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ABSTRACT

The Korea Augmentation Satellite System (KASS) has been certified by the Ministry of Land, Infrastructure and Transport
(MOLIT) and commenced Safety-of-Life (SoL) service at the end of 2023. KASS complies with the APV-I signal-in-space
performance requirements defined in the International Civil Aviation Organization (ICAO) Standards and Recommendation
Practices (SARPs). The performance of KASS is verified through two steps. In the first step, design conformity from the aspect
of performance is verified by both review and analysis of design and simulation. In the second step, operational conformity
is tested and assessed by operational testing using real data and a deployed system with operational SWs and configurations.
This paper presents a methodology, a procedure and results for the KASS operational testing. Finally, performance
degradation events and results by month and region during the operational testing are presented and analyzed.
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Satellite Based Augmentation System (SBAS)+ GPSo] tf
g RYPR AL HEE BAUEALE AHEsto] A
Sl Al AlFstr] At A Ao 2R =4 1 FF 71T
(International Civil Aviation Organization, ICAO)o]| 2]3}] =A%
o2 Aolg A|Aglo|t} ICAO= 19911 AJ102} FHel 3] o] o A]
ZIAI] Communication, Navigation and Surveillance/Air Traffic
Management (CNS/ATM)of| $JAIGIHAIAEIS A L51= AL H
25193 01, 2007 A|362} ICAO F7|FE]o| A AHk=ol gk
Performance Based Navigation (PBN) o|3} £LE ¢|5}o] SBAS
£ T3 A8 Hskeith ICAO 2008, Park et al. 2016).
T ATHL 204 RE 24Y GPS BAAAER]
Korea Augmentation Satellite System (KASS) 7|32 43§51
?lt}. KASS+ ICAO Standards and Recommendation Practices
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(SARPs) Annex 108 £4:5}0] 7faksl4ich KASSE A& 235}
Sl Y} &-x] 9ol A Approach operations with Vertical guidance-I
(APV-D) =&, 18] 21 B|8iA B 3L (Flight Information
Region, FIR)o]|A] Non Precision Approach (NPA) 4~&2] A5 Q
TARY RS- /i S22 Y 9J5kar gt} (ICAO 2006).
KASSE z]Ato]| & 7419] 7]1&Z-(KASS Reference Station,
KRS), 2419] Z9}x]2]=+(KASS Processing Station, KPS), 2412]
E3519-od(KASS Control Station, KCS), 18] 17 341 9] ] EA]
=H(KASS Uplink Station, KUS)o] L2 E|gjom xEH o g 27]
o] A2 A=A (Geosynchronous Equatorial Orbit, GEO)o] &
@2 oI olrt. 2022 5HEE7]of] KASS A AR (712, 5%
A, AP, A AArt dREgl o, 17]9]
A A H =LA o] Initial Operation Test (I0T) 5.9} 34 KASS
of 3=l Aok FAHEE S ZTTE 2GR AR F7tol
5 E o]F, 20229 YRE] KASS AJF 415.9] AlF-o] A2F=E A
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Table 1. WAAS continuity requirements compared to ICAO SARPs.

Typical operation Accuracy horizontal (95%) Accuracy vertical (95%) Integrity Time-to-alert Continuity Availability (%)
En-route 3.7 km (2.0 NM) N/A 1-1e’/h 5min 1-le*/hto1-1e®/h 0.99 to 0.99999
Terminal 0.74 km (0.4 NM) N/A 1-1e’/h 155 1-le*/htol-1e®/h 0.99 to 0.99999

NPA 220 m (720 ft) N/A 1-1e’/h 10s 1-le*/hto1-1e®*/h 0.99to 0.99999
APV-I 16.0 m (52 ft) 20 m (66 ft) 1 - 2e” per approach 10s 1-8e‘inany15s  0.99 to 0.99999
Table 2. KASS Signal-in-Space target performance.

