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ABSTRACT

China has deployed BDS along with the service of SBAS by 2020. Currently, the correction information for testing BDSBAS is
provided through the BDS B1I signal. Many research on SBAS other than BDSBAS has been conducted in Korea. However,
studies on BDSBAS are insufficient although Korea is included in both the coverage area of MSAS and BDSBAS. Therefore,
it is necessary to continuously analyze the performance of MSAS and BDSBAS. In this paper, the performance of MSAS and

BDSBAS in Korea, China, and Japan is analyzed in the aspect of positioning accuracy using the GNSS RINEX data provided by
IGS. A Software platform is designed to analyze the performance of GPS-only, BDS-only, GPS/MSAS and BDS/BDSBAS. From
the result, it can be concluded that the accuracy enhancement can be hardly seen when using the correction information of

MSAS and BDSBAS in Korea
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1. M2

Z=1o] QJAISHH A AEIQ] Beidou Navigation Satellite System
(BDS)= 20121 24 RE S5 TA R FH 20f 914
SHHAHIAS AJZFglon], 20208712 BDSS] Global AJH]A
9} 31| Satellite Augmentation System (SBAS)7} F-A]of| A&
Z T2 BDSE F&35)ar @itk BDSO] SBASCI Beidou Satellite
Augmentation System (BDSBAS)+ International Civil Aviation
Organization (ICAOQ) T3 7|4Fo 2 A7 9 A|&S 23t
(Lu 2018). BDSBAS:= 2020@7}4] & 37]|9] A A= YA 2
A}s}l o] 2 o]&a}e] BDS BIC (157542 MHz) A1 5.9} BDS B2a
(1176.45 MHz) A1 5.5 £3l 20204 695 €] BDSBAS 37jA{H| A
£ AT oI ot} (CSNO 2019). @z7tA] & 27]12] HAHE
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go] WAL= o, 2020 5Yofl U] 17]2] §)/do] LAt
E o o|tt. =12 BDSBAST} B} YITRAI AR ] B AR
= 3 A2 4 Q52 5}7] sl Global Navigation Satellite
System (GNSS) 4155 A& 4= Q= TAI=S S ol 3071
£ 551, T 20708 5T ol ook BDSBASE tHE
= 7}e] SBAS AH|A £33 RT3 O 52 CAT-T i AH|A S
EEE EE R Qlom, FANAH| A ShA AR 9 HES 4
3]l BDS-22] AA Y= £J4)2] BDS BII (1561.098 MHz) A5 & &
3 A4 4155 S35 Qlth BDSBAS A|E 4 415+ Bl 4
5o st B A AR E A2l o] BDS BII Interface Control
Document (ICD)oj|A4] “Augmentation service information” ©. 2
A1g=] o] Qlt} (BeiDou ICD 2016). Rk F=it 1345 w70l
7] wj ol BDSBAS®] Aful A Qjofe] kg Eatslar glof
ofA] BDSBAS B4 A H o] &g 7hs/do] ot wUlollA] =
o] Wide Area Augmentation System (WAAS), 55 2] European
Geostationary Navigation Overlay Service (EGNOS), ¥ +-9]
MTSAT Satellite based Augmentation System (MSAS)2] H7JA]
A8lof el A= sl A|Rt, F=9] BDSBASO] thgh A
= m]u|gk Arefjoltt (Lim & Ji 2010, Lim et al. 2016, Lim & Park
2017, Son et al. 2017, Ko & Choi 2017). 3+L-.2 MSAS AH|A Z]
13} BDSBASE] AH] 2 7]2j0] = ofelol] $1|sk7] mE
of] 271¢] BZFAIARI) gl 244 Q1 fA4J 0] F a5tk Fig. 10]]
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Fig. 1. The coverage area of MSAS and BDSBAS.
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=, Y& YoM e Hn g el 439 W H=EY
AH 9 oAlA7 HHE 7ZF 9] International GNSS Service
(IGS) Ato] Eof|A| Algsl= Hlo]ElE Z-E3th MSAS B A=
2} BDSBAS 2% H & J&hx 5418 3l GPS @&, BDS T,
GPS/MSAS E3}, BDS/BDSBAS E3} 31 o] olabAe] L ¢]%]
HEEE v AEISIct 2 =72 270l 4] MSASe} BDSBASS] K.
AR Y By AXE AEskal, 3%l 4] I1GS Hlolel & &85}
o QalAE] A 9Jx] FEEE FASlAL, 4FolA] =29 AES

