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ABSTRACT

This paper presents the analysis results of navigation performance of Korea Augmentation Satellite System (KASS) test signals.
Performance analysis was performed with Global Positioning System (GPS) and Satellite Based Augmentation System (SBAS)
signals received from 7 KASS reference stations. And the performances were analyzed in terms of the signal strength, statistics

for each SBAS message, coverage of ionospheric correction, accuracy, integrity, continuity, and availability. In addition, the

navigation solutions provided by commercial receiver was analyzed and the performance experienced by general users was

presented. Lastly, directions for further improvement of the KASS system were addressed. These performance analysis results
can be used to confirm the feasibility of utilizing KASS in user applications.
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1. INTRODUCTION

AR 7FsHE 7]+ (International Civil Aviation Organization,
ICAO)E o2& ASIHAIABI 0 2 Satellite Based
Augmentation System (SBAS)E Z &3}slo] A A|Ao &
§ £8< 2 Atk A ZFE o]ist 526 e
SBASE &35tAU Y Foll Aok 7H b4l ul=-2 Wide
Area Augmentation System (WAAS)E 7jisto] 2003 HE]
Localizer Performance with Vertical Guidance (LPV) AJH]A
Zo|n], 2023 69 7|2 12397) 2ok 412779 LPV A A
2} A5k QITk (FAA 2023). S AT-L 20114 E] European
Geostationary Navigation Overlay Service (EGNOS)Z Safety
of Life (SoL) AJH]A o], 2023¢ 8¢ 7|& LPV A Ax}
959718 AZ5ka Itk (EUSPA 2023). o]¢]o| & Y& MTSAT
Satellite Based Augmentation System (MSAS), 21%= GPS Aided
GEO Augmented Navigation (GAGAN), #]A]o} System for
Differential Corrections and Monitoring (SDCM), ==+ BeiDou
Satellite-Based Augmentation System (BDSBAS) 50| A{H|A
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Fig. 1. Site location of KASS subsystems.
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Fig. 2. Downlink footprint and EIRP of KASS satellite (SPO 2023).

Alold, EE, A&7t 5o AXHE
2okl A &-go] 7Hssith

KASS AAAAELL 7|23 (KASS Reference Station, KRS),
QA=A (KASS Uplink Station), £3H8-93=+ (KASS Control
Station, KCS)a} £9}x] 2] =+ (KASS Processing Station)& Z &}t
= ol F Ao (Mission Control Center)2 LA Ech Fig. 12
KASS 1A 28 o] Wl B Lhepdit), 7|83 7418 ok, B,
HF=024), G5, ZE ko] 9|5}, SJEAIZ e ZAky
T, ARA o172 e} ol YIX|THh KASS A4+ AJAH]
2022d % A& LESIGITH

KASS Mi% $Echs A2 T 2R FAEH, 187 =

T Abof|A] 90 Fo]7 25 7] At Fof 9t 15 9142 2022

‘-“ 6ol WAL= o] A=W AlF (In Orbit Test) W Q14 F4l= A
EAPL B8 T 20224 129 1597 KASS AF 4155 1

% Zo|t} (MOLIT 2022). 914e 7 915°, & 35,800 kmo]]
Qx]5la glom, QAT A5 o] AWM S (Pseudo-Random
Noise, PRN)& 134H-& AFESHC} 2|4 o 2 RE] KASS Hf|o] g
£ Crjqo= »413 F L ofol 0= Msto] Bent-pipe 4]
02 A5E $EUC) Fig. 25 15 49 ABFHHBAAY
(Effective Isotropic Radiated Power, EIRP)S- LtERATE,

so] F]uKek chop

ot

© Q9
RS

rlo oﬁ

KASSE: 9142 B9l Al BWE A58 S5k olck A8
%& KASS 3191148 7H9] G152 HZsh B Aol DA
A Eelsin, QP A 29 Fulshe Blolch Uk Abg
AHE KASS $149] PHAIEE SAlsto] BAPRE ST 4
gLOLE, B4 SoL AlH|A 4191517] Hel A5 W FAE 8
ShAl o

¥ ROl KASS 2] W% A5 s 24 AT

Zﬂ*lcﬁi} KASS 7]E=oll A 419t
=

KASS ﬂw A5.9] 4241
B 5ol Ax 2], 7@}

oo
N
r-{m
_x_..
J;