Typical operation Accuracy horizontal (95%) Accuracy vertical (95%) Integrity Time-to-alert Continuity Availability (%)
En-route 2.0NM N/A 1-1e"/h 5 min 1-5e*/h 99.0
Terminal 0.4NM N/A 1-1e"/h 155 1-5¢"/h 99.0

NPA 220 m N/A 1-1e"/h 10s 1-5e*/h 99.0
APV-1 16.0 m 20m 1-2e7/150s 10s 1-1e’inany15s 99.0
t}. 2022\ 1294 7-&] Message Type (MT) 05 LS KASS 415 & oot of|F B FEE AH|A FTH2 AKA Gl &2
12} A5 AlRbell e, 2023 7Y ERE] MT 025 233 A=A etk 7HAES e, ASA, FAA 0] B e
KASS 415 22} Al 5-& A2l 254 e g deddsds &ollA SBAS AH|A ARl 7Hs T AI7HE] Hl&2 oJH|Fitt
o

KASSO| AT olM s 52 + A= +¥sin,
KASS 24 A3Hd AR S AHe T 28 AT HED
A2 vl KASS A A3 HE Al E Algdlelds
S daElE W AAR Y S 24e +P6h, 28 4
P HE AN 2T 52 ALY A5 HolHE AR
sto] A A DANA EEE el AAl &8 DHlA
HHsHA AAH A ARE SEAIFS s-Psto] 2RIt

L& A AEES 93] u]= Wide Area Augmentation
System (WAAS)+= <F 67§, 83 European Geostationary

MTSAT Satellite Augmentation System (MSAS)&= 2F 37j< A=
o] FIRH B LG AIT S SUSIATE KASSS] 49, A28 0] &
& APAS AE] 95 oF AU L8PS S

t} (EUROCONTROL 1999, ICG 2007, ION 2019).
# QAP 671UZE 9 KASS 28413 HE U 2

TS AR 2ol A= KASS i ol =& 53 s
ofl sl Ardgiet. 3ollA= KASS 28AIF 7IXF 4Hg et

thel AAISe, el A W R AR ST &
FHo waH KASS 40 4% Fwe] A3 24 Ast 3
AIR7IZE B T oM el g s JFHT 28 A 2

ARGl disl 71 e?i

2, KASS 85 27AK

ICAO (2006)] A 2]H 57+ A15(Signal-in-Space) A5 &
TFAFS Table 13} ZTh ICAO (2006)94 = &7t 415 As-S
thea} o] Holaict Fade 2HE xeh A 4 Abo]
9] 95% w2 12| QA5 oulshH, 42t 4 Ao g

ot
et

S8 wejo] whe} A o)E FuAZE olel £
Sl 58 onlatch, A& Aulao S5 ¢
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(ICAO 2006).

7 371 SBASE 295K SBAS AIAR1S] B A58 4
oJ5}n, Table 2%= KASS®] 2 H A%-& HojZr} Table 20| 4] 3¢
Q1% 4 950] KASSE: HEH, BAACIRAD, 144
oA ICAO (2006)9] &3+ 415 A5 &7AR S HEohes A
A= ek 54 21 /4459 735 ICAO (2006)°] 85 &
24 QIABIET e Mo 2 MAE o] 9k ICAO (2006)
= SBAS Al2dlo] 44 @ PARFS WSS} Eoltizhs
9] & Fxjof wh} SBAS AMH|A A 50 Zhssitte AS W
AJBHL e, KASSE o] & &80l B 415S A4aiich

3. KASS 2&AIA 71zt o+

ICAO(2006)0]] HAIE SBAS A% @ A} (Signal-in-
Space Performance Requirements) £ F-ZAAIT} 4418 uff
& @2 FEE /A, HAY70E AR5 SsliAe A =
Bl A4 8 S Afolo] A AL Tefslolof st
(EUROCONTROL 1999). EUROCONTROL (1999)0] uw}2m, 10—
7150 so] B-AA £l (integrity risk) BHE2 AP o2 AE5]7]
AliM= AIFE 95%E 7HE5IGS i, 2|4 180'A o]4te] 2k
& Abgslolof gtk Aol Lherh Eak A% Al Eo ol
AbgaHanomaly) A@o] o2& Bk ofujzh Au|4 oje] 1A
of 18] Al Au} A/doll Fo] Q17 wiZol s aFAkRell
e A5 AAAE Y] A AE 9 Aol

