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ABSTRACT

Korea Augmentation Satellite System (KASS) is a Satellite Based Augmentation System (SBAS) system under development
in South Korea and aims to provide air navigation services after 2023. In order to provide reliable service, detailed design

for the operation of this system is required. This paper proposes a detailed operation-based designs based on mission,
architecture, operation definition of the system. For the stable operation of the system, an operation organization was
designed and operation activities were classified in consideration of the architecture and function of the system. Detailed

operation procedures were designed according to this classification and operation procedures related to the command and
configuration of subsystem were verified on the Integration, Verification and Qualification (IVQ) platform for integrated
testing and verification. The proposed operation concepts and procedures will be continuously confirmed and verified during

verification, qualification and service preparation, and will be updated event after official KASS service.
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1. INTRODUCTION

Satellite Based Augmentation System (SBAS)& ¢4l 7|4t
HBAA AR 02 FARIZFEFE 7] (ICAO, International Civil
Aviation Organization)e] 2]8}] ZH|EF 02 FAIE A|AH 0]
T} SBASE vk o= Sy Hlole P5¢ 95k 7E, ¥
5 dolelE 7Hto 2 By R 9 ALY R E A5 X
=, AAdE YR E A5 2 Hkslo] AAHELAl ddsh= H
A=t T AARY] RUE Y, Alo] 59 ATE 7] 9=
O 8 FAdE ARgAL S 215 F AT f1do] 2T

o]+ Wide Area Augmentation System (WAAS), &3
European Geostationary Navigation Overlay Service (EGNOS)
52 oln] 7ol $hEwle] A £ F91 thFQl SBASe|ct.

WAAS+= Federal Aviation Administration (FAA) HQ]s}o
1992 R e ¥hd L2 I35 AJA6Igl o 20039 79 29&
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o

AlH o 2 AAskinh A A, &4, A5 4T FAA
7} gksin, 20219 109 7)12 12 481971, 20214 69 71 7
ot 626719 H+ AxE Adste] SBAS 28 g3A17] 3
T2 A5k Tk (FAA 2021a). WAASE 7|&=+ Wide-area
Reference Stations (WRS) 3874, %] 2]=- WAAS Master Station
(WMS) 37] 4, £]43=+ Ground Uplink Stations (GUS) 674, &
&J =L Operational Control Centers (OCC) 27j4 2 FAIEH A
2| HE £4 37] (Satmex-9, Anik FIR, SES-15)2 A€} (FAA
2021b). o] A| AR =2 T3 | 22S F4 02 )=t FAE
of] Z+z} 9 %]3} National Operations Control Center (NOCC)
Pacific Operations Control Center (POCC)of|A] €3, GA|H 4
S 9Fst Qo HE Y 7 Ad U 5F IFE 2L 9
Tt} (FAA 2008).

EGNOS+ European Space Agency (ESA), European
Commission (EC), Eurocontrol?] gto]o]| u}e} ESAL] Al 5}
o] EGNOS Operation and Infrastructure Group (EOIG)e] <]
3 =T 2009 ECE AfHol o]dEH o 77
Air Navigation Service Provider (ANSP)”7} &3t European
Satellite Services Provider (ESSP)ol|7] €43, SA|H 4 2 oz
RES E40 A7} AH)A A E] ATe gelslairt. B,
EU Agency for the Space Programme (EUSPA, ©]Z European
GNSS Agency)7} EC 9log 2 73 He]E sl Qlon] A

=

)
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A, 2ES ESAZ} eheksla glth EGNOSE 20094 109 olut
L2 5k F7l A A (OS, Open Service), 2011 3%
AJH])A (SoL, Safety of Life)E 41915193 2 v 20154 7RA1 %l Ad
(LPV-200, Localizer Performance with Vertical guidance-200)
o] FF& AH|ATF S AT (ESA 2021).

