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SBAS Non-Standard Data Transmission Method for Korea
Augmentation Satellite System Applications
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At 20141 813 SBAS (satellite based augmentation system)Ql KASS (korea augmentation satellite
system) 7H75 AK]E EAA R 2A5alglrl SBASE #3802 AAE oA, vy Follix &
4o] 7Fsslth. SBAS AR AdA sle WAl AfEe AR FF 2 dle] dAE gvt AFE=
ARE F3 AEvE o 2A8E A ARt 27Ee Eoklld Z8sledle A= el W] uitel
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SPHA] vl FolellA] 83 4 9l= vl 4 SBAS HlelElE HEdhe Wl sl zaslsdok
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ABSTRACT

Korea augmentation satellite system (KASS), which is a satellite-based augmentation system tailored for Korea,
was launched for development in 2014. SBAS is a standard for aviation but it can also be utilized in
non-aviation applications. The type and content of transmitted in SBAS data format are restricted. In order to
utilize SBAS in fields that require the precision within centimeters, additional information has to be transmitted.
It is important that data transmitted in non-standard SBAS data not affect any operation of SBAS equipment. In
this paper, we propose a non-standard SBAS data transmission method applicable to non-aviation applications that

does not affect aviation SBAS receivers.
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2.1 SBAS &gt

ICAO= EE AofelAl 57t & (PBN;
performance based navigation) Vel A|AIg
AZ2 PBN 7ol 2ol 2|93 (RNAV; area

navigation) % I5eAdT  (RNP;  required
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navigation performance) =3] =73} o]l] SBASE
#al m]=F WAAS (wide area augmentation system),
$3 EGNOS (European geostationarynavigation
overlay service), U+ MSAS (MTSAT satellite
based augmentation system), 2= GAGAN (GPS
aided GEO augmented navigation) 5°] 7l&- 55
o] 357 ¢Jr}. 2]xJo} SDCM (GLONASS system
for differential correction and monitoring), S
BDSBA  (beidou satellite-based = augmentation
system)~> ZHAA 02 k55 218l Sk ¢
guzle 313 SBAS Al2ElQl KASS (Korea
augmentation satellite system) 7N3-F-5 Al1S &=
& Foll slek L wtel] wotrlzlr), FtoblzzE 7}
2|13 Fgn] x]92] SBAS =91 13l ICAO Z&
AE9] SACCSA (solucién de aumentacién para
caribe, centro y sudamérica)®} ACAC (arab civil
aviation commission)®] 121 ASECNA (agency
for aerial navigation safety in africa and
madagascar) X|¥ol|x] EGNOS A¥]x ks 53]
° 23 SIRAJ ZRAE Fo] girj?

2.2 KASS A|AH

SEluERE A4 2014 109 FERER-S T3
AR g SBAS A5 ARjdell Abealedch
g3 SBAS+ KASSEF WHEglem, Y A
(PA; precision approach)ol] 43 F2F-=HTH A}
(APV; Approach procedure with vertical guidance)
al APV-ISF (579 16m, 2] 20m, ZA3% 75m)
SBAS A|~g] 7§53} CAT-I (74 16m, 7]
6m, AAIT %= 60m) SBAS A|2~El A& 7% 7Y
s xR 3k TS 77 20149
202210714] % 81 g3t e o AJe]ck KASS A
282 3ol A A5, 19 Al 2H]
AA, 2= Al=E AL B 2 AS 3l F
R L B R B B e R Ll Eat
S FRlshe WAlE A 20224 1045 E 5o
2 A2 ] AuaE AT Agele) wgk 2020
FE= LI/LS o5k 7]Hke] CAT-IH A3
715 it FAlell ¥tk KASS opleix= 1
g 13k ze] 57] o] ZIE= (KRS; KASS
reference station), 27]2] ZFtx2]= (KPS; KASS
processing station), 27]¢] - (KCS; KASS
control station), 47]2] $JAEAIS(KUS; KASS
uplink station) 22|32 27]2] AA|AE Aoz T4
=tk KASS A5 S7ARRS 313 o] ICAO %
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Fig. 1. Overseas SBAS Status
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Fig. 2. KASS architectures

E 1. KASS A% 24k
Table 1. KASS performance requirements.

