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Abstract

To address the discrete implementation and actuator-chain validation of pitch single-channel con-
trol for a bird-like flapping-wing aircraft, a nominal pitch state-space model is established under
explicit modeling assumptions. An STM32-based fuzzy self-tuning PID controller is designed with a
0.02 s sample-and-hold period, a £15° software limit for the elevator angle, 50 Hz PWM mapping,
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and a first-order servo model. Under identical baseline PID gains, sampling conditions, and actuator
constraints, 10° step response, sampling-period variation, equivalent input disturbance, and key-
parameter sensitivity simulations are conducted. Serial controller-in-the-loop, PWM mapping, and
no-load servo replay tests are also performed. The results show that, under the current nominal
model, the fuzzy PID controller reduces the overshoot from 6.6347% to 5.6455% and the settling
time from 1.0760 s to 0.8570 s, while the RMSE remains close to that of the conventional PID con-
troller. Within the 0.01~0.05 s sampling range and +20% perturbations of B (3) and 4 (3, 3), the
fuzzy PID controller generally yields lower overshoot and shorter settling time. All three STM32
validation stages obtain 101/101 valid acknowledgements, the PWM mapping error is 0 ps, and no
abnormal jitter, mechanical sticking, or obvious heating is observed during no-load servo replay.
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Figure 1. Simulink model for pitch single-channel PID and fuzzy PID comparison
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Table 1. Performance indices under 10° step input
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Figure 2. Step response and enlarged tracking error under 10° pitch command
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Table 2. Sensitivity results of 10° sampling period
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Figure 3. Pitch response and tracking error under equivalent input disturbance
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Figure 4. STM32 controller-in-the-loop and no-load servo validation platform
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