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ABSTRACT

The Dual-Frequency Multi-Constellation (DFMC) Satellite-Based Augmentation System (SBAS) is a next-generation
augmentation system that supports L1/L5 dual-frequency signals and multiple constellations, including GPS, GLONASS,
Galileo, and BeiDou, whereas the legacy L1 SBAS operates on the L1 C/A single frequency and supports only GPS. DFMC SBAS
employs ionosphere-free linear combination (IFLC) to eliminate first-order ionospheric delay errors and does not require an
ionospheric correction message. Furthermore, Fast Correction (FC) messages have been removed from DFMC SBAS due to
improved satellite clock stability and the discontinuation of Selective Availability (SA), which allows for more efficient use of
bandwidth. With these structural improvements DFMC SBAS can support up to 92 satellites across multiple constellations,
whereas the L1 legacy SBAS supported only up to 51 satellites. In this study, we provide a detailed comparison between L1
SBAS and DFMC SBAS, focusing on the differences in correction parameters and message structure. Key enhancements of
DFMC SBAS include the integration of correction and integrity data into a single message (MT 32) and a flexible integrity
broadcasting structure (MT 34-36). These refinements simplify the message structure, expand service coverage, and
significantly improve integrity and positioning performance, particularly in regions with high ionospheric variability.
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Global Navigation Satellite System (GNSS)-& {JAlof|A] vl o2} g2lo 2 9lslo] GPSE 1 Y= A

e Y ASE Foll AFEAbelA HE3t Ao A7 RS 25 gl

AlZsl= A|lABEI o 2 u|=+9] Global Positioning System (GPS) o]#3t GPSY 2x& HAST AHT 4 9= 3 A
o iAol MAAH o2 ] ARG L Q). GPSo| 8 HE AlFstr] s 43718 HAFA]Ag] (Satellite-Based
2} @018 o4 oz} thr| Y 23}, £417] 2312 s 4 9l Augmentation System, SBAS)o] E¢lE|¢JT} SBASE B AR
g, $1d eatolle o143 A= = AAl 241 ti71d extell= iR o 724 FRE L wAAE AREAPNA AlFsted, wlE
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S, A&, X vH|Alold, AREE 5 ohefgh ZofollA 3
$5HA Z8= a1 Ut (Park & Seo 2021). fzY of2] Z7tollA] 2}
9] SBAS A|AEIS ExpE o8 LEsla glom thEAQl A
A®l 0 2= n]2to] Wide Area Augmentation System (WAAS),
521 9] European Geostationary Navigation Overlay Service
(EGNOS), ¥ H o] Multi-functional Satellite Augmentation
System (MSAS), ¢1%=.2] GPS Aided GEO Augmented Navigation
(GAGAN), ==+9] BeiDou Satellite Based Augmentation System
(BDSBAS), 18] 11 A]o}2] System for Differential Corrections
and Monitoring (SDCM) S-©] ¢Jt}.

Sl=k oI A] 2}=o] SBASQI Korea Augmentation Satellite
System (KASS)& 7Hdsto] Al W45 ¢hgstal, A 54
MU AS A BT Ik 20MdRE A2 LEE Alztsiel,
20221 o= A AFEE (ground segment)a} Geostationary
Earth Orbit (GEO) ©]4] MEASAT-3D2] £3}S kg slo], 32
& AN TAAZ SBAS AlAR1S B4 F71} Hglon,
A F 9 GEO $14d3te] F3H& 25 F71 o] I8 Fol
t} (Houllier et al. 2024).

A3y SBAST} B & sk thall GPS&E 11 24 27]oll= L1
Fabg thut BIzke- 0 2 A FE o, o] F L2, L5 5 tHesh
Zai4 tjele] apy A5 Ao} ALEE T ek E GPS
Qlof| = 2{A]o}e] GLONASS, 53 29] Galileo, &=+2] BeiDou %
ol2] F7toll A SAFHQ] GNSSE TE3HAL, o] Zatss}
o= Y-S X Y5k Dual-Frequency Multi-Constellation
(DFMC) SBAS®] T @ AJo] Z7}5}9it}. DFMC SBASE LI/L5 o]
3 Fueol OF 94T AT M AT 6 g H
Sha QPR B MulAE AT 4 olek. 53] DEMCE A
s} 441715 0] RHs} o Tl DEMC SBAS Aju] Ao] o
3t 48 £717} B9 74458 3 gick 23714 DEMC SBAS
ol ek 177} 2] KRG om, 2023 el RS
7]7-(International Civil Aviation Organization, ICAO)7} DFMC
SBAS®]| tfs} Standards and Recommended Practices (SARPs)
NANE SUT 2R AAH] 20 4] ZEEPIT ARG
T} (ICAO 2023).

A MlAA o & DFMC SBASe|| thgh o] Fo] HF= L 3= 7t
&0, 71£2] L1 SBAS tH] DFMC SBAS?] 8 EX 3} xjo]d
< AT et itk £ =7ollAle 71& Ll SBASL}E DFMC
SBAS 7te] B4 mietule] W wjA]x] FRo] MAHE A0 R
u] 3 BAla}aal g
2ol A& 71& L1 SBASO[A] Ao BAFEe A48 A
= 7t B & 9 g @ xpe] A Ak kA
o}, o]ojA] 3% o]l A& L1 SBAS tiH] DFMC SBASO|| 4
AR F2E SA0R, B FEI 3ho] 94} F4EANE W

s

sagslglon nhxuto e, agel ZES A

2. L1 SBAS HIA|X] = 2 HX{ HEA

2.1 L1 SBAS HAX] g ¢ 27 mi2folE] ALk 'S4
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Fig. 1. SBAS architecture.

Message Bit Size (250bits)
Preamble (8bits) | Identifier (6bits)| Data filed (212bits) |Parity (24bits)

Fig. 2. L1 SBAS message format (EUROCAE 2023).

