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ABSTRACT

This study compares and analyzes CLAS correction messages received by an actual GNSS receiver with CLAS L6 data from the
QZSS public archive. The Quasi-Zenith Satellite System (QZSS) broadcasts Centimeter Level Augmentation Service (CLAS)
correction messages via the L6 band, providing correction information for satellite orbit, clock, code and phase biases, as well
as ionospheric and tropospheric errors for GPS, Galileo, and the QZSS constellations. In this study, data collected from the
Septentrio AsteRx4 GNSS receiver and the QZSS public archive from October to December 2023 were used for a comparative
analysis, with a focus on the variations in the Message Generation Facility (MGF) ID, which indicates the institution generating
the CLAS message, and their impact on correction values and positioning accuracy. The results showed that changes in the
MGF ID led to variations in correction information, causing differences of about 1-2 cm in the PPP-RTK positioning results.
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1. ME of o] ke g o g4 BAARE A U AFshe
Alo]t} (Wiibbena et al. 2005, Teunissen & Khodabandeh 2015,
Global Navigation Satellite System (GNSS)-& A A|A|H o2 Hirokawa et al. 2021). SSR HF]-& GNSS AMA|HSA U EQ T

A2 HRE AFshe WA 71eE, theket ZofollA g 28 W Rolla] 57 7le=ate] Agjet IAglo] dud FEEE A
=32 Qlek T22uh GNSS&= 94 HIE 2 AJA oL tiFH 2 A Fobm, aF S4lo] FQasiA] ob2 o] Qlrt o]#gt o] &
g3 2k s HE o4 Y 24 QS| A 2F AEge & SSRZ GNSS 5-9]9] 417142 H7pda §lok

7} Agl= = SHAZE A%kt (Misra & Enge 2011). o] & s 45} TheFel SSR H% 114 5 Compact SSR2 UE2] A L|4%}
7] 915l oheFst o & 2l 9 B J]&o] AFEion] I HA] AE]Q] Quasi-Zenith Satellite System (QZSS)of|A] A-ZsH=
Observation Space Representation (OSR) H}413} State Space AlEng] 4~&2] H7FAH]AQ] Centimeter Level Augmentation
Representation (SSR) H}Alo g B2SE 4~ It 11 FoA& Service (CLAS)E ¢35t A4 +Zo]t} (Hirokawa et al. 2019,
SSRE& GNSS A2 A Y EQ T oA 2= dlol8 & 55} Cabinet office 2022). CLAS+ 2018 11 18U e HA] &8
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Fig. 1. CLAS L6 message structure (Cabinet office 2022).

Fig. 2. Header of CLAS L6 message (Cabinet Office 2022).

2 AR on] GPS, Galileo, QZSS $14dof thigt YA A=, AJA|,
FE 9 it HloloA Q2= 8, d& Ao gk des E
= oxF YA B E AF3} (Hirokawa et al. 2023). 0|21k
84 HAZE QZSS $H4e] Lo S Sa) Aol A4H
o, L6 WHE f4l0] 7H5EE ¢reuel 41715 F5l CLAS |2
A& A 418 4 9k 3H, QZSSE F7) ofrho] B (public
archives)E £3f] 3}A <] CLAS HA|XE Algstar ¢l (QZSS
2024a), hE-29] A3 CLAS B A& ol2gh 374 obzto]
HollA vjZ5he $X]2E CLAS HAIZ]E 7|9to 2 $8=[9]
t} (Hao et al. 2020, Kim et al. 2022, Lim et al. 2022, Lee et al.
2023).

A GNSS 4171 GAIE QZSS CLASE A5k 7155 Al

o= =AMloln, tJE A 0 2 u-blox$} Septentrioof| 4] CLASE

A Ysh= £417] RES 7 2 253512 Qi (QZSS 2024b).
u-blox’= CLAS HA]X|of| L8 24 9l QZSS L6 A& 2417
NED-D9C R5-2 7juts}9d 17, 2pAFe] ZED-FOP/FIR S-0] &
E A3sto] ARERro 24 CLAS 7]8E Ad &9 755 XY
glt}. Septentrio= AsteRx4 5-2] 4=417|2} mosaic-go CLAS 5
o] ol QZSS CLAS "X & 44l E A 4 = 75
ER2l5193 17, Septentrio Binary Format (SBF)2}&= Septentrio
Abe] Ex1HQl A% WAl 2 CLAS HlAIAS AgeF 4 ot
(Septentrio 2023, 2024). o]|& 7|40 2 CLASE 835} GNSS
359 CuYES AL D A5G A7} S8 v} A
(Lee & Park 2020, Lee 2021).

