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ABSTRACT

The quasi-zenith satellite system (QZSS) provides sub-meter level augmentation service (SLAS) to improve the positioning
accuracy of single-frequency GPS L1 receiver users. The SLAS correction consists of differential GPS information (DGPS)
and the corrections are transmitted via quasi-zenith satellites (QZS). The DGPS correction reduces the effect of pseudo-
range errors due to satellite orbit, clock and atmospheric delay errors. Thirteen SLAS reference stations in Japan generate the
correction data. The performance of the DGPS correction depends on several factors, including location of reference stations,
distance between the user and reference station, etc. The long-term performance of the SLAS corrections was evaluated by
processing data over a five-year period (2019-2023). The SLAS corrections were applied to GPS observations at the IGS stations
in Japan and the positioning accuracy was evaluated. The correlation with the ionospheric activity and the latitude of the SLAS

reference stations was also evaluated.

Keywords: GPS, GNSS, QZSS, SLAS, DGPS

FR0{: GPS, H4FHAILE, A LH, METEF BPAE L, AEEF

1. INTRODUCTION
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N7 AT FhoR £ D 229X 03 2k HHE R
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o] PP A A FsH] sl A Al
GPSete] =& S3Md& Fall & AdollA] k= o]
2 AEsich QZSSE 914 AFEIE 247 o
=]

MCCO)2} 7719] &4, {7A=4 L W (Tracking, Telemetry &
Command, TT&C) AHo|A, 18|11 307 o]Are] RYE™ A
Elo]d& 245k Qloh. P2 QZSS&= 3719] HAATE7HE
(Inclined Geosynchronous Orbit, IGSO) YA} 17]19] A|FLA ]
A= (Geostationary Orbit, GEO) £J4d 0 2 JLAIE]o] 9] o] o]
2T HiX]= P& T 1 Aol FAR AR FHAHAE
AFsk7] sl A= Ik (Sakai 2020). IGSO Y& Y& 4
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Fig. 1. QZSS 7SV constellation ground track.

+ gl 7lofgict GEO §142 1| fx]ollA 433t 7t
A& FAsH, ol gt Y4 vl = At 24 F N9 9ol
Q3 ALl SINFHES wAslel 2157} Ahehd e Al A

St QZSSE @R 4719] Y02 =t Qlont, 2026\
742 3719] 27} 9l HALE Soll % 7719) 914 (47]9] 1GSO%t
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o7 o]tk (Keniji 2023). 0] & &5l QZSS+= GPS glo] BHEo 2
& 2 YA AMHIAE AT 2 e AAE st o
oln, ofaJot-Q Alotjo} 2 Hute| A B & FFAE X
d s AL Al eltk FOCE 243S wie] 7t 91449 7
AU Fig. 13k 220, {2 &8 F21 A5 20263714
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3719} GEO 914 17]0f|A4] FAloll A=, Y& Aol 2 o
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= 7129 994 714F B AJAH] (Satellite-Based Augmentation
System, SBAS)zH= &E], IGSO YA ME BAH
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4 glof AYH oo} 7| F 2O QI3 415 Ak 7k
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£ AFs, ol ALY, T S L EF SO okt £

opollA] S Q23 A& FH} (Kenji 2023).

SLASE H| 2%} QZSSe| ud B4 Au|AE 2024 78 T
L b= e 2 Al2E 2 9ok Multi-GNSS Advanced Orbit
and Clock Augmentation Precise Point Positioning (MADOCA-
PPP)o} Zh-2- A 91| B4 AH]AE 10 cm 459 &2 1A%
ST 9AS 4 9lon, B3] sk W Akt x|t e GPS2)
BEET}t oA AGoME Hold Ad5& AlFeh (Japan
Cabinet Office 2022). QZSSE E3F Al3 Q15 AH|A (QZSS
Navigation Message Authentication, QZNMA)E S35l AFEF 3
Zof| ek A& Askelalon, & S5 FE 9148 AHlA~
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Table 1. QZSS signal and service according to satellite (Sakai 2024).