SBAS®| 2HF 2]+ Fig. 13} 2t} GPS 142 AM&-}ollA| &
t (navigation) WA|Z| & $4151H, Z]4doll Ax|d Fd7E=2
o] A5 E A5 QAAR FAX], £2] A AAF 59
A dlolel g ARt A Hlolels YA =R A
o] B4 Fuel BAAN ARV} e dld JEE 945
A=5 F3l FAHE(GEO) Y02 P A=, GEO 942
Aula AE Go] U AHaRRelA 2y AR W RAY Justx
3Hel BAA 2 E (Kim 2007). 012 S3) AREAHE GPSo]
A AlgE dH AR E 7o 2 GPS YA 9] 91 & 235},
o7]o]] SBASOlA AlFohe BAREE 8o B Het
S A3 9] YA E A4F 4= It (Yoon et al. 2020). Al &
0] BE SBAS* Radio Technical Commission for Aeronautics
(RTCA)7} AT 2 A &8 AL 7]£(Minimum Operational
Performance Standards, MOPS)& 7|8ko 2 Z=X17]0f| AH|AE
Al&5hH, L1 SBASO]| th3+ MOPSE= RTCA®] DO-229D 2 DO-
229E EJ0]] A o] =]o] 9Jc} (RTCA 2006, 2016).

L1 SBASE= GPS&} E0l3} thel =m0l L] C/A A5 2 7]ut
©% 9 A= D A 23k HelZ A ool et wAHR
£ AFsiel, oF 13 m 420 M 4+ G 94 4
Qe BARRE o]04 g4le] A A 2
2w, ZF HlA] 2] €}9] (Message Type, MT)L 250 bitsE 143
250 bpsS] 42 AEHY. Fig 2 HAA] F22 e}
oni, AR L2 E 8 bits2] preamble, 6 bits] HA]X] -3
¥z} (Message type Identifier), 212 bits®] data field, 12|31 24
bits2] Cyclic Redundancy Check (CRC) parity 2 o]&o{#] QJit}.

Table 12> L1 SBAS WA A] /38 755 UehH, 8 &
2 o3t Ak MT 12 245k $14]& AlESk= PRN maskE
BB, MT 2-55 wh2A] Hake 914 Al @230l fat Fast
Correction (FC)&, MT 25+ A %35 Hale 94 A= 2 AA
© 2}e]] thgl Long-term Correction (LC)-S 431t ¢JAlo] o
gt R4 HRE MT 6, 7,10, 285 B3l AlgEct. defgel o
51 H A 1 (Ionospheric Correction, IC)= MT 183} MT 262 £
8 AlpEm, A5 744 FE T3 MT 268 S Al

==
o 4
il
2

)
> 30 Q ol X



Table 1. L1 SBAS message contents.

L1 message type Contents
1 PRN mask assignments
2-5 Fast corrections
6 Integrity information
7 Fast correction degradation factor
10 Degradation parameters
18 Tonospheric grid point masks
25 Long-term satellite error corrections
26 Ionospheric delay corrections
28 Clock-ephemeris covariance matrix
63 SBAS L1 null message
IODE
GPS IoDC 10D Long-term 10DP Fast
Nav. Data Corrections Corrections
) (25) (2 -5, 24)
I0DP IODF
PRN Integrity
Mask Information
(1) 10DP (6)
GEO Acceleration
Navigation Information
I0DS © @
Service Clk.—Eph. |0DP lonospheric 10DI lonospheric
Message Cov. Matrix Mask Corrections
(27) (28) (18) (26)

Fig. 3. Relationship between L1 SBAS message (EUROCAE 2023).

ot i/l A
AR 2 AFE R ko], AF&A17}F SBAS MOPS
AH4islloF ghct.

o|Z3t WA A &2 Fig. 33} o] A2 |§71H 08 AAE
Ao, AFgA}= 7+ HlA| Ao 23 mask FEe} dlofEl ] &
§/3 Al¥x}9] Issue of Data IOD)E 3l WlA1A] 7+ TAE
k) 4= Qltk MT 1of] &H= Issue of Data PRN Mask (IODP)
© g4shel PRNE Adsin, sid 4ol 48 shsa v
E MT 2~5, 7, 25, 28 52 o173t} E3F FCo|A] Al 25
= Issue of Data Fast Correction (IODF)&= MT 69|A] A|3-5+=
2AA A B (UDREDS}F A1, AE]& BA o 7% Issue of
Data Ionospheric (IODI)+= MT 182] Ionospheric Grid Point (IGP)
maske} MT 269] £448 A B(GIVEDHIA A& A5, ole]
el Foll AA5] AHst7|= gict 2t wA A& Fal AlF
He B PEES AA #3] B 8=, SBAS AHEAH=
o] Z3}slod Eq. (1)} Zro] Range Correction (RC)S AH&g

B A (Tropospheric Correction, TC)-& ¥ 2] o
nds 2g3)

XN

rl

RC(t) = FC(t) + LC(t) + IC(t) + TC(b) )

Zéi‘i@ T’z;“%‘j 3 2 ‘ﬂi >3 (protection level)& 4F&5}7] <
53 ol gt zhe] oxfo] HAt

= ZAgsieh S BAsh OlEﬁP Zro] @ 2p9] 4l ﬂ 2HA| (confidence
bound)E 4H&5}7] I8l F24 Tetu|el & A Al55ict. 2hed
9kl A8 SHA1= L1 GPS .1/\]-7-]E](pseudorange)0ﬂ SBAS X
BROS A L35 To= ot 9lg AL R ait== 242 #4b

& ofujsh) Eq (29} 2o] BRleEI)
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Fig. 4. PRC fluctuation SA off on (Kee et al. 2008).

