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ABSTRACT

The Korea Augmentation Satellite System (KASS) is a Korean Satellite Based Augmentation System (SBAS) that has been
under development since 2014 with the goal of providing Approach Procedure with Vertical guidance (APV)-I Safety of Life
(SoL) services. KASS Control Station (KCS) is a subsystem that controls and monitors KASS systems. It also serves to store data
generated by KASS. KCS has now completed detailed design and implementation and verification is in progress. This paper

presents verification procedures and verification items for KCS verification activities and presents management measures for

defects occurring during the verification phase.
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1. INTRODUCTION

Satellite Based Augmentation System (SBAS)+= Global
Positioning System (GPS) A1S& o] &3+ AFEX}Fo] %] 2 A
7t A% Al FEH, ASA3, FAA, 7HEE SHelA 2 AF
EE RAY 4 YES sl PR Aol ]2
Wide Area Augmentation System (WAAS), 531 2] European
Geostationary Navigation Overlay Service (EGNOS), Q2]
Multi-functional Satellite Augmentation System (MSAS), ¢1
E9] GPS-Aided GEO Augmented Navigation (GAGAN)o] &
o Zof ¢lon] HAJole] GLONASS System for Differential
Correction and Monitoring (SDCM), Z=-2] BeiDou Satellite-
Based Augmentation System (BDSBAS)E 7iiF @l L& =of Q)
t} (Park et al. 2016). 20144 10 =3 QAR IA|AE Q]
Korea Augmentation Satellite System (KASS)-& 7jgl 2l L& A}
Yol 2rpEglon] Al HAAANA THA AHIA A FAE
S25]9it} (ICAO 2020, Lee et al. 2020).

A 91783 7] 391 International Civilian Aeronautical
Organization (ICAO)= SBAS A152 mZog AAslw 9
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Table 1. KASS performance.

Phase - ACMAY 1 mity Timetoalarm Continuity Availabili
ase Horizontal Vertical ntegrity Timetoalarm Continuity Availability
APV  16m  20m 2x107/150s 10s 8x10°/15s  99.0%

ouj KASS A|AENL [CAOO|A] &3Yst Standards And
Recommended Practices (SARPs) Annexl00] AH|A]E] o] &=
SBAS &57] &3 B o] mhE SBAS @ FAIRE ul-EtT} KASS
AAES L0 T HoH -2}l Approach Procedure with
Vertical Guidance-I (APV-D)& d5-& S22 st tighgl=; o]
8§24 1 JLed 9] Flight Information Region (FIR)o]| A2 &= KASS
A AED AH| A Q] A =8 Table 13} 4t} (Authie et al. 2017, You
& Sin 2017).

KASS+ KASS Control Station (KCS), KASS Reference
Station (KRS), KASS Processing Station (KPS), KASS Uplink
Station (KUS)Q} Geostationary Earth Orbit (GEO) ¢Alo g It
Aeo} QIct. Mol Ax1E KRS GPS 914 A5E $415101
KPSZ HAgs}i, KPS Aibe GPS 4152 o] &3le] GPS
wAHRe FAN FHE ZUSHE KASS HAIAE AT
KPSol|A] AJAJ = KASS HA]|R| = KUSE HYEn] KUSE GEO
S22 KASS HAIX| 2 H4ETh GEO 9142 KASS HilA]%]
£ ARSRYOl Al FAISEAL AFGAHE AITE KASS HAIZ & A
At ARAALL A] QA BAsH=E AHEEITH (Kim et al. 2017).
Fig. 12 KASS AJAE] A3t MH|A T @ & Bojith

KCS 82 sh9IA| 28-S 244]7F AAI7H Alo] 2 5L ]2}
], KASS A| AR 4] A do]Elg A5k A o]tk KCSE]
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Fig. 1. KASS system overview.

KCs2  KPsS2

Table 2. KCS product.