. Model  \pa APV-I
Requirements
Accuracy ~|Horizontal 220 m 16 m
(95%) Vertical - 20 m
Integrity Risk 107/h 2x10”Jappr.
Time To Alert 10 s 10 s
Horizontal 0.3 NM 40m
Alert Limit
Vertical - 50m
Continuity Risk 10%/h 18x10%15 s
Availability 99.9% 99%

F8 Foale AN QRN R,
Il. SBAS 114

SBAS 4-2 ICAO Annex 10 %5 2 AR}
(SARPs; standards and recommended practices)<l] %

°]=]e] glrk. SARPst= =I7F 8kg719] el &
e 2 A FEshe SRR GNsse}

L

o

SBAS ¥ FFSE RTCA DO-229D
GPS/SBAS HAX571%  (MOPS;
operational performance standards)o] HZ¥Ic}. o]7]
& A7) ARE Y8 v ) B50)X]8E SBAS &
2 AAAl FFolely 3 4 9tk MOPSel:=
SBAS F41719] 7|5 2 e 87 Alle] A=<
Q)3 B-2A¢l SBAS A5 Aol thal go] =g
wo] gyl

minimum

3.1 SBAS A= 74

SBAS 4135 5742 3 29} o] A= gt v
% T+ GPS L1 Als9} 7-2- 1575.42 MHzo]vh.
T 2 WE (modulation) 4] GPS C/A A&
s} 218 $14k70] 4] (BPSK; binary PSK)o17] ]
Toll, GPS¢} gt kel 2 4l 3|25
T oltk &, GPS AlsE Alskarl Aejshe 4l7]
2, sl=dolS F71skA] ¢ SBAS AlEE 44l
3 4= gtk A1 A1E % (reception power) = GPS
L1 C/A Al52] -158.5 dBWellA] -161 dBW = t}
2 A A=) Qlet #4E F5 (spreading code) =
GPS L1 C/A Alze} 72 F& Iy} ALgEch

PRN (pseudo random noise) F == 120 HlofA]
138 W74A] dgd=o] glet. B4k HE &I (chip rate)
+ 1.023 Mcps (chips per second) 2= GPS L1 C/A
Az} Fedslch Gpse} ok A2 3 wA1xe] W
Z 4% (modulation rate)°|t}. SBAS+E 500 sps
(symbols per second)®] FEZ A8 WHFE7} o] Fo]
A3 gletk =3k dlole] #3238 #3348 1/2 FEC

# 2. SBAS Al 4
Table 2. SBAS RF Specification

Specification Item Value
Frequency 1575.42
Modulation BPSK
Spreading Code GPS C/A
Chip Rate 1.023 Mcps
Modulation Rate 500 sps
Data Rate 250 bps
Carrier Frequency Stability <5x10"' @10s
Bandwidth >2.2 MHz
Minimum Reception Power -161 dbW
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(forward error correction) 37} 8= gJom, 2
AlEZ 1 vEL] ARI} FAFC o]xr} dlolE A
% 4% 250 bps (bits per second)e]™], GPS<} H]
3P 5 o] 52 flo|EE AEd S 9)rE A
A=le] glc}. w3 FEC -3l o]a] 3dBe] F-a3}
0]50] elojzlc}e,

3.2 SBAS H|o|E{ Zud

SBAS dHlo[El= AR w22 HFEIc) doe]<]
A% e a7 33 o) Ze|YE- (preamble) &
A2kl & 250 BIER FAEe] gt dlolE A4
<571 250 bps o|7] wiiell, 1 708 wAAE 53}
B 1 27b B8ska, 291 9] WA A
ot 2E vAAE ZE s 8 BIE, WAA| EY]
(MT; message type) ID 6 B]E, H|o|E] <i] 212 H]
E % CRC Hl¥] (parity) 24 H|EE FA =] glck
Zg]lE-2 01010011°, €10011010°, 11000110°2] 3
71 AR vk ARtk ©01010011°9] A=}
B E(31ZH)2 GPS AlEe] Y wAx] Au =Z#g]
Aol F7|3l== Elo|H g $E=ch

