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With rapid developments and an increase in demand 
for unmanned aerial vehicles (UAVs), control and guid-
ance techniques have become critical for the safe and 
e�  cient operation of UAVs. In this work, we (1) devel-
op a six-degree-of-freedom (6DoF) control system al-
gorithm in SIMULINK™ and MATLAB™ environments, 
(2) implement a path-planning algorithm for near-op-
timal trajectory generation purposes, and (3) experi-
mentally validate the suitability of the proposed meth-
ods using our in-house custom-built quadrotor UAV. 
We consider a quadrotor UAV that is required to � y 
from a known initial position through a speci� ed set of 
waypoints to a target destination using a pre-generated 
path. � e path-planning algorithm generates smooth 
reference trajectories that follow through a corridor 
between the waypoints. � ese reference trajectories are 
feasible for the required level of inertial acceleration, 
position, and velocity vectors making them realizable 
by the quadrotor. An optimal � ight trajectory genera-
tion method based on minimizing the fourth derivative 
of position squared over a � xed time interval (i.e., the 
minimum-snap trajectories) was tested against � ight 
trajectories generated using a Finite Fourier Series 
(FFS) shape-based method. � e FFS method is based 
on approximating time histories of coordinates using 
truncated Fourier series. � e coe�  cient of the resulting 
Fourier series is optimized using a non-linear program-
ming problem solver to generate minimum-acceler-
ation trajectories. MATLAB™ built-in non-linear pro-
gramming problems solver, fmincon, is used for � nding 
the coe�  cients of the Fourier series. Both methods aim 
to minimize the control e� ort (RPM of the four pro-
pellers) and to increase the operational range of the 
vehicle. Early results show performance evaluation of 
the control system following square-and circular-type 
reference trajectories within the simulation using both 
methods. Minimum-snap trajectories were also � ight 
tested and validated experimentally (Figures1-4).

As part of this research, a 6DoF dynamical model of 
the quadrotor had to be developed to capture a more 
accurate representation of the complex dynamics and 
motion. A cascaded 6DoF feedback control system was 
implemented with direct control of quadrotor position 
and attitude. Using step response and simple trajecto-
ries, all feedback control layers were tuned to achieve 
an acceptable time-domain performance. Necessary 
so� ware tools and lab infrastructure were developed 
for experimental testing on in-house quadrotors (Fig-
ure 5), including the radio telemetry link implemented 
in both C and MATLAB™ and remote feedback control-
gain-tuning technique. A manually tuned direct posi-
tion and attitude feedback control structure was used 
for all the proceeding studies, but preliminary steps for 
an automated gain-tuning routine were completed and 
additional research and development may lead to better 
results for both control structures when completed.

A general approach to � ight-path planning has been 
developed by incorporating the user-speci� ed way-
points or “locations of interest” and � ight corridor con-
straints to ensure the vehicle stays within the required 
bounds. Since the � ight path was computed outside of 
the simulation without the knowledge of the actual dy-
namics of the system, the resulting path was assumed to 
be feasible for the quadrotor to follow. � e simulation 
results have proved minimum-snap optimized trajecto-
ries to be both feasible and e�  cient given appropriate 
corridor constraints on acceleration, velocity, and posi-
tion. Since the FFS method is a� ected by the number of 
Fourier terms, our preliminary results indicate that the 
minimum-snap method o� ers a simpler approach from 
the user standpoint and requires less computational 
power. However, the range of change of the RPM values 
is smaller in the FFS method (Figures 6 and 7), which 
should lead to lower power consumption in practice.
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Jack has contributed substantially to the development of 
a multi-rotor � ight � rmware (called rc_pilot) to imple-
ment and investigate di� erent control and path-plan-
ning algorithms on di� erent small unmanned aerial 
vehicles. � e theoretical and experiment results of his 
research constitute the content of his extended abstract 
that has beensubmitted to SciTech 2022- AIAA Science 
and Technology Forum and Exposition.
-Ehsan Taheri, Aerospace Engineering
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