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Flight Test Evaluation of the ILS on the Mega-Float Airport
using the MuPAL- ¢ Research Helicopter*

Yoshinori Okuno *1, Naoki Matayoshi * 1, Koki Hozumi * 1

Kohei Funabiki * 1, Hirokazu Ishii * 1 and Hisashi Yokoyama * 2

ABSTRACT

Flight test evaluation of an Instrument Landing System (ILS) sited on the Mega-Float, an experimen-
tal floating airport, was conducted using the National Aerospace Laboratory of Japan’s MuPAL-€ re-
search helicopter. As a possible solution to the need for new airports, the Technological Research
Association of Mega-Float has been developing floating airport technologies and has constructed the
world’s largest floating marine structure offshore of Yokosuka, in Tokyo Bay, as an experimental
facility. This so-called Mega-Float has a runway measuring 1,000 meters long, 60 meters wide (the
entire facility is up to 120 meters wide), and 3 meters thick. Since the Mega-Float is constructed
mainly from steel, there is the possibility of electromagnetic influence affecting radio waves emitted
by equipment such as ILS transmitters, radio altimeter, and Doppler velocimeter. The ILS glide slope
radio signal, which is formed by both direct radio waves from an antenna and ground reflection waves,
is thought to be particularly susceptible to such influences. To investigate possible radio anomalies,
MuPAL-¢ conducted ILS approaches to compare received ILS signals with accurate position data
obtained from an onboard hybrid DGPS/INS navigation system. ILS sweep maneuvers that exploit
the unique flight capabilities of a helicopter, such as hover, vertical climb and sideways flight, were
also carried out around the ILS approach path. Some characteristic ILS signal errors were observed,
such as a periodic fluctuation of the glide slope signal and an asymmetric variation of the localizer
signal. Numerical analysis conducted by the Electronic Navigation Research Institute revealed that
these radio anomalies were mainly due to the diffraction of radio waves by the edges of the Mega-
Float structure, the control tower located beside its runway, and "dolphin" structures (piles to which
the Mega-Float is moored in the open water). The presented ILS evaluation method was thus demon-
strated to be effective for directly measuring the spatial distributions of ILS signal errors and clarify-

ing their causes.

Keywords :Helicopter, ILS, Flight Test
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Attitude Director Indicator
Automatic Flight Control System
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Differential GPS
Effective Perceived Noise Level
Federal Aviation Administration
Flight Management System
Global Positioning System
Glide Slope
Horizontal Situation Indicator
International Civil Aviation Organization
Internal Communication System
Instrument Landing System
Inertial Navigation System
Kinematic GPS
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Pulse Code Modulation
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Maximum Tone Corrected Perceived Noise Level
atmospheric pressure at aerodrome elevation
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Radio Altitude

Sound Pressure Level
Waypoint
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