HAZ] el IDE WAA9] Ul-4-& Falslr] ¢35t
o] AME=E, 0 ~ 639] WA Elsie] & 37 o] A

E 3. SBAS HAA] ElS]
Table 3. SBAS Message Types

<— Direction of Data Flow from Satellite; Transmit First

250 bits - 1 second

< >

Type Contents

0 SBAS Testing

1 PRN Mask assignments

2t05 Fast corrections

6 Integrity information

7 Fast correction degradation factor
8 Reserved for future message

9 GEO navigation message

10 Degradation parameters

11 Reserved for future messages

12 SBAS network time

JUTC offset parameters

13 to 16 Reserved for future messages

17 GEO satellite almanacs

18 Tonospheric grid point masks

19 to 23 Reserved for future messages

24 Mixed fast/long term satellite corrections
25 Long term satellite error corrections
26 Tonospheric delay corrections

27 SBAS service message

28 Clock-Ephemeris covariance matrix
29 to 61 Reserved for future messages

62 Internal test message

63 Null message
1864

Message . CRC
Preamble Type ID Data Field Pariy
1 1 I J
| I l Y
8 bits 6 bits 212 bits 24 bits

02l 3. SBAS dl°oe] &5
Fig. 3. SBAS Data Block Format

2] o] glrt. dlole] dqe] Wg-2 wAA] Elslel
et GalA qlew, FAH] BAF Zéit o] kel
R,

SBAS #1& w|A]%]¢] CRC (cyclic redundancy
check) F2|El= wA[#] 22| 24 EE ¢l
AgHe) &, SBAS 4171+ F4lE WA A<l sl
CRC H2le|7} dA|8h=A] #elstar ARgsiA =
s1em, CRC H2lE|7} dA|ekA] o= wAA= 7]
e,

IV. HI#Z SBAS HMAIX| ®& g &

H)&hg Folollx] SBAS &8-3 918 743 =
oke W A2 E HlE)r] $)dA= HE=A] SBAS 4
=]

HAle fAIsbEA ol W;— Fgslfo}l gk Hi=
TS TFlof sk 3-8 SBAS FAl7ell ks

A3l AP glelok ek o] el b
T RS 1t 0l SBAS A4S A
ok Wbl osl A

PIA|A] eofof 3}, %b; SBAS 7] 7Ae] &=
d
_]

4.1 ™o=X| o2 HAIX| Bt HE

SBAS HIAIA] W82 efdmiel A 9lr] wi
o vl5+A wAA]E H&%ﬁ}— 71 7k w2 4
4317 %= vAIA] el o] 83k Aol kA
B3 % 33} zo] MTS, MTI3~16, MT19~23,
MT29~61 = & W-&o] A2] o] glA] ¢drt 1
U} v]3e] WAASE MT8 WA A] ElglS vl &l
girtk EEFF MT62+= SBAS Alof= -4 gl £4 o2

AREEE 7 gl AR BRSO E WAASE ©f HlAA|

Z TTA (time to alert) =A ol AFE-3}2 itk MT63
< Bl AR} Gl 79l $Alsks Wlge] gl A
A7 Elglog AJ3e B4ow ARgEci?

MT629F MT63L A|2]3} 7= A5 #] o3& 4]
A el A3 =W SRS SBAS A0] /WA=
o] ARSHAl Huff EAIZE HHAE o127} glck AAf
3-8 SBAS F417]= MT629 MT63-S L W-go]
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A7 1A A 2~ =l (SBAS) Bl dlole] g Wy A

e AR 3P| el o]F o]gale] o]
7153}, wak oko & MT62, MT639] A 2j7} v7=
AlZe] §7] wtell dshe ARE w5 sick

4.2 CRC miZ[E[E HZslo] TS

RE SBAS "A]X]el|= 248]E CRC €7} A
A Ha glen, $417] Fella= 418k wAA] e o
34 Axkgk CRC HJEl7l S48 W83 d=|8hA]
%E 735 2 WAAIE AREEIAE o ek o] v
A219] dlole] FAAS Fralr] 17 Zlo|w kA
9133 ICAO SARPs¢} RTCA MOPS®]| . wj£o]
T =] gleh

B[54 SBAS HAAE HU7| fliM iR
AHE8l= CRC 2le] AE s A43te] 7| 3%
I oE ks AR Bedx Agshd, g
SBAS FAl7|= % vIAIAE AME3HA] E3r] wiE
of dlole] deiel qleje] WE-5 7|x7} 7hssiet wh
2hA] A=z o2 wAA] ElslE AREsle] Wl
AR S A4 o] CRC FH2]ElE M)A Bxiic)h
W ¥])5Fd SBAS HAAE Hr) obdsHA W 5
ik