Frequenc . . QZS-1R QZS-2/4 QZS-3 QZS-5 QZS-6 QZS-7
(I?/IHZ) V. signal  Service IGSO IGSO GEO IGSO GEO QGEO
L1C/A Positioning [0} [0} [0} - -
QZNMA 0 0 0 - -
L1C/B Positioning [0} - - [0} (0} (0}
QZNMA 0 - - 0 0 0]
1575.42 L1C Positioning (6] (6] (6] (6] (6] (6]
QZNMA o [0} [0} [0} 0 (0}
L1S SLAS (0] (0] (0] - -
EWSS o [0} 0 - -
L1Sb SBAS - - (0] - (0] (0]
1227.60 L2C Positioning (6] (6] (6] - -
L51/Q Positinoing O (6} (0} (0} 0} (0]
1176.45 QZNMA (0] (0] (0] (0] (0] (6]
L5S DFMC SBAS [0} [0} [0} - () 0
L6D CLAS (6] (6] (6] (6] -
MADOCA - - - - (0] (6]
127875 165 mADOCA 0 0 0 0 0 0
QZNMA (0] (0] (0] (0] (0] (6]
2 GHz-band S Q-ANPI - - (0]

Fig. 2. Location of SLAS reference stations.

(Emergency Warning Satellite Service, EWSS)E 7|5} ofA]
ob-2Aobtiol x| o] At Frelof ok e F|ofa o4
olc}. olf3t QZSSe] Thareh AulA BHake 1w 93] Hi A
B QP43 1B E ol F]ofale. Table Iof QZSS
o FOC 24 & A% 4150 mhe AH| A2 Helsloict (Sakai
2024).

2.2SLAS XMZ 2

QZSS SLAS+= DGPS "4 9] oakA 2] A& F3ll A/ HrlE
T £ JAFHEEE AFshs Alago|th o] AH|AE Y
Hol 22 24 (Qausi-Zenith Satellite, QZS) ==
HE AFSRolA A Agsle] X2 Eol= g
(Japan Cabinet Office 2024a). GPS == QZS AT+ Tf
A expet A= D AlA xtof] olaf effE 4= 9lom, o]
A G AYef] 23 SLAS 7|&=-& 56'H HAH o
7 dlolels QZS $14dS S8l AFgAlNAl AEEH, ol&

H%

rol' O_A..

o N o

o}m_rsﬂrﬁ
o ]-oAjLo?.im

Fig. 3. Service area of the SLAS (Japan Cabinet Office 2022).

AxFA o] FU=7} A FArECh

SLA 2l
AR RS Hsl T 13709 7S Pk /e, o] 7I&

£o gre] mYEot ASE AL BE LSS ujx| s
o] Qlt} Fig. 204 & 4= 9)50], Sapporo, Fukuoka, Kobeo} Z+
F8 TAo 7|&E=o] 9|5}l 9l oni, Miyako, Chichijima

2 A5 7|E=o] Aol Y8 Aol A o3 3
B MqUIAE A3t o]2gt 7= viX] &= AFHEAE o
Aol A=A A2 _‘?_Zé ASE FAIE & EE 5},
SLASE o] &3t 912] &4 ] Fehdat Al 8l/d-& B2zt (Japan
Cabinet Office 2024b).

SLASE 92 Hofo] 24 PHHS 947 A AHlAE AT
Sk, Fig. 30 A A3} Zo] Zone 13} Zone 22 JLE-E A{H|
A QoA 742t £ 1m, 2] 2 m oo} = 2 m, 2] 3 m
oJuje] 95% Circular Error Probability (CEP) @ X}= HAFSc,
SLAS ¥4 djo]e]:= 20179 3YEE| QZSS Public ArchiveE &
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Table 2. SLAS message type information (Japan Cabinet Office 2024b).