28l =

AFEE flslishe AR B ool skl &lshr]
s Yt

KASSE] d5ol e F= F8T 84
7484, 71 wix 78 B 2, JE
L2 F AT 5 el Aty A
B2 dS A 271 W Hsleo] A g2t (Kang et al.
2018).
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2 skelslo] 28 A4S Bashr] QT GPS $149] 24
of whe s W)/ 7H4 o] MR X7k Lh Al el wha i walel
Aol 7] wEol] S8 AHe] 717G Al AR wekA,
8% 717He 1S 0] ARk} AGo] w2t Wals
efslol Akt

Kang et al. (2018)} Kim & Kim (2023)0]] w2 ™, 2] 35 7
o] WsPe WhETH W A7kl AR W, 0] 2/A4 8 KT} B/7180]
AW, oFerE Y2 242 AR Tk, S84 7]
71 2‘,&1?.;(4 3~ 49J) Tl =Bz (1()~11-9J) ] _Lol-ol-J,]. E/qoﬂ x—]

U T 2T T
2% @5 o] sl w2 KASS A% Weks Blshy S3H
s BaATre] 4EdE shast| sl 6704 olel FIzko R
A7) 2003 28 FI700E KASS 415 13} 71371780
=, sg717E E<F KASS B AEAIH0] Syl we
A% dlofe] Bha Bl A5 RAl0] o] miRe] FRHE =
oL A4 tlole] Susl Fse 17hg $8AIY FIzke
2 A3k A5H 02 AYE 717 20234 59 3YRE 12
9 1590109, o= APl APE A5 ST IIRE R A5 B4 7]
7be] oji-g TEsto] AT
4. KASS 2213 M5 24 i}

, e I =) e g = Kol

KASSS] 4t 4% a4, 2A4, A%
2 Ubelch B el 2 A% A2 2 24 el thsl A ols)
o, B4l 919 wlole] g, B4 £ A D BA] d ] of
sl Al atet.

GNSS 7|4k 3}af A|AElo] s o 24 E] 959 =& 92 Q.
232 A oJsict (ICAO 2006). ICAO (2006)0|4] A EHd L 2]
S Ro 2 PRI, AU FHE 95% A Y 2+
Ax 2t 7h - 2 9 e H2A e AR olUlE
S01e=7] &Ik

GNSS 7|9k 3l Al ARle] 722 A AR 2 RE Algd
o] Aol g, 248 Abgate] 91X 0217k 7
B354 (Alert Limit, AL)S ol A=x], 287 A2g ARo| A
A o] A= AY AR} YA AEIHAIE JolAl &
785l Al71- -8R HEE ARAIA AlgsliE 4 A=A o
B2 Zolstct (ICAO 2006). SBAS A|ARIL HAA 1 oL 5hy|,
A4 AEE AT E ARl e AMAE EAEA
Ho} 744 HEE ARgsto] ARe] 91x]9F #1%] @ 2H(Position
Error, PE)& —ir Ao, AL JHE ALLslo] 9] HE 4R
(Protection Level, PL )% A A AR 0 2 HE A2E ZH
o] e PLo1 PENLC} JA| A4 =ofol gtk ojulg 7}
o} weba, £A40] AsiEdths A thaut e 270l
= 3259 39S o
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Fig. 1. Composition of sliding window.
312Y 0] 5 7 XA 7Htime-to-alert) S¢F 271 1
IndexE& AFRSH & 9\1\:]- Stanford chart& }%—?:_1' 4L 2ol =

A 1Y ARE A WET 4 QUAIRE 270 20 oigh Ay o
HE gold 4 glom, 2 dollx& Safety IndexE AHE-5}o]
5

=S
24 A5e AT BAL e} 28 i Aajo] u
2} Saygict.