2 _ 2 2 2 2
0% = 0fy + 0j1re + Ogir T Ofropo 2

o714, o2, FC @ LC xgel tigk 1k 230 B4, o2, o
42 A0S S R 0 2l o
o)

o2} 2412 ojulgiet,

2.2 Fast Correction

T 19904 e} vl G RE A Fe] ebelHel o] 8- ukAl5}y
25l GPS A150] 112] & (Selective Availability, SA)-S 41915
o $I4 XA A= ojed o stz o] s GPS
A5 @ X}= Fig. 49] w7} e Lol Zho)| w2 A ¥ Esln] o)
2~ wu|E|7hA] 27138 (Kee et al. 2008). SA= 2000 0] 341
2 0 2 Sl|A|= A A9, SBASE= A& A FCE A5l 9lom,
o)== oJAlA ] EAA X (Pseudorange Correction, PRC)2] SJEf
2 MT 2-58 &3l 6% 7F4 0 2 Hr4x| 71 Qlch

-

AFEAP7} PRCE 441 AT AR 2 HAH RS A 8ol
A Apololi A7k Xfol7h £ 4 glom, ol sl Ash

= B A7 A o &E BASH] $18) PRCO| HiskE]
Range Rate Correction (RRC)& A4S 4=~ Qlthk RRCE= 2| 4=
419 PRC,,, 2t 1 oAl 4158 PRC,,,,2] 2FolE Al7F 7+
(A1) 2 & Lol Alit=n, Al4HE RRCE ] 42415 PRCO &
85to] A4 A BARFRE A4 5 9lok FCE RRCY A

A¥sH= 412 Eqs. (3, 9} 2o, of7]4] 1= HT S48 A
& 9|3} (RTCA 2006).

FC(£) = PRC(tor) + RRC(tor) - (t = toy) ®3)
RRC(COf) _ PRCcurrent ;tPR Cprevious (4)

MT 2-5% FC R Re} 3, s mgo] a4 Fual
User Differential Range Error Indicator (UDREDE A5}, |
ARG 2l 1371 9/l et RS Lo+ 4= Qloh UDRER:
FCO}LCE 23t A9 HEES Uehile A oln, 0| 7]
WO g g2 ZFo] AFSEIT) E3E MT 62 | SUle] 4ol
th$h UDREIE Z3lsto] &3 4 qlom, f)de] o)go] wg
379, MT 2-59] 412 7Ickel A 9 ZA] whgslo] Agxt
A BH}EAI 74 4 Q=5 2tk (RTCA 2006).

oA FCOL LCE 243 0] 50 ojaAe] 2ha} @3h 24k
a5, o2t G5} THEbu|E]E 12810 RSSyp:©l 091 739
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©}191 7390l w2t Eq. (5)F Zo] Attt

Ofir =

2
2 ((UUDRE) X (5UDRE) + gfc + Erre + Elte + ger) 'if RSSUDRE =0 ( )
( 5

2
(0upre) X (BUDRE))” + e + &%, + ek, + &%, if RSSypge = 1

©1714] SUDRE:= UDREL®] #3H2 Urehfjui, Ak--e] 9179}
MT 273} 28041 A|gohe TEtnlel g ol-gal ALk ¢ ¢,
& &= Z1ZF FC, RRC, LC, 18] 31 En-route & v|Ad HL
(Non-Precision Approach, NPA)7}x] 2] -8 Z Ao sfdsl= A
3} Al4o]m], MT 7 & MT 1004 A|-ZH ).

2.3 Long-Term Correction

Aoz Hasle 4 A= 9 AA 24t digt 2
AP E = MT 250 Z3}E, LCE A &317] a4+ GPS
Ephemeris®] Issue of Data Ephmeris IODE)2} MT 252] I0D7}
AA|5H=A] FRIsof Firt & gro] YXT Z-ollqk, MT 259]
oA A% 2 XA o2} BAAHE S|t GPS EphemerisE o]
2510 ALt SIS E AlA extel] B4 4 Aok (RTCA
2006).

H| & 3A L] 319] Fg -2 oY X|E 914 A= € A]
A QALE Al7be]| whet Myt @AY sl i Zefl, Hoff 120 7+
© 2 AEEE MT 2504 = o]of thgh thu] & slaL it o]
Aol 4] velocity coder} AHE-FHITE. velocity coder} 021 7L &
o] mjaz]of] Z|th u] 7 /ol gt s 2 AlA] o4 B4
BE AlFsle, wAlA 2] 3717} 2ot LCE B & A5 A5 4
Actk. ¥, velocity codeZ} 191 73-2oll= 4] T B R
A RAAPH O Hsle s S7EE Al gt o] F-MT 258 3
A5k dlofE] o] Wolglol what g HA| x| Zoff F= 2] ¢
A FETE AEsA HH, HIAA7F AEEHA e AT 59
MgRog AL Qlomg AER7|E £ o Z4A AF
Z= o)t} LCY] velocity coder} 191 7% 94 AT o2} 24
H([ox, Oy, 021N A A1A o3k B H(LO)E Egs. (6, NS
o]-8-5}o] A4k (RTCA 2006).

