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ABSTRACT

The Korea Augmentation Satellite System (KASS) is the first satellite navigation enhancement system in Korea developed in

compliance with international standards. Technologies accumulated during the development process should be spread to

industries such as academia and serve as the basis for developing the domestic satellite navigation field. This paper introduces

the development process from design to implementation, testing, and verification of KASS control systems (KCS). First,

development standards, milestones, requirements, and interface standards are presented as KCS development methods,

and major functional design, physical design, and hardware/software implementation are described based on the allocated

requirements. Subsequently, the verification environment, procedures, and results of the development product are covered

and the developed operational and maintenance procedures are described. In addition, based on the experience gained

through the development, suggestions were made for beneficial technology development and organization when promoting

satellite navigation projects in the future. Since this work has important historical value for the development of domestic

satellite navigation, it is expected that the development results will be shared with academia and industry in the future and be

used as basic data for similar development.
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Fig. 1. KASS system diagram.

KCS (x2)

Station, KRS), =o}2] 2] =+ (KASS Processing Station, KPS), £]4J
= A1 (KASS Uplink Station, KUS), £3+2-¢3= (KASS Control
System, KCS), EAIE L3 (Wide Area Network, WAN), &
A=A (Geostationary Orbit, GEO)2 2 FLAIEICH Fig, 1&
KASS9] 1442 L}ebdT} KRS, KPS, KUS, GEO: 313 t|A]%]
o AT WS HESIR, KOS 7h A1A%] T4 240 Al
£ 2RI} A A ARl Wale Agslol SBAS £8<
FHsHA Gk,
KASS AJAH] Z KCS& =34 0o = 7
walel, 5 o] SoAElol X U &
Backup RER F2Hglc} KASS AH|A A S AAZte R
Al 9 Hof ek opujet E
25}, 1ol KASS £:8-< $Iat aaiate)
Abol B a g 7)< st
KOSt gHar395el79lo] Aube 863, @ KT7h A
A 9 A%, @ KCEF} AZEQo] 7t 9 A|& S5t
T &0, KASS A|A 7 Pdsh= A Thales Alenia Space
(TAS_F)A].Q]_ oiaﬂ oz 7H‘?—__]’E]°4E]- KCSE 2017¢ 7HI:I]-oﬂ 2k
Slo] 79 717k}t ”741011*1 Aol o]271742] = A 7=E
oI LA T AKIA| 918 (KT, KCEL U|o]#{A|AE] JIT Solution,
o|EE, JHIILS E'_OP ZE) 10ofg o] Zresigl o, 2022

ERREU XH & Aol 2AH A Sl A

5
T 1
=
e
rlo
1
_,E
N
>~
R
re
| o}
bt
1
£
b
Ni
i
_I-LI
é
K
N
r-IN
>

2] A A B
KCSE T FHEAAT 9} VR P
A e 714 & SRSIGITE A Hokel Fu) 28 2 2Hgo] 9]
o] o] 7]l (1ol A FIshs Aok glo] B8
% siek

U e Aol 389 A ZFA7} s}
Al N S Ffotetl $8% oulE Adok oo £

https://doi.org/10.11003/JPNT.2023.12.2.185

R E KCSO] AACIARE T, A%, A5 o127
o 3RS aoslol ) B gob Jle g Walshud v
=2 g

o) -edoll 014 §21et A At ek
| BiERe g oges g 2ol KOS A ¢
& 145 0 28, SHAE, AT, Aeislolx A
oﬂ stol AR, I BHE aPAUE oz &
N5 Sk Gel A, e %}E"M 5 4sEgol 4
2, sM Makge] 4% 9, W, Ao fste] chzet. olF
638 ot fAln4 B0 chelo] Aska, 78 J1eH )
ool 20E BAEe 9 B BE 5o QRE 27
tF. 8ol AIE KCS A AL veo 2 5 g4k Hopel At
ol thgk A -2 T glond upxzto 2 9] AES U

<tk

2. DEVELOPMENT STRATEGY

2.1 Development Standard & Applicable Documents

KASS+= 5-33] SBAS?I European Geostationary Navigation
Overlay Service (EGNOS) 7j4F 43S 18351 TAS-Fel Y
sto =l gich. olofl w2t EGNOS 7Hido] 7|yto] =o] KASS
7He} 7148 European Cooperation for Space Standardization
(ECSS 2023)0.2 AAs5I9iom KCS /UL AH¢] 7|&e &
£3}o] A5l Table 12 KCS Aol H&H Fa 7]
£ 249 522 Uehdth dFE BAE 7E0R o]
Project Management Plan (PMP), Project Development Plan
(PDP), Configuration Management Plan (CMP), Document
Management Plan (DMP), Product Assurance Plan (PAP),
Project Verification Plan (PVP) 52| A& EA{7} 2=} 17, 7)
I Antel] A AbdaE], AN, oA bE, A58, AT
2 3 P &3 702 LT

