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Quadrotors, due to their simple mechanical structure, high agility, and ability to
perform a wide range of aerial missions, have become one of the most prominent
platforms among vertical takeoff and landing (VTOL) systems. However, their
conventional configuration is underactuated and generates thrust only in the
direction perpendicular to the propeller plane. Consequently, lateral motion
requires the application of roll and pitch angles, which results in coupling between
translational and rotational dynamics, reduced pathtracking accuracy, and higher
sensitivity to environmental disturbances. To overcome this fundamental
limitation, this study introduces a novel fully actuated architecture that incorporates
a thrustredirecting arm with one degree of freedom, enabling independent
generation of lateral thrust components without interference from the
attitudecontrol subsystem. In the first stage, the new mechanical configuration was
developed based on conceptual design principles, and its complete dynamic model
was derived using the Euler-Lagrange formulation. This model features decoupled
position and attitude control blocks and increases the number of independent
actuators from four to six. Subsequently, for both subsystems, a sliding mode
controller (SMC) was designed and implemented to ensure high robustness and
accuracy in the presence of disturbances and model uncertainties. To evaluate
performance, simulation scenarios were executed in MATLAB/Simulink for linear
and sinusoidal trajectories along two horizontal axes at constant altitude. The
comparison results with a conventional quadrotor demonstrated that the proposed
configuration, without requiring roll or pitch maneuvers, tracked the reference
trajectories with 58% shorter settling time, 64% lower RMS pathtracking error, and
69% lower overshoot. Moreover, translational dynamic stability under lateral
disturbances was improved, and variations in attitudecontrol inputs remained
nearly zero. These quantitative and qualitative improvements, in addition to the
effective decoupling of dynamics, demonstrate that the proposed fully actuated
structure is a practical option for precision missions, flight in confined spaces, and
scenarios requiring high stability against disturbances.
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Table 1. Dynamic and physical parameters of the proposed fully
actuated uav.
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Fig. 15. Tracking of the proposed uav along the zaxis.
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Table 3. Comparison of performance indices of the quadrotor
and the proposed UAV.

Perl:c:];T:nce Quadrotor PrLoijo\s/ed Impr(c(;;:gment
RMS 0.3521 0.1245 64.64%

Overshoot 18.40 5.70 69.02%
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