R

i

5.xk ox ox

Syi| = |6y |+ |6y] (t —tur) (6)
6Zk 0z 0z
LC(t) = 6af0 + 5af1 “(t—tyr) )

A7IA t= B FJRE J 83 A7k A, 14 3G A HAA]
7} HL5= L% & 7|& A]ZH(time of day applicability)g <]H]
ghch. 3HH, velocity codeZ} 091 7390l B B o] wHsl-& o
Q1 [6x 8y 621" A Sap= 742 002 ZH3HT

LCo] tst 244 AR FCo} ulziz}x]| 2 MT 2-63} MT 10
& S5l A=t AT} A=, MT 2804l <1/ A1A
1 s ext B Aol A g Prishy] gk 34 FE
(covariance)o] Al 3-Fth o] R E 7|Hko 2 LCoj thgt o2} &
AF2 FCo} S8 = o] Eq. (5)2] A4kl 51ed =t} (RTCA 2006).
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Fig. 5. Predefined global IGP grid (EUROCAE 2023).

2.4 lonospheric Delay Correction

L1 SBAS+= A&]& A ox= B A57] €8l lonospheric
Grid Point (IGP) 7]¥te] REl8 Al2sl, IGPE A 2 1LE 05
€] 107}4] & 117]¢] bandZ FLESIC) Fig. 50 Uehd AXH,
bands 0-8& 42 ko] WS WAdsh, Fig, Sefl LhehkA) ¢k
A5k bands 9-10& $1% 605 o4 Zlofoll 475 u] el whx]
et 7+ band2] IGP= $Eof wiet A& thE 714 o & uids
o] 9l o™ bands 0-7& ZF bandufc} 20171 2] Az} 22 band
8L 2007], bands 9-102 Z} bandu}c} 1927] 2] AxpPd o2 AT
o] £ 21927)1¢] Ax}H o2 LA o] 9tk L1 SBASE MT 18
o E3) 953} IGP mask2 A ZLsh, MT 26 £3f 315 IGP
of thet 421 A4 @t} A 7443 A 3%Q] Grid lonospheric
Vertical Error Indicator (GIVEDE A5ttt GIVEIE £5f ]
5 4% A go] FoE(0dy ) & 4 9o, o2 B 43
22k #4Hofyg)ol AFEETH (RTCA 2006).

AR A= 44151 Q4] A1 5o ths] Tonospheric Pierce Point
(IPP) 915(g,)9F =N, )E ARKEE 5, S5 IPP o] ]2]3H
AT 3 = 4709 IGPY] 2] A Fh& o]&5lo] PP ¢
7o) 42 AR 3 (1) BIbolo] AHERI, o] % HEHom
A3 29 BAZHOS B 42 A2 2,0l AAAS
(F,,)E #5}] Eps. (8, 9)ell wha} AlAFE T (RTCA 2006).

1
R.cosE a2

=|1- 8

Fov [1 (Re + h,) ] (8)

IC = —Fyp - Tupp 9)

o714, Rz AT IR WX E, b Heh A% WESe] uE
(350 km), Et= AF82} 715 $I49) IEZkS ojulghc). wak A
2% A BAO] 03} BARIZ 0 0Fy0l AAASE,)E
2 g5to] Eq. (10)3} o] AHIT,

2 _p2 .2
OyIRE = Fpp OyIvE (10)



Fig. 6. WAAS L1 SBAS bandwidth occupation per MT (Lim et al. 2023).

2.5 Tropospheric Delay Correction

SBASE tiid A eato] tigh YGRS HER g5t
A) @7 whol, ALgA7} MOPS Belo] 7lbslo] 47 &
= AlAksok gtk tiRd AL A HH E/4o] Aot
719) 91719} 9ol Letel wet che 0
7L QI o] & flsl T5 A9 Hat 71 H )<t
9] Ad HalFadHS 1T AH(P), 25D, #3571
o] AM&Hh.

5402 tFa A RARTCOLE 4417 D2} A 2
A& vEgste] Ak Az MA@, )24 S8 AAd,)= D4abst
3, YA I =ZHEDef whE F AL gh(mapping function, m)E A
85}o] Egs. (11, 12)@F Zro] A4kt 4~ 91k (RTCA 2006).

TC = —(dnya + dwer) ~m(ED (11)
1.001
m(El) = (12)
1/0.002001 + sin?(El)

.g:_axj', ‘:H-'?r?ﬂ X]?j E‘JE;‘QJ _9_7_(]- —E—/‘\_]-(‘)__ Jtzrona% _(H 73/\]_ 6‘;]-5'\_
2 28510 Eq. (13)3} 20] AHEE 4 girh,
2

01:2ropo = (0.12 : m(El)) (13)

2.6 L1 SBAS A H

L1 SBASE MOPSOJAE 7|45 0] Q50| GPS$} GLONASS
£ BF AHste & A= ot GLONASSe] thgh Al 7 7] &
o] SH3] ukdE 7] ¢rot ZAote] SDCME A<l g i F7-9] L1
SBAS A|AEL-2 GPS Aol thsliAlqt B AU AE AlF5kaL
Act.