A2} ] A7 Safety Index(=PE/PL) A4t

A7k2)safety Indexzt 1 142 4, R4 A

-, 3
(Misleading Information, MI) 7}~ <7} @ A2} 3 48§

A=} 3) PE > AL > PL & 753t 79 141}4 %3

A3} 4) PR ARAZE 59 A3 30] $A1E AL, BAA
A3 AFA (Hazardous MI, HMI) 74~ <7}

GNSS 7|5t gFll A| A o] A0 &8 e = %
& 717HEe AREAPE o 282 S A 9
o] 5802 A5t} (ICAO 2006). AR} o %
7] SleHAE PLO| LKL Solo} 5}u, PLo] ALK
=AU PLE Axtelr]oll S28 AR E AlFsHA &
Houtage) 2.2 & 9|5t
ALAe o9 JeHa FA = ,‘9__% 7]7]_%0 Ztho| vbYS}
A %= A5 ulsin, & 77HE o =
&4 Ak (Contmulty Event)o| 2F35H /d © 2 7+=3c) Table 1
ol|A] En-route} 1 &] NPA7Z}A| 9] &&7]|7F 1A]7}o]m, APV-1¢]
E&717& 1520 stk
&4 B8 93] Sliding window (Gao et al. 2022) 7]# o]
8=t Fig 12 &8 et APV-1Y 7%, Sliding Window<2]
T4& Hoj&t} Sliding Windows APV-12] 87|71 157} 2]
A)Ao] Sliding Window?] 7}&oi B2 Thtksly] 931 51 7ll9] A
& L3kslo] F 15719 Aoz FAF) Sliding Window2)
APATL 01 Ao A A AELE 7HE5Lo]of 51w (PL<AL), 7}
2517 92 Sliding Window= ¢14:4] A4l 4] A 2]=ict. e
A7H1-15Q1 Al OlA Sto] st B e 739, A5 AR
o] YAt Ao & 7hgitt
Sliding Window 7S AF&3F 9144 450 Eq ()3} 7o

wao] Fsalet.

C = 1 Cri.yk
N 1,
G = 315 M
Total ,C
047]/\‘] C“: O:]’/}‘/H il% kat oxjﬁk] ‘rq H i—%ﬁ NEvenr,CJE ?j
S0 AP A4, I Ny AIR7IZE 591 Al 718
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Table 3. Required data for analyzing the performance index.

Type of Data Accuracy Integrity  Continuity Availability
GPS Ephemeris data [0} (0} - -

GPS observation data (0] (0}

GPS almanac - - (0} (0}
KASS message (0} (0} (0} (0}
Reference station position (6] (6] - -

Sliding Window?] % 745 oju|gict.
GNSS 7]4t o) A|AH o] 748432 A|AR o] ARGAE Y
Fps7lel Selnlh HRE ATAE 4+ Qi Ak} vl

SITkS 1CAO 2006, 1714, ol

Ao miE A2 HRE AFES

3, AAFE PLo] ALK T Zro}A] _?_% e o8

=3

o]
A& oJu|sict. wheba, 7HA]-S Eq. (2)9}F 7o) AlAlsict.,
A=(1-4,,)x100(%)

frse > oZi m]o

NO 1
A = N“”ge )
Total
o714, A= 7HEA, Aus 7HEE QI8 EHE, Ny & 229
A, 282 Noumset AF717F 59 HEEE & F0ho] A4S 9

ngiet,

4.2 45 24 Hiojg] MY

KASS®] 4t 45 EAE SsIHE GPS /A dols,
GPS Almanac H|o]€], KASS WA A& ZL35}= SBAS H|o]E
7} a7EH, 7t 45 ARE BAsl] $io) @ FEE HolE:
Table 33} 22t}