Message type Message data
0 Test mode
43 DC report
44 DCX messsage
47 Monitoring station information
48 PRN mask
49 10D information
50 DGPS correction
51 Satellite health

ol gL glom, 20224 39e] QZS-1 $140] QZS-IRE
AEo] 14291 B4 Hlo]e] A Fo] o] oA Yk,

SLAS®] A5 72 GPSe} B3 L1 o] Al&sle] BE
QzSS Sl U HolFlE £41T0.2 GrS 41716}
o] 5 e HATT RAERE 2% 1Moz AdEn, 7)E
41 AR 3025k} ARG, SLAS dlolel

time of week, L1S HA|Z] S2o] YHE T35} 16714 H]-O]U]ﬂ
FAo B AlFgEm, o|& sl EYHYRE 25T 4+ ook

SLASE 17 243} D15 chreh oiAlA k9] (Message

Type, MT)2 Foll AF&AIIA Bt HHE A&kt MT 02
SLAS 1135 $4lohe f1do] HIAE A|iYS vehie, of |
AAE FAD 739 6027t s 9144 AX A 2ol A Al

O

Sk MT 478 Q2 ) 137 7123 5 S09) 913 Ju8 3ts}
ol RAHNE YASH AAF 71 E5e] AR AT MT 48

S 7}A1$J4d 2] Pseudo Random Noise (PRN) ufA T AR5 A5
slo] A 24 ElolE S HAIsHs 914 S AERICE MT 49 7}
Al YA 9] Issue of Data (IOD)E E$tslo] BAA R O] HAIANS
Zolstct, MT 502 DGPS B A ZHS 315t a7 e AR

£ AlFste] At 7S] A8 Ads BRIt MT 51
o] el ARE AlwobH, 4 A ] 1/d& AlatellA Al
25L& Rith. Table 20f SLAS B | wA|A] $7E 4
ST

SLAS HAA H. =
Aiste] A5 Fhofl BE 7HSAE Bttt i A
Qlc}. oluf A W] 7H Uak B4 94 A5 95
Abo’o] AR AR EH, X QX HE dX AR5 (Least
Square Solution)S E3l 4] (Dx} ZHo] 3t} (Japan Cabinet
Office 2024b).

=

M pb o

p

dX = (HTWH) *H™ Wy (1)

o714 dxi 91X 2h HE, H 715} A,y 24 E oA
2 Lrehel, wis 7HEX] Agolch 03

2 3% 623 AY 2, A2 0, $417) wolz 24
2

2 Anken, 4] (2)2F Zo] EAH

2 _ 2 2 2 2
g = apr.carr.i + Oiono,i + O-multipath,i + Onoise (2)
OAtAE] Bk Ei}%%}«‘l e SLAS7F Al F5H= <JA}

Ui, 54 Al e] E4o] ufe}
Sl AkkEl, ELE $he] nwzt
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ELj\?
<a0+a1e Th0>
2 —

Upr.corr.i - n + a% (3)

3714 a,=0.16, a,=1.07, a,=0.08, Th,=15.5, n=19] 7}-& A}&3ic}
(Japan Cabinet Office 2024b). K 2]Z& 2| @ x}e] 9 x}LEAL
o Ml Z0] AU R el meh sk Al |91E )
°§ s, AbgRke] ol AE|Fo] EAS auisle] 4] (4} 2

o] AlAkeITh
Jizt)no,i = Fpp,i X o-vig (diSt + ZTVair) (4)

od7|A F,, = A0 31, 0,,=0.004, dist= 71 %A} 7F
Ago]7] =100, v,,=0.070]t} (Japan Cabinet Office 2024b). T}
TR 2ate] eAbgEA GmulnputhtL ANE7} ¥ H2E 9]
41710 EEElHA] A S O X1E whedsh, B4 22 jE
ARA|7E 2 oAl a5ttt o) 4l (59)F Foll A4k