ESE HIAA] 2 SHoA T Agho] £x)ighch. L1 SBAS H|A]
2= 250 bpse] AFE th F oA -8-=w], ICAOZ} g oI5t
T2 QAR Time-To-Alert (TTA) 2718 S53517] 3l
MT 2-60]] Z3Hel UDREL= 2|t 62 7H4 0 2 HhgEojof Shrt,
o] 2 QI5]| Fig. 6014 ERIE 4~ Ql0] WAASS] 739 MT 2-47}
7| th = (bandwidth)2] 50% o4& X}AI81AL 9l o, ZHut=
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o2 Z7PHQl ATl gk B HiAR & $ET 97 BE
3Ic} (Lim 2017, Lim et al. 2023). wh2ba] L1 SBASE 2| 5171 €]
A 7IA T A8 7155k, GPS o] 2]9] T SJAl 3kbo] o]
& T2 A& 7RI

HAIZ] T B3 BRI} QT e Fell thsll 2Hzt
g=o] AlFgHDE, F2H 02 B3t P E 71K

r
2

(o]
ox

=3
T = I e A

25 B A2 Qi HEo i X2 AlF3Hct F L=}
¥ XA Kol £31e] %] ki, UDREIS} GIVEI Hej & 7k2} cf

= Hho 2 8] whEol, AFgAt $1x]el A )
AeE Ad o242 BA57] I3 IGP 7]k B whal g Abg-
ek 22} o] kA &

AIZHEIT} (ICAO 2017).

3. DFMC SBAS HIAIX] 1= A HIA|X] E}E

=4
_— 1
3.1 DFMC SBAS 47| i3 X HAX] = 7L

71 LI SBAS vA|A]0] 724 S Fos)aL, 7% 26
A2l% 2315 WRls}7] aiAl LLC/A E Ls 0% Fmiel ok
A& % Y5= Dual-Frequency Multi-Constellation (DFMC)
SBASQ] B AJo] A|7|= . DFMC SBAS+ L1 SBASQH= ¥
£2 AFEE AHlAR HojE6] (CAO 2017), 3 0|5 F7}
S0} TFE GAEL 413 4 9 GNSS $417]9] o] 3
AFEIRIA SBASS] 2§ W$10] Bl B9 73 glck. ol
wfe} DEMC SBASS] 177} 2ihs] 219 |9t o, 20233o]
ICAOS] oJsl] A48 450] 4] EESHSARPs)7} = wloich
(ICAO 2023). DFMC SBASE ICAO2] Annex 10, Volume Io]] & 2]
=] SARPSZ whan, §F3L7] 22417] ZHH]= RTCAS} EUROCAE
of|A] ¥ 5l “RTCA DO-401" 2 “EUROCAE ED-259A%0]] HA]
Fl MOPSE &4:5tt} (Dennis 2024). DFMC AJH|A 3 2 14
of k2, YUz SBAS AH|A A FAFES LI SBAS AMR-2LS] 5}
9] 5314 (Backward Compatibility)a} L5 A1 5 9] £4] 2l 714 dF
A A] 7|2 L1 SBASE A gksl= thA| R E(fall-back mode)E |
215}7] $J8H, DFMC SBAS7} £¢% 0] 5] % L1 SBAS AJH|AS
HHaistol Al ol olt} (ICAO 2018).

o|% FutpE &-83t 44171+ Ionosphere-free (IF) A% =
s Fol QAR SR " A eakg gapH o
AAT 4= 9lon 2 DFMC SBASE A5 HYARE A|531A]
o, 91439 AE E AlA expo] BAFPHIRE AFokct w
2}A] DFMC SBAS®| RC= 940l thet B H ol tf7-H 24
PR A=, FH B8P B+ L1 SBASe} F
25 Agslo] AR A4S DFMC SBAS HIA]A]+ Fig.
73} Zro] preambleS 7]& 8 bitso]|A] 4 bits®2 ZA35}1l, data

e
r
<
o
2~
2]
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Message Bit Size (250bits)
Preamble (4bits)| Identifier (6bits) | Data filed (216bits) |Parity (24bits)

Fig. 7. DFMC SBAS message format (EUROCAE 2023).

Table 2. DFMC SBAS message contents.

L5 message type Contents
31 SBAS satellite mask assignments
32 Satellite clock-ephemeris error corrections and covariance matrix
34,35,36 Integrity information (DFREI and DFRECI)
37 OBAD parameters and DFREI scale table
63 SBAS L5 null message

Fig. 8. Relationship between DFMC SBAS message (EUROCAE 2023).

fieldZ 216 bits® Egato 2m o We Hole S 23t 4 9
T2 7)A1= 9t (EUROCAE 2023).

DFMC SBAS®] t|A]%] 2.9} wA1%] 7b] 7%= 712} Table
29} Fig. 80] Ao} Qlrk. MT 31o]4] $14e] maskE Al2sh
3, MT 32 shute] ok Aol $14 s 2 Al 93 B R,
D744 % 5 (DFREDS} ZHA 32 7S 225k} MT 34-360]
A 24951 A $140e] $7244) %R (DFREL DFRECDE 7
Fote, MT 370141 2ho] 3} BALS Al o5} mjejnle
(OBAD)£} DFREIC] scale H|o] &2 |55t} (EUROCAE 2023).

3.2 FC Removal & SBAS Satellite Mask (MT 31)

20001 59, 113 A 20| LoRF(SA)e] FAIH 0.
TA, GPSS] QA= Fig. 49] wizk JeHsLe} gho] mhe
A HESIY SN 254 T e} e QPEEQ
AAIEIoIe (Kee et al. 2008). T3k $14 A1) 7140] Wz, 7]
Fofl ulIRA o2 WSl 914 A7 2317} Fig. 99} 7ol 41
A o2 HES Ho|A ) on] (Walte et al. 2013), Fig. 100 A]

© FColl f-7ot TARle] $12] exp7} Bt #5208 {219 Ak 942 2=

Fig. 9. Improved stability of the GPS clock (Walter 2013).

