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Prediction on the Effect of Multi-Constellation SBAS by the
Application of SDCM in Korea and Its Performance Evaluation
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g AJob= A= U] 913 710 HAEA| 2]l o] A R] 2~ Al g5 9l ste] H BAAE 9495 3ol SDCM 255 $%3517] Al 4}a)
Atk SDCM-E AX A= 914 €1 LUCH-5A 9} LUCH-5B 2] @ &40l £3+5] 0] gl hiticoll M = & 4] HlAE %91 PRN (pseudo
random number) 140 WA X 7} =21 5] 31 9lo] ] SDCM Q] A& L 1 A5 B4 o] 7538l ¥ =A== 4418 SDCM |

AAE EEE A G0 HE el AA T mEA G D 7)==l @%obm, o & &3l 738 0.8749 m, 574 0.9589 m (RMS)
o 4w A FEE el 3 GPSSH GLONASS S &4 ol BAdsh= SDCM 9] 575 Rt ato] 413 A, v
% 914379 SBAS7FGPS W5 SBAS| H] 3l HEFF2 230 % HAAI T 024, APV-1 7H8Ad Fdjel] 7] 3-8 18It o]
£ &l v 9179 ] SBASTE U] HEE KASS A AF o] s el 718 = 5 5T 5 Atk

[Abstract]

Russia recently began broadcasting the SDCM signal in order to provide SBAS service for the civil aviation in the Russian
territory using its own geostationary satellites. The service coverage of the SDCM geostationary satellite, LUCH-5A and
LUCH-5B, includes Korea peninsula, where the test signal from the pseudo random number (PRN) 140 is received. This paper
shows that the position accuracy at the Chulwon GNSS site is improved to 0.8749 m (horizontal) and 0.9589 mm (vertical) by
applying the received SDCM message to the RINEX data. Considering that the SDCM augments both GPS and GLONASS, the
performance of multi-constellation SBAS was compared to that of GPS-only SBAS, and APV-I availability was improved by
decreasing the protection level about 30 %. From the results, we can expect that the mult-constellation SBAS can contribute to
the performance enhancement of the future KASS.

Key word : Global navigation satellite system, Satellite-based augmented system, System for differential correction and
monitoring, Accuracy, Protection level.
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A N7FE 7] (ICAO; International Civilian Aeronautical
Organization)< 1991 #| 101} F3]2} 20073 A5 7|4 &3
A A (PBN; performance based navigation) ©]3 -5 53l &
719 A &S 95l 202513714 Y437 16E BAFA| 2-H)
(SBAS; satellite based augmentation system) =% @313+ u}
UTH[1]. ololl ml=3 frd, G, 2falol, Q1% 5 HAIAIA o
2 SBASE 75 % w-QataL o, vt 2014 10
58 =8 91493 B3 A 228191 KASS (Korea augmentation
satellite system)2] 7 2 F5 A 2319lc) gh=8
SBASS! KASS| AFY H = {ICA0S] &4 %5l F-dahe
SBAS /N 2 197 532 APV-I3 -8 A 2 Al 32 913
SBAS 7] 3L, 29| E3= CAT-In Al@ 7] /o]
tH[2]. AA SBASE g8kl 3= veke F vl= 5 45 A
Aol vt A 3] APV-I F9] A5 BAo| 7Feshtta &
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A4 a1, B2 w7HEH AT 7)HEe] 1SS A7)
g S 7ol vk 1 :=¥o] U3to R dAJ] GPS
(global positioning system)2]o| %= 571421 GNSS (global
navigation satellite system)ol] T3+ RAAHEE AF3=
Multi-Constellation SBAS®]l thet A5 st vt [3].

