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Self-learning Control for Flapping-wing Air Vehicles With Variable Learning Intensity

ZHANG Cheng-Xi' LU Rui-Qiu' LI Quan® WU Jin®* XU De-Zhi!

Abstract To address the issues of nonlinear dynamics, model uncertainties, and limited computational resources on
embedded platforms in flapping-wing air vehicles, this paper proposes a customizable variable learning intensity self-
learning control method. The proposed method learns from historical control information and is based on a single al-
gebraic equation, avoiding complex controller designs while effectively improving trajectory tracking accuracy and
system robustness. For the flapping-wing system, a custom function is used to adjust the learning intensity, enhan-
cing the system’s dynamic response speed and steady-state performance. Simulation results demonstrate that the

proposed method maintains low computational complexity while achieving superior control performance.
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Table 1  Simulation parameter settings
ZH HE ZH e
m 0.5 ke Ep, pos 1.2
g 9.81 m/s’ kd, pos 1.3
¢D 0.10 s ko 3.2
c 26 R 6.0 m
np 17 w 0.20 rad/s
Ly 0.04 H Zret 5.0 m
Ry 0.08 Q Ep, = 4.0
B 0.001 N ka, = 3.0
ke 0.06 V-s/rad ki, o 40
ki 2.2 N/rad kp, o 2.5
kr 0.65 N/rad Qi 0.592
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N 2
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0 Non-SLC
Fixed-SLC
-2 ——VLI-SLC
Proposed SLC
=5
0 0 0
‘/I,/Ib ? -5 Y [

Bl 1 b3 AT SRR = 428 8] rp AT SR L
Fig.1 Comparison of the flight trajectories of
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