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Wkl 7k A ek B 7FA]AElS GNSS(global navigation satellite system) SHX| S HAMsHE ¥R o
OSR(observation space representation)¥} SSR(state space representation) .2 ¥ Tl THEA<Q OSR 7|¥F HZFA]~EIC]
N-RTK(network real time kinematics) = ¥ 100 km -2 A1) 2= S Yol emg S A EE 1T 5 Q)= Al =H oA 5k I
HHA O 2 ARE-A-Ql e} 1 bk Al Wkl ef] o] &) An] 27t Tk o] # gk 57 0 & Q18| N-RTKE &-&-3F 914 719 emd
AHE G SS9 AP 2= T52 d4 402 W Alofo] W) §FH, SSR HAA| =8-S M| 2~ o U] BE A2l Al 5L
HAQHE AF3817] Wil sk Au) 2ol A 3}staL, 7 A B O] AET7]E fred o 24+ on = 94 7wk
o 4 HARE WE An 2ol Agtelth ojgh Ao R Q] fAATHAILT S A% 22 SSR WA H 7]uk)
PPP(precise point positioning)/PPP-RTK ™ 5] A U] 2 5o Wkz}E 718}ar Qlt). o of] H =&l A= 914 7]HFESSR g4 1
W qH| B A 2 54, 59 A 48 F8) PPP/PPP-RTK M1~ B33 A 59 #3-S vpotsaal g,

[Abstract]

Unlike OSR(observation space representation), the SSR(state space representation) augmentation system is suitable for a one-way
broadcasting service because it provides the same corrections to all users in the service area. Due to this advantage, several GNSS(global
navigation system) systems such as Galileo, BDS(beidou navigation satellite system), QZSS(quasi zenith satellite system) are establishing
PPP (precise point positioning)/PPP-RTK precision positioning services based on SSR messages. Therefore, in this paper, we try to
understand the trends of satellite-based PPP/PPP-RTK correction services by analyzing the system configurations, characteristics, and
precise positioning performance of satellite-based SSR correction broadcasting services.
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GNSS(global navigation satellite system) H.7A] 28l oA}
Al 2 Rk SHX ] 23k 94 A% 2 A ASAL tF
T 2 AT ok = B ukEa) o vholo) 2 F5 HASH
= W] uwEl OSR(observation space representation)¥}
SSR(state space representation). > 2 53k 4= QITh OSR W4
2 Qe T A7) 2 SAA RS e el digh
lump-sum HAARE 2502 QAE WAL WhA,
SSR=> 7]Em HIESAE D83te] eakg HEd= Edldt
o F4atar, 7t eatel gk RAAE X" s e & A
Al Al Alg-8= W2l o]tk 1]

32421 OSR 7|8t BAFEHHA|AE] O 2= RTK(real time
kinematics), N-RTK(network RTK)7} 1.2, PPP(precise point
positioning) 3 PPP-RTK+= SSR 7|9t RAH R E &-8-5}+= 1+
3} 71 A 9] 7otk N-RTKE 7] RTKS| @S
Hekslhal, 59 Aes IE FAsHHA A2 S oF
100km “=F71A] SPEAIZ = ol G829 Al olrt Thik
AE QY 59 Al2gs 783817 A= An)2= 99 Ul
REUVEYTS] BAGGRE g Hof afjof gtk o)==t
~ FAdRt 5=2] YhjE) bandwidth7} 2 Q32 N-RTK, =
OSR HAA|2~HlS &-8-gk 914 70k emy A= E A 59
AUl T FAH 0 R ge AoFo] whEtt W, SSR W
219] 9= 7F 2ake] AlgRE S B BAA R ] AT
718 2AEHE 4 9o 2 OSR thH] At o2 A2 ofo
bandwidthZ = 339} Mu|27) 7ps8t) o)) & FHow
83t AR emay A 5915 918 GNSS S %
RAGRE 94 2 S(e.g LO)E T3l AAZTO=E AlFs)
& W= -5 PPP/PPP-RTK HAA K 4] 2~7} 7ldte] a1
E 12 AREAP RS H]E- glo] &8-3 4 Qe 94 7]
& A9 =2|(PPP/PPP-RTK) A H] A2 A 2|3+ Aotk

E =oALl AAE AH| 2 F dA) BAASE
= ZF Azl gk AlaE) Y H B, 4 S

T 55 Agho 24 PPP/PPP-RTK A1)~ 538 2 SSR 7|
W BN g o] A 59] A S ghotastarat gt

o 1

to
N
)

H}

)

E 1. 914 7|8k PPP/PPP-RTK AMH|A [2]
Table 1. Satellite-based PPP/PPP-RTK services [2]