] SBAS AH]A

ol TS FRIslSic AT %‘—1% Won et al. (2023) 4+
s sloit}, 9]x] 9 xF= 95%
31 2098 - 2.508 mZ L}
7] Al EE A 9)5}
4171041 9] KASS
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Fig. 3. SBAS message format (RTCA 2006).
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KASS A3 = ICAO (2006)$} RTCA (2006)0l4] & oJ5l1 9]
+ SBAS Message Type (MT)& &£3510] $-&% ) Fig. 32
SBAS HA|Z] 2 & Holgth 12 7|2 W vA A=
250 Bits Zdo]ZE 7}X|1] Preamble 8 Bits, H|]A]Z| A1¥2} 6 Bits,
Cyclic Redundancy Check Parity 24 BitsS Z sl HA] X =
T A= 38 BitsS A|<]5}1 U] 212 Bits2 SBAS ZHE Al

BE slte] A AR L8
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oflA el A o5 BTt A& S0, QAT B
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Table 1. SBAS message types in KASS signals.

MTID Description
0  Donotuse (SBAS test mode)
1 PRNmask
2-5 Fastcorrection and UDRE
6 UDRE

7  Fast correction degradation factor
9  GEO navigation message

10  Degradation parameters

17 GEO almanacs

18  Ionospheric grid point mask

25  Long-term correction

26  Ionospheric corrections

27  Servicelevel

63  Null message

N

1394 Foll MTOE MT0/09} MT0/29] 2714 §3¥ o=
LSk MT0/0= MTO HIAIA & 45t 79 Hole=
NULL o 2 93t 1 9f9] o miale BF FAdH o
PSR} MT0/2:= MTO HIAIX] 9] Wi i B0l MT29] 1i-8-0.
Tl MT2 wh31A] oF=t} MT0/0% MTO0S} MT2E
2 SRR, v 6xuith MTOS 913 HlA|2] 2A1EF 0
Stet. ofell 'kel, MT0/2= AA] 4] Afu] Ao} FATE HlA]
A& o] 7}55lct KASS AlFHrE-2 A& 717+ MT0/0 1

% 5 MT022 H3heo] uhs Folc},

KASS®] PRNZ 134 0], Ll o] 157542 MHzZ 4155
$Z31T} ICAO (2006)9} RTCA (2006)0114] 4 olshe 23 m
A PH & FstER, AHgAks ST EA41E HEste] SBAS B
HEZ ALlst] A& 4 Qlrt o] PRN 1342 X234 9)

> g uE U ok
o
2>

_A.,

N
L 24712 AHET A9 KASS] A B AHIAS i olg
@ 4 glck

g

o Sh= A% A= KASS 41 ZFe i

ﬂﬂ*lxl T4 s, S BEE AR, KASS A
]

o

5

3.1 KASS 241 ZE X HAMX| #4145

7)1E- 0 2 KASS QA4 A15.9] 241 ZE o} Hja]A] 4l A
ol tsle] BAIskoict GPS L1 ,qig} =) 2
2, $417] Ulo|A] GPSE} ARG 4%
HAskiTh =3k RTCA (2006)01]*1 Q15}= Message loss rate

°] 107& WESH=A] BeIslint ol Hls) 24 225007)2] |
AlA o] Fastn, & dAtelads 79 B¢ KASS HXAE
A15}0] Message loss7} WHsH=x2] AAs}Pct a8 72+ &

%1 Az 2] BARE A5t
3.2 WE|E BEFEE FHH2|X|

SBASO] HE]F B RE He|Fo] Ik 350 kmofl %]}
& RoR Fpgsie] 7 AR PR A3t (ICAO 2006,
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Table 2. SBAS performance for each service level.

Performance APV NPA oS
parameters
Service area Korea mainland Incheon FIR Incheon FIR Korea mainland
&Jeju airport &Jeju airport
Accuracy 16 m (H) 220m (H) 220m (H) 16 m (H)
20m (V) N/A N/A 20m (V)
Alert limit 40 m (H) 0.3NM (H) N/A N/A
50 m (V) N/A N/A N/A

RTCA 2006). $/3-AFEAF A4 HE & 7]&20 2 350 km 2|4 9]

A9S 8E ﬂi 9 75!2}?4011 oH‘D*oF L= o%kii

7¥5}o] 2 uFgke] Ha|=
H

37H o|A}F 3k
o,

A2 Az 2]x]= ICAO (2006)9} RTCA (2006)0|4 &
o5l 9l on], KASS M= 2o L5t Axldo] MTIS
(Ionospheric grid point mask)ol|A] ZE514] A2 =x] E415}
ot} KASS 7|33 7|2 0.2 1% 350 km, $JA1 o7k SEofl sig
S a2 EadS AlEsar, o] A 2] Ma]= BAo) T
St AR & KASS7} A4 5] wh4sl=X& M As1eich
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Table 3. Configuration for data acquisition on KRS sites.