System Product Description
M&C Provide the centralized M&C function of KASS subsystem
Provide the function to monitor the SOL service
performance
ccF UIC Provide the user interface for KASS subsystem M&C
Provide the function to check the KASS subsystem and
troubleshooting the generated problems

CMS Provide the function for KAS subsystem simulation
Provide the archive file management and configuration
data received by CCF to CCF

SF EDA Collect the reference data from external site and transmit

the industry data to A&C
UIS Provide the Archive user interface

NOTAM NOTAM Transmit the information using interface with NOTAM

I/F I/F  service provider

MIMO

LME

A&C

FQ 758 I F Y (Mission Monitoring Function), A]A
gl Ao} 2 2 UE]F (System Control Function), djo|&] 3 9
o}7}olH] 7]%5(Data Collection and Archiving Function), KASS
A28 A A golch A2 Al D LUHY 7)5L 5914
AHE 2o (Subsystem Control), 3§4F 2] 7% (Configuration
Management Function), |l E 2] 7|5 (Event Management
Function)© 2 ~1&31c}. o]2gh —rR 7% Qo +8 759
FRL AU 23 97 A5 5 71%50] 9k
KCSHA]L 2908 95l Central Control Function (CCF),
Support Function (SF), NOtice To AirMen InterFace (NOTAM
VF)o} £5F 9 A=S 93t Central Monitoring & Control
Simulator (CMS), 18]1 §-A 245 ¢35} Local Maintenance
Equipment (LME)£ o] 9Jt}. CCF& KASS A|AES RUE
S}l A|o{5H= Monitoring & Control (M&C), KASS A|AE] o] A
58S B UE 5= Mission Monitoring (MIMO) 18] 31 AF&-A}
01]711 oM E, &kl M&C, MIMOE AMEE o= IS 1S
E3)] 2 e 4 Q)= 8738 A 251= User Interface CCF (UIC)
T"Ech 283 SFe AddlolE A 2 AL 715 AT
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Fig. 2. KCS server rack.

Sh= Archive & Configuration (A&C), KASS A]| AElof|A] AYAI =]
= dolgE 4A7]7F 5o B3 U 74&]sl= Data Storage, CCF
9o} SF 7+e] 1} A4S 95 Demilitarized Zone (DMZ), &%
Reference dataE 4%]5H= External Data Access (EDA), B2k
© 2 SFE 95t 129 2k $74-& A5} User Interface SF
(UIS)E FA=} (Yun et al. 2020). KCS LA #HH] = CMS2}
LME+= KCS 77t 4 327 S 2 FA RS A AHESH]
Q5] Eofrt Lolst wER o 2 A|Z= ) UIC, UIS, EDAE= 93
Ag|o]Hd o & H&E ], M&C, MIMO, NOTAM I/F, DMZ, A&C,
Data Storage+ AJH 2 A|ZF6}1A| T} Table 2= KCS ZHH]o]| T
SF A ol5 HolFu, Fig. 2+= KCS 7HH| ol AX| == KCS 7]
FHE Belzch

KASS A]AE] 7juba} #eislo] Lee & Nam (2020)2 KASS A
A A28 A L AFS 7 ARk e AAlslgon)
Kim et al. (2017)& KCS 2] d A2 Ego] ihg 915k @ 7}
g EHS —?3“;}0111]- Yun et al. (2020)2 KCS 7+& #AN,
Saislolot A 9 ol o] B
Ao g gl W J AAIBIATE B =F-2 KCS AAAEA
&5 o]F KCS & ¥ 7= Ao 4] European Cooperation
for Space Standardization (ECSS) &g 7]Hto 2 3}o] KCS
AZ g A2 WD AEEA L GRS FAHOD A
St} ECSSE G -9-%=¢1 European Space Agency (ESA)o]|
A U EFO R KASS A48 Ake o] BES whw grt
(Kim & Lee 2020). ECSS 9] 1/d2 Fig. 31} Zom & =%
o] A& ECSS F&o|A] Q-10 Product assurance management,
Q-40 Safety, E-10 System engineering, E-40 Software
engineeringE 7|Wko. 2 KCS AS WS AAIgH) E =52
Aol KCS A5 919t 42T KCS a7
AIE AAZE 3o A= KCS S8 ASHRME AlAlsh, 4
o A= KCS HETANA sk A BekS AAIgH
o} S&ollA= KCS H5& At S5 F3& AlAlsh, 63
oA X W 0 2 KCSE A5ohe 488 WeTh
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Fig. 3. ECSS standard organization (Kim & Lee 2020).
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Fig. 4. KCSV&V model.