Service Satellite orbit Status Data rate
QZSS(II\)/{;;I))OCA IGSO/GEO O(pze(;ezitzi(ir;al 2,000 bps
Galillfl())PI;IAS MEO sz;‘ggrf)‘“m 500 bps
Beig(l);; fPP GEO Oéeggg‘f;al 500 bps
GLOI(\II;;IS))S PPP GEO (CZ%I;;@E’; 4,000 bps

419
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Il. PPP/PPP-RTK EHFHE AMH|A
2-1 QZSS CLAS

CLASY= QZSS 9142 L6 A ZE5 53l GNSS S %] 2.2}l
3 B4R E HkEEH= PPP-RTK AH]2~0]t} [3-4]. CLAS
A 22512 ANEA Q1 GNSS Al =8l fAVSHAl 1) 132} o] -
T H-F(space segment), A’ F-Z(control segment), A-&-A} -
(user segment) 2 T3 E 0] Itk -7 FET AREAL T2
717} 47191 QZO 91433} PPP-RTK ARE-AME /g = o] 9l o
™, A% F-E-2 GNSS A4 SA4AE sk A 7e=3
7} 914 S Aol 23he QA FAsaL ofol ek HAA K
AehE T4 Aels o2 F9H ] ek A Ul 91A]
3 GNSS A TE4 UIEQHQ GEONET(GNSS earth
observation network)ol| A= T 24 #=5 dlolE| & 38}
of T A=l gt 4 AgmelAe 7 7lEwo®
FE] IS oAb 9 ket S| E o] g3l 15 7
gk 9430l tigh A= = AJA ok, A= 9 97 vlojo] 2, g
5 2 5% 23 55 2Nt HE Fa F45ka, 7F 23l
gk 2R 9 FAA shebry ST 1ok, 91489
718FeHA wiA] 5 arefste] A~ J ] HA L des &
H3l7] 915k 94 23s AAska, s 914l gk SAA
S HAAHEE QZSS 91/449] L6D Al5.E B3l Yt H o
WSk S).

20223 10€ 7], QZSS CLAS AH|2~ 92 19 29} ¢
o] 197}2] VIEA AR FAEo] 9o, ZF Y EY Anitt =
tE de)s 9 Ui oA BRI} ATHh S, 5Y3
LA 7 MEYTER AleE= 7] eApe] tig 1
47 He] gho] ME ThEEE AMgA= APAlo] &5 U ESIA
of A3tk BAFRE duste] FAGA]o A-gatoof gtk
CLAS®IA A|lFshe= 7] 24 HAA = thE PPP-RTK 74
I 591 M| 29k fFAFsHA| r(function) R FHxKresidual) /3
Fow Y 2] 5 P HAAERE ve
(polynomial) H:+= - Z=3Kspherical harmonics) 2] Sl
2 A NEYTHERE A, Zx} A2 2F 60 km (HE o2

o

o)l % 231711 2] ARpAvic} A 2H o)

=

2

I~

v

Control Segment

T8 1. CLAS A|AH 74 [3]
Fig. 1. CLAS system configurations [3]

www.koni.or.kr



J. Adv. Navig. Technol. 26(6): 418-426, Dec. 2022

Compact Network ID 1
+ Compact Network ID 2
« Compact Network ID 3
Compact Network ID 4
+ Compact Network ID 5
« Compact Network ID 6
Compact Network ID 7
* Compact Network ID 8
+ Compact Network ID 9
* Compact Network ID 10
Compact Network ID 11
* Compact Network ID 12
« Compact Network ID 13
Compact Network ID 14
+ Compact Network ID 15
+ Compact Network ID 16
+ Compact Network ID 17
Compact Network ID 18,
« Compact Network ID 19

b %
| 2 %
y =
PIEN] RS
I/

120°E

\
\
!

e — ——
126°E  132°E 144 150°E

138°E
3 AR 22
Fig. 2. Distribution of CLAS regional networks and grids

J8| 2. CLAS HIE®IZ

— =
4s BF

¥ 2. QZSS CLAS [6]
Table 2. QZSS CLAS performance standards [6]

Parameter Performance standard
Accuracy Horizontal < 6 cm (95%)
(Static) Vertical = 12 cm (95%)
Accuracy Horizontal = 12 cm (95%)

(Kinematic) Vertical = 24 cm (95%)
Availability = 0.99 (at least 3 QZS satellites)
Continuity =1—2x10"*/hour (each QZS satellite)
Integrity
(Time To Alert) 92s
TTFF
(Time-To-Fisrt-Fix) = 605 (95%)

3 2+ PS-QZSS EA1[6]° A 2lE CLAS AH]22] 3hH A
5, B 2E W An| 2= od o] 77] 55 A g Aoluk dA)