Items Descriptions Remarks
Location 7 KASS reference stations See Fig. 1
Receiver Novatel WAAS G-III receiver -
Antenna Javad GrAnt-G2T-JS-HPO -
Date 2023.1.1-7 for MTO0/0 test, 7 days

2023.5.23-29 for MT0/2test 7 days

Table 5. Elevation angle and C/NO at KRS sites.
KRSsite Elevation angle (deg) C/NO(dB Hz)

YV 32.8 45-47
GJL 35.0 45-47
JJA 36.1 45-47
JT 359 45-47
YDN 332 45-47
DDL 30.3 45-47
YYA 315 45-47

Table 4. Configuration for data acquisition on commercial receiver.

Items Descriptions Remarks
Location Korea Aerospace Research Institute -
Receiver Novatel Propak 6 -
Antenna Novatel GPS-703 -
Date 2023.10.12-13 24 hours

Table 6. KASS message loss on May 23-29, 2023.

KRSsite #Message outages Missed message type

YV 0 -
GJL 0 -
JJA 0 -
T 1 0
YDN 0 -
DDL 1 63
YYA 0 -

Fig. 4. Histogram of KASS message types at KRS#1 (YJV): (a) January 1-7, 2023 and (b) May 23-29, 2023.

U A

KASS 7|22 glo]gl:= 202349 19 1~72(79), 20234 59
23~2921(79]) Etol| T7HS] 7] ol A] 2415 GPS L SBAS ¢
A] glo]Elo]t}. Novatel AFe] WAAS G-1II £:417] 2 A1 5E 24]
sigon], 71E% Qelike] 2 9171 Aol FY 2915 S
2RIk A5 47 A 5= Table 30 UERTt

ARG ST AT BHAS S BAE] S8, TR
FEFATYUo] 241712 HA51] BloletE SAIsIT). 2023
| 10 12~13Y (24 A]7H) S<to]| Novatel Propak 6 41712 A

2 B2 A5 BASKIC 7% ZEE OPUS (httpsi/
www.ngs.noaa.gov/OPUS/) & E3l EH5lo] ¢x]ex}p EA0
AHE-5HITE Table 4= Al §- dllol8] 47 2745 yehdch

rOll

R
1

5. 45 24

x| KASS A152 vl 20l 15 9o 4 915°, 1%
35,800 kmof] YJX|5}aL Gt 70 7]E=ollA] 2418 KASS 418
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T} KASS 91432 A= ol BE GPS ¢34} 2] 914
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Fig.5. lonosphere pierce points and KASS ionosphere grid points.

Fig. 7. Position errors on January 1-7, 2023 at KRS#1 (YJV): (a) horizontal
and (b) vertical.

o2 Uehllon], 7123 7120 % 914 P2t S| PP 9l 3
AS 284 Ao 2 TN ol F 52 FO T KASSO]
A AlZsk= A8]E A=Y (lonosphere Grid Pint, IGP)E Uke}
Witk delE AP RE AL Sl PP RO 2 IGP7E
37] o4 FR | ojof 5h, e B Al PP o) FAE B
= ¥ BT S IGP7H A EACE,

Fig. 62 20234 59 2721 9] IGP 7} & 2 UFehdic), shabe
HOR FHGET} BOu], GHOR WoldHE G EL Yot
t}. ol Ao $1A13 1GPO) A%, 12 WEs} ot 4
BARE ATSH MG} 0] 2 Utk 4zt
ol MEA $AIE A5 delF 2 AR Al A2
oF2 7HsAdo] QITh KASSY] AelA o2 mefsleg o,
BA7LH7 g2 RO ek

ru 2 do by ofN

5.3 guds 24
Aol A 2912 SR 7% QHEL $1%19} KASS 8%
HRE A8 92 vlmsle] PHES B 20239 1

=
d 1~74(79), 20239 59 23~29U(79) 717+ ElolElE 7I&
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Fig. 6. KASS IGP availability.

Fig. 8. Position errors on May 23-29, 2023 at KRS#1 (YJV): (a) horizontal and
(b) vertical.

