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R&D of onboard safety avionics technology to prevent
turbulence-induced aircraft accidents
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With a view to creating the world’s first system of its kind to improve the
safety of passengers and crew, JAXA is conducting research and development
of onboard safety avionics technology to prevent turbulence-induced aircraft
accidents (SafeAvio) that uses Doppler light detection and ranging (LIDAR) to
detect turbulence in advance and automatically control and suppress the
lurching of the aircraft.

We are developing an onboard Doppler LIDAR system that uses laser beams
to measure backscattered light from aerosols (fine particles such as water drops
and dust suspended in the atmosphere) forward of the aircraft to be able to
detect and warn pilots of clear-air turbulence. And based on the information
on the detected turbulence, we are studying technology (a gust response and
mitigation algorithm) that will automatically reduce the lurching of the aircraft.

If this kind of technology were introduced, it could, for example, sense
turbulence forward of the aircraft during a landing approach, sound an alert
before the pilot proceeded into the hazardous area, and enable the pilot to
safely abort and retry the landing. In addition, when cruising, by analyzing
the turbulence forward of the aircraft, the aircraft could be controlled to
automatically reduce its lurching when encountered with the turbulence. This
would not only reduce turbulence-induced in-flight accidents, but could also
make it possible to provide a comfortable environment in which passenger
sleep and on-board services would be free of interference.

JAXA will further advance this world-leading, state-of-the-art technology
that is currently under research and development with the aim of having it
equipped on commercial passenger aircraft in around ten years. And with a
view toward the realization of future aircraft that prevent accident and are
safe and comfortable, JAXA technology is expected to contribute widely to
society at large.
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How the turbulence-induced accident
prevention system works
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The Doppler LIDAR emits laser beams forward of the aircraft and picks up
light backscattered by aerosols in the atmosphere. The wavelength of the
backscattered light will change depending on the airflow and due to the
Doppler effect, enabling the wind speed at a distant position to be known.
By radiating the laser beams in two directions vertically, the airflow
turbulence is measured in detail, and that information is fed to the computer.
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By using the airflow information obtained from detection forward of
the aircraft, control inputs are calculated that will enable the aircraft to
fly into the turbulence without lurching. On normal autopilot, the
calculation would only reflect the current state of the aircraft, but by also
using airflow information forward of the aircraft, it is possible to calculate
control inputs that can fully counteract the effects of the turbulence.
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The computation results of the control are transmitted to the

actuators which move the flight control surfaces in preparation for the
airflow turbulence to reduce the lurching of the aircraft.
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king aircraft safer and more reliable with SafeAvio
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