2.2 Development Milestones

KCS 7R debaQl A|AE mpg AEQ] Kick Off (KO),
Preliminary Design Review (PDR), Critical Design Review
(CDR), Test Readiness Review (TRR), Factory Qualification
Review (FQR), Acceptance Review (AR)2] THA|2 8=t
(ECSS 2009b). I AE H ¢ 7= ECSS9| & #4104 9
T S w2, KCSofl S5} ¢ F+= KCS State of Work (SoW)
EA] (Germa 2017a)2 £45}9it}. Fig. 2= KCS 74 nld A E
& UEhHTE KO o] % PDR, CDRO| A7} XHH thgof 4
E9lo] @ sheglofr} ARE9a, o] Al@} A% (Dry-run
Test, Formal Test) I}+3]-2 7 2] KCS2] 4~2H(Acceptance)©| X134
ATk SHAY o] & A AXE AT 4127 E 5] 9] (Pre-Ship
Review, PSR)oj| 4] ZH]E KCSQ] FAFS A o7 HASY
t} KCS 7fuF 33 Are] Ex o 2 = Man-Machine-Interface
Key Point (MMI KP) £}, Al EH[o]E] AR 7d, A Ego] &



Table 1. Applicable documents list for KCS development.
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Title

Reference ID

Space project management: Project breakdown structure
Space project management: Configuration and information management

Space product assurance: Product assurance management

Space product assurance: Quality assurance
Space product assurance: Dependability

Space product assurance: Safety

Software product assurance requirement
Space engineering: Human factors engineering

Space product assurance: Nonconformance control system

KASS MMI guidelines
KASS ILS/OPS requirements

Software safety requirements for KASS software development

ECSS-M-ST-10B

ECSS-M-ST-40C

ECSS-Q-ST-10C (Tailored)
ECSS-Q-ST-20C (Tailored)
ECSS-Q-ST-30C (Tailored)
ECSS-Q-ST-40C (Tailored)

ECSS Q-ST-80C (Tailored)

ECSS E-ST-10-11C (Tailored)
ECC-Q-ST-10-09C (Tailored)
KASS-TASF-TN/0005-000825661
KASS-TASF-SOW/0005-0008122099
KASS-TASF-TN/0005-0008322456

KO PDR CDR TRR FQR AR PSR
: * x x X Deployment
Requirements e = Facto
Analysis & 4>{ Rrenhany H sy ‘ i Clt Verification &
Planning g esign re;ara ion Quallf;a(lon
sSwW Dry-run Formal Acceptance
Development Test Test Test
A A
Simulator
Development
HW Early HW RU HW
Development Delivery Delivery
Fig. 2. KCS development milestones.
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F KRS

KCS, KRS(conlrol)
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1

KASS
vilv
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(monitoring) N \L ‘ A ‘ ‘ A ‘ ‘ v ‘
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KCS_KUS(control)
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=1 A [ |KcsiINSPIRE <] [A "\‘ [v] [~] [~ ¥
INSPIRE (data .
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& | External[ S| KCs:External Data | (> ] {oontrol) | >
Data -~ (Reference data)
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—1 KCS_KCS(control
INDUSTRY [ < |XCS:Industry & ‘ > KCS,KCS}Egnsis()ency data)
(archive data) —
Fig. 3. KCS external interfaces.
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2.4 Interface Definition
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Fig. 4. Relationship of KCS development documents.
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KASS B]4F 521 Alel S ol 4ol Qlejslol ATt ol

3. DESIGN

KCS A= KASS & TLAFS) (System Requirement Document,
SRD)Z} & T3 9 ICDE £4510] A= QT Ak A AH
o] AolEl @A eSOl AE AT, KASS 286
A B4 HHEA (Germa 201700 7]& 22 KCS7} AA =] Sich
GUI AA|= AP o] A 2]=l MMI Guideline (Germa 2017b)E &
45191 o] o]of tfgt A A3}E Human Engineering Report
(HE Report)e]] 7]5ste] dfsiginh. /id Al=l& &4kt 7H
dF Zdbo]] A A Reliability, Availability, Maintainability, Safety
(RAMS)_Q] _1,ﬂ_7&}9 A O]Ei Hzﬂ pal E7]. 2] ougoaq. o3} l:

B eojokAo A 29 (Integrated Logistic Support, ILS) ¥ &8
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Fig. 5. KCS product tree.