Table 7. Position errwor analysis (unit: meter).
January 1-7, 2023 May 23-29, 2023

Ste  IPE(95%) VPE(95%) HPE(95%) VPE(95%)
KRS#1(YIV) 0889 1660 1040 2217
KRS#2(GJL) 1010 1621 1061  2.098
KRS#3(JA) 1257 1745 1187  2.351
KRS#4(JJT) 1263 1815 1210 2304
KRS#5(YDN) 1203 1709 1318 2227
KRS#6(DDL) 1630 1845 1192 2508
KRS#7(YYA) 0699 1290 0925  2.099

S 284 o2 GPS &5 942 A4 AnE izl A &
stelct. Figs. 73t 82 &5 (YIV) 71859 4%, 24 W ¢
2] 92} a8 o| T, Table 7& 7]&Z Ao ol
th. 2023 199] 34 A} A48 A7 =2
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Fig. 9. Histogram of position errors on January 1-7, 2023 at KRS#1 (YJV): (a)
horizontal and (b) vertical.

Fig. 11. Position error with protection level and number of visual satellites
on January 1-7, 2023 at KRS#1 (YJV): (a) horizontal and (b) vertical.

Fig. 13. Stanford diagram on January 1-7, 2023 at KRS#1 (YJV): (a)
horizontal and (b) vertical.

a eE 02 Qb Holnd Ho/HA 2xke] Welsk
Zhasldeh. 2 B2 ZHolA PR o8 ANE HE HF
4+ glch

theoR BN, A4, 7HEE BAskITh 24T Ho]
Bl KASS 7]%oll4] $413F GPS, SBAS gxio]m, 5 7
ol A B5 o7t T o] Qgol frolsfof Tek. 5]
CEAE, Aol £ 5 37 GO GPS 914 4150 7}
SE7h 2o Uitk o] BAY gL 15T B 54
o] k3l A, R KASS 502 ZHsl7lol Relrh
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Fig. 10. Histogram of position errors on May 23-29, 2023 at KRS#1 (YJV): (a)
horizontal and (b) vertical.

Fig. 12. Position error with protection level and number of visual satellites
on May 23-29, 2023 at KRS#1 (YJV): (@) horizontal and (b) vertical.

Fig. 14. Stanford diagram on May 23-29, 2023 at KRS#1 (YJV): (a) horizontal
and (b) vertical.

oItk whebA KASS AlIThe] B4 HlE 222 KASS 4% AE
2 2j&R15k= Aol B asith

Figs. 117} 12 2023 197} 59 Al dlo|gle a4
Z (Protection Level, PL) 24 A3E A|7to] W2 %] o3}
(Position Error, PE) 2! 7}A| A 49} 5k HojRr}, Figs. 131}
14% Stanford diagramo]|™, Figs. 15} 16-& PL¥} PEQ] H|-&2& 2]
n]sHe Safety Index (SI) £ 25 UEPATE 19 glo]gjof| A& PL
o] RIHsHA YA (Alert Limit, AL)& 235t Afgto] WA=
o}, seoll PL-AL'Y 797} WAl Zhasiolch A% 7
HollA] sl =R oL o135 Y7 Aol PLo] ALS 2



Fig. 15. Safety index on January 1-7,2023 at KRS#1 (YJV): (a) horizontal
and (b) vertical.

Fig. 17. Position errors with Novatel Propak 6 receiver: (a) horizontal and (b)
vertical.

Table 8. Availability and continuity analysis.

January 1-7, 2023 May 23-29, 2023
Site Availability [%] Continuity [%] Availability [%] Continuity [%]
(#outages) (#risks) (#outages) (#risks)

KRS#1(YJV) 99.675(1964) 99.918(33) 99.900 (604)  99.960 (16)
KRS#2(GJL) 99.396(3653) 99.571(173) 99.977(138) 99.973(11)
KRS#3(JJA) 98.712(7783) 99.563 (176) 99.938(373)  99.975(10)
KRS#4 (JJT)  99.656 (2082) 99.722(112) 99.752(1498) 99.809 (77)
KRS#5 (YDN) 99.322(4101) 99.908(37) 99.949(310)  99.975(10)
KRS#6 (DDL) 99.688(1886) 99.849 (61) 99.976(148)  99.978(9)
KRS#7 (YYA) 99.697(1829) 99.747(102) 99.987(134)  99.978(9)

Hsto] 4= gkl
ORI FAT F7It ALS 23 3 A
%Ack. PLO| ALS Z}ohs AIHS B A3 A8 B3
Qolo & ols) SBAS BAA R
B1of DOP Yol 443 A2 BUAL, of @ Zol
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i
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N
>
f
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N
3
P! )
oy Pl b 2

shslo] 21 360% ko] Syt 9140 4 15 8l 718 )
i}, Fig 12614 g A8 9] 7PAI9140] Zhasta Al 4
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Fig. 16. Safety index on May 23-29, 2023 at KRS#1 (YJV): (a) horizontal and
(b) vertical.

Fig. 18. Histogram of position errors with Novatel Propak 6 receiver: (a)
horizontal and (b) vertical.
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