CLASY  GPS(LICA/L2C/L2P/L5),  QZSS(L1CA/L2C/L5),
Galileo(E1b/E5a) 943 A 50l thek R AR E g8l glo

o, GPS 2 QZSS L1C 4159} GLONASS Gla/G2a (CDMA) Al
T FF AL dAelrk 20]  AlE 60%9]
TTFF(time-to-fisrt-fix):= AF&A} °217]7F QZSS L6 AT & &
] W CLAS BAARE B5% A 7HA] 205 E Al
ZF30%9F AR 489 9149 vhEa x| A4 Aol
2QFE AHS 9|3k TTFAF(time-to-first-ambiguity-fix)
30%2 33T

2018 119 195E 324 07 A Hoo tfate] CLAS
AH]| 27} A2 o]3 =2 CLAS HAARE g-831 A =9

A7 2 A ATS AT v A9 FAEAT N
Motooka et al. 22018 1195-E] 2019 59744 k671 7F
T 6071220 GNSS 7IE=ellA 3% #5 vlolel & &-&3)

g ] =2 =2 0

v
It

o CLAS s 371 913 A2 591 4TS skl 7).
) =Hol M= 42 GNSS HloE ol th3l A4 #(static) 2 &

Z(kinematic) =04 2] PPP-RTK A Z¢] A5 H71E ¢
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3l CLASLIB A X E¢o]& AR89t A4 e
-, 95% 738 L 52 227} 242 2F 3 em, 5 cm,
Holl M= 73 S27F 2k 6 em, 2] 22171 ¢k 12 cmi
o, o= H20] WAIH CLAS 59 A5 21& 153
2] o]t} R. Hirokawa et al. <= A}Al| #|2}+e+ GNSS 41715 %%
8}04 2018\ 99 269 & 53]9] uEHER 8 AeS Tl A
3} =4 GNSS dlo]E] 7|Hke] CLAS =4 AF8AF A% H7t

= el on, o1 Ad) 95% 7 B A ko] Ho gk
12} 5.8 cm, 14.9 em QA TH[5].

i _n

N

2-2 QZSS MADOCA

UE JAXA(japan aerospace exploration agency)”} 7'&gh
MADOCA(multi-GNSS advanced demonstration tool for orbit
and clock analysis)i= 2A1ZF AW Z2(RT-PPP; real-time
precise point positioning)oll = 23+ GNSS ¢4 #= & AJA L
2F 58 T HAAHEE AlFshs AAE RGP E AH| A~
olt} [8]. MADOCA AH]Z= QZSS L6E 2ls H
NTRIP(networked transport of RTCM via internet protocol)<
a3l AAIRFO R Au| 2w B i Bl ofA|ol B ¢ A AL
o el HAA] AHEAF7F 0] & 7FseE[9].

A 1218 GNSS 7IE= T 285k CLASOF e
MADOCA= 1§ 3%} o] A A ZpA] ol {323k 7|55 v E
$] A(MGM-NET; multi-GNSS monitoring network)[10]& 711}t
© & GNSS 914 A% B AIAIE s ofol] gk HAA K.
& A3t QzSS L6E 4lsE Faf wWEgith ngh
MADOCA:= CLASS} 2] ti75 B 2|5 @bl theh 2.4
ARE AF8HA e7] wiitol] AREAE HE -4 He u% &3
£ BAsHAY A oF sl dybA o g

(ionosphere-fiee linear combination)< &
ahw, 2 el § B4 R oAE
% MADOCA®] 7%, 3% 30| 4] 4% $ﬁ
£ @45 918l H ) 3042 Algto] A gt W

5
ul

ol
o [ L6E

I'Service to J_ap_arT [
' area where dense !
! and stable CORS :

| Service to the ocean
1 and other countries
1 where CORS are hot

! are set up. 1 set up
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Fig. 3. Service coverage of MAODA via QZS satellites
and reference stations distribution



E 3. MADOCA-PPP &&
Table 3. MADOCA-PPP

=Z (6]

performance standards [6]

Parameter Performance standard

Horizontal = 30 cm (95%)

Accurac
Y Vertical = 50 cm (95%)

1,800 s

Convergence time (in case of dual-frequency)

E 4. RTCM SSR HIA|X] 7|8t MADOCA ZHMEE [11]
Table 4. RTCM-SSR messages for MADOCA products
[11]

RTCM-SSR
Product Message Type IUFdatel
GPS GLO QZS GAL nterva
Orbit 1057 1063 1246 1240 30s
Clock 1058 1064 1247 1241 Is
High-rate | o0 1068 1251 1245 1s
clock
URA 1061 1067 1250 1244 Is
Codebias | 1059 1065 1248 1242 1 day

X 5. Galileo HAS AMH|A & &5 [13]
Table 5. Target performances for Galileo HAS service [13]