(Operation, OP)S] Y77} Q&a] 43 4 Y=g A7} 19
S|9IT}. Fig. 4= KCS 72t £419] 445 A4S hehiit.
QAR E QlEHo|A A OlE J1fste] Fig. 59k o] KCS
product treeE 451 TE A+ Producte AHloe} ZHA1E ©S
Sl= Central Control Function (CCF), At 4 do]&] %+
& ©@%35H= Support Function (SF), KCS Al Ed|©]E{2l Central
Monitoring & Control Simulator (CMS), KASS SFIA|AE] 4]
H o] AF8-5)= Local Maintenance Equipment (LME)Z TLA]
5lgith CCFé} SF= =™ o 2 98 &n zkzke] 112 2 Zof)
= AS 280 TS A YEF s8I
CCF¥] 5}¢] Product= sFIA| AL ] Adefl TRAIeE Alo]
A== Monitoring & Control (M&C), KASS g} 415 o] <]
X158 7FA|5H= Mission Monitoring (MIMO), KASS A{H] A
Eljo] 17k 4 Zof] AR E X Z HYs= NOTAM Interface
(I/F), Z18]31 CCF&] AF&A} QlEjH|o] Al User Interface CCF
(UIO)R /dert. SF& KASS WRellA 43 9 A4/331 o]
B E AAsta dAAH B E #e]sk= Archive & Configuration
(A&C), 9]¥ A HE 4£7]5lo] KASSe]| A|-ZsH= External Data
Access (EDA), Z12] 1L SF2] AF8-2} Q1 Ejw|o] ALl User Interface
SF (UIS)& /g gltt. o]ofx] &= HollAl=KCS 7|5 ¥ =54 A
Aol thated Argict.

FI

ox o o

3.1 Functional Design

ol HojAE KCS F& 7|5 A tiste] 7l&het. ot
A} Alefo2 Al 7] 5ol theh A& ARt

3.1.1 State & mode definition

KCSE 8 3 T2 Aol whe} Fig. 63} o] Abefi(state)
9 T E(mode)E ZtEE A5 A= OFF, MAIN-
TENANCE, OPERATION 372 & ol5}glony, A]AE 7]
S (start-up) Alo]] AP A o] wha} zF Ae] = RISt}
OPERATION Aol A= KASS 982 9J5t BE Szfo] 715
5137, MAINTENANCE AFefoll A= KCS9] 92 B4} 7154
A& sk stA A8 AHo7} ARk TE MAINTENANCE,
OPERATION ZJefjofl A= 2-82Fe] Hedo]l oJsf OFF ez A
3= 4 9lth R EX Loaded, Active, Failed2 53510, 82}
o] olaf A E ) 27] 715 Alo]] Loaded REE Z1¢5}tar HA)
29l &8 z71o] BEEH Active ZEF AZHT) 7|59 Fo

U 173o] A%k 749 Failed REZ A3k

_|..
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Start up with T T
“Maintenance” configuration

Start up with

“Operation” configuration
Operator it g

Switch OFF

State: | | State:
MAINTENANCE

OPERATION

‘

Mode transition on operator request

Mode transition on operator request

Fig.6 KCS state and mode definition.

3.1.2 Monitoring

Z} SR ARIOA F712 08 AlFshe AElg Heb iyt
oflE 4l 2IYHE 7|Rko 2 KASS A& s 7
AASIA $A1H 0.8 KASS AH|A8] AelE HAlskE 715

o™ Safety of Life (SoL), Open Service, Test 212 & Al*H5Ic}.
SHAAAE] Aefjel] tisiM s 7He B B BES AR @
EohA] 92 AdEl WS Adsta, OPH*]é glofl A /et of

MES B2 LGRolA LT AT
= GPS oA o] ALY T o] E
A, oISl KASS 95 9 ALHENS) AL, A 2
3

slo] JHE ®U|3hct Abefo] Et‘rE AL Table 29} Z+
ofl Hold F32! (Germa 2017b)& w}2c},

3.1.3 Control

KASS Al28lo] Ao} B3 43} A% w12 WEsis 7%
2 AABIIC 24A7H7AT S5 Glo] S,
S U 19 AT olHlES} RO 7 85]e]
,L]/\Eﬂog_z{ ],_u:lag el
- Operational commands: SFJA] AE] 2] *oEH 4 g2cEHA
S, ¢k Felw WS Aojsith 7HA B
Al A 5 (Detailed Monitoring) S A& s}A L
- Maintenance commands: A 24 9 EHAEQ}
508 S9N A% A PuE ALSAL, A
SRR BE TR L
- File transfer commands: S}JA]AEIS] F&51o] of L3529
_L].ol () E_g].ol,._ 7]‘— o=z /\_LESI),_”(}] Hx] _L].o]o]q- /HZ-]
u,]—E_]-—— ;(-]_-_o].j_ 27 ;(4 HE /\xlo].r/].

