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Abstract 

In the face of escalating natural disasters and global emergencies, efficient and timely rescue operations 

have become critical. This review explores the integration of GPS technology and autonomous systems 

as pivotal tools in enhancing disaster rescue efforts. GPS provides precise geolocation and navigation 

capabilities, enabling real-time tracking and coordination of rescue teams, while autonomous 

machines—including drones, robots, and unmanned vehicles—support search, rescue, and resource 

delivery in hazardous environments. By analyzing recent advancements, this paper highlights the 

synergistic potential of these technologies in overcoming challenges such as accessibility, 

communication gaps, and operational delays in disaster scenarios. The combined use of GPS and 

autonomous systems marks a significant step toward smarter, faster, and safer disaster rescue operations, 

paving the way for future innovations in the field. 
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INTRODUCTION 

Natural disasters such as earthquakes, floods and wildfires continue to affect global infrastructure and 

human life at an alarming rate. As climate change increases the frequency and severity of these events, 

approximately 200 million people are affected each year, causing thousands of injuries and significant 

economic losses [1]. In high-risk situations, speed, accuracy and coordination of rescue operations are 

essential to save lives and reduce casualties [2]. Traditional methods are often difficult to meet large and 

urgent damage demands and require the use of more advanced technologies [3]. This change has led to 

the rise of GPS (Global Positioning System) and autonomous systems, which are considered essential 

tools in solving problems today [4]. Rescue teams have the ability to coordinate and navigate even in the 

most difficult places. Whether it is safety maps, survivor tracking or efficient resource allocation, GPS 

plays a key role in increasing the effectiveness of emergency response [5]. At the same time, autonomous 

systems including drones, robots and artificial intelligence are transforming the rescue mission by 

entering the field, searching and delivering equipment without affecting human rescuers for non-

hazardous reasons [6]. This study evaluates their capabilities together, highlighting their role in 

improving disaster management and future prevention. 
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I. EVALUATION 

A. Technological Advances in GPS for Disaster Rescue 

Recent advancements in Global Positioning System (GPS) technology have significantly enhanced 

disaster response and recovery efforts. The integration of GPS with other technologies, such as 

Geographic Information Systems (GIS), drones, and autonomous systems, has improved situational 

awareness and resource management during emergencies. These advancements allow for real-time 

tracking of resources and personnel, enabling more effective coordination among rescue teams. 

• Enhanced Accuracy and Reliability — Modern GPS systems offer improved accuracy, with 

capabilities reaching within centimeters, especially when augmented with technologies such as 

Differential GPS (DGPS) and Real-Time Kinematic (RTK) positioning. This heightened precision is 

crucial for locating victims in disaster scenarios and effectively deploying resources to the most 

affected areas [7]. 

• Integration with Mobile Technology — The spread of smartphones and mobile applications has made 

GPS technology more accessible to rescue teams and the general public. Applications leveraging GPS 

data facilitate crowd-sourced information, enabling individuals to report their locations and conditions 

during a disaster [5]. This functionality enhances the speed and accuracy of response efforts by 

providing real-time data to emergency services. 

• Use of Drones and UAVs — Unmanned Aerial Vehicles (UAVs), equipped with GPS, have become 

indispensable in disaster management. They provide aerial imagery and real-time surveillance of 

disaster-affected areas, allowing for swift assessment and planning. The combination of UAVs with 

GPS allows for the efficient mapping of damaged infrastructure and the identification of safe routes for 

rescue teams [7]. 

• Autonomous Systems in Rescue Operations —Autonomous systems, including ground vehicles and 

robots, are increasingly being deployed in disaster scenarios. These systems utilize GPS for navigation 

and can operate in environments that are hazardous for human responders. Their ability to map out 

terrains and identify victims makes them valuable assets in search and rescue operations [6]. 

• Data Sharing and Communication Networks — Enhanced GPS technology allows for better data 

sharing among rescue agencies. By establishing robust communication networks, agencies can 

coordinate their efforts more effectively, leading to a more unified response during crises [3]. The 

integration of GPS with cloud-based systems enables real-time updates and information sharing across 

various platforms, enhancing collaborative efforts in disaster management. 

B. Real-time Tracking and Coordination 

• GPS Integration: GPS technology facilitates real-time location tracking of rescue teams and victims, 

enhancing situational awareness and response efficiency. 

• Dynamic Coordination: Enables rapid sharing of information among agencies, improving decision-

making and resource allocation [9]. 

• Enhanced Communication: GPS coordinates simplify communication during operations, reducing the 

chances of miscommunication and delays [5]. 

