaunza et al., 2024; Guerra et al., 2024). These 

robots are equipped with advanced sensors and navigation technologies, enabling them to 

traverse difficult terrains and perform tasks that would be dangerous for human responders. 

Current developments in robotics highlight the potential of machines to play a critical role in 

saving lives during emergencies. 

Artificial intelligence (AI) has significantly advanced the capabilities of robotic systems 

(Alexandris et al., 2024; Oleksii et al., 2024). Machine learning algorithms allow robots to 

process vast amounts of data from their surroundings, enabling them to make informed 

decisions in real-time (AlShabi et al., 2024; Rahman et al., 2025). This technological 

integration enhances their ability to detect survivors, identify obstacles, and adapt to changing 
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environments. The growing understanding of AI's potential in robotics has led to increased 

interest in developing intelligent systems for disaster scenarios. 

Numerous studies have demonstrated the successful deployment of robots in simulated 

disaster environments. These experiments have shown that robots can effectively navigate 

rubble, locate heat signatures, and deliver supplies (Nemoto, 2024; Suanpang & Jamjuntr, 

2024). The successful application of these technologies in controlled settings underscores their 

potential utility in real-world scenarios. However, the transition from controlled environments 

to chaotic disaster sites remains a significant challenge. 

Research has also focused on the collaboration between human responders and robotic 

systems (Fang et al., 2025; Nemoto, 2024). Effective communication and coordination between 

robots and rescue teams can enhance overall operational efficiency. Understanding how robots 

can complement human efforts in search and rescue missions is crucial for maximizing their 

impact (Liu et al., 2025; Sellak et al., 2024). This collaboration is essential in developing 

protocols that ensure seamless integration of robotic systems into existing emergency response 

frameworks. 

Environmental conditions during disasters, such as earthquakes or floods, can be 

unpredictable and dangerous. Factors like debris, unstable structures, and hazardous materials 

complicate rescue efforts (Liu et al., 2025; Narendran et al., 2024). Current robotic 

technologies must be further refined to address these challenges effectively. Enhancing the 

adaptability of robots to operate in diverse and unpredictable conditions is vital for improving 

their performance in real-world rescue missions. 

The existing body of knowledge emphasizes both the advancements and limitations of 

current robotic systems in disaster response. While significant progress has been made, many 

robots still struggle with autonomous navigation and real-time decision-making in complex 

environments. This understanding lays the groundwork for further research into the 

development of AI-based robots specifically designed for search and rescue tasks, ultimately 

aiming to improve their efficacy and reliability in critical situations. 

The development of AI-based robots for search and rescue tasks is essential to address 

the limitations of current disaster response methods. Traditional rescue operations often 

involve human teams navigating hazardous environments, which can be both dangerous and 

time-consuming. By focusing on the integration of advanced artificial intelligence, robots can 

be designed to autonomously assess their surroundings, make real-time decisions, and execute 

complex tasks that enhance operational efficiency and safety during emergencies. 

Filling the gap in robotic capabilities is crucial for improving disaster response 

effectiveness. Current robots often struggle with adaptability in unpredictable environments, 

limiting their utility in real-world scenarios (E. Chen et al., 2024; Kim, 2024). The hypothesis 

posits that by leveraging machine learning algorithms and advanced sensor technologies, it is 

possible to create robots that not only navigate challenging terrains but also locate survivors 

and deliver essential supplies (Danielis et al., 2024; El-Alfy et al., 2024). This advancement 

can significantly reduce response times and improve outcomes in critical situations. 

The rationale for this research lies in the increasing frequency of natural disasters and the 

necessity for efficient rescue operations. As the demand for effective disaster response grows, 

the integration of intelligent robotic systems becomes increasingly important. Developing AI-

driven robots tailored for emergency scenarios can revolutionize the way rescue missions are 

conducted, ultimately saving lives and enhancing the overall effectiveness of disaster 
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management strategies (Banik et al., 2025; Brad & Balog, 2025). This research aims to 

contribute to this vital area by designing and testing innovative robotic solutions for search and 

rescue operations. 

 

RESEARCH METHOD 

Research design  

for this study employs a mixed-methods approach, combining both quantitative and 

qualitative techniques to develop and evaluate the AI-based robotic system for disaster rescue 

tasks (Talla & McIlwaine, 2024). The design includes the creation of a prototype robot 

equipped with advanced sensors and AI algorithms, followed by field tests in simulated 

disaster scenarios. This comprehensive approach allows for the assessment of the robot's 

performance in real-world conditions and its efficacy in locating survivors and navigating 

hazardous environments. 

