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Characteristic analysis of the occurrence condition of steep gradients in the ionosphere that

poses a threat for GBAS in Japan
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Since the Ground-Based Augmentation System (GBAS) uses the differential positioning by L1 frequency, steep
gradients of ionospheric delay differences between the airplane and ground station of which scales about several tens
of kilometers are the main threat of the GBAS.

In the low latitude region include Japan, it is thought that the equatorial plasma bubbles (EPB) induce such a steep
ionospheric gradient.

However, it is not clear under what conditions it develops into a steep slope that may pose a threat, and on the
correlation with parameters such as the width and speed of the slope that cause such conditions.

ENRI has been developing an ionospheric threat model optimized for GBAS optimized for

the low magnetic latitude to mid latitude region include Japan using GEONET data.

In particular, the single-frequency-carrier-phase based and code-aided technique which is not subject to the frequency-
biases [Saito and Yoshihara, Radio Sci., 2017] to estimate ionospheric delay variations and for the auto detection of
plasma bubbles candidates. In addition, dual-frequency observations for ionospheric delay variations are also used for
the speeds and spatial scale analyses of the ionospheric gradients [Saito and Yoshihara, Radio Sci., 2017].

This paper presents the analyzes of the conditions of the parameters of gradients when the steep ionospheric gradients
occur. Plasma bubble structures when such steep gradient occurs is also analyzed.

M - RIER AR Y R 7 LA (GBAS) Y 27 ATk, 1 BEEHA VT4 7 7L v vy VIRV SNTE D, b
J:EE(EUJ*EEE‘;L M DT & 7s BEEEE T AR AR S 2 & GBASIEH FOEZE L 7t 5, HARFHEIC B W T,
EEEHIRIC BT 2 77 X "7 A5 R TRIE, km ANICA 2 X5 AEEBIEAAER ST IC 2 IciEyS T
DEBEEZONDD, EDXIBEFICBEBCTERBERVED X RARNRICHKET 2D, if’fc@i PRAE S
a5l R F X5 BARDIRCHEHEF DT A — 2 & OHBIZIHIE TR,
%.E%}ﬁﬁiﬁﬁ%%ﬁﬁ (ENRD T3, HADNLE S 5 PR > O (KA7EE O BEEEHR O EBFHIRIC B 10 5 GBAS D720 D
BHEE T 7 v O IcHL Y fHA TH Y . GNSS BUHE % T, GBAS I8 2 5.2 9 2 7 7 X< N7 & il
He A7 =3 4 RED AT — X 2B EAT S T TR 2 BAF UM 2 940 L € & 7=, BARmIcix, BRI N4 7
A DB % Z T v L fnﬁ@&%ﬁﬁb)f Slngle Frequency Carrier-Based and Code-Aided i%[Fujita et al., JAAA,
2011; Saito et al,, ION GNSS 2012 | ic X Y ERfEEEE B2 HEE T 2 L & b ic, 2 JEREH %Fﬁb’f:“ﬁﬁlﬁk
IR @J’E%Uﬁﬁ L B ELE’?@E@"‘ZFEJX&‘—» HE DA B fEHT [ Saito and Yoshihara, Radio Sci., 2017] %47
S>TW5,
AMETITINE COMBTTHB I N8O A XY Mo WT, ARDOIERCHEE R EORELZRT T A —%
ZHWC, BB AANRSRET IRKEEZ NI FEICOCTHTEITVWEHRET 5, FRARAREZEDA X
VMIOWTHRERD 7S X7 LOHIKLIT,



	R010-19