1] =2] WAAS (wide area augmentation system)Z H|53}o]
HA7HA] 9= 31 A= SBASS] A9 5 GPSOll thaA Tt
ARt Ay ARE Aeshs Wb [4], H A=
SBAS AH]~=E AlZkglk 2AJole] SDCM  (system for
differential corrections and monitoring)< GPS2]°| GLONASS
(global navigation satellite system)2] 2.7} 1 %= A Al|F-5laL
AT} [5]. 53] SDCM % PRN140 HIA|#] 2] 749~ SHib=o| A =
GAlo] 7Hs 3k & U] multi-constellation SBASS] & 3}= &
et 4= e Fo = 7Yl £ =olAe ol A 4l
g SDCM HIA A& A3}, o] & ek A9 9 &l 914
3l T EX2] Y B H9) 7]552] RINEX (receiver independent
exchange format)ol 23O ZX  GPS-only2] Single-
Constellation SBAS®} GPS/GLONASS<2] Multi-Constellation
SBAS 455 Hl gt

II. SBAS =Li2| sig
2-1 29| SBAS 29 35}

SBAS:= GNSSO| A gtimot 474, A4} 71873 o] &
< S5t F9 o] AHoA et a7l AAAE 914
S ZHRE FEHLIY ASE o] &3t HAHPRE A|FshH=
Alz="llo]t}, @A 9= 31 0= SBASE T H]=r9] WAAS, -
#9] EGNOS (European geostationary navigation overlay
service), &+-2] MSAS (multi-finctional satellite augmentation
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system)”} 221, 1% 2] GAGAN (GPS-aided geo augmented
navigation)Z} 2] Ao} SDCM-2 F - HA|A] W48 A 2F8}51
thel. % AlIAIS] SBAS -5 A5} ool ARE-H= AAH =
A4 B A A= 1 2.

WAAST H]=oll A 7k 2 Al A #z0] F R A 2~F]
S = 20031 &5 A2 o] LPV (localizer performance
with vertical guidance) & *d'5-2] AH| 5 Al g8kar glaL, 2028
7K GPS L2, L5215 F7Fste] ol e5-3ka5 o] 83 42
< (precision approach) A H| =5 A|&& Al &lo|t}[8]. SEH
ohje} Aietet WA 51 5w 9] x| olo] 7 Ee e A
A &kaL A= 9143 1718 F7FHo. 24 WAAS A1) 2= 2]
WS A e oFgolnt[9].

EGNOSE - Aol A 7k 3] BAA|2=]] 0 2 2009
W 5E] Non-SOL (non-safety-of-life) &8-S 93 F/)H| ==
A &3F7] AR AL, 201 1A F-El = SOL (safety-of-life) A1H]
25 JIASIATE [10]. FH9-% (ESA; European Space
Agency) oA F-31<9] GNSS dufsl A& o) w2} EGNOS A
H] 22 X1 9] S 2 U2 SBAS Al Fe] A1 E 9131 /)
dApdol] 24=ste] 2038'd7HA1= SOL AH| =5 ofZe}7t A
ool Al A olr}11].

MSAS+= Y¥o] u]=r Raytheon?] 7|8 =8t 153k
o] A A 2510 2 1073 o] F- A A elol] Aulzs Folul, 7]
F5 7k REeha ol &30 Qo] A S GE AHl At
A &-8F4] 2+ RNP (required navigation performance) 0.372]
NPA (non precision approach) AJR]Z2=Rt A 3-8k T} [12]. L
A R U GECCE CEDEREE R
LPV-200+ 3°52] MSAS 41|~ A5 A| & o]t}

GAGAN< <1%°] ISRO (Indian Space Research
Organization)Z} AAI (Airports Authority of India)®} S| 1=
3t F ] WA 22K 0 2 RNP 0.19] en route 9157} APV 12] 3
DA 155 742} 2013137} 201590 2153}, 2015 59
FE S AL RSFIATH 3]

SDCM 2] AJolol| 4] -5k SBAS A|2~Hl O & E} SBAS9}
Y BAGR} FA ARE ARSI, GPsol 2ol
GLONASSHHE s Algsitlz o] zpoldolt} [14].
2016\ 5-E] A= U] Au]2=E A A% 91438 o] &3] B
E a2 o] e AlestaL 9l