SL1 SL2
Coverage Global ECA
(european coverage area)
Orbit correction SL1
Corrections Clock correction +
Code and phase biases | atmospheric corrections
Horizontal
< <
accuracy (95%) 20em 20em
Vertical
< <
accuracy (95%) 40cm 40cm
Convergence time <300s <100s
Availability 0.99 0.99

kA o133k nke}l o] MADOCAE 5U3 BHAARE
QzSS ARt ol e} AIH YIS Sl = Algsh=d], 2t
AE B Wax] TS A= th2n) & QZSS L6E AT 2
F3 W= A4 R Compact SSR HIAIA] Zlo]H, 1
HYS B3 ~EY s 244 HE RTCM-SSR X130 7]
W3k 9t} ¥ 45 MADOCA AU A~E Fa 435 s A
ZFRTCM-SSR HIA|A] 2 v 244 & 2] gk Zlo|r).

20223 99 30955 A A7t PPPE 93 MADOCA-PPP A|
W xqu] 27} A 2FE Q) 01 2024 A FE] o}A QL o} Ao
ato] PPP 79 AIRHE: =017] 918 el QA B RE A
e Aot}

2

il
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HA Data
2w B - k&
&, s, D
> == St < -
&N " @ us
HA USER SEGMENT HADG
HA corrections
(ground server access)
INTERNET
T8 4. Galileo HAS o7 |ElH [13]
Fig. 4. Galileo HAS architecture [13]
CINAV Page CINAV Page
Reserved | HASPage | CRC [ Tail | [ Reserved | HASPage | CRC | Tail
1| 8 | 24 | s 14 48 | 24 [
HAS Page HAS Page
| HASPage | Has Encoded Page FASPA0% | ins Encoded Page
[ 2 124 3 [ 2a | 424
e ’ ) o = // e Message Type 1
| | I | [ G |’ |H| Mask, Orbit Corr., Code Bias

J8 5. Galileo HAS HAIX| F=
Fig. 5. Galileo HAS message structure

2-3 Galileo HAS

Galileo HAS(high accuracy service)i= Galileo E6B 2152}
IP(internet protocol) 7|1W+ B4 S5l A2 5915 215 PPP
HARRE F82 A3k AH|2=o|t} [12]. HAS AH| 2=
B AT 9 AT HARR TR w F 2u9 A= 1A
o] 9low, SL(service level) 1 GPS(L1/L2/L5)
Galileo(E1/ESb/ESa/E6) 9144 A5l tigh a1d HAd g1 (9
3 A% HAA 22t 94 Als vtoloj (= 9 ik shE
A|5-31= global PPP AJH]2~0] 31, SL 20 41= f3 2ol A9
PPP 79 AR T5-5 98k 8T B dFE RAREE 77t
Ao 7 Algd o golth[13]. & 5= 2 Au| A GAE =% 3
A2 AEe o)tk

1% 4% Galileo HAS A H] 2= o}7|EIX & T A8k Zlo|t). A
MA ZpA]of] B33 14712] GSS(Galileo sensor station)ol| 4] 4t
S T3 GPS % Galileo 9143 #5 Hlo|HE R §, o] &
HADG(high accuracy data generator) &3}, Z1 U2, HADG
o4+ GSS  ODTS(orbit  determination and  time
synchronization) 555 ‘53l GPS & Galileo 91/ A= 2 A7
o} ufoJo]x & FA3}aL, ofol] thgk HAA B} 5k HAS
WA %] 2 A8 5 ULS(up-link station)ol] &3}, & 579
ULS®lA= 1t 20719 Galileo 91410l HAS WA XS A3}
1, #F2 22 Galileo E6B 21 &5 F-3l HAS B4 G R 7} 2 A
Al AFgARl Al AT} 3 Galileo HASE 1B 1S E3)

[AmEr)

=1]
=
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RTCM(radio technical commission for maritime services) 3% 2]
HARRE A A3 ol golrh

Galileo HAS B A W= 19 59} 7] Galileo E6B CNAV
A E F3l H ol 448 bps©] & SR HEE T, HAS v
A A|E= 24-bit HAS header2} 424-bit HAS message® 74 ¥ o]
ST} Galileo HASE PPP X4 K W45 913} Compact SSR
of 7]vkgk F7) WAIA] S ARE-SEaL gt} vk Compact
SSR HAR|e} D] BE BAAHRI} he] wWAA] MT
I(message type 1)oll ¥X&F|o] glom ALE&2}l= Galileo HAS
WA A] headerol] ¥34 flags B3l AN Fi= mask A X
o] Al o5& Fotdt o giTk