2. KCS VERIFICATION

2.1 KCS Verification Approach

KCS 7jgt 9l A2 215] A 235]= Verification & Validation
(V&V) ECSS-E-ST-40C (2009)Z 7]uko & @ TA}a}; 4
o] 4l B A AH] A 14 HAEDE dHo IS £S5
WE! ],._:_r';,_LA A mee A g3t AEL sl
ohUjz} Zizte] A whAlel g et A%
2 &5l KCS 4 ¥

oo

a =

ok u

A AEIS

]

Validation Test

Integration Test

Unit Test

2 H2JA1H (Unit test), E3FA] S (Integration test), SHIA|H
(Validation test), A|AE] A]3](System test) 0.2 FLESIC} Table
307 7% ol mE AY BB RojEC
2.2 KCS Verification Method

ECSS HZ20]A] A|AE] AZo]| o3t 20l ECSS-E-ST-10-
02C (2009)= Al (Test), B4 (Analysis), AAAE (Review of
design), ZAA}F (Inspection)S A|AE A= vl o 2 ARLSICH A]
B e o2 A Fe s ¢ dard Aol oigh
1Zetoe dEss 4% el A3S
A% B0l o}g thals}rlLt mekeich

=

_=

2
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Fig.5. KCS verification process.

Table 3. KCS verification levels.

Level Subject

Basic path test

Error handling path test

Interface test in component

Local data and boundaries value test

Unit test

Function test

Non-function test

Interface test

Performance test

Technical specification (TS) test
Requirements baseline (RB) test
Function test

Non-function test

Interface test

Performance test

Integration test

Validation test

System test

Table4. Verification method by KCS requirement.

Review of design Test

Method Inspection Analysis ROD/Test Total

(ROD)

SW - 6 86 272 6 370
RAMS - 6 6 - - 12
ILS - 18 - - 18
HW 5 2 3 - - 10
MCC 18 2 23 6 - 49
vQ - - 4 1 5
Total 23 16 140 279 6 464
glojde] & 4 AU, A AHER S HAESH: o] 9%
9 ]G ZeoA FPsobA b A9 A eeke E e B
A 7S A gote] o] B4 B A HWItE a3tk A
AR U9 715 e A O A 41 € BaA, 71 A
W, dAUolsl EE)E AMgalo] 2.7 ARF $5-& BRIsH: 2
% upgolth. AAK: 224 Sxdol gk A7k AF o2 o)
she A5 WolH AAAE HF WS B 4 Qo KCS
L ECSS-E-ST-10-02C (2009)2 72 KCS R 7AF}F A= 7]
£& A olakct. KASS A28 g 918 Al25 ol el4 KCs
o WE 2 PARE & do4rlol] AUl we) R @

s10 -

S Table 49} Zt} KCS Q FAFSHS Software (SW), Reliability,
Availability, Maintainability and Safety (RAMS), Integrated
Logistics Support (ILS), Hardware (HW), Master Control Center
(MCCQ), Integration Verification Qualification (IVQ) =0 2

o

https://doi.org/10.11003/JPNT.2021.10.3.221

Verification

Final verification
control document

v Y

Qualification test
. . I
Qualification Final verification
reports

Need for re-verification |

Table 5. Key activities in the KCS verification process.