T8 1. =2 SBAS s
Fig. 1. Status of Worldwide SBAS.
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(A 22F 20 m, S+ 22116 m) SBAS A|A~ES Ak 15
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ARRELIL 9l B Aloke] SDCM HIA A S B4 3l 2 45ko 7
A multi-constellation®] & 7}5 ot} = E slic),
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g0z ddy 1359, AnikFIRYIA S0 2 2w 1389, 1
2] 3L Inmarsat & 2B Y2bal] ARg-8l= 1331 0] ARG Foltth
TS EGNOS Al2xglof| A AREsH= 914 PRN-2 & 5712 120,
123, 124, 126, 136 1A 37} EGNOS®l &=t} A9
MSASA| 2= Elo] A AR231H= 914 PRN-2 2712 MTSAT-1R 9
807 AR 3= 129913 MTSAT-2 944802 ARE3h=
137H0]t} Q1= GAGANA| 2 Elo| A AL-8-3}= 94 PRNS
37NE @A HALE GSAT-8, 10 S48 0 &= 128, 127Ho] A}
& Folx, FF WAL= GSAT Y807 AFEal= 139H0]
g Agefolct 2Alole] SDCM Al A Elof| A ALE-3H= 914
PRNS 12533} 140, 1419 0] SdE]o] AL FolL).

SDCMe| Zu &g 2 M5
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7t
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S5t ks /1M F SBASS| 1t o=

T 1. SBASE HX|IYET A 5
Table 1. Status of current SBAS Geo-stationary satellites.

PRN Latitude (°) SBAS
120 15.5W EGNOS
123 31.5E EGNOS
124 EGNOS
125 16W SDCM
126 64E EGNOS
127 S5E GAGAN
128 83E GAGAN
129 140E MSAS
130 Inmarsat
131 not assigned
132 not assigned
133 98W WAAS
134 ojete
135 133W WAAS
136 SE EGNOS
137 145E MSAS
138 107.3W WAAS
140 95E SDCM
141 167E SDCM

142~158 not assigned
158 NIGCOMSAT

o]At3} o] 1] PRN HEE shgwlo}l B 7} HAXE
&E3h= SBAS I ES Ao FoS AH| 2 B o® 8t
7] wiEell, AW o 2 g SBAS 9 7ol Q1 Ek HEo
A Aol stk miXE AEE F4oR A5 A7
oF Azt wet 97 ] AW X7 A A=d, ZF Al
2B AH| 2~ oS D17 29}

ax2eA & dRe] igse A A
SBAS Hf=7 & L3} g Ao}, Q1%2] SBAS 914
Fod 9lar, A A A& A el A GNSS A7 & 2l 55 418
A3} MSAS A2l PRN 1299} 137, GAGAN A& 5 P
128, SDCM A1 5. 5 PRN 140 ©] 24188 8l 4= 9tk
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Optimal
w3 0| perform:

O3 2. SBAS MH|A A (ZHAEWAAS, AEEGNOS, ZFsEMSAS,
<51:SDCM) [5][17][18]

Fig. 2. Service Coverage of Each SBAS (above left: WAAS, above
right: EGNOS, below left: MSAS, below right: SDCM)
[31,[171,[18].
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Il. SBAS ALZXlI 212 |E

3-1 Falz

02
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SBAS P_%Wéi H A A] &2]-2 MOPS-D0229D [19]°]] & 64
A7 edE o] Qo AdnkA o g = of 19719 wA]X]7} o] &
3L itk [20] @A HEEIL A= WAIA] T MT (message
type) 12 SBAS A|~Elo] BAA W AT SHHA|~E] 9
g5} IODPE A Fal=Hl, MT2~5, MT253} SA78ke] ¢
AeE BAAHHEQ FC (fast correction), LC  (long-term
correction) & A/JeHet fra st MeElS grid point HRE X3}
h= MTI83 MT26S <1dste] s BRAMES IC
(ionospheric correction) & F7g 38k, Hl2S o]-&3}o] UI{Z
R AAH TC (tropospheric correction)2 AlAFsIT), A EHE BA
BEE Aol thdate] ARALe] 91448 HAREE B8t