¥ 62 HAS MT 10| ¥3hd R4 1 8 effective range,
scale factor & 7|3+ Ao|th. HAS YA H= GST(Galileo
system time) 7|5 0.2 A 2 2|3 E 22 HAS AFE-A= PPP
4 9] A, GPS$} Galileo Al2=8] A7} ZfolE oJn|sh=
GGTO(Galileo to GPS time offset) S aLe] aljoF ghr}. 121, 9]
4 AE o2 AR = 914 StElL 913 F4)(APC; antenna
phase center)S 7] O radial, in-track, cross-track 2x}2] &
HE AFFHea ARRAE ECEF(earth-centered,
carth-fixed) A= W3 & #-g3ljof ghrt wegh 9144 A7l
92} A H= GPS LNAV H Galileo UNAV HAIA] & 2H&-

o=

E 6. Galleo HAS MT 1 Zi2|o|E] [14]
Table 6. Galileo HAS MT 1 parameters [14]

Correction Effective Scale Unit Nq.
range factor of bits
Delta radial +10.2375 0.0025 meters 13
Delta in-track +16.3760 0.0080 meters 12
Delta corss-track +16.3760 0.0080 meters 12
—10.2375
Delta clock to +10.2350 0.0025 meters 13
Code bias +20.4600 0.02 meters 11
Phase bias +10.2300 0.01 cycles 11
X 7. Galileo HAS PPP Ms [12]
Table 7. Galileo HAS PPP performance [12]
Horizontal Vertical Convergence
position error (95%) | position error (95%) time
Galileo 0.162 m 0.182 m > 1 hour
GPS
+ 0.089 m 0.078 m > 1 hour
Galileo
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J8 6. BDS-3 GEO 215 FHHE|X|
Fig. 6. BDS-3 GEO signal coverage

Fernandez-Hernandez et al. = GMV AF2] Al 9] AXE
12 MagicPPP[15]S &85} SIS(signal-in-space) &3-S
5t sl 2 ¥ UTC(coordinated universal time) 715+
2021 59 259 7A] 304HH oF 3AIRHEt K E oM, ~
#H QLo AAg GMV 71ETel A 3% GPS B Galileo 9]}
Al 9 dkEul 4] 9} Galileo HAS X444 RS MagicPPP
A2 E ol )]H&te] AlEH PPP =] AWE 480 24
Galileo HAS R AA R O] A5S Hrlslsint g AdA
Galileo HAS MT 1] 23He 914 A% 2 AA At HAAH
= 247} 50%, 1020k R Rl om, vkEal 912 vlojo] 2~
BAARE ARRE R 9kt), % 72 PPP 59 A7+ & PPP 4=
H 9] 9] SAH95%)E gt Zlolt). 7E o] F2o| Z9] &
2= Galileo HAS SIS ICD) WAIE 3% A %5S 7531914
ok, PPP 575 A17Ee] 9= ARSI el BAIgle] B
T 1A o] A8 F o] SLI 7] H3EX]Q1 300Kt E4l %
Y= A Bk

2-4 BeiDou PPP

BDS-3+= F=ro] A F<1 AT A4 Almgo=m
GEO $14d 371, IGSO $14d 371, MEO 144 24712 A =] Q)
t}. 53], 20201d 7€ §-= FOC(full operational capability)”} -
217 0 2 M[16]¥ ©]FH5-E BDS-3 GEO A4S Fal S+
2 opaJohefsg oF x| ARgALel Al 9178 714 BAFGE A 2~ F]
(SBAS; satellite based augmentation system)$! BDSBASS} PPP
A 9 AR 2E Algskal o, 719 6-> BDS-3 GEO 9]
3 A5 A A E HER Aeltk

BDS-3 PPP 41| 29| Hlo|E] x|g] W AR B 44 314
Thet 2ok WA, S5 Ul Fel] aL2 ] 325 GNSS 7]E=ol
A A A B kT S0 7173 diolHE R ekaLl HA
2 BAE AH T Alo)Tom AEgh T ATl =
Ao 2R 3 GNSS B Ho|HE &-gale] 4y
A A= B AA e2HE S48kl ZF QaF Aol gk B
R 9 9)4d 5= njolo] 2 o] A3 WA A& BDS-3 GEO
2174 <] PPP-B2b 2155 -3l Wk} [2]. BDS-3 PPP A{H| 2~
= GPS, GLONASS, Galileo, BDSZ ¥33} t}5 9A4TS A