EGNOS¥ 7|&= Ranging Integrity Monitoring Station
(RIMS) 407 A&, =]2]=+ Central Processing Facility (CPF) 27 A&,
2]A) =k Navigation Land Earth Stations (NLES) 6724, @3 =-
Central Control Facility (CCF) 27§42 FAEH, Az = <
A1 37] (&3 27]: SES-5, Astra 5B, A9 17]: Inmarsat 4F2)& -
ALt o] AlAELS oo}, An{[Qlef 9]X]gF Mission Control
Centres (MCC) & ZZA  Aw|elof £]2]St Support Facilities
(SP)ollA 2%, fAES, 71& ALE $3skaL Jlot (EUSPA
2021).

Korea Augmentation Satellite System (KASS)+= 2014 F-E]
A %91 tistRl el SBAS AlAEl 0 2 HA 3 A1F ©AE
Y5 Qlom 20239 o] F MHA AlF-S HRE SFAL QIT]
7]&=+ KASS Reference Station (KRS) 77]4, S 2]= (g
=) KASS Processing Station (KPS) 2714, $JAEA1Z (YA
KASS Uplink Station (KUS) 374, 380 (£9F) KASS
Control Station (KCS) 27§ A2 4= u] KASS 15 GEO ¢JAjel
MEASAT-3de} £% AAE KASS 25 A Zssk AR A=
QA 2712 FAI=ICH (Lee & Nam 2020).

X491 SBAS AJHIA AT 917k A28 0] o
| 7% @ ARkRA, 9 $7 52 23
20 BF W GA 5ol B &
. EGNOS$] ESSP= A AR 29, &4 Q15
2+ AAE 7IREeR 29, 71E, fAES T
= 24 9 o AAE 7 £ 7
A) (EC No 552/2004
(EC No 550/2004) £-2] &9 %2l
t} WAASS] FAAL & 728
A AAE Ao £ 24 W &
Fuko 2 mlQTy W FAA FEE
A el ofal 2|48 0.2 4= A o]

KASSE 20214 314H7] 7]1%, 519)4]
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RPMU: Remote Power Management Unit o
FEE: Front End Equipment USER Correction Info.
(') : Abbreviation for Subsystem Site

{

Correction Info.

KRS# (V) ] KPS#1 (CHG) .
ignal
= | Processing Set | (Correcton
KRs#2 (G)L) wan _-EEE- e ) _<+—» RFS#1 (GE1) £ GEO#1 i
KRSH3 WIA) (] ; ! Comection | 1
‘GPS/GEO | | Comecton || 1 gec )
[ KRS statud | KPS status <+ RFS#2 (YG))
[ ! ¥ o5 sownes || EEEJRCREMUT) [* Steering |
[CFeE ) : H
KRS#5 (YON) i
XA KPS#2 (INC) |!
KRS#6 (ODL) () i CRowmU ||
= i||_Processing Set_||; .
Check Set ! [Fee ] [(ReMU |
R -2
| control  conti
WAN
o MM Operation
wic) group
MMI | Support/Engineering
[uis] group

Fig. 1. Overall system architecture of KASS.

2. KASS SYSTEM DEFINITION

2.1 Definition of KASS Mission

= HT O

S ZEE AFSAE GPS L1ALS 7]19he] B (GPS $14] A

s 24, AelE g 5 LAY @EE AL e
Fol GAME ST ARIAZ W 4 9lck

% = 3 m o]uje] OSo 42

13w A (NPA, Non-Precision
Approaches), 385 FJUH &=} (APV, APproach with
Vertical guidance) IEkA]oh ZHe AJH] 2 Zezeof] AP ol A2}
B, RAR, A4, g0l A e TS FESE B3

o
AHIAE A&SH} (Authié et al. 2017).

00

2.2 Definition of KASS Architecture

KASS A|ARIS Fig. 19] A|AF] o} 7|El X e} Zho] 7|3, 54
A=, A, TP TOE TEE sIRAI AL o] 5
A4s17] &Ik EAIAZARA] (FEE, Front End Equipment) 2! U]
E 9|3 (WAN, Wide Area Network), A2} B2 25 A A4
L oo m Ak