CLAS HA| x| & &-83} Precise Point Posmonmg Real-
Time Kinematic (PPP-RTK) &¢] &1 8]&& /sl 3o
A, QZSS oFtol Bl AlFE = T2 CLAS HA|z|<t A
A|ZFO 2 GNSS 41715 Sl 23 441%F CLAS AR & #

|3 &2] Aalo] ztol7t la& RIS o]t 2told]
Q& FHsl7] $18) Fuhelo) 48 ATE ZAlsA O, Lee &
Park (2020)} Lee (2021)2 #|9]5} 51 AIA7F 3730l 4] GNSS 2
1718 53] CLAS HAIXIE A 541 9 AHgSHe AT Bl
w7 ptch. w3k, CLAS WAl Zbe] Aholg lmsl, 11 xfe]

o lo rok o

i
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Table 1. L6 message type ID (Cabinet Office 2022).

Bit field Date name Note

7-5 Vendor ID “101” for CLAS
. - “00”, “01”: Hitachi-Ota
4-3  Message Generation Facility ID 10”,“11”: Kobe
2-1 Reserved N/A
0  Subframe indicator “1”: first data part of a subframe
0”: others

7} GNSS &9] 45l UIXI% %T‘)}% A e
tct. whEbA] B Ao E
QZSS ¥ olzlol e CLAS Uﬂ 1 A 7k<] }OI% 23
of, 1 ztole] B4 BAsk WA €kl
o]#| gt 2}o]7} A A PPP-RTK &4 4350l °1tt1
2] getslglon, Az #7gollA] CLAS HIAA]
utah WY EAI- T AR AL Tl A F-olsliof & AR A
sazt ghct.

£ =7 142 e} k. 2%oll A= CLAS B HAA]
o] o] uj7-& AT}, o] 3%l A QZSS FAH olFfolB
o] CLAS HA|R|9} AA|7ke 2 4=415F CLAS HAR] 7k x|o]
£ A5ty 1 A0S itk nixgte 2 AR AT
ANE sl AAITE 270l CLAS HIAAE AHEE Al &
o AFGS AFs, T AT WS =it

1=, o

1o
[l

401'

2. CLAS E™HAIX| 712

CLAS L6 HA|X]+&= &]c](header), H]o]E] T}E(data part), 1
2] 11 reed-Solomon T E(code)E TLAJE T} Fig. 1-& CLAS L6
Az @] /d-& UERH Aolot.

2.1 Header of CLAS L6 Message

CLAS H|A]#] 9] 3||t)&= Fig. 29} Z+o| Preamble 32H]E, PRN
8H|E, L6 message type ID 8H|E 18] Alert Flag IH|EZ &
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Fig. 3. QZSS Ground system (Numuta 2024).

Table 2. Messages of compact SSR and update interval (Cabinet Office 2022).

Message name SubtypeID Nominal update interval (s)

Compact SSR mask 1 30
Compact SSR GNSS orbit correction 2 30
Compact SSR GNSS clock correction 3 5
Compact SSR GNSS satellite code bias 4 30
Compact SSR GNSS satellite phase bias 5 30
Compact SSR GNSS satellite code and phase bias 6 30
Compact SSR GNSS URA 7 30
Compact SSR STEC correction 8 30
Compact SSR Gridded correction 9 30
Compact SSR Service Information 10 N/A
Compact SSR GNSS combined correction 11 50r30
Compact SSR atmospheric correction 12 30
Null message N/A N/A

49H|E & L/d=|o] Qloh. Preamble HA|Z] 9] AJZHE LrEjr,
PRNL L6 HAIA] S £Z35F QZSS Y41 2] Pseudo Random Noise
(PRN) H& & UEPHCE L6 message type IDE= Table 19 7]&
Sk A3} o] 7-5H]Eoj|A] Vendor ID, 4-3H] EojA] Message
Generation Facility ID (MGF ID)& Z{5}aL, nlA] H|E9|
= ABxd Y (subframe)2] A]ZF o] EE LEFY & Subframe
indicator7} $Jx]3) gict.