Process Activities

Pre-check the H/W and S/W integration environment of

KCS

Configure the interface test data between systems

Confirm the processing ability of interface data flow between

KCS systems

Modify/Supplement the integration test execution log (i.e.

interface Test Procedure)

Create the integration activity history and report document

Confirm the proper operation of KCS SW/HW functions

Configure the Function/Non-function/Performance test

data

Confirm the satisfaction of requirements for system

function/non-function/performance

Modify/Supplement the verification test log (i.e. function/

non-function/interlock/performance Test procedure)

Create the verification history and report document through

verification activities

Create the verification history and report document

Confirm the KCS verification/test history and result

Qualification Demonstrate the satisfaction of technical requirement
Confirm and approve the KCS release preparation status

Integration

Verification

2.3 KCS Verification Process

KCS A= dAxt= KCS £%3F (Integration)d} A=
(Verification) &858 +35h= A|AF AlY (System test)3}h
KCS ZRA X = (Qualification) &%-& $3s}=
(Qualification test)& Ju|sl A|AH E5}F A=
IVQ &5 AR KCS IVQ i ZolA ARl Fi
AZ AA &AM E BojEnth

KCS &2 Eldlo]A @ F AR} Fold
whe} LA ARIZE Hlo]E] F41 A1 Aid ] A
£ RIS}, KCS HW/SW 8 7]'5-9] /4442l

X,
s
olN
>
ki)

K
offt o in
2 Y tm

i

4

2

=

>
&

9 o

r off
)
>,

=

W& Esjo] BRITITH KCS AEE 7144 7AYol et &
= o8 A9S Bslo] BRITkch KCS BAAFE AAH @
TARe] FEINE BURE AE U WL Folo] Helgich,
Table 5= KCS 53, 4%, 985 190] 085S HolFeh



Table 6. Verification items of individual product test.

Product Verification items

CCF Launcher and startup
Data gathering
Monitoring
Commands and deployment
Time management
Legal archive
Event management
Activity management
Service provider tool interface

SF Startup

Archive management
Catalogue management
Configuration management
Private DB management
System DB management
Event management

EDA  Datagathering
Downloading / Uploading
Virus checking

CMS  Datagathering
Commands and deployment
Monitoring
Time management (local)
Legal archive
Event management
Handover

LME  Data gathering
Monitoring
Commands and deployment
Time management
Legal archive
Event management
Maintenance and activity
Service provider tool interface
Performance test

3. KCS INTEGRATION

KCS A 9 A2t o] KCS HF2 2.3% A5 HXpof| ujet
A2® B BES AW KCS BF BEL U Fa
A2 TR, JHA 9A= KRS, KPS, KUS 5-2] External
KASS Subsystem-& Z3FsF 78 AHH] 7= (Individual Product
Test with external KASS Subsystem)o|th. FHA| TAl= <]
5 g R ] 7 A Eglo] A HIAES] JiE ] FF
(Product Integration Test)o]n] Al¥H#] ThA|= KCS £3F
(KCS Integration Test)o]c}. UHal] BAI= 4] 7|5 L A&
(Non-functional and Performance Test) 73=o|t}.

ooy "
O ofN ofn

ol

3.1 Individual Product Test with External KASS
Subsystem

N ] A2L W] KCS AH)E Ax|51HA] A8 o iLe

glels)a, KRS/KPS/KUSS] B 9] Ho]el S &Hg-slo] 7t 2] <]
QAEjHo]A 9l 7155 ERIgHc) Table 62 7N &HH]o] A
B85 HojFErt
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Table7. Verification items of product integration test.

Verification items
Launcher and startup
Data gathering
Mission monitoring (calculation)
Time management
Startup
Data gathering
Commands
NOTAM service provider I/F (data
processing)
Time management
Configuration management
Configuration management
File transfer
Configuration management
Archiving & catalogue management
KCS consolidation

Product

CCF - MIMO

CCF

CCF-NOTAMI/F

SF-EDA

SE SF-LME

KCS CCF - SF

Table 8. Verification items of KCS integration test.