A A st Ay o g Fag A T1E=olA
3] ASE dlolEls} sho] ayskaL 2714 SR el =toll A
2] 5 (PS, Processing Set) 2 Z=E (CS, Check Set)E £35
BAY BAM 57l 23 SBAS TR WA E A, AZ3H
t}. o] HIAIA] = 3704 $143-SAl =l A 4154840 (SGS, Signal
Generation Section)& £33l Ao 2 #H3lE & FA Fu4pX
(RFS, Radio Frequency Section)E £3]] 27]2] Az HE LAl
AEEct o] 415+ GPS LI ] 0 2 gighe] o] AL&2}ol| A A
ek AHIA s, AAE AR 52 274 S d=ollA 29
2ol o5 A RUE Y =] QT 7, Aot

THRFTS AR FYAe 7% (CCF, Central
Control Function), A 7|5 (SF, Support Function), NOTice
to AirMen (NOTAM) QlE|g|o]A 7|50 2 FLRECT}H CCF



| KRS [7 sites]
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LORAN: LOng RAnge Navigation
SC: Satellite Center

KRS (UT)

Jeju TS

Fig. 2. Site configuration of KASS system/subsystem.

= AH AL AE TAIE g AF BYER (MIMO, Mission
Monitoring) 7152t AJAR] Adel, 445 EUEIY, AL Ao 5
< A5F 2YE /Ao (M&C, Monitoring & Control) 7|52
AR FEEH, SF= 44, dlolel e, &9 A 5o AlE 7]
Log LR 292t CCF A=A} QlEjH|o] A (UIC, User
Interface for CCF)2} SF AFE-Z} 21 E]H|o] A (UIS, User Interface
for SF)E &3l 217} CCFe} SFe| A4 et

Fig. 2+= KASS Alo] E 41405 Uebdlith 2021 s1¥E7] 71, 7
A& 71&= vi)7E R E Y o U] SEIAIAE ] viX] &
A5t A FARE 2021d FHbel] SR =Sl 2022 of] U]
AlAE] gt i x| 7} $RE AlZo|n, U |k WAl =
MEASAT-3d B A A= 1dke] A5 A& -3 Algo|tt

2.3 Definition of Operations and Operation
Procedures for KASS

KASS= /4% &7dollA @A) A A
== 253} A28 o]t B4
PAELE 98] A1 ARE AR Gt A, £F 27 Y
ArgAolA] ik 9o 21 A
HYS 9o 29, fAlES
5L 2Res WA, 87
oJ5) 4=t of
a1, S AR 450 BE/HANES &
| = R=N 0051/0_9_,%,]_551_4 Zé‘inKA

LN To =20

f

>

2]

w2
>
)

|

ox.
ofr m

o} &% ] gAlollA] Fig. 33 22 IHY
o Ao AEE = BE A 29/FA B g A
AA (OMCD, Operation & Maintenance Concept Design), A] A
& L SERA AR AAEA, SHIAI AR 28/ A B ind &
71Hko 2 AFEE|0 o]= 74X 2 A] (TIB, Technical Instruction
Book)o]| E3HEITh AlAE] £93TA|S] 98 SfaA s KASS A

A
H|A P27 TIBE 7IHEO.E AR /28, AR, 7Ie=
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Operation/Maintenance System, S/S Design
Concept Design (OMCD) Document

s/s 5
i " Operational Non-
Operation/Maintenance e
Design/ :
Development & New/Change |
Phase System / Subsystem procedure Procedure
Writing/ Technical Technical
Validation Instruction Book Instruction Book
- Operation - Maintenance

Engineerin, )
e Service Supplement

|

End to End procedure P
Writing/ Operation End to Maintenance End Support End to +

Operation Validation End procedure to End procedure End procedure

Phase l l
v

Execution of Operation Maintenance Engineering
procedures segment segment segment

Fig. 3. Concept of developing operation procedures.

TEE AR xS HEE AEstolof 5ln] 29 2322 o]
A E 7o 2 YRS St MY, o9 5 2%
A HEo HE FAR AFEEY SAlolA] AR &4/
2 Axg 23hErct

3. DEFINITION AND CLASSIFICATION OF
OPERATION CONCEPT AND PROCEDURE
DEVELOPMENT

3.1 Definition of Operation Organization
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Table 1. Classification of operational activities.