O witiparn, i = 013+ 053¢0 (5)
mpAEre 2, 4417] o2 QA FEAY o,

o W ol 22 I3k 934E Uetled, A2ge] 7
0,01.=0.112 A =t} (Japan Cabinet Office 2024b)
ole} o] /Y o4} FEARS T T, ol F
el 2 150 200 ok 13 78 41713
T} o] & B3l SLASE &Pt 2 4159 ¢S
2 Q5o B8 7HEXE Holghoma uoh
HssiA ek 27hE, Ag FN 1R Ee
P&23te] 72] 2olo] we} 71EA S 25 A ahe H
[RE o1 g on;} 7|&9] 93A7] 7].311 ]:I}-/k] o 7]5___.—113_]_
AR B ESE 5L NEAE Rofsht], o5 Aj4Ieh
2 Ag]of| 718Kk 24> T 5 AMESH] 7| E =2tk 7131 ztole]|

W2 5 E 6% AT A 4 Ak (Tae et al, 2015).
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3. SLAS HEHH EM
3.1 2EEE &Y 24

20234 1 Qél 0101] o
—4*}71 g 5

H.9] Hitachiota 7]&=-o]|A] $=41% SLAS
% _‘l,ﬂ__/\ 5].04 7&*]-75_]. H]-H71—oﬂ tq.E 1:1;<471-

en e A3 1103_% sl 5E SAYHES zﬂ+
ol & ol TS Bl el YA

A]—ﬂ A eHe 10"_,_ g,;go}oq ol o]/\]—_,] ﬁA}_I% 7 AlBEre
) gjAre 2 3193 o, skyplot Eh85}0] BFoJzta} 7 ALz
2 uAzre] a2 A|ztslslict
SkyplotZ &l -zt ZdAtztol] whE Hitachiota 7] &=
A X" A AR BAZre BxE Aztslst AT ZHArzbe]
L;O]-X] +2 0 ——4/\]’743] H7g7ﬁl—0] »g—Z_:} o] %7}—5—]'_\5 %;g o] qu_L)i_
t}. Fig. 4= Hitachiota 7| &=o||A]Q] 1U7F B 7 37 WFS



Fig. 4. SLAS correction magnitude skyplot at Hitachiota station (unit: m).

Fig. 5. Daily variation of SLAS correction magnitude and GPS ionospheric
delay at Hitachiota station (2019-2023).

UeRi], e Aarzteld dait delZat s
7)7} Zoixo, 0] weh A5} o B el 77] vhol
olape] B gkl AXE Ao R st

3231 HYEE B A

r-III

A3 A3 SLAS B R ] AiAE =elshr] flsf,
2019 2 & 2023¢71#] 5d7Fe] Hitachiota 7|&= R HE
AR AE)E A A7]= 715 $1X]ollA41¢9] Klobuchar
model 42 A= A AZHS AFHEsITh Fig. 50 UeRd viel
Zro| SLAS A7k} A S 2|1 27)1& A7t wet v 23t 2
T} 202238 E 2023714 A2 & 2 ¢do] o & 77 E
zre] wisk opatol oS AR LrERt). o]2i3t §AA L Fig.
604 ©f "ekslA EIe 4 Ql L, 7 gk Abe] 9] AHTAl = 0.81
2 o A UebETh o]2igh ks SLAS BRI HeF
Aol PFE A WAL qler, SLAS BAghol ke eaf o
& 5 ARA MEEdE 7P oA vhdshes Aol AEE A4
°l-2 Hoj&r} (Kim et al. 2024).

%o whE SLAS Lﬂ_"éxé‘ﬂ%%@ﬁ A3}, SLAS R H =
He)Zo] 3714 WET $ARE LS Holn, B3] 29I X
ol el 0} HE el 27 Soehe Aol Al
ek ol FAHolE d& Ul e AT AR ohE f=
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Fig. 6. The correlation between GPS ionospheric delay and SLAS correction
at Hitachiota station (2019-2023).

