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Flight Test Evaluation of DGPS Installed on NAL’s Research
Helicopter MuPAL-¢ *

Naoki Matayoshi * 1, Yoshinori Okuno * 1, Hamaki Inokuchi * 1

ABSTRACT

This paper presents the results of flight test evaluation of the DGPS (Differential Global Positioning
System) installed on the MuPAL-£ research helicopter of the National Aerospace Laboratory of Japan
(NAL). This system provides accurate aircraft position data, whose specification is 1m horizontally
(10). Two different sources of DGPS correction data can be selected: NAL’s GPS ground station via a
UHF telemetry system, or a medium frequency radio beacon signal from the GPS ground stations
operated by the Japan Coast Guard (JCG), which are originally designed for ships’ navigation. Since
27 JCG stations provide coverage all around the coast of Japan, no additional ground facilities are
required except when operating in mountainous areas. Off-line kinematic GPS (KGPS) data and a
laser tracker system were used to provide reference data to verify the DGPS positioning accuracy.
The following results were obtained: 1) The DGPS positioning accuracy using NAL’s GPS ground
station is 0.4m horizontally and 0.9m vertically (95%) in steady flight conditions. 2) The influences of
the following parameters on the positioning accuracy were clarified: PDOP (Position Dilution of Pre-
cision), flight altitude, flight speed, and baseline length. 3) The JCG DGPS stations were found to be
useful for helicopter navigation because their correction signals were received stably throughout the
flights and the positioning accuracy is much the same as that of the NAL’s ground station. 4) Multi-
path receptions are caused by the obstacles around the MuPAL-¢’s GPS antenna such as a main rotor
and engines, which degrades the pseudo-range accuracy by 1.0-1.5 m. Signals from low elevation GPS
satellites are even blocked by these obstacles especially during a turning flight.

Keywords : Helicopter, Flight Test, Differential GPS, Kinematic GPS, Laser Tracker
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i S
C/A : Coarse and Acquisition
DGPS : Differential GPS
GPS : Global Positioning System
INS : Inertial Navigation System
KGPS : Kinematic GPS
MuPAL : Multi Purpose Aviation Laboratory
NED : North-East-Down
PDOP : Position Dilution of Precision
RINEX : Receiver Independent Exchange Format
RTCM : Radio Technical Commission for Mari-
time Services
SA : Selective Availability
SSD : Solid State Disk
UHF : Ultra High Frequency
WGS84 : World Geodetic System 1984
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