Activities Category Organization Associated Detailed activities
Mission . . CCF . -
monitoring Operation Operation (MIMO) Signal In Space (SIS) / External I/F monitoring
Operational Monitoring Operation Oneration CCF Monitoring (S/S state), Fault Detection (FD), Handover,
management & Control P P (M&C)  Configuration
Operation Planning / Engineering / Operation / SF Operation schedule
scheduling Evaluation Maintenance (Manage, Feedback)
Operational Supp0.11 to Evaluation Engineering - Troubleshooting (Technical/ Performance), Analysis
support operations
Integrated logistic . . . Integrated Logistic Support (ILS) management,
Maintenance support Evaluation / Support Engineering . Obsolescence, Training...
& Logistics Maintenance Operations Maintenance / . Correction maintenance (CM), Preventive maintenance
P Engineering (PM), Packing, Handling, Storage, Transport (PHS&T)
Data management Mission Engineering SF Configuration (Cold, Hot), File archive
S rt — -
HPPo Support Mission / Bvaluation Engineering SF Mission, Configuration, Anomaly, Certification
management / Support

Table 2. Detailed classification of activities at the level of operational management activities.

Category Type System level S/Slevel
Missio.n State / Ste.lms Monitoring of short-term system performance -
monitoring  monitoring
State / Status  Monitoring the mode/state Monitoring detailed parameters of S/S
monitoring  [System]: SoL, OS, Test / [S/S]: Mode (OFF, LOADED...) (The status of the components of S/S)
Data Monitoring of operational data (Raw data, Cyclic Monitoring / -
management Output data) (Integration at the system level)

Fault Log / Status Retrieve fault log, Request for status (Cmd.: DUMP, BIT, SNMP)

Monitoring

(Integration at the system level)

& Control  Alarm / Event

Change in alarm/event definition Acknowledgement and setting of alarm/event
Command Controls for mode transition of system (SoL / Non-SoL / Test, Control for mode transition of S/S
Affected by S/S mode) (Cmd.: RESET, INITIALISE, RUN, ACTIVATE, DEACTIVATE...)

Configuration Verification of configuration (SW/Data replace unit, Cold/Hot Controls for upgrade/update S/S

management

Configuration)

(Cmd.: DATA_GET, CONFIGURE, INSTALL ...)

Handover

Control for handover (System perspective) Control for handover (KCS perspective)

oA Al FH, A &S 45 EANE = fAES AE0] A5 dl Ae A, oMl E/der 7HA] T RYER I
Al 2] A4, 28 5o 1gA @] Gited Feg o3gith AME ZE it AAR 9 SERIAARIS] BT Kk AFEf 97, FL4]
FAENE W fAES G52 T ATAR FLEEH 298 AHlo|E 5] H5 T MR S o2 FAJH & AAEY
7} MCCof|A] 44 &) Alof, ¢A 34 W7 5& $qsl= 0 2 2 WA HEE 7, sl 230 AR AE U 9
A, FAESEI7E Q7 Ato]EoflA] AH] S0 7, ] ngh S AESHE 2o R gt A5 BYER], BYER/AHol=
T2 sk 194, 71e2 27 MCC Y Alo| EoflA] wisid & LGB eyl 2 AAEF L VB et
Aol B4 9 i, 0194 7le A, fAES ZE 24, vlsl 2+ AL 7eA 4 719t 2 A -/AAF TF RS
2 Ao aA A% 9 24 e 58 Y5k 28, VER Hot, Aapeli At Jx; Fok A4 RARE BT 9 A 5
I Ao wpet A 2AF B 27 ulElE 2419 24 2 4 o] &4 EANE S5 o2 AT TeRaolA a3tk &
g, 2% 5-& $Yshs 3PAIE AR FEETk AB/EF Sed &7 W], =95t i), a8 2 59 5%
EFAE oY, B 5AH 5] fAES, BFoR 14
3.2 Classification of Operation Activities T 7| &BaloA] 85ttt Y FGEL Asme ot AT
Edllo], 337, /2T dlofE] 5] ot U fog] Ha]e}
LP/E DELAAHY] BE TS S X T UAES A A, A G, ¥R, 1F 59 e A[Ho R AT s
A= 5] i, 24 234 Fo] £7} iejHrt Table 12 Eajol|A] 35t
+F/8 FE EFE TASKH Ao|tt. 24 32| (Operational
management), 93 2] (Operational support), G2 H4/EF 3.3 Definition of Operation Procedures Development