PPP-B2b WAIA] 2= 18 73} 7Eo] 6-bit message type,
456-bit message data, 24-bit CRC(cyclic redundancy check), &
486-bit= /3% ] itk PPP 7|4 A F91E 93l Ale =
HAARE 57 914l gk HAAR BT} AleH =4
I 3}7] 93 satellite mask, 943 A% D AJA 02 BARH,
DCB(differential code bias), URAI(user range accuracy index) &
o] Qlom, 7} WA K= 3F 99} o] T 7709 wIA| Aol L
o] Wrdth 2 iAX = A2 T F7|2 gEE s, AR
shgo] iAo Z A4 AlAl exk= 6xmttt W E T, 9
3 A% Q2= 48z mit} WG th A2 ThE HAIAE S
AFEE BAER A2 H 94 exF F40) AR B 7l

gol-2- 93}l 10D(issue of data) 3}2hv|E] 7} Z-g-Fl T}

L==1
T=

et

< 486 bits >
Mestype Message data CRC
6 bits 456 bits 24 bits

T8 7. BDS-3 PPP-B2b HAIX| F= [17]
Fig. 7. BDS-3 PPP-B2b message structure [17]

¥ 8. BDS-3 PPP M= ZZF [19]
Table 8. BDS-3 PPP performance standards [18]

Parameter Performance standard
. < o
BDS Horlzf)ntal = 30 cm (95%)
Vertical = 60 cm (95%)
Accuracy - = )
BDS+GPS Horlzf)ntal = 20 cm (95%)
Vertical = 40 cm (95%)
Convergence BDS 30 min
“me | Bps+Gps 20 min

¥ 9. BDS-3 PPP AH|A HAIX| EI [17]
Table 9. Message types of BDS-3 PPP service [17]

Message type Information content

1 Satellite mask

2 Satellite orbit correction

3 Differential code bias

4 Satellite clock correction

5 User range accuracy index

6 Clock and orbit corrections — combination 1
7 Clock and orbit corrections — combination 2

8-62 Reserved

63 Null message

423
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¥ 10. BDS-3 PPP B2b EX™MEE
[19]
Table 10. Kinematic PPP performance using BDS-3 PPP
B2b products [19]

225t kinematic PPP M=

S BDS only GPS+BDS Convergence time

(95%) (95%) BDSonly | GPS+BDS
| QTAmED O o sz
| ST 20 i 1o
ont | S0 [ 2 s | 1o
iz | S |0 | | somn
s | DR OB | s s
XIAl 8%222% 8;22% 199min | 182 min

W. Zhang2 20221 7€ 264 5-E] 129 194704] <F 57014
2t F=5 ol 912131 6714-2] 1GS(international GNSS service)
MGEX(multi-GNSS experiment) 7]==1(BJF1, LHA1, KUNI,
WHU2, SHAL, XIAl)oll4 “#5]¥ GPS %! BDS #5 HloJH,
BDS-3 PPP B2b R YA R E &-85}9] kinematic PPPE 533}
a1, olell tigk A5 H7HE keIt [19]. 3 102 2t 7=
8 e g9l A QxK95%) 9k 7 AR ] §k Alolth 3% 8
of AAIE 7 E 4 9 A} A jhs WEEHE BE Ve
o] thak 5 A7ke] Wt 3HS BDS-only$F GPS+BDS 22} oF
17+, 16302 YERst o™, o] =4]= BDS-3 PPP 5 3¢
30%-(BDS-only), 205(GPS+BDS)E W5 WHah= Aotk
A AEE SN BE 7oA St 23l 3]

glol s BES wEaigint.
n. @ 2

B =Rol| A= SSR W) o] RAA W S 2-ga= 94 7)uk
PPP/PPP-RTK ¥ 44 W Mu| 2 53k wpolsla, 7z} Au| 2o
gk A2 =9 45 43S 7€tk Galileo, BeiDou,
QZSS 5 7] TFHE Y &8 T AT HA ~HES A 7
7k okl A &84 = 2= 9144 7|8k PPP B+ PPP-RTK 1
AR A 2~E Askar 9l

QZSSE L6 213 E F3l nationwide PPP-RTK AH]2:Q]
CLAS®} global PPPE $13F MADOCA AH| =5 Al F3kal gl
t} 2018 1€ 1YH-2 CLAS MH|27) 542 o2 A1 2tg
o] = CLAS A5 H7He 13 B2 750 a3tk 4
A ARgAEe] 59 Ae w9 °F6 om, 4] 12 em, 18] 3L

L

www.koni.or.kr



J. Adv. Navig. Technol. 26(6): 418-426, Dec. 2022

A AREAR] A= e B A ZH7) ok 6 em, 15 em R
O 2 UpElykom], A5 dlolH 7]9k A3 A ¥} CLAS AJH] 29
53 s WSk &S Kol th MADOCAT 2022
W99 30U F-E] AlH AR ~E Al &Gl o, &% 27 9
A HES 98E Ae)S 0 A RAARE F71H o7 AlEed
o g o]t}