Fig. 7. Daily variation of SLAS correction magnitude at three reference
stations.

ofl X3k Al 7HE] 71, & 591 43.2°9] Sapporo, 5] 36.6°¢]
Hitachiota, 72] 1 9] 271°¢] Chichijima 7]&=2] R A7}k ¢|o]
B2 AMEIgITh 24 Ak 19150 9113k Chichijima 7] 2%
o] 8L 9= of $1XI3F Sapporo 7|EwETE HHH o2
2F103% © & A2 YUERRTE o]2igh 2tol& A& 2|4
A 5ol o] o AA 2H4517] e o2 iAot Fig. 72
Zt 71&=ollA e BAZ 2718 Ueh L glom, o]& F5 A
5?-]‘:01] ©]2]5} Chichijimaz} t}2 = x]Qdo] vlg| X|&H 07 =

2 B 7ISSH S SIS 4 Qlotk o= ] o
%]‘Ol H=of wet o2 A v, 53] AYEelA HES A

1ol of3] SLAS B0l B £& £E02 $AHE AL Kol

{
o

SLAS 712534 suizke] Auig BES Bl HAAE S5
B4 A, SAS wy s on, E5
5 30" Bollx B Zko] §4 5] —7}0P5 ¥ Bt o
ol 48 16 P22 R

ZF& 85195 o}, & o] Tanegashlma (E}—H
HA] B Zko] 2A S7kske Egs ERIE -’F— A
75;;4_% ;(1‘?41: ;qoﬂoe 71—*& X—]Eqé_q o] t—]
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Table 3. Distance between SLAS reference stations and IGS ground stations (unit: km).

Location STK2 MIZU ISHI MSSA USUD TSK2 TSKB TKBG MTKA CHOF SMST AIRA GMSD CCJ2 MCIL
Sapporo 66 446 775 816 817 788 788 792 842 843 1158 1566 1665 1786 2397
Sendai 591 102 233 317 317 247 247 250 306 307 677 1168 1236 1250 1993
Hitachiota 779 288 51 203 203 67 67 68 134 136 536 1057 1108 1066 1872
Komatsu 917 515 343 177 178 332 332 337 295 293 316 738 819 1170 2151
Kobe 1141 732 499 340 340 484 484 486 426 423 150 523 596 1088 2164
Hiroshima 1303 939 736 573 573 722 722 725 665 663 333 329 442 1233 2363
Fukuoka 1494 1154 957 794 795 943 943 946 886 883 530 200 346 1358 2527
Tanegashima 1733 1331 1067 927 927 1050 1050 1051 985 982 579 145 7 1164 2376
Amami 1998 1590 1313 1182 1182 1297 1297 1297 1230 1228 826 387 269 1241 2463
Chichijima 1824 1340 1028 1067 1066 1019 1019 1014 985 985 937 1240 1156 2 1223
Itoman 2315 1910 1631 1501 1502 1615 1615 1615 1548 1546 1145 690 587 1447 2653
Miyako 2571 2179 1908 1774 1774 1892 1892 1892 1825 1823 1421 940 854 1706 2897
Ishigaki 2671 2289 2024 1887 1887 2008 2008 2008 1942 1939 1536 1042 966 1836 3023
a0 4] (6)3} o] A4IRICY
PSREOTT = PSRM™e4S + PRC; (6)
17| A PSR & iR $4d2] eJatA e TEh, PRCE T

Fig. 8. Five year mean of SLAS correction magnitude along latitude (2019-
2023).

Fig.9. Locations of SLAS reference stations and IGS ground stations.

2719 B Bl B N|EF 5l wlsl dE o] AEFEe]
o 5o B Agln 9 ee TR 4 lck
4. AXI=Y 2" ¥ ZAn

SLAS K RS ol §5}0] 91X 242 U SR &
A1 MT 500 23181 ot =] BAGES C/A S bzl o
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[e)
Bl & aE

ol gsl = oJAtA

2] PSR{"& AAIstct GPS T 29 Alole 2AAY TS
ZkQl PSR™E It g AFR35ith o]F vk T2 (broadcast
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Fig. 10. Horizontal positioning error at ISHI ground station on January 1,
2023.