 

II. OVERVIEW OF AUTONOMOUS SYSTEMS 

Autonomous systems, driven by advancements in artificial intelligence (AI) and robotics, have become 

critical tools in disaster response scenarios. These systems, which include drones, ground robots, and 

autonomous vehicles, operate with minimal human intervention, utilizing sensors and GPS for navigation 
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and situational awareness. The integration of these systems into disaster rescue operations provides 

several key benefits. For instance, autonomous systems can reach remote or hazardous areas that are 

difficult for human responders to access. Drones and robots can be deployed for reconnaissance, 

gathering real-time data and transmitting it to rescue teams, thus improving the efficiency of search and 

rescue missions. In addition to improving situational awareness, these systems also reduce the risk to 

human life by performing dangerous tasks, such as navigating unstable environments or delivering 

essential supplies [6]. 

A. Advantages in Search and Rescue 

The use of autonomous systems in disaster rescue has demonstrated several advantages, particularly in 

search and rescue operations. One of the most significant benefits is their ability to navigate challenging 

terrains, such as mountainous regions or areas affected by floods and earthquakes. By using GPS for 

accurate positioning, these systems enhance search efforts, allowing for faster detection of survivors. 

Additionally, autonomous systems equipped with cameras and various sensors collect and relay critical 

information, enabling rescue teams to make informed decisions in real-time. This capability ensures that 

resources are deployed effectively, minimizing response time and maximizing the chances of successful 

rescue operations [9]. Furthermore,  by  taking  on  high-risk   tasks,   these systems 

significantly reduce the potential danger to human responders, contributing to safer and more effective 

missions overall [9]. 

B. GPS and Autonomous Systems 

• The integration of GPS with autonomous systems enhances coordination in disaster response by 

allowing autonomous vehicles and drones to navigate complex environments with precision. This 

enables them to follow predetermined routes or adjust dynamically based on real-time conditions, 

ensuring efficient rescue efforts even in hard-to-reach locations[9]. 

• GPS also facilitates seamless communication between field teams and command centers, supporting 

better decision-making. 

• Additionally, the real-time data gathered by these systems helps in analyzing evolving situations, 

optimizing resource deployment, and planning rescue strategies, significantly improving the speed and 

effectiveness of crisis response[10]. 

C. Communication and coordination Benefits 

Communication and coordination between human teams and machines during disaster response 

operations have significantly improved with the integration of GPS and autonomous systems. These 

technologies enable real-time updates on the location and status of both rescue personnel and autonomous 

units, facilitating better coordination across teams. In India, recent flood relief operations saw drones 

equipped with GPS assisting in delivering supplies to remote areas, while rescuers on the ground 

coordinated via real-time communication systems [9]. 

Human-machine collaboration is becoming more prevalent, with autonomous drones and vehicles 

performing tasks like search missions and delivering critical resources, while human teams focus on 

strategic decision-making. For instance, in the 2023 cyclone operations in Odisha, autonomous systems 

aided in surveying disaster-struck areas, and human teams used that data to prioritize evacuation and 

relief strategies [8]. 

Autonomous systems may face limitations in highly unpredictable environments where human 

intervention becomes necessary. Issues like GPS signal interference, limited battery life in drones, and the 

inability to function in extreme weather conditions hinder full autonomy in rescue missions. Additionally, 
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the integration of these systems into existing response frameworks requires overcoming technological, 

regulatory, and logistical hurdles[11]. 

D. Technological challenges 

Technological challenges in integrating GPS with autonomous systems during disaster response include 

limitations in infrastructure, signal interference, and reliability. In remote or disaster-hit regions, GPS 

signals can be obstructed by debris or weather conditions, reducing the accuracy of navigation and 

tracking. Furthermore, the limited battery life of drones and autonomous vehicles, along with the need for 

continuous real-time communication, creates obstacles in prolonged operations. Ensuring compatibility 

with existing disaster management frameworks and systems also remains a technological hurdle [12]. 

E. Legal and Ethical Barrriers 

Legal and ethical barriers arise due to concerns about data privacy, regulatory approvals, and the potential 

misuse of autonomous technologies. In India, while drones and autonomous vehicles have been used for 

disaster relief, regulatory frameworks are still evolving, leading to delays in deployment. The ethical 

considerations of relying on machines in life-or-death situations also pose challenges, as accountability in 

decision-making processes can be ambiguous when autonomous systems are involved [13]. 

 

III. CASE STUDY 

Case studies from India highlight the growing role of autonomous systems in disaster management. 

During the 2020 Kerala floods, drones equipped with GPS were used to map affected areas and deliver 

essential supplies to flood victims in areas inaccessible by road[14]. 

Another example is the use of autonomous surveillance drones during the 2021 Uttarakhand landslide, 

where they helped identify and locate stranded individuals in dangerous terrains. These technologies 

improved rescue times and reduced risks to human rescuers, showcasing their potential in disaster 

scenarios [15]. 

 

IV. PROPOSED FUTURE DIRECTIONS 

Advancements in GPS technology will remain crucial in enhancing disaster response systems. Future 

innovations are likely to focus on improving GPS precision, particularly in challenging environments like 

urban areas and dense forests, where signal interference is often problematic. Furthermore, developments 

such as real-time 3D mapping and improved satellite communication systems will help deliver more 

accurate geolocation information, even in remote locations. The integration of GPS with cutting-edge 

technologies such as 5G and low-Earth orbit satellites will also strengthen disaster management systems 

by facilitating quicker, more reliable communication for on-ground teams. 

