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Abstract  

Emergency landing for multicopter UAVs in cluttered, unknown environments demands rapid terrain assessment and 

trajectory planning under strict time and computational constraints. This paper presents a 3D LiDAR-based system 

that integrates a searching algorithm to identify safe landing sites, and employs a path planning method for trajectory 

generation. The planner ranks site–path pairs and selects the best trajectory, which is evaluated via a multi-criteria 

scoring function that weights computing efficiency, path optimality, safety, and landing quality. Extensive experiments 

across multiple scenarios achieve the highest emergency score for both path and safety metrics. The framework 

delivers a robust, real-time solution for autonomous emergency landings, balancing rapid decision-making with reliable 

safety margins. 

Keywords: Uncrewed Aerial Vehicle, safe landing, path planning, autonomous mobility 

Ⅰ. Introduction  

Uncrewed aerial vehicles (UAVs) are increasingly 

essential for sectors ranging from urban logistics to 

disaster management due to their superior mobility 

compared to ground platforms [1,2]. However, 

achieving full autonomy in these domains requires the 

tight integration of safe landing capabilities with 

obstacle-avoiding navigation—areas that existing 

research predominately treats as separate problems. 

Current systems often rely on simplified vertical 

descent strategies or sensors with limited 

environmental perception, such as cameras and 2D 

LiDAR, which struggle to identify safe landing zones in 

complex 3D environments or under low-light conditions 

[3,4]. 

To address these limitations, this paper proposes a 

unified framework designed for safe landing and 

navigation in emergency situations. By utilizing real-

time 3D environmental mapping, the proposed system 

simultaneously identifies flat, stable landing sites and 

generates collision-free, energy-efficient trajectories 

to reach them, moving beyond the constraints of simple 

vertical descent. This integration ensures that UAVs 

can dynamically navigate around obstacles—such as 

overhanging structures—while securing a safe 

touchdown point, significantly enhancing mission 

reliability and safety in unpredictable real-world 

environments. 

 

Ⅱ. Proposed System 

The framework establishes a standardized pipeline 

for UAV emergency landing, comprising four phases: 

point cloud down sampling and ROI extraction, 

algorithm-agnostic landing site detection as presented 

in algorithm 1, 3D occupancy map construction, and 

path planning with multi-criteria evaluation. As outlined 

in the integrated framework algorithm, the system 

identifies candidate sites satisfying geometric 

constraints and subsequently generates trajectories 

using two complementary planners—RRT* for 

exploratory sampling and A* for refining dynamically 

feasible paths. This dual-planner approach evaluates 

reachability under fixed compute budgets, recording 

metrics such as runtime and obstacle clearance to 

expose trade-offs between exploration and local 

optimality. 

 
The procedure begins by preprocessing the input point 

cloud through down sampling and extracting a Region 

of Interest (ROI) centered on the UAV's initial pose. In 

the first phase, the system detects candidate landing 

sites  within this ROI using a specified detection 



algorithm, terminating immediately if no suitable sites 

are identified. Subsequently, a 3D occupancy map is 

constructed from the down sampled data to serve as 

the environmental model. During the planning phase, 

the system iterates through each candidate site to 

compute a trajectory from the start pose to the site 

center, evaluating specific metrics such as runtime and 

clearance for every site-path pair and storing them in 

a list. Finally, the sites are ranked using a weighted 

scoring system, and the framework returns the ranked 

list along with the feasible trajectories for the top 

candidates as presented in Fig.1. 

 

 
Fig.  1. Safe landing candidate and path 

 

 

Ⅲ. Conclusion and Future Work 

The framework's standardized approach for 

algorithm evaluation provides a valuable contribution to 

the field, enabling systematic comparison of detection-

planning pairs under emergency constraints. The 

demonstrated balance between speed, safety, and 

computational efficiency establishes a planner as a 

robust foundation for next-generation autonomous 

emergency landing systems in multicopter drone 

operations. Future work should focus on expanding the 

framework to handle dynamic obstacles, integrating 

machine learning-based terrain classification, and 

validating performance across diverse environmental 

conditions. 

 

ACKNOWLEDGMENT 

This work was supported by the National Research 

Foundation of Korea(NRF) grant funded by the Korea 

government(MSIT) (RS-2025-00553810, 50%) This 

research was supported by Basic Science Research 

Program through the National Research Foundation of 

Korea(NRF) funded by the Ministry of 

Education(2018R1A6A1A03024003, 50%) 

 

 

 

 

 

 

 

 

REFERENCES 

[1] X. Dai, J. Tu, and Q. Quan, “Safety assessment 

approach to uavs based on profust safety index and hil 

simulation,” IEEE/ASME Transactions on Mechatronics, 

vol. 29, no. 5, pp. 3336–3347, Dec. 2023. 

 

[2] J. Lim, S. Pyo, N. Kim, J. Lee, and J. Lee, “Obstacle 

magnification for 2-d collision and occlusion avoidance 

of autonomous multirotor aerial vehicles,” IEEE/ASME 

Transactions on Mechatronics, vol. 25, no. 5, pp. 2428–

2436, Oct. 2020. 

 

[3] E. Sald˘ ıran, M. Hasanzade, A. Cetin, and G. Inalhan, 

“Ensuring operation time safety of vtol uav: 

Autonomous emergency landings in unknown terrain,” 

IEEE Transactions on Aerospace and Electronic 

Systems, pp. 1–15, Jan. 2025. 

 

[4] J. Gonzalez-Trejo, D. Mercado-Ravell, I. Becerra, 

and R. Murrieta-Cid, “On the visual-based safe landing 

of uavs in populated areas: Acrucial aspect for urban 

deployment,” IEEE Robotics and Automation Letters, 

vol. 6, no. 4, pp. 7901–7908, Oct. 2021 