Galileot= E6B 213 % QIH YIS &3l AAIZPPP S91& 9
3 SSR W AR R Z Al55H= HAS AMH|AE skalar 9o,
Compact SSR 7]4+e] HA]x] 3-8 58311 Qlt} HAS A{H]
2F 5X AT 2 BAEAH TR uE) SL1Z SL2E T
o} g8 TA 2] 22 E o] 7]49k Galileo HAS(SL1) PPP =]
Av}, 914 G SHA = 7 @ 4 B 10 em oW 2
Galileo HAS SIS ICD® A H3 3= w5aliA T,
PPP 57 AJZHE 1AIZF o] 4} 4 Q. W] o] SL1 MM~ B8 S
TSR] s Aok B i)

BDSE 2020 7€ 58] BDS-3 GEO 94 B2b A &2 E3
S R oPAJol B F 2| ARG}l A PPP A 5-9] AlH| 2~
(PPP-B2b)E A3-5}L 1.0, PPP-B2b HAIA]= 2F 500 bps<]
AEEEZ EHTh

2022d 79 2645 F 570 7F T W 67l VIS B
= dlolEE 283l $=3% BDS-3 PPP(GPS+BDS) ¢ 4
s W7 A, A AREARe] 13| 24t H ) #k2> GPS+BDS 7|
Fo 7 8 2F 18 ecm, 3] 2F38 cm, 7] FH AT 27]
FEATES 185-0]%1.01H, o]i= BDS ICD A1l A% PPP

s BES TESRE £1 UL A3,

Acknowledgments

o] AATE FEW /R RS 3-d o] AlskaL
FaEm At Sk "AfERAT S/ S 7IR&DA
AIANZ 22SMIP-A157175-03)°2] Aoz S35
.

References

[1] CS. Lim, Study on homogeneous network RTK method for
satellite based nationwide GNSS precision positioning service,
Ph.D. dissertation, Sejong University, Seoul, Feb. 2022.

[2] R. Hirokawa, I. Ferndndez-Hernandez, and S. Reynolds,
“PPP/PPP-RTK open formats: overview, comparison, and
proposal for an interoperable message,” NAVIGATION, Vol.
68, No. 4, pp. 759-778, Dec. 2021.

[3] M. Miya, S. Fujita, Y. Sato, K. Ota, R. Hirokawa, and J.
Takiguchi, “Centimeter level augmentation service (CLAS) in
Japanese quasi-zenith satellite system, its user interface,

http://dx.doi.org/10.12673/jant.2022.26.6.418

detailed design, and Plan,” in Proceedings of the 29th
International Technical Meeting of the Satellite Division of
The Institute of Navigation (ION GNSS+ 2016), Portland: OR,
pp. 2864-2869, 2016.

[4] E. H. Kim, J. Y. Song, Y. J. Shin, S. K. Kim, P. W. Son, S. G.
Park, and S. H. Park, “Fault-free protection level equation for
CLAS PPP-RTK and experimental evaluations,” Sensors, Vol.
22, No. 9, pp. 3570-3582, May. 2022.

[5] R. Hirokawa, K. Nakakuki, S. Fujita, Y. Sato, and A. Uehara,
“The operational phase performance of centimeter-level
augmentation service (CLAS),” in Proceedings of the ION
2019 Pacific PNT Meeting, Honolulu: HI, pp. 349-360, 2019.

[6] Cabinet Office, Quasi-zenith satellite system performance
standard (PS-QZSS-003) [Internet]. Available:
https://qzss.go.jp/en/technical/download/pdf/ps-is-qzss/ps-qzss
-003.pdf?t=1667355755724.

[7] N. Motooka, R. Hirokawa, K. Nakakuki, S. Fujita, M. Miya,
and Y. Sato, “CLASLIB: an open-source toolkit for low-cost
high-precision PPP-RTK positioning,” in Proceedings of the
32nd International Technical Meeting of the Satellite Division
of The Institute of Navigation (ION GNSS+ 2019), Miami: FL,
pp. 3695-3707, 2019.

[8] A. El-Mowaty, and M. Deo, “Bridging real-time precise point
positioning in natural hazard warning systems during outages
of MADOCA corrections,” in Proceedings of the ION 2017
Pacific PNT Meeting, Honolulu: HI, pp. 514-525, 2017.

[9] N. Kubo, D. Hatta, K. Kobayashi, and K. Aoki, “Improved
integration method of wide-area RTK/PPP with IMU and
odometer,” in Proceedings of the 2020 International Technical
Meeting of The Institute of Navigation, San Diego: CA, pp.
772-786, 2020.

[10] K. Udompant, R. Ospina, Y. J. Kim, and N. Noguchi,
Utilization of quasi-zenith satellite system for navigation of a
robot combine harvester,” Agronomy, Vol. 11, No. 3, pp.
483-499, Mar. 2021.