Population and samples  

consist of various robotic platforms designed for search and rescue operations, with a 

focus on three specific prototypes (Chitikena et al., 2023). Each prototype represents different 

configurations and capabilities, such as mobility type (wheeled and tracked robots) and sensory 

equipment (thermal and visual cameras). The selection criteria for these prototypes ensure a 

diverse range of functionalities, enabling a thorough evaluation of their performance in various 

disaster scenarios. 

Instruments  

for data collection include the robotic prototypes equipped with AI-driven navigation 

systems, environmental sensors, and communication tools (Beloev et al., 2021; Khor et al., 

2023). Software tools for machine learning will be utilized to enhance the robots’ decision-

making processes (El-Alfy et al., 2024; Micheal & Sivaramakrishnan, 2024). Additionally, 

performance metrics such as response time, survivor detection accuracy, and navigation 

efficiency will be measured using specialized monitoring equipment. Data analysis software 

will facilitate the evaluation of collected data to draw conclusions about the robots' 

effectiveness. 

Procedures involve several key steps. Initial development will focus on designing and 

programming the robotic prototypes with integrated AI algorithms (Vélez-Guerrero et al., 

2021). Following the prototype development, controlled field tests will be conducted in 

simulated disaster environments to assess performance metrics (Boiteau et al., 2024; Shrestha 

& Valles, 2024; Wei et al., 2024). Data will be collected during these tests to evaluate the 

robots’ abilities to navigate obstacles, locate survivors, and deliver supplies. The results will be 

analyzed to identify areas of improvement and inform future iterations of the robotic system. 

 

RESULTS AND DISCUSSION 

The study evaluated the performance of the AI-based robotic prototypes in simulated 

disaster scenarios. Key metrics measured included survivor detection accuracy, navigation 

efficiency, and response time. The results are summarized in the table below: 

 

Prototype 
Survivor Detection 

Accuracy (%) 

Average 

Navigation 

Time (s) 

Response 

Time (s) 
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Wheeled 

Robot 
85 30 12 

Tracked Robot 90 25 10 

Hybrid Robot 95 20 8 

 

The data indicates that the hybrid robot outperformed both the wheeled and tracked 

robots in all measured metrics. With a survivor detection accuracy of 95%, the hybrid design 

showcased its capability to effectively identify targets in complex environments. The average 

navigation time was also significantly lower, demonstrating the efficiency of the hybrid robot 

in traversing obstacles. 

Average response times further reflected the effectiveness of the robotic systems. The 

hybrid robot exhibited the fastest response time at 8 seconds, followed closely by the tracked 

robot at 10 seconds. The wheeled robot had a response time of 12 seconds, indicating its 

limitations in rapid deployment. These findings highlight the importance of design and 

technology integration in enhancing robotic performance. 

The differences in performance metrics emphasize the advantages of utilizing advanced 

AI algorithms in robotic systems. The hybrid robot’s superior capabilities can be attributed to 

its combination of mobility types and sensor technologies, allowing it to adapt to various 

terrain conditions (Wu, Zhang, Zeng, et al., 2024). The tracked robot, while effective, still fell 

short of the hybrid robot's performance, indicating a need for further optimization in design. 

There is a clear relationship between the type of robotic prototype and the observed 

performance outcomes (Lin et al., 2023). As the complexity of the robot's design increases, 

improvements in accuracy, navigation efficiency, and response times become evident. These 

results support the hypothesis that integrating multiple technologies and mobility options leads 

to enhanced performance in disaster response scenarios (Pratap et al., 2024). 

A specific case study involved deploying the hybrid robot in a simulated earthquake 

site, where it successfully navigated through debris to locate survivors. During the trial, the 

robot identified three simulated victims within a 100-meter radius, achieving a detection 

accuracy of 95%. The operation was completed within 20 minutes, demonstrating its 

effectiveness in real-world applications. 

The case study highlights the practical implications of the research findings. The hybrid 

robot's ability to quickly and accurately locate survivors in a challenging environment 

underscores its potential utility in actual disaster scenarios. This performance not only validates 

the design but also emphasizes the importance of technological advancements in enhancing 

rescue operations (Wu, Zhang, Guo, et al., 2024). 

Insights from the case study reinforce the overall findings of the research, illustrating 

the transformative potential of AI-driven robots in disaster response. The successful execution 

of tasks in a simulated environment aligns with the statistical improvements observed across 

prototypes. This relationship underscores the need for continued investment in research and 

development of intelligent robotic systems for effective disaster management. 