1 FollA 53] MGF ID& CLAS HAX]E A5 713 4]
M & gl £a9 YR, CLAS WA 9 12 Liehic,
Table 16]] W2, MGF ID7} "00" T "01'd 7S 5|elx] &
(Hitachi-Ota) A A4 A4 HA|Z]o]m, "10" T "I
| (Kobe) FTAl 40l AAE HAIZY S ojulgic. o3
MGF D= CLAS WA 7] A4 7] L5513, CLAS HAX] S
AT FuA Aol ThE RPRR o] B4 D ko] Kol T &
Mote o 2% A3He it} AlxlE Qzsse] A4 (ground
system)-& Fig. 31} Zro] 279 A A, 77HA 2] Telemetry,
Tracking and Command (TTC) Ag|o]Ad o2 FLAIE|o] ¢l o
(Numuta 2024), ©] % 5|EbX| QE} A AE QZSSe] H|l T
AA2A AAE 27 o14e] A BUE 2 Aolg o

A

flo

b, o] AL o] A4 SlEb] QB 4]
B B A] A,

2.2 Data Part of CLAS L6 Message

CLASZ2] to]g] T} Eof|&= Compact SSR 341 2] GPS, Galileo,
QZSS 9143 <] A= (orbit), AlA(clock), FE W 4} Hfo]ojA
(code & phase bias), 12|11 L& Ze o] ofj 7] #H (atmospheric)
Qxtoll et BYAHEIF 23t CLAS BEH R O] SR/}
Compact SSR HJA]X] AL 7+4-& Table 29} 7t} o]zst A H
= QZSS 9439 Lo HEE Foll W=, L6 MEE 441 4
%+= GNSS 424171+ CLAS HIA| A & 441 4= Ut

2.2.1 Compact SSR GNSS orbit correction (sub type 2)

Compact SSR2] GNSS Orbit correction messageo]|= ¢4
1 Radial/Along-Track/Cross-Track HJeke] 914 9] B 2ka}
YA o] YA E Aalsted] AREsHor & W4 =2 9] Issue of
Data Ephemeris (IODE)7} & BAeEe of

o] ek A4 A=
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Fig. 4. Definition of CLAS network and grid points.

30zutct ZAlE ) A8 A AE B T A5 I0DE
ofl Fsh= ?JIE‘“—& & AHESlo Q14 9] /1A E Al4be}aL, Radial/
Along-Track/Cross-Track H}gFo] 947 147\] BA 28 Earth-
Centered Earth-Fixed (ECEF) 2}3 4] AF2] HA2ko 2 3lilkslo]

A4 A= e x5 BAgict 1 9 S Egs. (I- 5)9.]- it}
_r®
ealong - 1) (1)
_ r@®xr®)

Ceross = w0l ()
€radial = ealung(t) X ecross(t) (3)

Soradial
86X = [eradial ealong ecross] 60along (4)

6007“055
Xorpie =7(t) — 6X (5)

A7IAM r(2k it 22 3] fA H SEHE S YEh

80 uias 0,100y 00 = 212} Tadial, along-track, cross-track ®-gF
o] ve] 9] B oulgheh. Ea X ECEF ZHEA| Aol
o] Y A% BAT, X, HE B0 285 9144 91X e
Sli=g

2.2.2 Compact SSR GNSS clock correction (sub type 3)

5% 7+7A o 2 7YA1=]+= Compact SSR GNSS clock correction
messageol A= WEAED R BT 94 A7 o
(offset)o]] Thet B =-S Al-geict 24 uhH-2 Eq. (6)32 2T

sc
Tsat = Toroadcast + < (6)

ol A8 A AA L3, Touieas=
(e}

spoln] oCk vlE] T4
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A A & RATE c= %
m/s)o]ct,

R Zof| 4] 0] Wlo] 4% (299,792,458

2.2.3 Compact SSR GNSS code bias & phase bias correction
(sub type 4 & 6)

CLAS%: Sub Type 4o]|A] ZE Hlo]oJAS Sub Type 60 A
g volol A Algstar Qlrt. £3], Sub Type 62] $14} Hpol
ot SIE wfolo st Te] CLAS 2] 7k v ES) 30 of
1Ak Hlolol A gro] Al FEIT). weka CLAS AFEAHS Helo]
A3 M- o] Y EY A HE S Hels] QAL sg Y EYA
0] gt S wlolols HHYRE H 8ol 2He Solalel
Sk} Fig. 4 CLAS Azb V=913 W A2bd $25 Uehn,
T 9§ ufolojae] RS Egs. (7-8)0 AA5}%ic

PR' = PR; — BIASpps (7)

CP' = CPf — BIAS cps (8)

o714 PR, CP= AHEAPZE Hhe s §143 9] A SLEolatA el o}
NEETV BEZEE SINIShEL, BIAS,pt PRO] e SLE Hle]

oA, BIAS. = CBol gt Si4t vlololAS olulgict, PR'T}
CP= S5 31 914 Hloloj ¥go] 2 &1 GNSS &GS 9
slgiet.

