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Designing optimal Robust Guidance and Model Predictive controller
for Mono-Wing Aerial Robot by the Maple Seed Tree Inspired

Iman Shafieenejad

Abstract

This research concentrates on the design and development of a single-rotor aerial robot inspired by the
maple seed. The objective is to provide an efficient system for precise missions with autonomous
capabilities. The robot, equipped with advanced sensors, intelligent cameras, and artificial intelligence
algorithms, is capable of stable cylindrical flight, navigation in confined spaces, and accurate data
collection. The system's dynamic equations were extracted, and an optimal control strategy was
formulated using the pseudospectral method. To ensure robustness against environmental disturbances
such as crosswinds, a robust optimal guidance system based on a neuro-fuzzy model was designed.
Additionally, a model predictive controller (MPC) was developed to predict future states and optimize
inputs in real-time. This combination ensured the system's accuracy and stability under challenging
conditions. Simulation results demonstrated that this robot, with its optimal energy consumption and high
resilience, is a suitable option for sensitive operations such as search and rescue. This research represents
a significant step forward in the development of intelligent and sustainable aerial systems.

Key words: Aerial Robot, Mono-wing, Robust Optimal Guidance, samara, Model Predictive Controller
(MPC)
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Mass: 3194.67 grams
33171248
Volume: cubic millimeters
Surface area: 143345.01 square millimeters

X= 75.65(millimeters )
Center of mass: Y = 892.89 (millimeters )
Z = 541.42(millimeters )

Principal axes of inertia and
principal moments of inertia:
(grams * square millimeters )
Taken at the center of mass:

Px = 506691931.00
Py = 531640348.73
Pz = 622858532.15

Ix = (0.91, 0.28, -0.32)
ly = (-0.42, 0.51,-0.75)
Iz = (-0.04, 0.81, 0.58)

Moments of inertia: (grams * square millimeters )
Taken at the center of mass and aligned with the output coordinate system. (Using positive tensor notation.)
Lxx = 511286527.98 Lxy = 9443615.88 Lxz = -4922168.39
Lyx = 9443615.88 Lyy = 590174930.76 Lyz = -45203947.88
Lzx = -4922168.39 Lzy = -45203947.88 Lzz = 559729353.15
Moments of inertia: (grams * square millimeters )
Taken at the output coordinate system. (Using positive tensor notation.)
Ixx = 18404027042.89 Ixy = 1830023994.80 Ixz = 1343876139.53
lyx = 1830023994.80 lyy = 7217754549.19 lyz = 8513289921.40
Izx = 1343876139.53 lzy = 8513289921.40 |zz = 12398728537.53
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