3L o] & AREAF SA R of] A-8-3to] Ao e AT

RC=FC+ LC+IC+ TC (1)

3-2 HSE ME UNEE

G710 FAY FUAZTo] MEFoRE FoF 8T
202 A3 B oheh FAY HEYE Eu),
olel s Wlel Fad AR} mESFolt), WS
FE AN SIS S0 AR AR} e 5 A BAE
SV, oI A5 (0 T 2 2 2 23
S B3 ()9} o] 9 FES ALK [21]

2 2
o = Uﬂt + ULIRE+ 0{117 + Utr()po (2)

1714 JJ%H, O irEs Toir s Jf,.opo% 747F A3 A}, A
g3, SAA, thFs 2o #akgks o g

o] % 7FA] £17d 9] 718F8HAQ1 i AJol] wl} ) Q@ AF =5
o] YN FH oz 71X Y-S B AT FElE 7Pk,
T LA AE(d,,, 0 )T TA SRR, ) OE
gjste] 23)ell A-&3towA 3 HE55 (HPL) 4 1
g (VLS ARkt

HPL = K,d,,, ., VPL =K, (3)
714 K2 4 AA9 6,18, AL HA 6.00.2 A7

a1 K, 253308 A3tk
3-3 SDCM AI2X} Mg ¢3a|E

H|=Ee] WAAS, F-3 9] EGNOS, 9+-2] MSAS & 7]&<¢
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SBAS7} GPSel| Tl B 7FA Bk A g-sl=t) yhal, 2 A]ofe
SDCM2 #}=r2] 91438 A 2~E12] GLONASS]| 3t Jr =
A AlEghebE Aol A Bl SBASS} & ZFo 7 lHt o] & ¢35}
o] SDCMS- 248 wolli= oJE} SBAS B H %8 W23}
A5 Z}o] 7} 9}

1) 71EAZ 9 #3A

GLONASS®} GPSE= 7} Control Segmentol| 4] A3k 7]52A]
of| ZAste] 9= =1, GPS2} 22| GLONASST leap second
correctionS 53] GLONASS Time©| $1AY} UTCl| 5713}

=5 27} 3 GLONASSE Ao} PZ-90.02 F3EA|
S A8z, o= A@)el s WGs-s4= HEkEt

T —0.36\ (@
[yj :[ 0.08 jJr[yj “4)
z 0.18 z 02

PZ—90

2) PRN Mask

MTI1 AR&A] 71 2 F-41= SBAS ] 210 bit bandwidth &+
FHo 51709 9143 BAEE 4= vk Aolth SDCM= A9
Sk SBAS®] -9, GPS 91/dWhS WAsIgl o= o2 gk Aok
2719 s WA erokon), 2o} o] 38~610l I
GLONASS ARE &7 dE3sh= SDCMAA = 714 91488
Ao 7 B ARE A5 H45h= dynamic PRN mask
715 ARg-3kaL 9tk

WGS—84

3) IOD (Issue of Data)

GPS®| 739, SBASIA AlEdt= 10DSH GPS€] IODE,
I0DC7} 5.5 A3 okt §-a8 LCE 1Hslar &4-3it) 1
2]1} GLONASS I0D9] -9~ 333} 7] validity interval (V)<}
latency interval (L)< 2|v|slB2, 2)(5)E 5T 49 a3t
LC= {F3faL ARg-gltt.

tir—L—Vs< t < t;p—L 5)
¥ 2. SBASE PRN &gt
Table 2. PRN assignment for SBAS.

PRN GNSS Constellation
1~37 GPS
38~61 GLONASS
62~119 Future GNSS
120~138 SBAS
139~210 Future GEO

X 3. GLONASS ¢4 10D
Table 3. 10D for GLONASS satellites.