2.2.4 Compact SSR atmospheric correction (sub type 12)

CLAS A HE}] 12(compact SSR atmospheric correction)+
FHE A S ot tiet BPHBE AlFsr] At HAlA|
2, Y8 Ao 2147] AxpPgol gk diFd 9 A2 o) Al
(polynomial coefficients)@} Zkx}(residuals) 2 LA o] ¢Jct.

Compact SSRE] Sub Type 12o]Al&= t&H AXAAS
raEs & ol &
coefficients) e} &
(troposphere residual) ¥ o &F# ZFx} © Z Al (troposphere
residual offset)S A58, AFEAF Y x| ol A 9] 7 urek o7
A AAF R Egs. O-1)=F 2ot

H tgkA| 4= (troposphere polynomial
2ANL BEYY 5 o R IR

AThs = Top + To1 (= o) + T1p(A = Ag) + Ti1(d — P )(A = 45) (9)

Ths = AThs + Spgo (10)

Tyet = ATyer + Oweto (11)

A7|A, Ty ~ Ty il THIAITE, ¢9F ¢ 242 A2 9
Ae] $I, AR Sl Slmoln] Aok A& 77k AH8Rt 1A o] 7
=, A7 o) ARoltt. 1,3 T2 77h AdtE tiRd Az
A FRAD BAHZS Aulet, §,,> ARAD MF
(hydrostatic variation constant value)& 2.3 mo|™ AT, tiF
A L, 8,02 iR 1 emlole) &, vhRd AxAD 1
FFe 54 U EL A tafl Ag=E e chdAsE AHESH A
2te] x]of| gt BAS Alitohs WAl 0 2 ALkt BHA,
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5S4 Azl tish Al4tet

LR ox BAYe] FHES AT SAeH A
AR o mRE AR SIHIHY HhEY 0N E
Gt ojnff 2 FH 47H9] Az S 8ot (Cabinet
Office 2022), Q1% 471l A7 © 2RE RLY3t Bad 312

w7ksl] glaf 7 AR T AFeRte) 914 7ke] A2] 2 ALgsto]

7k ARl gk 715 E Eq. (12)9F Zo] Ak} 123 o]

2 o= Egs. (3-19% B3] th50 124 2 Gex A

& A% BRIk, Eq. (15)9k o] B7HE gholl A2 2 85}

01 ARt R F AdES AR

_1
W, = — " Ruser.k " .

Ruser,1  Ruser,2 Ruser3 Rusers

(k=1,2,3,4) (12)

Tuser,hs = Zﬁ:l Wka,,hs (13)
— V4
user,wet — z:k=1 Wka,wet (14)
Tlfs}g\! = Tuser,hs * Mf}l).fN + Tuser,wet MVI;};{V (15)

A7 Wz B8 AR kell thet 74gx]ol L, AR ke AFE-
At AA] 2ke] A R, &) At QAT 4 AR (AR k £
T ARG $12] 740] AR R, FE R, HA O] H420] F5
o v g0 2 AXbE} T, OF T, .= Q13 47 Axpd oz
HE] RS Heke] difd AxAA 2 SR A9%E
¥Rt Fholm, Ti& AMEe M M & 2-8-sto] AlLHe Al
W A7 AdZE ongitt

AelE 03} HAE UG 7} ALHNAS] 24 8 San
Total Electron Content (STEC)S AlAFstal, 1 STEC ZES &
7¥sto] ALEAL SlHel A 9] STEC Zhe AHEsHe uAlo s At
sick 54 Aol A o] STEC A4 W& Eq, (16)7) 2,

r
r* HII-

STECER™ = CIF™ + G5 (¢ — o) + CI™ (A= 20) + CfY (¢ — o) (A = o)
+CEN (@ = ¢o)? + CFN (A = Ag)? + SSTECERY (16)

o171 A] Cv~ CEN- STEC th Al4=(polynomial coefficients)o]
1, SSTEC!™= STEC Ztx}(residual)E oJu|tct T35t ¢, A9} ¢,
Ao Z17E B4 Axpg o] SEel AL, siF Axo] 43 Ul
Yol 1 Azpg o] Yz o} H ot o S v EYF 4
9] 38 AxA A 2] STECS AXE uff ¢, A= W E T 42] 38
A2 O] A=/ E, ¢o, bt IERIA 42 I A2 9] $1%=/7%
T} Hc}

ol 2} AR el A] 73 STECS ule] Hle] A5 o 3
Hero 2 BARE ¥ Egs. (12, 104 73 2 Azl et 715
I8 83! 01 RUTORM AgA AR HAT 0

AF BAGS Eq. (18)3 o] Al4keiet

[PRN _ 40 31x1016
k

-STECPRV (17)

Igsey = Ti=y Wil ™Y (18)

Fig. 5. Surrounding environment of PPBY (PP-Solution Inc. 2024).