Table 30f AAIE Hhe} Zo] SBASS] Hahy W RA4 Al
28 ofs] L Sixol AHH 7|EF ol Abasini,
SBAS 7|53 i SUHOR 15 7|EF lojele] ALgo]
71551tk (NSTB/WAAS T&E Team 2024, ESSP 2024). SBAS d|
A A= AFE 7 H(state-space)oll Al == GPS $4d9] A=
2 A A o2 B H oL Ha]= Az (lonospheric Grid Point,
IGP)olAe] Hel% BAH R 2 P4 0|22 SBASOIA] A2
she mAgRE %Qﬂ 2 R sge}r] thel B R A
Ao ALBos SBAS 1 Slolel s o] tichan
1;19} 7183 Hlolet Alled Exfoke ol

o134 a;u}. SYHOR FHE 718 dolEl A

B Aol AL KASS 4% BAS 918 KASS 7]1&3 do]g]
£ A}g5le, KASS 723 Hlo]el & A o] § theat 2k
A, Fi. 20 AT 819} 2ol KASS 7183 ) o =
A 2o Sgo] AR|Elo] A5 BAE 9

ITE I:Hg].o]— 2 Ol];]-‘— Z]—X—] 0 7}7\(_];]-

d G2 SE=HE GPS tlolE £3s

ole} °L7/ﬂ KASS 71%_‘—
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Fig. 2. Distribution of KASS reference station and selected stations.

25 KASS HAIA 2 Hchat Zasled apsl Aol Hssict
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F(YIV)/FFHYYA)/&5(DDL)/G E(YCNH/AAZWIT) 7]&=0]
olei] gt
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4345 BN E3 4 U 24 WY

0|

KASS A% 244 25l EurocontrolofA] 7§2sF PEGASUS
£ A}g51th (EUROCONTROL 2022). PEGASUSE RTCA MOPS
DO-229F (RTCA 2020)E t}2 5 = 7jet=]o] 9] o mf SBAS f|o]
B A2 E At 2A4E Q3 TR AT EQflo] BFo] o
Qlt} (Jeong & Kim 2009). E3F A EQo] 7Y, 7|&EA 5
2} A AL Eo] B o]H & Ex l 1*17} e 9 AlFE
o] AZELfofo] FHof et Al2/d-& Rl 7Fesieh & el
A] AF25H= PEGASUS 5 9 AL S 218 Table 49} Z2th
& Aol A= Fig. 3of] EAISH HEe} -2 HXjo] wa} KASS

% BHE 2P KASS ERLGTL KASS /|EF02
2 2419 dlolEE U Bel2 ARtk O B9l A4

KASS 7|4 tlo]E]E RINEX (IGS 2019) HEjE Wkt 7, 3t
9 ©9]E RINEX Hlo]8| & Hghct. Wesh RINEX Ho]El&
PEGASUS ConvertorE AF&5}0] PEGASUS 24| THio 2 B35}
5}, PEGASUS GNSS_Solution 3! Xpl Estimation 2 &3 A&
3ol 2t 71 &y 91X 02he MBS FS AARIE BT B9l
22 glo|E2 Algslo] A W U7k s BAXM LA
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Fig. 3. Performance analysis procedure for KASS operational test.

Table4. PEGASUS module & usage.

Module

Usage

Convertor

M-file runner

Convert KASS reference station data (observation, navigation, SBAS) to PEGASUS format
GNSS_solution Generate position error estimates and protection level for calculating the accuracy and integrity
Xpl_estimation Generate protection level for calculating the availability and continuity using KASS message and GPS almanac data

Analysis anomalies using daily position and range domain processed data

Table 5. Events and anomalies during the KASS operational test.

Title

Anomaly description

Time and duration Corrective action

1 AllUDREINM

« Event: User Differential Range Error Indices (UDREIs) for all the SVs
are set and broadcast as Nor Monitored (NM) or Do not Use (DU).

« Root cause: The cycle slip is occurred for one channel between
a GPS SV and a KRS. After that, the cycle slip flag lasts during SV
visibility period and it can inflate the UDREISs for all SVs.