2 GABIEA A Aol Bag B &
£ 22 B 4 9ok (Lim etal 2017, 2H 02 EY 4 90 Bk olefat WAL cZulct b

ol we} Lim et al, (2023)& 7] SBASOA] AIFHE ECSl  © FCO| HINIgH 4l BaAle Folx, 878 foi%e 285}
PRCE MT 259] LCO] $14 A4 B4 Zloll BUFO2M, 4G of 7% GPS B A48 7]8ke] LI SBASE T35 GNSSE 2|9
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Fig. 10. Range corrections by FC (green: w/o FC, red: w/ FC) (Lim et al. 2017).

Table 3. DFMC SBAS MT 32.

Section Name _ Location Scale factor Unit Description
start end
Message header Satellite slot number 10 18 1 - Satellite slot number
IODN 19 28 1 - Issue of data navigation
&x (ECEF) 29 39 0.0625 m  Delta WGS-84 ECEF position, x-axis
8y (ECEF) 40 50 0.0625 m Delta WGS-84 ECEF position, y-axis
8z (ECEF) 51 61 0.0625 m  Delta WGS-84 ECEF position, z-axis
B 62 73 0.03125 m  Clock offset correction
Orbit param dx rate-of-change (ECEF) 74 81 m/s Delta WGS-84 ECEF position drift, x-axis
Jy rate-of-change (ECEF) 82 89 m/s Delta WGS-84 ECEF position drift, y-axis
oz rate-of-change (ECEF) 90 97 m/s Delta WGS-84 ECEF position drift, z-axis
OB rate-of-change (ECEF) 98 106 m/s Clock drift correction
Corrections time of day applicability, £, 107 119 16 s  Corrections time of day applicability
Scale exponent 120 122 1 - Scale factor of covariance matrix
E., 123 131 1 -
E,, 132 140 1 -
Covariance E;s 141 149 1 -
param E,, 150 158 1 -
E,, 159 168 1 - coded as two’s complement
E,, 209 218 1 - coded as two’s complement
Integrity param DFREI 219 222 1 - Dual frequency error indicator
SReorr Reore Scale factor 223 225 1/8 - Reors Scale factor

SH= Single-Frequency Multi-Constellation (SFMC) SBASZ &}
sk ek Akl

Slot Zto] 191 ¢J4def tisliA ¢k o
o8 (mapping) =™, ¢] index& 7|&o 2

2 15E 92712] 9] index 2
wAR D 2hs

FhH DFMC SBAS 9A] FCE £A1514] &1 4] A1A 2 H) B} AF=ch 94 mask A B = Issue of Data Mask (I0DM) 4
5 ox 419 By AEE AlFshs +2E AESEAL §lo], Hl ° 2 A=, 949 mask FE7} Joo|EE wljuict IODM Zk
AR A Ewold Akt BES w2 s ik 7| E LISBASE 2 1A Z7)gket (EUROCAE 2023),
o= o] Heko 2 93] Zuff 517§2] GPS 2! GLONASS $JAIRF

3.3 Satellite Clock/Orbit Error Correction and
Covariance Matrix (MT 32)

GL
S 293 o1}, DFMC SBASE FC A2k 58 E35) gl thed
=& Z8slo] 92709 thE GNSS §ATE XUt A=

St
o]} A s}o], DEMC SBASO] MT 312 244 A E 4] DFMC SBAS: Table 3] MT 32& E3) 5}be] jA4do) of
Z](MT 34,35,36)0N| 4] AF&E = 9143 <] mask FJRE A|F3hct. THAE 2 AA o X By Rl BAG FYRE FAlo| AT

MOPSo]| Aol= JAIF+-& GPS, GLONASS, Galileo, BeiDou ot AlEEs 224 Adg e Jsle 228 = oxF B

2 A=Y, ZF QFE R o 37709] sloto] =1, GEO
SBAS $}4doll= 2|l 397]9] sloto] B o] Qlck Egh 38 &
U & QI3F Reserved Y = 3] of Qi

7} slotolli= i 91/do] B8 thidd 749 "' gho] d=m,
B4 tiido] obd - 0702 A Hrh M4 slot F 214747}

A] 7 olefo] QAR T 9270 f/dell thsh AnlAE AlFTich

AF A H Dual Frequency Range Error Indicator (DFREDQ} H&
AH(covariance) 3§38 Zro] Z 3|0, Issue of Data Navigation
(IODN) gt sl $14 <] H4-HIE 3 10D} 1A Hrt.

MT 32 94 AE E A4 e2F B3 Rel 1O Hele-g ¢
7| A|gshH, L1 SBASS] LCe} fAbslA B8 BE Egs. (14, 15)
of gdo] AAKE 4 Slek. o714 Ar=t-toled, e AR} 1A
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Table4. L1 SBAS MT 25 (Velocity code of 1 in the first half).

) Location ) L.
Section Name —————— Scalefactor Unit Description
start end
Velocity code Velocity code = 1 14 14 1 - Velocity code of 1
PRN mask PRN Mask No. 15 20 1 - PRN mask number
Issue of data 10D 21 28 1 - Issue of data
0x (ECEF) 29 39 0.125 m Delta WGS-84 ECEF position, x-axis
Jy (ECEF) 40 50 0.125 m  Delta WGS-84 ECEF position, y-axis
8z (ECEF) 51 61 0.125 m Delta WGS-84 ECEF position, z-axis
day, 62 72 2 s  Clock offset correction
Orbit param dx rate-of-change (ECEF) 73 80 2™ m/s Delta WGS-84 ECEF position drift, x-axis
Jy rate-of-change (ECEF) 81 88 2 m/s Delta WGS-84 ECEF position drift, y-axis
dzrate-of-change (ECEF) 89 96 2™ m/s Delta WGS-84 ECEF position drift, z-axis
day, 97 104 2% s  Clock drift correction
tir 105 117 16 s Time of applicability
10DP 10DP 219 119 1 - Issue of data PRN mask
Second half of message Half of message 223 225 - Format is the one described for the first half

Table 5. DFREI value change state by DFRECI value.