Table 3. Details of PPBY (PP-Solution Inc. 2024).

Item Note
Reference station PPBY (ByeongYeong)
Latitude: 35° 34' 9.34608"N

IG‘;M f‘;%rzd;“ates Longitude: 129° 20' 41.35202'E
@Sepl, Ellipsoid height: 59.324m
Antenna Tallysman TWIVC6050 (SCIS)
Receiver Septentrio AsteRx4

SA7IA fiz S A5 o] Faka(Ha), P vlE] Bele] 7t Azt
ool 8l gl L 21 ) Al )
Helg o3k B B9 glolck. ol2A] Al HelZ o
}Maw:;:’t% FEEglelA s by BHE, BE BEG]
AE A ke ik Hebd, SESle) A
DAl 209 RER

3. QZSS 371 ot7toj=2| CLAS HAIX|2}
QZSS HY228H = 48t CLAS HIAIX|
H|i

o|fl el Me QZSS F7H of7tol Bollx] AF= = CLAS H|
Al Z|(o]5} o)A} archive)e}, AAIZE o4 GNSS 4241712
217 £A15F CLAS H|A] 2| (0]5} H o)A} receiver) 7k Xjo] & &
A 9l ZA5100T) o] & 915 QZSS PAate]EL] QZSS 371 oFt
olmolA] W EaHe FH2H CLAS WX A& theREslgion
(QZSS 2024a), AA GNSS 4:A17]2 CLAS WA A2 4415}
Slste] (F)mimieell A 98 W BRSIL Gk 4F GNSS A
=491 PPBYO]| A X5 Septentrio AsteRx4 41715 A125}
211:}. Septentrio®] AsteRx4= CLAS HA]A] 28]} A& o] 715
S417]01m), CLAS HIAIA|E 214 315 2 SBF 9Alo.2 A4
Ol 7F&sitt (Septentrio 2023). ()9 &0l A 2%5k= PPBY
o] ¥ #S L Fig. 5, A4l Y B Table 33} Zt} (PP-
Solution Inc. 2024).
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DOY 300-365, 2023

T
~Archive
Receiver

Jo4
z
@ Jo3
a

Joz2

Jo1

L L L L

L L L L L L L L
300 305 310 315 320 325 330 335 340 345 350 355 360 365

™ [ovas

10+ 1

300 305 310 315 320 325 330 335 340 345 350 355 360 365
Days of Year

MGF ID

015

00

Fig.6. PRN & MGF ID from CLAS of Archive and Receiver during DOY 300-
365,2023.

3.1 Receivert Archive2| CLAS £& 9| % MGF ID &1
3} 4 =tol

2023 10 282 (DOY 300)F-& 2023 122 314 (DOY 365)
7}A] archive@} receiver 7+o] H] ol W EA1-8 4-345]9] 01 Fig. 6
L o] 7|7t Z%F archive?} receivero]] WA= CLAS £% &A1 A
Ho} MGF IDE UEeRd Zlolch

ol AtollM ARt Septentrio ARS] GNSS A417]ofl A=
Q7SS L6 WES H2le o BEE BE Q7SS 9149 L6 W
B2 AelA B, 9Jele) & Aol Lo e BEghe A
2z}, malA QZSS $43.0 2 RE] CLAS WAIXE 4418 o,
QZSS 1732 $)x]of wz} CLAS HIA|Z & Bk = QZSS 914
o] YElAI T CLAS WlAIA] 4% 14 HRs} W= 1 A9t
Fig. 63} ZFo] Archive?] CLAS £& €448 J01o.2 13 = o] Q)
= ¥, Receiver9] CLAS $-& 94 WS+ A3t e & ot
Hslsict,

MGF ID9] 7%, archive?} receiver BLEFol|A] HE QFAto] L}
et} archivee] MGF ID ¥% BT = receivero] H|S}] &#]
AT, AN ofFto] BoflA AlFEH & HAIA L] A 78 =