Product Verification items
CCF - Remote CCF Synchronize: Event, command, password, Maintenance
Handover
SF - Remote SF Synchronize: Archive, configuration
Handover
Archive management
KCS - Remote KCS KCS consolidation
Synchronize & Handover

3.2 Product Integration Test

70 AH] E5t A=L 7F 2] 71e] A= A] &0l
¥5tct. CCF= MIMO, NOTAM I/F
52 493}31, SF= EDA, LME9}
& Sk 7123 CCFel SF 2
< E e 5 A5 A%

BRI

KCSE 717}
MCCo| A% 4 & K= £ AdAs
1 AZde 4835t —’5; aster/Backup 7 1-01] S| = Zh7bo] 7]
< 75T Table 82 KCS 359 A5 F&Es Bogtt

o= KCS 7
43 (Robustness
H] 7]% I A% 3
"HOH—% H] 7]1_ x/l o) =
Rk £ RU B 4kl Eﬂiéi o A 2 4
73] A% ﬁw £ 2 7AR}l
A9 415 T WAl

LO-" off olr
N, d
olr
o

=5
=i

— —|—‘
O
mO

ol
ol
N,
52
o
P
o
b
Jﬁ
jﬂ

oIt AIHE A Al

http://www.ipnt.or.kr



226 JPNT 10(3), 221-228 (2021)

I kcstvoru |
KCSIVO RU

—| KCS Workstaion#1 I

L = |
uIC uIs ED ‘{ M&C Server |' —| A&C Server |— | NOTAMIF
Master Backup = Server
Sounir
Master
KCS Workstaion#2
uIC UIS
Backup Master ' Backp —
‘| MIMO Server |'
~ A&C
Laptop#1 M&C DB Storage MIMO

LMS
KRS, KPS, KUS Simulate Remote KCS
FTP NTP
G G -{ M&C Server |' —| A&C Server |— | %
% LMS: Local M&C Simulator NOTAM I/F
Backup
M&C A&C
Laptop#2 Backup Master
—
CMS LME M&C DB DMZ FTP

Fig. 6. KCS verification platform.

4. KCS DEFECT MANAGEMENT

=]
B

Review Board (NRB)oJ|A] Q1 W &J kS BASI WHAE R E
S SARIA A& 2

=R [}
AR o] SRlEY AFTAL S2HD WA 44T
THE FARZ WA Yoltick,

4.1 Procedure of Defect Action

As el Aol DA slig ZAIE LRIg Bkt
7} B43}F 2 314 (Observation and Non-Conformance Report)
3 ZAIH B34 (Problem Report)E g o]E{H|o| 0] 55
s1a QrATelAb} Z3hE NRB| A% B4 e 24
3 B 07 ARge] Bl o R WrlE HAEe uusl,
A BiME AZEQ] A5 FF Fofl ddd ATE B
The Aok, RAY B B BAE B 84 0
© NRBE 23 ub4 9191 9 o3} A ajelm, A% Alzhe
2 9491E AU A SAEle] wet A 21 A
< $HokL X FEAE AARch A% 2] Algof wet 2
S 4, a4 B4, T AF B9 2K BES SUT 3, A
28 AR S Rt o] &, AAR AHAHE 5T AE &
5k B HAS SR
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Table9. Accuracy of ranging measurements and localization.

Severity Classification

Item that critical influence on the entire project progress.
Immediate interruption of all tasks such as the planning,
analysis, development, coding, testing, production, etc.
The change control board is held immediately.

Critical

Item that influence on the entire project progress.

Interrupt only related work in the planning, analysis,
Development, testing, production, etc.

Rapid holding of the change control board attending.

by related organization such as development, system safety,
requirement, test, etc.

High

Ttem that serious influence on specific task only.

Work interruption is not needed.

The change control board is held according to the consultation
between the system safety manager and issue manager.

Medium

Item that insignificant influence on specific task.

Work interruption is not needed.

Holding of the change control board is not needed, and issue
manager reviews.

Low

4.2 Defect Severity

A AZEE 4 7] WEE AgE 22 W3] wet 7
Zoll W AT ZEA20] GFS vIXA Aok 23 Alzwe]
u}2 A= E4+= Change Control Board (CCB) ¥ Verification
Control Board (VCB)E E35}o] o]&ojZIt}. Table 9= ECSS-Q-
ST-40C (2017)& 7|9Fo. 2 KCSo| A &= &= AT A4 = 78S
Hoj&ct.