DFRECI

State

0(“00”) Unchanged DFREI

1(“01”) Changed DFREI
2(“10”) Active DFREI value increased by a value of one
3(“11”) Do not use this satellite in SBAS mode

Table 6. DFMC SBAS MT 34.

Location

Section Name —————— Scale factor Unit

start end

Description

DFRECI DFRECI 1 10 11 1 DFRE change indicator for augmented slot index 1
to DFRECI92 192 193 1 to DFRE change indicator for augmented slot index 92
DEREI DFREI 1 194 194 1 DFRE indicator 1
to DFREI 7 218 221 1 to DFRE indicator 7
Reserved Reserved 222 223 Reserved
10D 10DM 224 225 1 Issue of data mask

(s)olct. TS, e A3ollxfe] Wel S8 299,792,458 m/soltt

(EUROCAE 2019, 2023).

Sxy 6x 6x
§Zk 0z 0z
8B + 6B - At
OAtgy(t) = % (15)

L1 SBAS Table 42] MT 250f|4] velocity codeZ} 12

7]

o]
9k 2o 27 $)defl sl e 2 AlA Bgg Rt O HEleS

P

o
[

wsle, Jeln FEA YPS BE 54 ATFORH
AREES

22 Heolsc

x

3.4 Integrity Information (MT 34, 35, 36)

ol% Fu4 714k B4 o] PAA HH(DFRED: Y

dell thsll MT 328 Falf AlE=w, MT 3l0]l4 B/dald 2&

https://doi.org/10.11003/JPNT.2025.14.2.119

ahe, DFMC SBAS: MT 32 31Lbo] mjA] 2] Wof] HA-AE 1.
=2

5?_,]
‘?_]

doll thsliAl= MT 34, 35, 36% 55l +24 B E7L AlFHrt o]
wj], MT 34-362] IODMi} MT 31¢] IODMo] & x|5}H= 73 -2ofut
g 448 HA A& ARERIT

MT 34+ DFREI Z}F7} DFREI Z+o] #i3} Al S Uelg] Dual
Frequency Range Error Change Indicator (DFRECI) Z+& 3+
R EFIC}. DFREL: 0] 157441 9] 24 7hAm, 155 S5 914
©] SBAS R Eo|A AHGE|A] ¢F5-& o]ttt Table 5= DFRECI
2ol T DFREI 3te] 413} AFE] & LpeRith, DFRECIE 2 bits
o 2, Zho] 0o]H DFREIC] M3k} §1-5-&, 10| DFRED} ¥7
siglom WAE gro] ¥ A4S o3k, DFRECI gho] 2
o|H DFREI gto] 19hE S7FS-&, 30|19 sliF 1/do] SBAS =
EoflA] ARZE|A] 455 LERdTE

DFRECI Zo] 18] 9143 8] 7f4eol] w2141 vilA] 7] el e
MT 34 T MT 35, 3602 e 4= qick sl ¢J4do] 774 ols}
Y 73%-olli= MT 34% 33l DFRECI®} 37| 8173l DFREI gh<
Qg WA X] F2+= Table 60]] 7] 5] o] it} ¥HH, DFRECI
Zhol 131 Q)4 o] 87} o]/t 7Zd-f-oll= DFRECIE As}al, R&
DFREI 202 #1%] M43 WAlo] ALg=l] ojh MT 359} MT
360] =t} 2k MT 319] slot index IHHEE] 5381 7}4], 5411
HE] 92H71x] o] DFREL ZHe T35, HA]A] &= Tables 7
1} 8of] AIA|E o] Qltk. o] zF DFREI e MT 372] DFREI scale



Table7. DFMC SBAS MT 35.

Jina Lee et al, Analysis of DFMC SBAS Compared to L1 Legacy SBAS 127

) Location ) L.
Section Name Scale factor Unit Description
start end
DEREI DFREI 1 10 13 1 DFRE indicator for augmented slot index 1
to DFREI53 218 221 1 to DFRE indicator for augmented slot index 53

Reserved Reserved 222 223 -
10D 10DM 224 225 1

Reserved
Issue of data mask

Table8. DFMC SBAS MT 36.

. Location ) L
Section Name ——————— Scalefactor Unit Description
start end
DFREI DFREI 54 10 13 1 DEFRE Indicator for augmented slot index 54
to DFREI92 162 165 1 to DFRE Indicator for augmented slot index 92
Reserved Reserved 222 223 - Reserved
10D I0DM 224 225 1 Issue of data mask

tabled 58} thSEE ©Xp] EEHRHop)E WAL 4 At

(EUROCAE 2023).