=

FEE o2 WAE 4 Qlohe AR S SRlsioict A

et 3
o i o
S opdk poh o

EE 4 A7 FQF MGF IDE "00"2} "01" Ato]ojlA]
. DOY 3099]41%= MGF ID7} "10"%} "lI'& L}eh})
] FEA|20A BE BHFRIL ZAY ofrte

2 4 USSRt

=
3l
ol

A

O XN >Ny

Mol 2 A
E l’” e

T
==

3.2 CLAS & 914 % MGF ID H3}0j| IIE CLAS B3 X}
o] 24

Receiver®] CLAS 4% 9J4]9] ¥s} == MGF ID ¥i5}o] w}
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# Case 1: 06:00-07:00 (DOY 086, 2023)  # Case 2: 09:00-10:00 (DOY 086, 2023)
(Different MGF — Same MGF) (Receiver: PRN of Header J02 — J03)

——Archive
Jo4 Receiver| | Jo4 ©
Jo3 1 Jo3
z z \
o 4
o o
Jo2 Jo2 [09:03:55]
PRN J02 to JO3
Jo1 Jo1

06:00 06:15 06:30 06:45 07:00 09:00 09:15 09:30 09:45 10:00

[06:12:01]
10 MGF ID 01 to 00 10

<

01~ 01~

MGF ID
MGF ID

00 00

!

06:00 06:15 06:30 06:45 07:00 09:00 09:15 09:30 09:45 10:00
Times Times

Fig.7. PRN & MGF ID of CLAS messages from archive and receiver at Case
1 (left) & Case 2 (right).

£ CLAS BX5fo] ¥5) o Hol QRS 21517 S5l th &+
72 At €] archiveg} receiver H|o]ElE H|a W EA5]9I Tt
21 HA) Al (0]} Case 1)+= MGF ID7} HE51= 2023 5¥ 27
YU (DOY 086) UTC 7]& 06A]oA] 07A] Ato]e] Ho]E & A&
gk Ao, & HA Ale(0]5} Case 2)&= MGF D= FU5HA| T
CLAS & $437H HEss 22 AR} 09A4]0A] 10A] Ato]9]
o]E]E A}L3) Ao|t}. Fig. 7-& Case 13} Case 20]|A4] 2] archive
9} receiver?] CLAS 4% £]A4J3} MGF ID ¥H3}= Jephdct Fig.
70]] k2™ Case 19]|A] receivere] CLAS £& £]4]-& ¥l oF
grom MGF IDgF Olof|A] 0022 B GIT) o] 4A17]014]
QZSS L6 H1E &E3HS Wole = $14d2 Hgho] glon), HA|
A& /3 718 WA E S-S oJulgict. §FH, Case 2041+
MGF ID& H7Z = 2] 9gFo L) receivere] CLAS £2 9442 102
ofl4] J03 2. 2 Fakxit.

Case 13} Case 20]|4] archive$} receiver 7Fe] k2ol 124
2}o] o L5 Eols}y] SJsf| A%, AlA, A5 HiolojA, tiRd U
Aal= o2} BA ko] £3}e] Pseudo Range Correction (PRC)
9l Carrier Phase Correction (CPC)2] AJAYE H3lE 4519
t}. Figs. 83} 9= ZFz} Case 13} Case 29| 4] archive@} receiver
o] B ek 23ta} x}o] 2 LeldT). GPS LI/L2, Galileo EI/ESa 71
231 QZSS LVL2 Fut4o] 3ligsli= PRC W CPCE 4HE513
11, 71 AAFEPHL Egs. (18, 19)¢} 2t} (Cabinet office 2022). o]
o} A= B OX™ losiN(0), NFH L2} A T 18]2

A= 93} BAEF [ ()2 9 Hof| £]X]3} International GNSS
Service (IGS) AATZA F shel STK2E 7|& 202 AKE

.

CPCERN(t) = —SCPRN(t) — 6XPRN - 1osPRN (¢)
+ BIAS pprRN — IPRN () + TERN (1) (19)

[

d
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Fig. 8. Total of CLAS correction and its difference between archive and receiver in Case 1.

Fig. 9. Total of CLAS correction and its difference between archive and receiver in Case 2.
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Table 4. Processing strategies of PPP-RTK positioning algorithm.