Data Bits Range Resolution
Validity Interval (V) 5 30~960 30s
Latency Interval (L) 3 0~120 30s
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SDCM HIAIA] 2 =) A #4418 9)3] A=5dole =z
20161 99 21 FEA AR YA SFal= HY 7=
(CHUL)°I4 <=41% GPS 2 GLONASS #=H|o]EjS AL&-&}
%31, SDCM HIA A= sddtel] MFdighuolr] 4%
SDCM HA| A& AH&-3F33 ) Blo|E] X 2] Al, epoch interval-
30, elevation mask angle= 5 ° 2 A3} t}.

4-2 SDCM HIA|X| £

27 ERed W
SDCM A1A] ER EHl&-& el 2ol oS F3)
SDCM A %] 2] Bl 7HA] 5745 & 5= Sl

A A, fast corrections¥} UDRE AKX Z Al 3-317] Y3 A&
B MT2~5 H51]59] 2fo]7} 9lt}. SDCM O] 7-5-, MT2~5
o] Wk Hlgo] oF 755%0°]3L WAASS] A9 °F 50%%
SDCMe] WAAS®] H]&ll MT2~59] W< H]-&o] =2 418 39l
g 4= 9t} o] GPSHHE: A3k WAASE i 51719] 9
AR B 7V ek Al kel G aks WhA] eol MTSE Al 9]¢
MT2~4 5+ 153t A28l @9 2 A7 HAYeHA] efal,
GPS ¥4} o}]g} GLONASSE A 3l= SDCM-2 $2] A oF
Z70)] G3FS ol MT2~55 =% WH58)oF GPS/GLONASS

1=8

U 9173+ SBASE A = Q7] Wt

]

rall lono:
~12%

MTi1
~1.7%

MT 17
~0.3%

Overall

MT7,8.&10 Satellite

~0.83% each

33 3. WAAS O A X| EFLE 2H& H| & [22]
Fig. 3. Relative occurrence of WAAS messages [22].

MT 1: MT 27:

T8 4. SDCM M A[X| Bl 2&

Hl&
Fig. 4. Relative occurrence of SDCM messages.
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S5t ks /1M F SBASS| 1t o=

= A, GLONASS time offset A3 $13l AHS-%+=MT12 <]
Hlo] FLo| T} GLONASS time offset-2 GPS timeZ} GLONASS
time 7F9] offset -2 GPS T SBASl= a1zt Fe ) ¢4
9k GPS/GLONASS thH $14 SBASOl| = WH=A] 12 5] ofof
sh= Aditolth flollA AF38IlRel WAASTE GPSWHS: A€
7] W] MTI2RE W53 Harl gAYk SDCM
GLONASSE A3l 2 GPS/GLONASS T 914+ SBAS
HAAE A wk=A] agEo]of 3h= GLONASS time
offset, <, MT12E W<slof of gt}

vpAete 2 2 (2)] o4y, & A= AHEE = UDRE
Al&-& A3l AREsHE MTO] E7¢} o] W AF&-5= MT W&
H]&-9] ZFo]7} gtk WAAS®] 739, AH8A7E A §UDRE
#e Axksle AEs ARgEkaL lom, MEl
clock-ephemeris covariance matrix 7-d°l .23 I}k
E3HE MT28E MT25 (long-term corrections) 9} W] 523k H]-&
(F 14%)= W3l ek SDCMe] 745, WAASSH 2]
SUDRE #& AR&AFl Al 21743 Alg-staL 9low, o] & 93l
SBAS Service MA1X]9] MT27S WAASS] MT28H U= &4l
SHo 18 9F0.4%) 2 WAL 9)

o

4-3 SDCM M= 2A

19 5= GPS W5 SBASC|A€] SDCM KA H 2] A5
go1a}l7] 91l GPS B t|o]E ol SDCM A A KBS 2-8-317]
A3t 285 5] AR 913 3 e abeh A e A ek
20|t} SDCM HAARE 48314 98 GPS ©55919] 4
9, QA9 22 9 2F0] RMS = 247} 1.2740 m, 2.3266 m
A=), SDCM BAARHE 283 749, 53 QA 2] 9.4}
©] RMSE ZH7} 0.8749 m, 0.9589 mZ 714381 th o] 2 S
Tl A% SDCM AR E A-8Fho i A-EA; 912 4

5 5 o o Flol=]
8 YA 5 9 FAHE

Horizontal Error Vertical Error

6 - GPs
- GPS + SDCM Corr.

