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Development of the robust navigation system without the GNSS by using the
air-data sensors under downwash and low-speed conditions for autonomous
helicopters
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To prevent the divergence of the GNSS/INS navigation system under the
GNSS-denied condition which is widely used for small helicopters, this research aims at the
improvement of the robustness of the navigation system by development of the airspeed sensor
(air-data sensor, ADS) and the airspeed sensor-based navigation system. The symmetric Pitot tube
with a bellmouth and two-dimensional ultrasonic sensors, and the three-dimensional ultrasonic
sensors are developed. The helicopter downwash model is designed based on the physical model or the
artificial neural networks, and the ADS/GNSS/INS integrated navigation filter including the downwash
model is developed. It is verified that the stability of the navigation and the flight control
system is able to be maintained for a moment during the GNSS-denied state by the proposed method
through the simulations and the flight tests.
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