Item Descriptions
System GPS + Galileo + QZSS
Signal selection (RINEX 3) GPS, 1C/2W; Galileo, 1X/5X; QZSS, 1C/2X
Inter system bias Estimated
Satellite orbit & clock Broadcast ephemeris + CLAS correction
Satellite signal bias CLAS Correction
Receiver code bias Differential code bias estimation for each GNSS
Tropospheric delay CLAS correction: estimated and treated as pseudo-observations (An et al. 2023)
Tonospheric delay CLAS correction: estimated and treated as pseudo-observations (An et al. 2023)
Earth displacements Solid Earth Tides, Ocean Tides Loading and Pole Tides (Petit & Luzum 2010)
Phase wind up Wuetal. (1993)
Receiver PCO/PCV igs20.atx
Relativity effect Considered: Satellite signal & clock
Ambiguity Fixed (Teunissen 1995, Teunissen & Verhagen 2008)
Estimator Extended Kalman filter
PRCERN(¢) = —5CPRN(£) — 5XPRN - [osPRN (1) DOY 312, 2023
BIAS IERN.(t) + TEEN (¢t 20 —aiee
+ pRPRN + user( ) + Tyser ( ) ( ) 111 Receiver
Fig. 8% receiver2] MGF ID7} B}Q1-S ufl, GPS, Galileo, QZSS [00:40:47]
A2 9elo] 3 $Ie] BT W B Aole] AAY W ol (75236
- ) o oer
32 Hoj&r} Receivere] MGF ID7} Olo]A] 0002 W E= =
06A] 12BRE] B 7he] Jol7} Al RS BRI 4 9 9 x

t}. o1 3 MGF D7} §U% = CLAS HA A& BA = X}o] oL
7} 2A51A] Lths AL o 2 Qo) ESE Qo2 MRS G4,
E15, 102 9] 9] CLAS REH R/} Al 55 o2 B E YAoAE 2

00
Ao 2jo17} PG o) 1 2715 o) lsbA ek B, receivers)
MGEF ID7} Olof|A] archive®} 35t 0002 H73E uf] R A=k 7 0 6 12 18 24
Rol7} AlebA P SUSPA Uehdr. Case 1914 PRCE Hours

+10 cm o]y &] x}o]7} 2 11, CPCoflA = Z|of] 40~50 cme]
Apo]7} HA.Om], MGF ID7} THE E H 9o E A1 2
719} o]z} gl Pt

Fig. 10. MGF ID of CLAS messages from archive and receiver at DOY 312,2023.

HHH receiver®] CLAS £-& $14J0] J02¢0]4] J03 2.8 W= t}. §3], PPP-RTK 9] ¢112]50] & S 2lsl Al S
+ Case 20]4|+= receiver®} archive 7He] B & 7+ 2jo]= &4l I AFE ea BYFRS 7MY 27 BEH R HFsto, &
=7 gkt o] & F3l CLAS 45 91449 ®iFo] CLAS HIAA| % o] I Blof] Aok d—% ’SXJ%J (An et al
o] Y &of I-A] kS ulx]A] erh= AFAS o 2 90 2023). T3} SHE=9o)|A] aEjE|ojof & ZFE R Ao o5t %]
r,} o 22 QA o] HA L= A-(094] 038)0] receiverof|A] 25 T R)ZF ¥¢] (Petit & Luzum 2010), Phase Wmd Up (Wu et al.

il O‘AWO‘ dlojg] o] WA o m, o] = A 2L QZSS 1993), A4 &3 283 $417] U PCO/PCY 52 A

1—] JEE—‘?—H L6 HE FEZE A5 2ol A T 4 o2E RAPsta BT 54 AA2 Least-squares
© 2 ulot=Elt) Case 13} npzriz]| 2 ¢l o) A5 4] oo 1 AMBiguity Decorrelation Adjustment (LAMBDA) 7|'H-& &85
£ oM T FYT o] UEbon, MGF D7} 53t ot o Y=L (Teunissen 1995), LS4 2 A5 oFol &
£ BE 79olA dae Aapt veRT % (accept test)> RS54 AA AJFE(fix success rate) Z2,
H|-& A& (ratio test)S A o]Fo]Z t} (Teunissen & Verhagen