AAsHA

2. MSAS2t BDSBAS?| HH HE

sBASE A= 14
3}, SAA 231 5o 13

& 2BH02 S FAL
S} BDSBASE: oloh & B2 0 2 FHEU AL 7532 SBAS
olc}. @A BDSBAS7E BAMHIAS AFska 917 %] T
o B AE X2 B AR ch2e] B = o] ol e

fekit,
2.1 MSAS

Q0] MSASE %7]o]] MTSAT-IR(PRN 129)¢} MTSAT-
2(PRN 137) 27]2] A A H = (Geostationary Orbit, GEO) ¢4
Zgslo] B4 FHE HESIGIth A7l MTSAT-IR f)/do] A
fo] Zthz|o] MTSAT-20]|A] Dual PRN #Alo g B4 AHE
HWHESEaL Qlom, NPAH AJHIAE Algskal ik Leu, 2020
Woll MTSAT-2 914 ¢] #utr] S8 5 7] wfoll 20204 o] %
olli= QZSSe] GEO §14d& o] &dle] B AR E A5 Aol
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Table 1. SBAS message types.

Type Contents
0  Don'tuse for safety applications (for SBAS testing)
1  PRNmaskassignments, set up to 51 of 210 bits
2-5  Fast corrections
6  Integrity information
7  Fastcorrection degradation factor
9  GEO navigation message
10  Degradation parameters
12 SBAS network time/UTC offset parameters
17 GEO satellite almanacs
18  Ionospheric gird point masks
24  Mixed fast corrections/long term satellite error corrections
25  Long term satellite error corrections
26  Ionospheric delay corrections
27  SBAS service message
28  Clock-ephemeris covariance matrix message

t} (Tashiro 2016). T3t 7| &=+ skslal A

L)
of\
to
i)
=)
o)
ug

el

= JER T
a2 FE JiAdste] AR Rt A =2 APV-1E AHIAE A
Tohe A BEE 53 9lrh MSASolA A 3513 9l v

=
A

i fjo

2] Efel B H U]-2-S Table 1of A a]sleitt (RTCA 2006).
Table 16] 2]t 7H7ko] WAl el &S Bl A== B

RS olgale] oA 1A U AHEA 91K 2 S 4B
Fohs
s

N

o Qlen], I "k Fig. 2] A5Gtk MSASOA Algsh=
Long-term correctiong ©]-85o] 24 ¢1x] L A|ZHS 245}
11, Fast correction®} Ionospheric correction 0]-835}o] JAFA
22 RATTh R 94 930l o712l o] galo] AMER}
o 91315 FA3Het.

2112072 B EH

Type 2-5o|AE oAt A T B A HQl Pseudorange
Correction (PRC)E A|55, o]+ 12 bits 7|5 7}A] 2L 0125
mo| {55 7HRIth AR AlFHh2 PRCEE PRCE] ¥i5HE
Z Kol Range-Rate Correction (RRC)E- o]-&5}o] QrAtAZE
B3} (RTCA 2006).

212 8= S A 2 =

Type 24 T Type 25 oj|A]= GNSS 9]A]¢] ECEF Z3A o]
18] 9143 A eatet $14 AlAl extoll thgk B HEE A
I3} Type 25+ Velocity Code”} 0912] 191x]o] wha} 334
o] Zalzict. Velocity Coder} 091 739 271 $)/Adol sldsh= 9
d AR 2k D 914 AJA el gk B ARE AFshal,
Velocity CodeZ} 191 73-%- shte] f4dof] sllFshe 914 9141 <
2t d Hskg, 94 AlAl @2 9 Wskge| g B AR E Ay
5132 QJt} (RTCA 2006).
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Fig. 2. Positioning procedure using MSAS correction information.
ZHIGPol| T3t Hel 5 JRE AFst gick P del S vy BDSBAS
HRE vA]A] Type 182} Type 26 &3l Al55kaL Qlck Type Message
180l 41= A AlAlel A o AP FollA] AlAROIA Algch=
Azp7 0] o\ HEA L F A Zlole. Type 262 7} 7 l
Aol gt B8 u Yot B2 FRE deFE WAl S
_ q uivalen
o} A2l AQZhE 0-63875 m7HA] 0125 m PAOR EHH s etic “Cloek
orrection o
ui, Grid Ionospheric Vertical Error (GIVE)+= 036 147}2] 15 & Correction
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ok, S.23 AP0l ) olield Fule] G ET AL ol & Corrected
sto] AREAE oAkAR] BA g ) A FE Ak a8t Pseudorange Pseudorange
(RTCA 2006). l
2.2 BDSBAS o
Positioning

