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Attitude-aware Second-order Conic-constrained Trajectory
Optimization for 6-DOF Quadrotor Precision Landing

rRAAFE-AF
Sung-Jin Noh', JunGee Hong', Kwang-Ki K. Kim'

Abstract: This paper presents a trajectory optimization framework for six-degree-of-freedom (6-DOF)
quadrotor precision landing that employs second-order cone (SOC) constraints to guarantee safe and
physically realizable flight trajectories. Precision landing in confined or cluttered environments
requires adherence to strict geometric and actuator feasibility conditions, such as maintaining
approach angles within a landing cone and limiting thrust vector tilts defined by the fixed-motor
configuration. However, directly embedding these nonlinear constraints into trajectory optimization
remains challenging, as traditional inequality relaxations often degrade accuracy or increase
computational burden. To address this, we develop a quaternion-based SOC-constrained trajectory
optimization framework that explicitly enforces both a landing-cone constraint for safe approach
geometry and a thrust-tilt constraint for actuator feasibility, solved efficiently using interior-point
methods. Extensive simulation and hardware experiments with a Crazyflie 2.1 quadrotor equipped
with Lighthouse positioning validate the proposed approach, demonstrating reliable precision landings
and robust recovery from large initial attitude deviations. The results underscore the importance of
explicit SOC constraint enforcement for achieving safe and autonomous quadrotor landing operations.

Keywords: Trajectory Optimization, Second-Order Cone Programming, Quadrotor Control, Precision
Landing, Interior-Point Methods, 6-DOF Dynamics
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[Table 1] Aerial vehicle and simulation parameters setup

Mass, m 0.027 kg

Inertia Matrix, J diag(1.66,1.66,2.92)-10"°

Gravity, g; [0,0,—9. 81] T m/32
Cost Weights w, w,, 1x10°%),1 %100
Prediction Horizon, V 100 (steps)
Timestep, At 0.1 sec
Total Test Time, 7° 10 sec
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[Fig. 2] Crazyflie Lighthouse setup: three base stations and a
geometrically arranged sensor deck enable fully onboard 6-DoF
pose estimation™
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[Fig. 3] Optimal trajectory visualization: The red line shows the
optimal trajectory computed, including position and orientation
of the quadrotor, with visual indication of the landing cone
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[Fig. 4] Gazebo simulation tracking: Capture of the Crazyflie
tracking the planned trajectory full state in a Gazebo simulation [Fig. 5] Trajectory comparison: optimal planned trajectory (red),
environment Gazebo-simulated trajectory (blue), and hardware execution (green)



106 =35}3) =377 #2138 4|13 (2026. 3)

[Fig. 6] Trajectory tracking snapshot: Hardware experiment showing
a Crazyflie 2.1 quadrotor trajectory using Lighthouse positioning
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[Fig. 7] Hardware experiment tracking error results: Box plot
illustrating the distribution of position and attitude tracking errors
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the SOC thrust constraint (top), the vehicle regains nominal
orientation; without the constraint (bottom), it fails to do so
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