A AT ErE =ohar eiA] A ¢4 =97 A
o} BE AR algste] 23 A4 R mE s
2 FEste] XEalor vt A% A9 541 514 (resolve
immediately), 2] Q% (give high attention), tf]7] (normal
queue), 2 9 (low priority)9] 4 7}x] HE2 A= 41
ool wheh A3 24| AlEo]| 3RS vx|A "ot

ol

Hi
rlo



5. VERIFICATION PLATFORM

KCS 33 BYHE VQ B5E $Ysb) gt G0 4
S50 ZAHQ) 37
IVQ A& 93t -2 A S AT —‘HiiEﬂO]/}jIJr RUE of
Alshe A¥] ZRE sheslol2 TAHE. VQ SHEL A £
8747} Al P22 T4510] KCSe| 7l AlHo] Tsoleg
Shth &3 Master/Backup 7448 Q52 i) IVQ ZHE
o] AL =M & 1}i-o] 1435} CCE, SF, NOTAM IF, EDA,
CMS, LME&= 212t 52 0 2 H|AES $331ct
CCF:= CCF (UIC - M&QC)9} 915 &) (KRS, KPS, KUS)E
Fo] QlEH|o]A 7] L MIMO Serverele] QlEjHo]A 7%

BH|AESI} SF= SF (UIS - A&C)Q} EDA, LME 7Fe] Q1E]H|
oA 7|5 Y DMZ Serverete] QIE|Ho|A 7]'5& HAEZITY
NOTAM I/F& CCF (UIC - M&C)2} ]+ ZH] (KRS, KPS, KUS)
£ 7+o] QlEju|o] A 7]'5 2 NOTAM IF Serverele] Qlejso]A
71'5S | AESI}. EDAE= EDA FTP Servere} 9] 2 A|AH] 719]
EH o] A 7]5& H|AESITH

CMS+= CMS (DB configuration tool 3Z$He} o5 2| (KRS,
KPS, KUS)E 7Fe] QIEjdo]A 7]5-& HIAESIH, LME:= LME
o} o] § 7] (KRS, KPS, KUS)E 7t QlE|HolA 7|5 ¢
E|AERIT} Fig. 62 KCS S S E 4

o, mlo r\l

Maintenance 7]'5-&
e Beizeh

6. CONCLUSIONS

SH=13] SBASQI KASS A|ARIS] 72 A AR I} 51914
AR R LEEo] A=t AARHE Y IVQ B52 sl
£ A AR Y] IVQ ZHgo] WA ks Eojof gt} (Lee &
Nam 2020). 317j] KASS A| A&l 0] A1 0] &J5FS 1= KCSE=
“*ﬂ“ﬁﬂ 9 A|2to] g Elo] IVQ E-5-& XI3skaL gltt. KCS 7
HF Aol 4] KCS A|AE] 7452 Test Readiness Review (TRR),
Factory Qualification Review (FQR), Acceptance review (AR) &
A9 B4 HES])Z Fof SRk TRRE FQR/AR HJAE 4
AE sl AE AS ool EFEHSIEA Eelsks AolH,
TRR ©] % 4] A|F] GAIE 1351 Hrk. FQRS HSIP ol A]
ALY 715 2 A5 LTARE S5 AR d5she v
ofm, ARE KCSO] @ FARYE BEahs ANS] T4 2 b0k A
2 39 o] $EF KCSS] T4 248 AF5H BAolch

2 =olAe KCS A|lA8 AS5E 98l V&V 2dlS 2831
IS A751ecE 18] 31 ECSS-E-ST-10-02C (2009)S
|50 2 KCS 7 @ FARE AlF, %*4 AARE, Ak &)
Fol= AS ol wet ERF5IT KCS A5 Ax= A|lAH
e A%, FHAESY VQ &5 &A= % 503} ]| Ect. oo &
=EollAE KCS 33 &aol thet A5 dxtel FE-& A Ak
o A5 dAllA LAysl= BTl theh T BehE ECSS-
Q-ST-10-09C (2018)2} ECSS-Q-ST-40C (2017)& 7|Hlo. 2 A
AlBlodet. 123 KCS IVQ &35S g KCS A% SHF] +

N
L

11
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e ANBATE B =B WS KCS 57 A% A B8 49
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