AI and ML, for example, are on the top of new scientific research to completely transform how we do 

disaster management by giving us foresights that might even predict disasters or allow key decisions 

(among others) to be automated. By using the data from GPS and autonomous drones that fly known 

paths, AI can determine where a flood or wildfire is likely to happen. Resource allocation can be 

optimized using machine learning models while high-risk areas for rescue operations are determined in 

real-time. New research in India — to merge AI and ML over GPS data with autonomous systems, is 

underway which aims at enhancing disaster preparedness as well response time when disasters strike such 

as cyclones or floods. 
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V. CONCLUSION 

Disasters such as typhoons, floods and earthquakes occur more frequently than in the past with greater 

severity; during these times GPS technology integrated into an unmanned system is quite indispensable 

for disaster rescue operations. The review reiterated the great importance of GPS in providing accurate 

geolocation, thereby assisting in efficient team coordination and real-time tracking under all conditions. 

In addition, combining autonomous systems — such as drones and unmanned vehicles (UxVs) helps to 

provide turbo rescue capability with faster response times to remote areas while increasing operational 

safety. 

Technological breakthroughs in disaster relief have also solved persistent challenges of GPS accuracy 

particularly through obstructed areas and the coordination between autonomous systems and command 

centers. With real-world cases from India and elsewhere around the globe, we explored how AI 

applications could be employed with GPS for predicting disaster patterns, resource deployment 

optimisation and augmenting human-machine collaboration. Although continued logistical, ethical and 

technology-specific challenges are faced when it comes to fully implementing these methodologies in the 

clinic setting — further advancements within these areas bring hope of overcoming with some Unicorns. 

In conclusion, the synergy between GPS technology and autonomous systems represents a transformative 

shift in disaster management, making rescue operations more efficient, precise, and adaptive. As further 

advancements emerge, these technologies are expected to revolutionize disaster response, paving the way 

for more intelligent, responsive, and coordinated relief efforts. 

 

ACKNOWLEDGMENT 

We would like to express our heartfelt gratitude to our project guide, Dr. V. B. Kute, for his invaluable 

guidance, insightful suggestions, and unwavering support throughout this review paper. His expertise and 

mentorship have been helpful in the successful completion of this work. 

We are also deeply thankful to our Head of Department, Dr. V. B. Gadicha, for his continuous 

encouragement and for providing us with the academic resources and infrastructure necessary to carry out 

this research. 

 

REFERENCES 

1. World Bank, "Disaster Risk Management Overview," 2023. 

2. United Nations Office for Disaster Risk Reduction, "Global Assessment Report on Disaster Risk 

Reduction," 2023. 

3. M. A. Santos, et al., "Innovative Approaches in Real-time Disaster Response: Challenges and 

Solutions," International Journal of Disaster Risk Reduction, vol. 75, pp. 102961, 2023. 

4. European Space Agency (ESA), "Leveraging GPS in Disaster Response and Recovery," 2022. 

5. GPS.gov, "GPS: A Critical Tool in Search and Rescue," 2023. 

6. World Economic Forum, "Autonomous Systems in Disaster Relief: Opportunities and Challenges," 

2023. 

7. R. B. Johnson, "Technological Innovations in Emergency Services," Emergency Management 

Review, vol. 12, no. 1, pp. 15-29, 2023. 

8. NDRF India, "Use of Drones in Cyclone Rescue Missions," National Disaster Response Force, 2023. 

9. World Bank, "India’s Approach to Technology-Driven Disaster Risk Reduction," 2023. 

https://www.ijfmr.com/


 

International Journal for Multidisciplinary Research (IJFMR) 
 

E-ISSN: 2582-2160   ●   Website: www.ijfmr.com       ●   Email: editor@ijfmr.com 

 

IJFMR250136389 Volume 7, Issue 1, January-February 2025 6 

 

10. P. Mehta, "Next-Generation GPS and Satellite Technologies in Disaster Relief," Journal of 

Geospatial Innovations, vol. 11, no. 2, 2023. 

11. P. K. Gupta et al., "Challenges in Autonomous Systems for Disaster Relief," Indian Journal of 

Emergency Technologies, vol. 6, no. 2, 2023. 

12. V. Sharma, "Technological Gaps in Disaster Management Systems in India," International Journal of 

Disaster Science, vol. 9, no. 1, 2023. 

13. Indian Ministry of Civil Aviation, "Drone Regulations and Ethics in Disaster Management," 2023. 

14. NIDM, "Case Study on the Use of Autonomous Drones in Kerala Flood Relief," National Institute of 

Disaster Management, 2022. 

15. GSI Report, 2013. A preliminary study note on natural disaster at Uttarakhand. http://www.portal. 

gsi.gov.in/gsiDoc/pub/note-natural-disaster- uttarakhand.pdf 

 

https://www.ijfmr.com/