Fig. 11. Vertical positioning error at ISHI ground station on January 1, 2023.
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Fig. 12. Horizontal positioning error RMS with GPS-only operation at four
ground stations.

Fig. 13. Horizontal positioning error RMS with SLAS corrections at four
ground stations.
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Fig. 14. Vertical positioning error RMS with GPS-only operation at four
ground stations.

Fig. 15. Vertical positioning error RMS with SLAS corrections at four
ground stations.
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Fig. 16. Horizontal positioning error RMS with GPS-only operation at three
ground stations.

Fig. 17. Horizontal positioning error RMS with SLAS corrections at three
ground stations.
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Fig. 18. Vertical positioning error RMS with GPS-only operation at three
ground stations.

Fig. 19. Vertical positioning error RMS with SLAS corrections at three
ground stations.
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Table4. Positioning error reduction rate by SLAS corrections.

Range Positioning error reduce rate (%)

SLAS station IGS station

(km) Horizontal Vertical
Sapporo STK2 65.9 36.0 50.7
ISHI 50.8 44.6 53.2
. . USuUD 202.6 41.4 47.9
Hitachiota  \rrpn 1888 31.8 422
SMST 536.5 3.5 -40.0
Chichijima CCJ2 2.5 58.6 47.1

o] Ht) 446%2 Lehgrom, 71E R4 Holl AT L
Zhasgo] Atz o2 haslolch. Eak 291X oxbe Ao}
o Aol S 9Ix ettt 45 ek o, 71E Rk
Ael7 717k AR SH 910 2.3 hAgo] 53.2% Lek
KoLt A7 Z7b5190S o SMST A4l 0347} 40.0%7H
A Z745He BEE Holk

Slmof W}E GPS B 283k SLAS B AL Ale] A5
A A3 ASIE Aol SLAS AR Mg Al 2B 0
Faragol 7 LieRdeh o2 Sol, A4S A|ode] CCl2 A4k

Helze] G A ot GPS ©E 28 A 2BIAL
7} S UehgtoLk, SLAS MR RS H 8% 5 91X0% 7
o] 58.6%2 AT AU O BAHK Mg A A A
£ SUT $F0] 03 $FL BoIFUL, ol SLAS
7k A9 A 4B 0 xS WA o o &3
AJAKRIEE, SLAS 7|33} 1GS A4 Abole] A 2 4
1915 23} 248 Table 4]l Felalich

Eh
1

N
N

2 4
Mo 4

o2 oX i Mo
ol

to oX rlo
i

ol 2 T oox P
N

+
i

o
my

=

H ATl A= QZSS SLAS A B 7L GPS L1 Z. & oJAFAE
o A BAHRE AFsle] AN RS P BB
SA9319ith Q8 ) ) SLAS |E 3} 67) 1GS A=) 59
2 HlelelE o] gaioich. chopst Arl W S8 2ol e
Bohek Ak SLAS B K H & 4] GPS B &8 o] £
2 @217} HT 58.6%717], 22 912 @27} HTf| 532%717] ZhA
slich 71233 A4k 7k) AR} ke 2A191% 0
o b4 &I FEH oM, $HI 03} I FAL P4
Uetgich. ol 2Alel4] SLAS BAH R} SIS
B 02 FAAD 4 98- AR E3E, A9 Ao
angoz BAsiel 259X 0xpy
S5] MalZ Qo] 2 CCI2 AAFRME <

O:
[ foi mlo 3%

2
i)
ofx
)
re
kLo
o2
ool
o
-
ox U

1
i’;
o
o b
b1
N
bl
ol
el
pats
=
o
o
it
o,
iTh)
|
4
%2}
=
>
17
s
o
ox
b
N
N

o orere ©
2 polt ol Fo% ATS T 4 9o

53] AeEY EFE wol W 9T Aot 7| E
o]

http://www.ipnt.or.kr



466 JPNT 13(4), 457-466 (2024)

28]9S (TAH S RS-2022-00207459).