3.5 OBAD Parameters and DFREI Scale Table (MT 37)

MT 37-& Old But Active Data (OBAD) u}2}u]Eje} DFREI Zf
of] W 0,2 scale tabled 3E3$FsIch DFMC SBASE L1 SBAS
o mRIZIA E, B RS 283} 0] £.0] JrxH(residual) 2.2}o]|
et 28l EAHoFrc) S AlAFsloF 5l o] ghe MT 370 kel
Degradation Equation Selector (DES) Ztoll Wk} Eq. (16)x} Zo]
Zeliit} (EUROCAE 2023).

if DES=0

if DES =1 (16)

. 2 2 2
62 = {(O'DFRE Sprre)® + Ecorr T kR
DFC = 2, 52
(0prre * €corr + €5r)% " ObrrE

37| A oppei= DFREL Zhef] mbE EHAFE, MT 379] DFREI

Table 58] EBE, 8,0t AHERH $1K10] whet A 9L

£ 7|ute 2 A== 9] Al4=(user location factor)o]Th. e o

B o] thgt G3} Algol™, 2 En-route FE] H|ZYT

(NPA) 7179} - 270l sligshis Gk Aldolct,

S1 MT 372 MT 32, MT 39, MT 409] 244 5o] o5t &
= 3

X e

g i

|

5

7L]_—7‘_ﬂ|% 78[9,1’6‘]—‘—1:- l—q-ﬂ-u] E1 (IVALID)MT32 ‘:71! (IVALID MT39/40 = £
Q) 2, En-route, terminal, RNP APCH to LNAV minima -&
Aol M= s F& AlZE 7H o] L5 = %] o] 28t
(EUROCAE 2019, 2023).

I ro[r

S
0
o

|
!

Q.
(s}

o O

ol
K

3.6 AI2X} Range Error Variance

DFMC SBAS AR2-AFE LI SBAS®} EU5HA| B4 KL.o] 7k}
o3} B4R olg3) 91X 0] MESES 4HEY

Range @2} #-4Ho")& Eq. (17)3} o] 2+ 0.2} @ 450 BAFg
© 2 AK 4 QL1 SBAS B EO] Zha} RaHahr)E 358014

Aok e} 2ol 288 4 9lc,

2

_ 2 2 2 2
0° = 0ppc t 04ire T Ofropo + Oair (17)

DEMC SBAS: o] 3142 285}e] 12l A% oxpel

e AAL = Lok, 2] sfigshs S At
= &38| AAA G=tth olF Tk A 235 5l
HEo Hel S A exk= B o] 7FsHAIRE Tho] @ &}+= o]
5] E23Ict. o]of wt DFMC SBASOA % A5 A ot &
/?—]-(UL%IRE)O] t‘el—}\(])"sl'ui ‘?4/%]9’] EE;P(Eldeg)% O]%%H Eq. (18)3_4'
Zro] A4kt
40.0
+0.018 [m] (18)

UIRE = 261.0 + ELZ,,

SFT A Q3 E4H0F o) LI SBASSH 53] 2589
Eq. (13)3} Zro] AAFET). SBAS airborne .3} B4Kag;, )& 441
7] ZF&, t}=7 2 (multipath) 2 antenna group delay variation

T AE S kol tigh 24He] o8, Eq. (19)0f] &8l A4t

2 _ ;2 2 2
Odir = Onoise + OMP&AGDV + o-divg (19)

i

o714 o|F Fuk4o] IF 4 2ol ols) A3 ikt Bl
@3 AR 7] Wl 02, 2 0] ek,

4, &E

B =HolA= 7]& L1 SBASS} DFMC SBAS 7+e] B A1
9 2244 JH AlF Ao xfol& S g fAlA] L9} 7
5 H|a BA9519I) L1 SBASE T b4l L1 C/A 4159}
GPS Y143 7He 7|9ke 2 B AMuIAE Algshs Fx0|th o]
what 94 B3 9 x[= FCMT 2-5)F LC(MT 25)& Lo B3
ska, AElS A1 2= IGP 7|5ke] RS B3l MT 183} 260]]
A 2 RS At 244 FEE UDREL GIVEL 334}

A HERR MT 6, 7, 10, 26, 28 ol TAIE o A|F-= o, HA|Z]
F27} Bbsla e Bgbo] Aok B3 A HAA] ASEo)
250 bpsE AFt=| o] ¢lof, FAA AR F7|4 7J4l1& F4]
WA E AA 94 B HsiAE HAlA] £71 Ak 4
o] glom, olo] wat X 5I7He] $AduS A st LRF
AE At

YIH, DFMC SBASE L1 ¥ L59] o5 Futg Zgslo] 4
A7) ZollA TF A8 2 53l AElS A 241 12} &

b 4T Sk
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AAL ¢ leng ¥ro 2|5 By HAAE AlEshA o
£t ERFFCTF A A AL, LC 7]HEe] B ke & wAlA]

»];]— [e) =2

(T )% ol A1FT0 24 HAIA] TEE LAsSIET MT
o= QA AA L A5 B AR HA d ¥el
(DFRED), 334t #o] Sghelo] Zat=ln]

7} wigh 91 0] Aol et 2R HRE Mg R
TRE AR o]xH Tl HAIA] W o
SBAS thH]| 32 A 7HEAE IA FAAZ
© 2 StHE AF I/EFL tF T Aol 8= o], DFMC
SBASE |t} 9270 $Vd7HA] AT 4 == AAEHAT o]
Sl L2 A 74 o2 DFMC SBASE 7|2 L1 SBASS] SHAIGIH €]
4 Aok} wAIA] 7F B S sfastel =g at A4
A PSR ERL o] F Fuke S BRI IF Y 23
8 AElE AA AHOE 41—12¢ AATFo 2R
/30l 2 AYel &= 10-12 m 29| VPL 45 AF
o, AH]A 281 9] ot S ik

DFMC SBAS<= AJH|A AREALOIA] & FE/d 1 724
BAshs B4 ARE Algsto] 4 AR 914 d5S
%ot @ =A% 22 DFMC SBASO] thgh A7} &t

SolH, o]& Folf thet ‘:‘OFOM A M| A8] FH o]
L e Ao 2 Ay=Ech tishyl =& KASS FT=& E35]) AlA
77 SBAS B fi=ro] Hloeng, A4l S5 BHe DFMC
SBASO]| tfgh At o] o] Fofd Zio 2 F]thgict.
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