4.2.1 CRC zf2|g|
CRC dHel= AA o] 1)z

24
g(X): ZgiX%
i=0

(€))

o]t} oJ714], SBAS wAA|2] A% g, =1
i=0,1,3,4,5,6,7,10,11,14,17,18,2324 %7 7}
o] Al ZHE] 24 H|E CRC H-57} dojzlch
7= wIAA7E AgER CRC HelEl} dA]she
Felstar AHg3E

e

]

rN
e B

[e)
Pz

1;4>

4.2.2 CRC m2lg] &
KASS #-8-% 28t v]5+4 SBAS w|A]#|¢] CRC
sH2le] A thahale g} zko] MAE 5= gl

’ 24 .
g(X) = EngZ

i=0

@

1714, g; =1 d o, i
=0,1,3,6,7,8,10,11,13,14,16,18,19,20,22,24 ©.& W7
gk A ()& o143t CRC Al AHE At
£ FFE& SBAS AlVI= A @=E AAEE

= o 0 O

CRC7} 23 vAA] & A& 4= ¢lc). Wk SBAS
TAe] M= vl5Fa HARE AHsk e W
AIA] el A2 Ulgo] EudEviein st A

A8 AR 5 9lek

4.2.3 CRC m2/E| ZA}
CRC Hz2|E]E A|2)3F SBAS B4 #HAIAE A

& o,

226

m(X) = Zm,,;Xi_l

i=1

3

Hgalio} 3 250 H|EL] L5 2] (2)ol4] WHH
=3 A" CRC H2|ElS 2o ohe

t(X)=X""m(X)

+p(m(X)]g (X)) @
o]714 24 ¥]E CRC IHzlE]= thea} 7ot
24
p(X) =Y p X" ®)
i=1
X¥m(X)e A4 ez e 58 g(X)
2 & uf ] Ffo|),
X (X) = q(X)g' (X) ©)
+p(m(X)lg' (X))
o] Al wl=}
pm(X)lg' (X)) = X*'m(X) @

+q(X)g'(X)

ofe. Al FAlshs ¥52 ¢(X)e} s, A
Sl wmel A4 Tl Aele] B chew)
2}

3714 t(X)Z WA= A4 o] ¢ (X) =2 o
=R} 0ve] HH, A 25t gl Alow 3

v,
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4.2.4 M& 82

SBAS wAx]2] HloJE] d2 212 H]Eo]7] wlE
of, A1 %= 35bps B2 A §5F AHgo] 7Fssieh
KASS 5% f218l] $lslAd= Hl%ﬁ HAA]E o
407 A= 22 vsljoldht). dnbg o g gy

4 SBAS FA7]= 4% oA AARH Sl vIARE =4
3 = e AL AT A3 IS Fubsle o)
oAk
AR .

4.2.5 CRC miz[e| "7t

o] 4 CRC fele] A4 el e wost
Bl wAA S Wk el el 2] @)
A tlErl o g ARl CRC el A (S EY
= & CRC slele] AALE Eaba AbsAe] EAb
ek vl WAAE 54 @ o) A Rk
ap7] wiell o] BAL welslol @ik dew
CRC H2E] 22} A% 542 541 FFolx 5
g A RS ARSshe A 7Sk Al e
s1ow, MRl A vRakAel] disf ol o] o5
vl sheAle W gstA] vk meps o= A

WAL sk B71E Bol AEsk Basi

v.d

rhu

SBASt g tolellA] AM-S HAlow ARH
TACIARE B Ropellx]e] ARge] 7Fssil
SBAS Al5.°] &g ule} w34 vAAE HEE
I @7} 9l7] wjiell, 3-8 SBAS 41740 gk <k
AL FHshaA varE wAAE Adshe Wl
sl arasisich

TA31El SBAS Hlo|e] 5 SA] AHo=R] o2
AA] Rl ARSShE whe] olck A 3
SBAS TfAe] WA= A7} whls 27} 97
wj ol A= A] ok w|AA] Elgls AMSEle] WA
A5 A5 of 7]E2] CRC HAelElE WAk Wy
o &l Alksisdel. 5 WA W EHIE
2 s 53 ks e °ﬂ7‘4°1‘:}. o] =EellA]
Aokgl WS B3l 7|50 -4 SBAS A7)l

< Fusha Hl%ﬁ Uﬂ AR & ks
W& Hew 7|k

o°4‘
40\. =

—
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