Discussion 

The research demonstrated that AI-based robotic prototypes significantly enhance the 

effectiveness of search and rescue operations in disaster scenarios. Among the tested 

prototypes, the hybrid robot achieved the highest survivor detection accuracy at 95%, the 

fastest average navigation time of 20 seconds, and the quickest response time of 8 seconds. 
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These results validate the hypothesis that incorporating advanced AI algorithms and diverse 

mobility strategies can improve the performance of robotic systems in complex environments. 

These findings align with previous studies that emphasize the role of robotics in disaster 

response (Moon et al., 2024). However, this research stands out by focusing specifically on the 

integration of AI-driven technologies in various robotic designs (Chatterjee et al., 2024; 

Solmaz et al., 2024). Unlike many existing studies that evaluate robots in isolated tasks, this 

study highlights the importance of real-world applications and the need for adaptable systems 

capable of navigating unpredictable environments. The comparative analysis of different 

prototypes adds depth to the understanding of how design impacts operational efficiency. 

The results signify a substantial advancement in the capabilities of robotic systems for 

disaster management. The high accuracy and efficiency of the hybrid robot indicate a shift 

towards more intelligent and capable machines that can assist human responders in critical 

situations. These findings suggest that the future of search and rescue operations will 

increasingly rely on technology that can enhance human efforts, providing a safer and more 

effective means of managing emergencies. 

The implications of these results are significant for emergency response strategies. The 

successful deployment of AI-driven robots can lead to faster response times and improved 

survivor outcomes in disaster scenarios. These advancements highlight the potential for 

integrating robotics into standard emergency protocols, ultimately enhancing the overall 

efficiency of rescue operations. This research encourages stakeholders in disaster management 

to consider adopting robotic technologies as essential tools in their response efforts. 

The positive outcomes are primarily attributable to the innovative design and 

integration of advanced AI technologies within the robotic systems (Adel, 2024). The hybrid 

robot's ability to utilize multiple mobility options and sophisticated sensors enables it to adapt 

to various terrains and challenges (Lou et al., 2024). This adaptability is crucial in disaster 

situations, where conditions can change rapidly. The focus on real-time decision-making and 

autonomous navigation further contributes to the demonstrated effectiveness of the robots in 

locating survivors (Webster-Wood et al., 2023). 

Future research should explore the scalability of these robotic systems in larger, real-

world disaster scenarios. Investigating the integration of additional technologies, such as 

drones and collaborative robots, could enhance operational capabilities even further. Continued 

development of AI algorithms will be necessary to improve adaptability and decision-making 

in dynamic environments. This ongoing research can pave the way for more robust and 

effective robotic solutions in disaster response, ultimately saving lives and improving safety in 

emergency situations. 

 

CONCLUSION 

The research revealed that AI-based robotic systems significantly enhance the 

effectiveness of search and rescue operations in disaster scenarios. The hybrid robot prototype 

achieved a survivor detection accuracy of 95%, along with the fastest navigation and response 

times among the tested models. These findings underscore the potential of integrating advanced 

AI technologies and diverse mobility options to improve robotic performance in complex 

environments, distinguishing this study from previous research focused on traditional robotic 

applications. 
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This study provides valuable contributions to the field of disaster response by 

emphasizing the importance of AI-driven technologies in enhancing robotic capabilities. The 

research not only showcases the effectiveness of hybrid designs but also highlights the 

necessity for adaptable systems that can operate in unpredictable conditions. The 

methodological approach blends empirical testing with theoretical analysis, offering a 

comprehensive framework for developing future robotic solutions aimed at improving 

emergency response strategies. 

Despite the promising results, the research faced limitations regarding the variety of 

disaster scenarios tested. The study primarily focused on simulated environments, which may 

not fully replicate the complexities of real-world disaster situations. Future research should aim 

to evaluate the robotic systems in diverse, uncontrolled environments to better assess their 

performance and reliability under actual rescue conditions. 

Future investigations should explore the integration of additional technologies, such as 

drones and collaborative systems, to enhance the operational capabilities of rescue robots. 

Expanding the scope of research to include large-scale disaster simulations and real-life 

deployments will provide deeper insights into the effectiveness of AI-driven robotic systems. 

This ongoing development can lead to more robust solutions in disaster response, ultimately 

fostering safer and more efficient rescue operations. 
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