(Maintenance & Logistics), | (Support) 2.2 thEF Fc} &

o Bk YT BUHY, BUHDAC], 29 2AEF08 4 AR 75 el 9o/ WA AlARe) A7 2
B PHE QY RUHPE BEAE, X oS Bl A A BAlelA el A% SAlelA S,

HlA E] Al A 70 W ) Qlefulo] A0 e AE 7] Q5 BUE W BUEHRA BFE LG ETA UakY
S AR BEoR PAEM LUHU/Al A WA ol KASS 242 918 SaElofof sH %0 Folck. Table 2%
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Table 3. Description of operation procedure table and examples of KRS
mode transition’s procedure.

Contents Item Description Contents

ID Task’s ID (Assign an ID) KRS01

Name Task’s Name (objective Mode change: LOADED-
expression) INITIALISED

Prerequisite  Preparation state before KRS: LOADED, SWRU ready,
performing task Frequency standard: ACTIVE

General Information necessary KRS LOADED: CC is established,

information  to perform the task FTP service is started...

Duration The time it takes to 10 min
complete the task

Constraints  Task-related constraints Operator needs to be logged with
(Privileges, Timing, authority profile to perform M&C
Instructions, Safety)

Involved S/S  Sys. involved in Remote command (KCS-CCF)
performing task

Command  Commandsrelatedto  INITIALISE
the task

States/modes S/Smode before/after ~ Beginning: LOADED, Ending:
performing task INITALISED

Event Events related to Receiver timeout, Frequency

management performing tasks Standard failure, BIT/Archive
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4. DEVELOPMENT AND VERIFICATION OF
OPERATION PROCEDURES

4.1 Development of Operation Procedures

change: LOADED INITAILISEDE— 2 [st T
Ay A5-0] sERAAH] S IR AR EHlolA & A
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4.2 Verification of Operation Procedures
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Table 4. The summary of the completed operation procedures of operation management activities.

Procedures

(0 tional t
perational managemen System level [ID] (Contents)

S/Slevel [ID] (Contents)

Mission

.. State / Status monitoring 1 [MON] (Performance monitoring)
monitoring

State / Status monitoring 1 [MON] (State monitoring)

Data management 2 [ARCHIVE] (Confirmation of archive behavior)

1 [MON] (State/Detailed monitoring)

Fault Log / Status 2 [CONTROL] (Retrieve faultlog, Send request)

Alarm / Event management 2 [KCS_CCF] (Change in alarm/event definition)

1 [KCS_CCF] (Alarm monitoring)

Monitoring
& Control Command management 2 [SYS-HO] (Non-Sol, Sol transition)

5[KRS] /7 [KPS] / 5 [SGS] / 8(KCS] / 2[FEE] / 3[RPMU] =
30 (Mode transition)

Configuration management 2 [CONFIG] (Verification of Cold/Hot config.)

4[KRS] / 4[KPS] / 5[SGS] / 2[KCS] / 3[FEE] / 1[RPMU] = 19
(Configuration update/upgrade)

Handover management 1 [MCC-HO] (MCC handover)

2 [KCS_CCF] (Commands for handover)

Table 5. Verification method of operation procedures of operation management activities.