« Impact: Continuity

The root cause and solution for
anomaly is already derived and the
effect on the integrity performance
can be negligible.

After the operational test, the algo-
rithm for KPS will be updated.

1.6/9 (25 min.)
2.8/24 (2 hours)
3.10/6 (3 hours)
4.10/11 (3 hours)

Replace the KRS HDD and re-

2 KRS Retrofit Planned Hard Disk Drive (HDD) replacement for all KRSs. 6/29~7/7 (9 days) initialize two KPSs
« Event: Switch between master and backup is required since L5 1.8/8 (12 hours)
interference threshold exceeds a threshold defined in the KUS. 2' 8/30 (12 hours) 1. The L5 interference threshold is
3 KUSswitch failed  However, it is continuously failed and KASS signal is interrupted. ’ adjusted within design margin.
. 3.8/31 (3 hours)
« Root cause: KUS antenna cable is broken. 2. Replace the KUS antenna cable.
R, 4.9/1 (3 hours)
« Impact: Availability
« Event: Grid Ionospheric Vertical Error Index (GIVEI) of lonospheric
Grid Point (IGP)s located at the center of KASS service area are set
and broadcast as DU for a long time. 1.9/9~12 (4 days) Replace the anomalous rubidium
4 GIVE Toggling « Root cause: An anomaly is occurred from rubidium clock installed  2.9/20~30 (11 days) clo?:k
in KRS. It causes difference between IFB estimates from two 3.11/2~14 (13 days) :
different estimator. Finally, GIVEL is inflated unintentionally.
« Impact: Availability, Continuity
7HAdE Altetal, /s Slsh Aol Ay of B Bl 49l A4S g}, whabA, o)dRd/dol] theh 40 e B, o™
YR HFA o2 T ol E AEE 9] e HoeE ol eJsff AlAR] Adso] FS W2 71 A A A
2 Rslo] £-8AIY 717k Eeke] A% BA] Ake =Eh) A A2l
KASS £-841%& 1195l 71%F 52k KASS A] Aglofl ] 214
4.4 45 E4 A nyME T30 AP I o AFAARE Table 59} 2o, 119] AZE A%
Z0 AR 3709 olAkAte] WANEHE SIS Gt
KASS -8A1909] %8 528 AlAgle] 47| Aol A
HozRe B2 A% duit YASHEAS Helsle] &8
34 woshed Aok Al £9 Sl old@At@nomaly)el 5, KASS 22AI8 45 2A Ant
AT 7, ol el digh €9l 9 S stk siA
et &5 ol AlA'E 2 (e Ee wADske HAkE de wAE 4ol AAE 5709 KASS 7]E= o],

http://www.ipnt.or.kr
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Table 6. KASS operational test results: APV-I.

Accuracy (m)

Integrity (# of MI/HMI)

Availability(%) Continuity risk(/15s)

Horizontal Vertical Horizontal Vertical
Target 16.0 20.0 0 0 99.0 1.0e*
YIV 1.09 2.37 0 0 99.54 1.26e°
YDN 1.21 2.33 0 0 99.42 1.43¢”
JIT 1.48 2.77 0 0 99.10 1.52¢”
DDL 1.50 2.67 0 0 99.56 1.28¢°
YYA 0.93 2.19 0 0 99.57 1.23e”
Average 1.24 2.47 0 0 99.438 1.34¢”
Table 7. KASS operational test results: NPA.
Accuracy (m) Integrity (# of MI/HMI) I L.
Availabill Cont k (/h
Horizontal Horizontal vailability (%) ontinuity risk (/h)
Target 220.0 0 99.0 5.0e"
YIV 1.8 0 99.97 7.49¢”
YDN 2.4 0 99.94 1.22¢”
T 2.1 0 99.77 1.46e”
DDL 2.0 0 99.97 7.36e”
YYA 1.7 0 99.98 6.70e”
Average 2.0 0 99.93 9.67¢”
Tables 63} 7o]] A vle} ZFo] APV-1 L NPA &% A3hr,
RAY, M A BR S IR A5 B A
FHof| AFgH 7|Eof|A] BF B AJ5S UEAF|A] £l A
< 2RI 4 Ut Tables 63} 78 B, &5 (DDL)S 35t
§ 299 H52 A9 fAksH, 718 5 2 ol $1XIgE A
AR B, 7184, &4 2271 7P £ e AL

Fig. 4. Monthly average accuracy.