[11] T. Suzuki, N. Kubo, and T. Takasu, “Evaluation of precise
point positioning using MADOCA-LEX via quasi-zenith
satellite system,” in Proceedings of the 2014 International
Technical Meeting of The Institute of Navigation, San Diego:
CA, pp. 460-470, 2014.

[12] L. Fernandez-Hernandez, A. Chamorro-Moreno, S. Cancela-Diaz,
J. David Calle-Calle, and P. Zoccarato, D. Blonski, T. Senni, F.
Javier de Blas, C. Hernandez, J. Simén, and A. Mozo, “Galileo
high accuracy service: initial definition and performance,” GPS
Solutions, Vol. 26, No. 3, Apr. 2021.

[13] EUSPA, Galileo high accuracy service (HAS) info note

[Internet]. Available:
https://www.gsc-europa.eu/sites/default/files/sites/all/files/Ga



lileo HAS Info Note.pdf

[14] European Union, Galileo high accuracy service signal-in-space
interface control document (HAS SIS ICD) [Internet]. Available:
https://www.gsc-europa.ew/sites/default/files/sites/all/files/Galileo
_HAS SIS ICD v1.0.pdf

[15] GMV, MagicPPP® [Internet]. Available:
https://www.gmv.com/en/products/space/magicpppr

[16] Y. Liu, F. Gao, J. Li, Y. He, B. Ning, Y. Liu, S. Chen, and Y.
Qiu, “Analysis and performance evaluation of BDS-3 code
ranging accuracy based on raw IF data from a zero-baseline
experiment,” Remote Sensing, Vol. 14, No. 15, pp. 3698-3713,
Aug. 2022.

[17] China Satellite Navigation Office, BeiDou navigation satellite
system signal in space interface control document precise point

el & £ (Cheolsoon Lim)

Open PPP/PPP-RTK 2 &% & M| S8

positioning service signal PPP-B2b (version 1.0) [Internet].
Available:
http://en.beidou. gov.ctSYSTEMS/ICD/202008/P0202008035
38771492778 pdf

[18] China Satellite Navigation Office, BeiDou navigation satellite
system open service performance standard (version 3.0)
[Internet]. Available:
http://en.beidou. gov.cn/SYSTEMS/Officialdocument/202110/
P020211014595952404052.pdf

[19] W. Zhang, Y. Lou, W. Song, W. Sun, X. Zou, and X. Gong
“Initial assessment of BDS-3 precise point positioning service
on GEO B2b signal,” Advances in Space Research, Vol. 69,
No. 1, pp. 690-700, Jan. 2022.

51T} S AIAE oA Ml

w e 2015 28 MBCistn stsF 350} (SstAh
A 20174 28 : MIBCH st sts T3t (S AL
2022'd 28 : MIBCHEt stE Tt (SEHEkAL
)4 2022'd 38 ~ X : B e Sd3FS 5
X MEHAEOF 1 GNSS, RTK, Network RTK, SBAS, PPP, PPP-RTK

X & 2l (Yongrae Jo)
20224 89 MBSt &ZFF5n} (SEHA}
20224 98 ~ A MBS st &3
A2 0 1 GNSS, RTK, Network RTK

0] ofl Yl (Yebin Lee)
2019 2% : MBTh3t
20214 2¢ - M BOE

20214 3% ~ 8 : MBH W SEPFSED

o 8
l

oy gru

Xt 8 & (Yunho Cha)

20224 28 MBSt SZ T35} (SEA}

A Eok 1 GNSS, PPP, PPP-RTK

425

Al 2ok 1 GNSS, RTK, PPP, PPP-RTK, GNSS M

20224 3% ~ A : MBCH W SEFSED HA

onitoring System

www.koni.or.kr



J. Adv. Navig. Technol. 26(6): 418-426, Dec. 2022

HF 8] 2 (Byungwoon Park)

8t = A (Dookyung Park)

20164 6% - MM EZ
20164 6 ~ X : &

5
IHAFoE: GNSS, 2& 3 84l 7|&

0] & = (Seungho Lee)
2000 7€ : ANt M ulgstat (FEtA
2005 129 : LG a2
2006 1€ ~ X : ®EstLES FF
EHAE0E: GNSS, && & 7

http://dx.doi.org/10.12673/jant.2022.26.6.418

2005 79 : dpiostn M7 A} 2l A FEFZE
20074 79 - Aot stn HFE S (SEMAL
of = x
=)

426

2001 2€ - MeOistn S8FSEn (SEAD

2003 2€ - Metistn ST (SEHAAD

2008 2€ 1 Metistn ST e} (SaHEh

20124 88 @ X REMEIAI SUHEAT Y MloA7 /2l
20124 98 ~ &iXY : MBCHE D g3 FS e TU4/Fug
M ZHAIE O 1 DGPS, WADGPS, RTK, Network RTK, GNSS