Operational management Verification method Verfy. Num.
method  ofproc.
Mission State / Status KPS > M&C (MIMO)-> UIC Display 1
monitoring monitoring  Confirmation of expression of mission monitoring data data
S/S>M&C-> UIC
State / Status ~ Display of monitoring data Display 2
monitoring  UIC> M&C- S/S-> M&C- UIC data
Display of monitoring data (detailed data request)
Data S/S > M&C/SF Display 2
management Check the achieve data Display data
Fault UIC> M&C- S/S>M&C- UIC Data 2
management Retrieve and confirm the failure logs in the S/S Data
Monitoring UIC~> M&C-> SF or UIS> SF-> M&C
& Control Alarm /Event Change the event/alarm settings Display 3
management  S/S> M&C- UIC data
Check whether the changes are reflected
Command  UIC> M&C-> S/S> (M&C- UIC) Display 32
management Send the command and (check that the S/S properly reflected the command) data
Configuration =~ SF> UIC> M&C-> S/S-> (M&C- UIC) Display 27
management Deploy the configuration file from the outside to the subsystem and (verify that it is properly deployed) data
Handover UIC> M&C#1-> M&C#2-> UIC Displa 3
management Command to transition the current M&C to the backup state and check if the handover is complete play
() + Abbreviation of the assumed site N %] , \:—ﬂ O] E«] _T’_]-E]QJ. e _l}!_],] E«] 2 7l XE";'{]- 7\5‘ %‘-9,] 781 _"3_, 6].5".]/&]
» AE], W ES)5, MECE AH UICE HE5% A A} AR,
! ! ] glo =& spolsl= 9o X ) Lnla 71 A5k
KRS#1 (YJV) L] | GPS/GEO LGB (19) | Comection | ﬂ ]Ei LO]— X]——‘] ﬂ‘,— Z}7} = ]-——]-‘ o (‘)—Z]
R | ) ST AZYTh AR BUEHZY AS SR, A wejoh ge =
: i |_Processing Set || ! sesstatus!| SGS#I(GED) simulator
b [chedkse |l i e ) e "T o UER 2 Alo] T 2 UICH|A 9] SFAAAE] APA e
| R B L Al Al AR 2%, sheAAR % Wel A 29,
Lﬁ Test: Control / Config. ‘ %]——r] ]/\E‘"—‘] UIC -1—]1:‘:”" Q]-O] U] S —‘—-XZ] %—94 k"—‘f]— Xé‘f(]-o 75.‘,‘
Ethernet Switd Fo— -
e P A WY, Aon, dgholHE Bajel e Ao]
e [ v w7 A3 50 A9, UICIAS) Rlef e A1, 519] AlAw
Control i) group rou
cnioning | MMI | NaTes g AR 2R, shA AT S UIC mj=v] 2191, AJAR Thef 8
e A 9l 5o AR A} A AEA 74 Belek Te myE
Fig. 4. Overall architecture of the KASS IVQ platform. 2 g Alo] Bl Axje] AL FA AR FHE A ZR AT
AAL 3 AR w3 eols 913k Ao W, A HE v
A 1], HEAF AR V], 5HLGT U1 D E A8A 212 9% BUEY B 5 A 23 qgae 7
deg=e EYUEHF Ao 7]5& diAlstks AlEleld (CCF SR 2z UIC, M&C, U ERIA, shejAl A8 o] F2, Hlo]E]
simulaton)® FAE] FHAIY SREAL Aokl G GEA Bl BAIZL Glom S WA FAH O A5H RO B
= RESAIE 5 FAH =912 RF Al&@|o]E] (RF simulator) St
= =5 749 ol WrE S Bl WAIA S Fo] SrH shelxAx
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Table6. List of verified operation procedures of monitoring & control sub-activities.

S/S State / Mode Command Verified proc.
RPMU PWR (ON, OFF) ON/OFF command 2 (check S/S power)

KRS, KPS, SGS LOADED - INITAILISED INITAILSE 3 (check S/S state)
KRS, KPS, SGS INTIALISED -> RUNNING RUN 3 (check S/S state)
KRS, KPS, SGS RUNNIG - OPERATIONAL ACTIVATE 3 (check S/S state)
Command management KRS, KPS, SGS OPERATIONAL - RUNNING DEACTIVATE 3 (check S/S state)
KRS, KPS, SGS ANY MODE - LOADED RESET 3 (check S/S state)
KPS OPERATIONAL (Sub - Sub) GEO command 2 (check S/S state)
SGS OPERATIONAL (Sub - Sub) GEO command 1 (check S/S state)
FEE LOADED - RUNNING RUN 1 (check S/S state)
FEE RUNNING - LOADED RESET 1 (check S/S state)

Configuration management KRS, KPS, FEE LOADED (previous) -> (restart) > LOADED (latest) Configuration related commands 11 (confirm new config.)
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