Fig. 72 KCSOIA B8 A$shs 158 tehict, 33
L 29 %o uleg} Critical command®} Non-critical command
2 JEEm, 7L7L94 W& x]7] 73 o] Arolslc}. Non-critical
command= Z]—7]- uﬂa:] 0 ola:] 0].13:] ——A] u:] a:] 0 M 1-]9_].1;]_

BAte] A2 190 KASS B0l B 2T 4 )

e 28
= 32 Critical command 2 #5511, W3 Q] Al ThE &4
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Table 2. MMl color definition for KASS status monitoring.

Color Asset status (states/modes) Activity status Alarm status
- Operational/Active, nominal, OK Successfully, ompleted N/A
Operational intermediate modes
Yellow s . On-Goin Minor alarm
(Loaded, Initialized, Running) J
Orange Degraded N/A Major alarm
Failed Failed Critical alarm
No data received, Stalled N/A N/A
Maintenance state, Unknown, Not used, Off N/A N/A
Operator Other Operator
<<System>> <<System>>
KCS-CCF KRS,KUS
_____________________________________ F ey [Ep—p
Confirm Request Popup
and Input password
KCS Command Request[Command]
Command to an asset{Command]
Command answer[Confirm]
KCS Confirm Request Notification
a Confirm Reguest Popup
Griti ggﬂ and Inpug‘ password Confirm Timeout
Command
=4 KCS Command Request[Confirm] Command to an asset{Confirm]

Process Command

C [Ack]
KCS Command Answer[Ack]

KCS Command Answer[Ack]
Iale Confirm

Discard Command

KCS Command Request[Command]

Command to an asset{Command]

Process Command

KCS Command Answer{Ack] CommaridianswerAc

el Sl et 7 Slshs i 212 ek Aol ohe 715 Alnislck ool NOTAM tefrbf Kass 4
A=W CCF YollA B A3S BRsaL, thg 9242 UlC of WA 7| = YR E AlFdrh AEEHe FEE= 7HETH KRS
oA FY Fo] IAHEDE Y 232 HE WS Rl EE3 A Y8 9 A, 94 553 A P B, GPS $14<)
B4 oJ4fo] gl A% WHE AN o F CCFE aheIAl2  almanacsolck,
Ho2 wug Ag,
3.1.6 Archive
3.1.4 MIMO
KASS UjSoll 4] AAISITL 308 BE A0S sl Aate)

KASS A|ARIO] RS A 7528 B ET} o] TE5h= 7|52 TSI KCS+= YA AR 0 2 HE] AF
A & glAlo] tigt Aula A% IAES Ak elgRe} e, 218 f4lshm, KCS Ao A2l A 9
SBAS 415.9] Algof WsF 4 L F221 ICAO (2006)2} RTCA A2 7|&2sich #A-& Legal archive, Online archive, Offline

(2006)5 &43lo] A=t 774 2] KRSo|A] =418+ GPS archive®] 3THA| 2 4J=w, Fig. 82 KCS 7oA HolE&

tlo]Ele} SBAS FRE QY ol Feby, 724, A5 dsE kL ARste & UEPAT 229 Ho|E & Legal
Ailelal HEH o2 71843 A5 Axlsle] 2t ds ARE archiveo]] 7| 55w 30U |5 BRIt} Legal Archived] to]
Bz S 2 QodoA ALt MIMOS}H Tl 5] AR5 A A El= AR5 Z7)o wlat B 7]Z 0 & Online archive® AY s
2 13 8-S Won et al. (2023)0]4] 13} 4= )T}, o, o371 909 x| 9] wlo|el & Bgict 2714 02 Online

archivel= 91747] KCS] Hlo]el S 45t0] w-2ke lojelz} ¢l

3.1.5NOTAM I/F & E3H(Consolidation) 218 4sistc}. Offline archives
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7.1 Configuration Management
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7.3 Product Assurance
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