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Quad-Tiltrotor VI'OL Drone for Autonomous Search and
Rescue : Design and Demonstration
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Abstract

Search and rescue operations in hazardous environments require unmanned aerial systems

capable of both victim detection and physical retrieval. This paper presents an end-to-end autonomous SAR
system based on a quad-tiltrotor VTOL UAYV architecture. Unlike conventional twin-rotor designs, our
distributed quad-tiltrotor configuration provides enhanced stability and redundancy. The system integrates
four subsystems: an active thermal management system enabling 22.2 minutes hover by reducing
temperatures from 70°C to 42°C; a vision system combining CNN-based detection with OpenCV precision
alignment achieving +0.31m accuracy; an autonomous winch-gripper mechanism with 500g payload
capacity; and a multirotor-stabilized gripper resistant to propeller downwash. Experimental validation
demonstrates complete autonomous missions within 15 minutes, including victim detection at 15-30m
altitude, precision approach, and mechanical retrieval. Flight testing confirms stable mode transitions with
40-minute total endurance enabling 15km range. Structural analysis shows maximum stress of 67.3 MPa
with safety factor of 29.7. The system completed field demonstrations at the Korea Robot Aircraft
Competition, validating practical autonomous rescue capability beyond detection-only systems.

Keywords: Quad-tiltrotor VTOL, search and rescue, physical retrieval, thermal management, autonomous

systems, object detection, Computer Vision
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[Fig. 1] Aircraft overall configuration diagram. fuselage FBD(Top),

airframe FBD(bottom).
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[Fig. 2] Aircraft overall configuration diagram, Quad-tiltrotor
deployment diagram. Distributed deployment of four tiltrotors.
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[Fig. 3: Airfoil performance analysis] - Airfoil shape before and
after optimization(top), Comparison of lift-to-drag ratio
characteristics according to angle of attack(bottom).
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[Fig. 5] Design of rescue gnpper module..
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[Fig. 6] Performing Rescue.

ek % meay vege] 9% ugs] 91

T2 wE Ul 7 Azgle] Bgse] Asolde g
=
[€)

SEHOR Aol oleld AL 7Ee £ 72
WAelA bl AFsstE BuA W 35E TFssi
g,
Table 1. SAR system performance
Metric Value Test Condition
Detection 95.7% 15-30m altitude
Accuracy
Alignment +0.31m Final  approach
Accuracy stage
Mission Time 15 minute End-to-end
operation(~5km)
Gripper Payload 500g Maximum load
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[Fig. 7] Mission system overview.
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