Z30] BDSBAS: 20122 E| BDSBASS] et A3 2 A
2 18 BU A5l thet B4 FRE GEO 4 Bol £
o]t} BDSBASLE & 3 7]9] GEO 942 o]25}o] BDS BIC, B
B2a 415.9} e} JAJPHA| AR ol thet B H RS AF5}
O] MSASET} & 439] CAT-1 7 AH|AE Algste
EEE 75 Folok 202090 FAAHAE AlFshe e
2 50, 2030 HE] = CAT-15+2] BDSBAS AJH|AS A2
Azlo]c} (Li 2019). 4] A|340 2 #2=] 71 9= BDSBAS X
% A E+= BDS Bl 415.9] D2 3HHHIA| A & 53l A5t BDS
BlI2] ICDoj|A+= BDSBAS B4 A HE “Augmentation Service
Information”©. 2 ¢1g35}3L Qo) Al 5sls 24 ARE S AF
Foll gk M5 4 A o4 9D F24 FH, olx A= B4
Ay 2AAM Ay olt} (BeiDou ICD 2016). Fig. 32 BDSBASZ HL
B AlgHke B2 AR E o]gslo] 91X & ke &
ebdt} BDSBASO|A] A|-Zs}= Equivalent Clock correctionit
Ionospheric correctiong ©]&3sto] QAbAZE HA5L, BA
H YAIAZ E o] gste] 41719 X5 STk
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Fig. 3. Positioning procedure using BDSBAS correction information.

221912 EY &

A7) AEE 3 Q)= BDSBASS] KA 4B MSASH 2 Fast
Correction, Long-term Correction® 2 FEE|o] Q2] 9F17 13
bits 77|15 7}A]&= Equivalent Clock Correctiono|g}= s}2}u] g
= B3] oA bAY B FAEE A5k 9ok Equivalent Clock
Correction= 0.1 m2] scale factorE 7}x]= AZbe} 2HS A|25
Zm, 18&xmit}h ZA1E ) Thek B4 A1 o] 7ho] —40960] LIEL
H AFE-E7 AMENE 2]o]ghtt, Equivalent Clock Correction?}
S B4 ARE A3ska ¢lom, User Differential Range
Error Index (UDRED:= 0.E] 157}4] 1664 2 Lol A=t
UDREI7} 140]/4d wlii= o|xtAE] B H RS A3 Y= A
& HA5Ea Qlt} (BeiDou ICD 2016).
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222 M5 B ¥

BDSBASE %3 ALZoll tfelA] AEE 5, 9IuE 2
2 Ueo] 7} IGPo tigk 1) % FHE A Zs}a Qlow, Fig 4
ol 1 E2E By}

2 ZEH, GIVEL 052 15714 16 BA 2 o] Al-2=th
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AR S 215l 1GSellA] A|g5ke GNSS 415 Hlo]
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System (CDDIS)2] FTP AH (ftp://cddis.nasa.gov/gnss/data/
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= 89 HY Al YREFE A2 9 YH|olA 41717}
20 A7) 722 ejulshm, o]71A (S, yTS, 207 AlA] 9]
) 1K), (s Y 2,0 AHEAES] GIXIE SfEIRICE 4] (D)2
AR Aol ST AAE Atole] 9 AFE ojulgitt. Table 2
o] DAEJOOKORT} STK200JPNoj|4] MSAS B4 A x5 He Az}
S]] Tt 24417F F9F2] PRN ¥ 9JA}7]2] Root Mean Square
(RMS) 9212 H9ith MSAS B4 AR 282 517 kS GPS
OE oA Ag]E B4 L Klobuchar BES 0] 8519
T EE o2l GPS THE, GPS/MSAS E3} spHoA] B
Saastamoinen H &2 o]85}3th

24217k Eete] o|Al7 2] RMS @442 % 2|3} Table 22 M
A 5 32709] GPS 948 F Threll Al 870 $14J(PRN 1, PRN 11,
PRN 12, PRN 14, PRN 18, PRN 19, PRN 25, PRN 32)©] RMS ¢ .3}
7} A4S} v, A o)A = 1671 $14J(PRN 2, PRN 5, PRN
6, PRN 7, PRN 10, PRN 14, PRN 15, PRN 17, PRN 19, PRN 20, PRN
21, PRN 24, PRN 25, PRN 29, PRN 30, PRN 32)¢] RMS ¢ x}7} 7+

rr rUliJ

fES)

oln

Table 2. The accuracy of the pseudorange at DAEJOOKOR and STK200JPN -
GPS, GPS/MSAS.