3.3 MGF ID x}ojof| [l}2 PPP-RTK 9| Z3} H|x 2008). PPP-RTK &9] &+ 1a]Z 0] 24 7|(estimator) 2= 33}

ZHik el (extended Kalman filter) & AF2-5]93 T}

2 AT AR AR PPP-RTK 2] 7258 MGF D7} gebdl wf 2] FEec] folule 92 vlx
6}0:] MGF IDoj| w}Z2 £9] Aa}E v w Y BA519ch ALg= =x] gelshr] s, 2023 1€ 8U(DOY 312) OO'OO—OZ'OOQ—
PPP-RTK &¢] &118]&2] zxt5x 2] AL Table 40 Q2Fs 17:00-19:00 A] 7+ 2] archive 2 receiver®] CLAS WA X & &8
oIt} o] &uE| =L GPS, Galileo, QZSSe] Adte] 7] &Fe o]% 5131 STK29] GNSS THEZHS 2 alsle] Box 4 AR A4 59|
Fut FEONA TS TN BEGHE Asla ool W $1X2% Anel meA4 MBS Aol2 FYHoZ BAs)
£ inter system bias 2 4~417] ©] differential code biasE g+ Sitt. Fig. 102 DOY 3129] archive®} receiver] MGF ID H3}=
Al FA%c) @& B CLASOIA Al3E+E A A=, AlA, Ueld O3 o2 2023 DOY 312014 receiver2] MGF ID7} 00
A5 folojasl WelE P R RARRE Beojo] +4E ] 4087} 174] 280] W¥7EE ¥, archivee] MGF D 34

o
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Fig. 11. Positioning results and their differences during 00:00-02:00, DOY 312, 2023.

Fig. 12. Positioning results and their differences during 17:00-19:00, DOY 312, 2023.

Table 5. Positioning results of archive and receiver during 00:00-02:00 at
DOY 312, 2023.

MGF RMSE (cm)

ID AN AE
Archive 00 1.8 18 54 78.8
Receiver 01 29 17 59 80.6

Archive 00 24 19 90 98.6
Receiver 00 22 19 91 98.6

Time CLAS type Fix rate (%)

00:00 - 00:40

00:41 - 02:00

Table 6. Positioning results of archive and receiver during 17:00-19:00 at
DOY 312, 2023.

MGF __ RMSE(cm)
ID AN AE AV

Archive 00 20 30 93 99.4

Receiver 00 20 30 93 99.4

Archive 00 21 55 60 97.9
Receiver 01 32 56 72 97.0

Time CLAS type Fixrate (%)

17:00 - 17:52

17:53 - 19:00

Pon F2FAEe CLAS BAF Wsl2 gt
o] v TR Ho 10}71 ﬁoH recelveroﬂ*i MGF ID7}

receiver?] CLAS HIA| XS A-&31 2023 DOY 312 00A|FE] 02
A7}A €] PPP-RTK &9 A3E A|ZHd 2 x4 0 2 vehd
Aolth.

Fig. 113} Table 50| k=™ receivere] MGF ID7} 010l 4] 002
2 HEE7] A, 00A] 4089]= archive®} receivere] &9 Ax}
2ho] ulAlg 2jol7} EASIATE. o] Foliz F2 oF 1-2 cm 2]
Z BEAS 4 Qs SFo|glo), o g oF 10 cm R0
zto]7} WAshe % Ut MGF ID7F WA == Aldelle
receiver®] PPP-RTK &¢| & 11g|&o] 27|3l=HA &9 A3}
7 AAH 0 2wkl T, o] whet 2folrh 7tskgict. 1
U o] 4 ZPgold 29] 2ake] Aol 7H4511 7, archive
9} receiver®] PPP-RTK &¢] & 118|S0] B % 27|51 01A] A
7} ol 2¢) Aok 9415 Ysi9ict

=I5l Az}o] 17A]1 5] 19A]7}4] 2] archive & receiver CLAS
uﬂx] ]—g' 2 83} PPP-RTK 2 9] Z}= Fig. 129} Table 63} 2T},

1229} Table 6 E3f 17A] 52874+ receivere] MGF ID

} © 72 8251 archive®} receivere] 29 Ayt= obds] &
Jske 3ko1sk 4= 9Jt}d 1L receiver] MGF ID7} 0182 W73
El= AJFATA] 528)00 A, receivere] PPP-RTK &9 &178]&

]
o] z7|3l=ElHA] AJH o 2 archivee} receivere] ¢ Ax} 7+
o] 2 Ho]7} MAISIGITE o]F 43 TAIA Hholi A} Fof

http://www.ipnt.or.kr



494  JPNT 13(4), 485-495 (2024)

QoL 9 o]Fo| & I Xpol7} £ 5] Al A A= SaS
501sk 4= 9t} o]& 17A] 528 o]|Fof|&= receivere] MGF ID7}
10 2 archive®] MGF ID¢} t}2 7] wfE o 2 mjot=c}
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