6 - GPS |
- GPS + SDCM Corr.

H €
T 9 af
o -
= -2 -2

4 -4

6 6

5 0 5 25 3 3.5
East (m) Second of Week (s) %x10°
T8 5. SDCM EEHE M H= ALEA} /IR A}

Fig. 5. Position error before and after the application of
SDCM corrections.
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Horizontal Error Vertical Error

6 * GPS + SDCM Corr. 6
* GPS + GLONASS + SDCM Corr.

* GPS +SDCM Corr. 1
* GPS + GLONASS + SDCM Corr.

-5 0 5 25 3 3.5
East (m) Second of Week (s) %10%

T8 6. GPS H= SBAS2} GPS/GLONASS CtE 9 M+
SBAS AL AL 9| R &t

Fig. 6. Position error for GPS-only SBAS and GPS/
GLONASS SBAS.

1% 62 GPS/GLONASS T 9143+ SBAS7} AE-A} 914
AEw el 7AE S Zlsbr] 918 GpS H
GLONASS #=d|o]Eol] SDCM B AR B E Z8-3lo] A3
GPS Y5 SBAS9} GPS/GLONASS U5 9141 SBASS] A&
A} 912 P eAte} A AE YERH Aolth GPS s
SBAS?| %, 4+ @ 212} 427] @ 2}e] RMS = 242} 0.8749 m,
0.9589 m3+=H], GPS/GLONASS U5 94 SBASY] 7%,
GPS-tH= SBASel HI&l 718 914 477t S7Fekal DOP7} 744
slolle Estal FEeaket 2 oAk RMSE 747}
0.8621 m, 1.0449 m= -5 @ A= 2% 74381904l 2] 2 2=
A Z7VEIGTE ol& B8l AREA YA Ag e SHolA =
GPS/GLONASS U5 94+ SBASS] E37} o Adol] v el S5

s 23-& selskgint

4-4 SDCM EHE4F U APV-| 7|84 24

13 7<)t 1 7-(b)E SDCMZ ©]-23F GPS T SBAS
o] APV-1 7H&A A& SlEl AREAL 91X 2 2KHPE) 9} B
T(PL), FRIAALYE YeRA Aolth APV-1 &3-7] A
o 8725 40 /54 50 myoll disl 3 Weko 2= oF
96.458 %2 7FS B, 77 Weko 2= 2F 98.985%2]
7HAS BT) o] ICAO S7-1F2(99% ~ 99.999%)S 1t
8] Fahs Ao| B wjol| A= SDCME ©]8-3+ GPS
s SBASO] 4, APV-IH AlH| 2 o] &2 FlE Zlo = vt
Hrk

13 8-(a)2} 13 8-(b) SDCME ©]-&3F GPS/GLONASS T}
= 173" SBAS] APV-I 714 BA1E 918l AFEAL 912
2ot B G pE AESHAIE e Zlolth APV-L & 7] A
A a7zl el = B3k 2] ek B 24411 7}
|4 2718 S 9F 99.999%9] 7S KAl o=
ICAO 871A& W53sh= X0t} o] & &3l AR 9]
2] et 7184 SHo)A GPS/GLONASS s 94+
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http://dx.doi.org/10.12673/jant.2016.20.5.417

GPS-Only SDCM
150 150 :
+ HPE + VPE
« HPL| - VPL|
. HAL - VAL

meters
meters

3.5
Second of Week (seconds) x10°

(b) Vertical

Second of Week (seconds) x10°

(a) Horizontal

O3 7. GPS-CH= SBASOA{ o] QIR Aot S5,
AESHA

Fig. 7. Position error (PE) and protection level (PL),
alert limit (AL) for GPS-only SBAS.
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Fig. 8. Position error (PE) and protection level (PL),

alert limit (AL) for GPS/GLONASS multi-constellation
SBAS.
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