AUTHOR CONTRIBUTIONS

Conceptualization, J.K.; formal analysis, Y.K. and J.K,;
data curation, Y.K.; writing—original draft preparation, J.K,;
writing—review and editing, J.K.; project administration,
J.K.,, H.K,; funding acquisition, H.K.

CONFLICTS OF INTEREST

The authors declare no conflict of interest.

REFERENCES

Hwang, N. E,, Lee, J. H.,, & Kim, I. K. 2021, Examination
of Availability on QZSS SLAS in Korea, Institute of
Control, Robotics and Systems, 27, 168-175. https://doi.
org/10.5302/].ICROS.2021.20.0163

Japan Cabinet Office 2022, Quasi-Zenith satellite system
performance standard, Government of Japan National
Space Policy Secretariat, PS-QZSS-003

Japan Cabinet Office 2024b, Quasi-Zenith Satellite System
Interface Specification Sub-meter Level Augmentation
Service, Government of Japan National Space Policy
Secretariat, IS-QZSS-L1S-007

Japan Cabinet Office, Sub-meter Level Augmentation
Service (SLAS) [Internet], cited 2024a Jul. 26, available
from: https://qzss.go.jp/en/overview/services/sv05_
slas.html

Kenji, N. 2023, QZSS System and service Updates, in 2023
ICG Annual Meeting, Madrid, Spain. 15-20 Oct 2023.
https://www.unoosa.org/documents/pdf/icg/2023/
ICG-17/icgl7.01.06.pdf

Kim, Y., Kim, H. S., Kim, J. 2024, Analysis of Long-term
Positioning Performance of QZSS SLAS Corrections, In
Proceedings of the 2024 IPNT Conference, Jeju, Korea,
6-8 Nov 2024. https://ipnt.or.kr/2024proc/14

Matsumoto, D., Kaneso, T., Urushido, T. & Owada, S.
2019, Evaluation of QZSS SLAS (Sub-meter Level
Augmentation Service) Performance, Proceedings of
the ION 2019 Pacific PNT Meeting, pp.361-366. https://
doi.org/10.33012/2019.16811

Sakai, T. 2020, Japanese GNSS Future System Evolution in
the 2020-2030 Perspective, 2020 European Navigation
Conference (ENC), Dresden, Germany, 23-24
November 2020, pp.1-10. https://ieeexplore.ieee.org/

https://doi.org/10.11003/JPNT.2024.13.4.457

document/9317528

Sakai, T. 2024, QZSS System and service Updates, in 2024
GNSS workshop, Manila, Philippines, 22-26 Apr
2024. https://www.unoosa.org/documents/pdf/psa/
activities/2024/GNSS2024/GNSS2024_01_05.pdf

Tae, H., Kim, H.-I1., & Park, K.-D. 2015, Development of a
Virtual Reference Station-based Correction Generation
Technique Using Enhanced Inverse Distance Weighting,
Journal of Positioning, Navigation, and Timing, 4, 79-
85. https://doi.org/10.11003/JPNT.2015.4.2.079

Yongrae Kim received the B.S. degree in
School of Aerospace and Mechanical Engi-
neering from Korea Aerospace University,
Korea, in 2023. He is currently an M.S.
student in Korea Aerospace University. His
research interests include GNSS appli-
cations and navigation.

Heeseob Kim is a principal research in the
satellite application division at Korea Aeros-
pace Research Institute (KARI). He received
Ph.D. in aerospace engineering from Seoul
National University in 2000. He contributed
to KOMPSAT development, operation and
applications for 25 years. His recent resea-
rch topics are GNSS applications and Artificial Intelligence.

Jeongrae Kim is a professor in the Dep-
artment of Aeronautical and Astronautical
Engineering at Korea Aerospace University,
Korea. He received his Ph.D. in Aerospace
Engineering from the University of Texas at
Austin in 2000. His research interest includes
satellite instrument simulations, orbit deter-
mination, GNSS ionosphere, SBAS, and GNSS applications.