DAEJOOKOR STK200JPN
GPS only GPS/MSAS GPS only GPS/MSAS
RMS [m] RMS [m] RMS [m] RMS [m]

PRN 1 0.73 0.70 0.73 0.93
PRN 2 1.46 1.49 3.37 3.28
PRN 3 0.84 0.93 1.25 1.39
PRN 4 - - - -

PRN 5 0.62 0.65 245 2.30
PRN 6 0.88 0.93 1.74 1.71
PRN 7 0.81 1.06 2.16 2.08
PRN 8 0.53 0.82 0.48 0.84
PRN9 091 1.08 1.77 1.88
PRN 10 1.15 1.22 1.04 0.94
PRN 11 0.93 0.83 0.77 0.97
PRN 12 1.24 1.08 1.67 1.69
PRN 13 0.97 0.99 1.79 1.79
PRN 14 0.81 0.57 0.54 0.43
PRN 15 1.14 1.17 2.33 2.13
PRN 16 0.68 0.75 0.33 0.66
PRN 17 0.86 0.93 1.53 1.45
PRN 18 0.87 0.82 - -

PRN 19 0.98 0.90 1.89 1.76
PRN 20 0.90 0.93 1.23 1.11
PRN 21 0.82 1.01 1.83 1.70
PRN 22 0.58 0.85 1.41 1.70
PRN 23 0.64 0.72 1.45 1.84
PRN 24 0.62 0.63 1.65 1.57
PRN 25 1.08 0.78 0.61 0.58
PRN 26 0.69 0.71 0.35 0.64
PRN 27 0.53 0.73 0.31 0.77
PRN 28 0.61 0.70 0.68 0.68
PRN 29 0.76 0.99 2.60 2.30
PRN 30 0.85 1.00 2.11 2.05
PRN 31 0.46 0.62 0.31 0.42
PRN 32 1.18 0.77 0.83 0.77

A1 2 AP AR vl EHLS H, QR B 7}
Ak ol4o] St HEE AM Tt ek

Figs, 89} 90] A1 Tom Salgh Aol PRN 14 14
of thgt Ae]= B4 Zt, Fast Correction X2l ¥4 ZF Long-

term Correction & X 0] 54 kS 717} AlAkslo] T A|SF ZAo|ch

http://www.ipnt.or.kr



254  JPNT 9(3), 249-259 (2020)

The correction data of MSAS (PRN 14)[m]
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Table 3. Results of the positioning for 24 hours at DAEJOOKOR and
STK200JPN.

Site System RMS(E)[m] RMS(N)[m] RMS (U)[m]
GPS only 0.56 0.62 1.47
DAEJOOKOR GPS/MSAS 0.63 0.82 1.48
GPS only 0.58 0.76 1.67
STK200]PN GPS/MSAS 0.64 0.91 1.57
Table4. Performance requirements in ICAO SARPs.
Oneration Horizontal Vertical
P accuracy (95%) accuracy (95%)
En-route (Oceanic/continental) 3.7km (2.0 NM) N/A
En-route (Continental) 3.7km (2.0 NM) N/A
En-route, terminal 0.74 km (0.4 NM) N/A
NPA 220m N/A
APV-1I 16 m 20m
APV-1I 16 m 8m
CAT-II 16 m 4-6m

glow, NPA Aul A0 43 HSE 27 A% 220m
347 HAE 27w etk Table 43 F3) L 4
oln] GPS T APHIA E N %] 913 H3HEst 1m o
UZ ] 913 HBHEsl 2 m ol2A] B8] HE Aol
MSASOIA A1Zshe 1A AR 91 FBhE o] & JF
2] eFecha Wt

ol

3.3 BDS £ X BDS/BDSBAS £ #4 olAr{2) BEE
U 9K 2 A5 2N

BDS T 43t BDS/BDSBAS S &% 914 34 4
o] kA oA PAE] FHES HASICE oA AR AEE
& 915l A1 AERE GFZollA A8k SP3 g4 o] A I
H, Clock RINEX &A19] IGS Alo]E 2] Hfo|ojA HH
ol=] 91%] 2EE o|§5te] A AAEIE ALK, o] A

£ 7]&2 2 DAEJOOKORZ} JENGOOCHNO]| 4] BDSBAS X4
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Table 5. The accuracy of the pseudorange at DAEJOOKOR and JFENGOOCHN
- BDS, BDS/BDSBAS.

Table 6. Results of the positioning for 24 hours at DAEJOOKOR and
JFNGOOCHN.
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BDSonly  BDS/BDSBAS BDSonly  BDS/BDSBAS T 0.38 0.44 2.04
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PRN 1 1.22 1.35 3.51 3.39 JFNGOOCHN BDS only 0.51 0.44 2.33
PRN2 - - 3.86 3.84 BDS/BDSBAS 0.63 0.64 2.37
PRN3 3.42 3.41 3.92 3.89
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PRN5 - ; ; - 2 e - . }
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Fig. 12. BDSBAS correction data for PRN 3 (DAEJOOKOR)
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Fig. 13. BDSBAS correction data for PRN 3 (JFNGOOCHN)
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Fig. 14. The accuracy of the positioning (DAEJOOKOR) — BDS only, BDS/BDSBAS.
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Fig. 15. The accuracy of the positioning (JFNGOOCHN) — BDS only, BDS/BDSBAS.
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