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ARTICLE INFO ABSTRACT
Keywords: Unmanned Aerial Systems (UAS), commonly known as drones, have become essential assets
Unmanned aerial vehicles (UAV) in Search and Rescue (SAR) operations due to their versatility, rapid deployment, and high
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mobility. This study reviews drones’ current and emerging uses in SAR, with a focus on advance-
ments in sensor integration, payload capacity, and multi-UAV coordination. It further explores
how Artificial Intelligence (AI) can enhance operational efficiency. A comprehensive review
Disaster response methodology is employed to analyze recent progress in drone technology, Al, and digital twin
Intelligent autonomous system simulations aimed at optimizing SAR missions. The review highlights the current capabilities,
strengths, and limitations of existing systems while identifying potential innovations to address
persistent challenges. Drones are now effectively deployed to survey vast areas, locate survivors,
and assess hazards. Coordinated multi-drone systems have the potential to expand coverage,
enhance efficiency, deliver essential supplies, and establish temporary communication networks
in inaccessible regions. Future advancements in Al and autonomy will enable drones to perform
complex tasks with minimal human intervention. Enhanced sensor technologies will improve
detection capabilities, including infrared imaging, radar, and biometric monitoring. However,
challenges such as regulatory restrictions, limited battery life, and payload constraints persist.
Addressing these challenges will require ongoing research and technological breakthroughs.
This study underscores the transformative potential of evolving drone technologies in SAR
operations, paving the way for faster, more efficient responses, ultimately saving lives through
improved real-time decision-making and operational capabilities.

Contents
B 11 (T LT e} OO PP PPPTPTTORRPPPINE 2
UAV classification and design fOr SAR IISSIONS......cceuuuuiietituniiiiiiiie ettt ettt ettt e e et tenee e e erenae s eerannaeseereanaeseereanaeseereanassereennes 3
2.1.  Enhancing communication and deployment of UAVS for SAR MiSSIONS......cccteuuerieeienuerrerieniereeiieuereeteenereeeeeneeeeeeenaeneeeeennans 3
2.2, Multi-UAV collaboration for SAR MISSION ....uuuiiiiiiiiiiiiiiiiiiiiiiiiiiiiiii e e e et ettt s e e s s e e eeeeesessaassssssssssaaes 5
2.3.  Enhancing operational UAVs energy efficiency and performance ............ooocuviiiiiiiiiiiiiiiiiiiiiiiii e 6
3. UAVS SENSOT LECHNOLOZIES .. eereeeeiiiiiiiiiitiietiiiiiieeeeeese et eeeeeeeeteettertereerassaassaaaeeeesaesseesseseeeeeteetesnessssnsnsasnssssssssssessesseseeraessensesssssnnsnns 6
3.1.  Vision system.... 8
3.2.  Auditory system 8
3.3. LoRa and wireless sensor NetWOrk tEChNOLOZY . .....veeiuuuuiiiiiiiie ettt ettt ettt s e e reeae s e e reane s e e reanaeseereanaseneens 8
3.4, Cellphone SiGNAl AETECTION ..ceuuuerieiieneeeeetiu et ettt et ettt e e eettau e e eettnnaseettanaeseettenaesaeetennesseerennasseerennasseerennnsseeseenneseeneennensanes 9

3.5.  Technology of radar
3.6.  Sensors and technology IoT

* Corresponding authors.
E-mail addresses: caoq@inaoep.mx (C.O. Quero), carranza@inaoep.mx (J. Martinez-Carranza).

https://doi.org/10.1016/j.ijdrr.2025.105199

Received 17 May 2024; Received in revised form 26 November 2024; Accepted 8 January 2025

Available online 29 January 2025

2212-4209/© 2025 Elsevier Ltd. All rights are reserved, including those for text and data mining, Al training, and similar technologies.