KASS H]|A]7], GPS Almanac H|o|E] & AFE-5lo] 38510, A5
A Al A 448 of] AAE oA Y 71712 ALl gt
Tables 63} 7-& ZFz+ KASS €841 7|71 S¢F === KASS
APV-1 53} NPA A5L HojZErh NPA Al%o| Terminal
o|t} En-route Bt} B2 0l As @ FARRHS 714 7] oo
Terminalz} En-routee]] th3k 445 &4 Aik= £ AtollA A4

sk epeeh
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51013} 4 9]t}

Fig. 4% APV-Io]l gt 7|12 970 4 53 2 59 g3t
/J& BoJFTY. Fig 425E] APV-1 5%/53 BB e 747k 35
me} 2.5 m o|E AFEE R o, 1097} 1o AT/ &5
(DDL) A o] The AL} & o X ABE S-S Belat
Tt ol= 1093} o] 2] Fgo] Ui FAlol AfH]
Aol oo g Z+pE HAAH O A=o] dlEe| 2= A

o7 BXo] 7155ttt (Kim & Kim 2019).

Fig. 5= APV-Ie| gt 7|&=8 47t 4 4 3 o)
Safety Index& Ho{&t} Fig. 5= 7t 7|&= H€H=E o] AJH 127
A) 239 PLi]— PEE A}&5)o] AALE Safety Indexe] ¥ %

N\
-E*ff] *—(bound)o ST RN i}q_]ﬁg ENEN =Y
Iof| T3k 7|22 Y7 o) 2 &
e 1:10% 2T} Fig. bals Y2 AFEE o144
2 ZFS TAEH, 593} 1290f| 2 AZFS 71|,
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Fig. 5. Monthly maximum safety index.

Fig. 6. Monthly continuity risk.
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Fig. 7. Monthly availability.

Fig. 8. Monthly average V/HDOP.
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Table 8. Monthly GPS outage information (CelesTrak 2023).

Outage start Outage finish
Mon. SVPRN DAY Time DAY Time Dur.
(JDAY) (HH:MM) (JDAY) (HH:MM)

31 153 13:32 153 20:24 6.9h
6 2 159 19:34 160 2:12 6.6h
11 181 5:28 181 11:34 6.1h
17 187 21:17 188 3:39 6.4h
30 195 1:45 195 13:45 12h
. 1 191 10:20 222 22:00 31d
28 191 11:10 191 16:49 5.7h
28 191 23:00 195 1:07 3d
30 195 1:48 195 6:59 52h
1 222 22:00 Decommissioning
8 15 234 16:11 235 14:46 22.6h
32 237 2:34 237 7:40 5h
28 222 23:52 241 23:04 19d
12 244 1:37 244 7:26 5.8h
9 2 250 20:23 251 2:25 6h
9 257 23:52 258 5:04 52h
10 21 286 6:46 286 11:47 5h
22 292 15:59 292 21:25 5.4h
15 306 21:24 307 3:16 59h
11 2 332 10:52 332 16:19 55h
28 334 13:19 334 19:47 6.5h
12 8 341 20:10 342 2:18 6.1h
26 348 17:23 348 21:54 45h

8% 104 (JDAY:222)0]] EA1& © 2 Decommissioninge 4115k
s1013 4 91Tk o]} 37, GPS PRN 28 $1432- 7] 3
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Fig.9. IPP trajectory & important KASS IGPs.
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Fig. 10. Monthly IGP availability for the important KASS IGPs.

Fig. 11. IPP trajectories observed by 3 different KRSs.
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