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TENSH= 20495H =y RIS HAI 8] (SBAS; satellite based augmentation system)$! KASS (Korea
augmentation satellite system) 7275 AP & 7o) S0t} KASSE= 2 A &9 5 wA17F A 7921 L Aita]s)ef A4
2 7 olo] Al 2=E A 913k MHA FUEL S T8 P A ke S 918l A F) 417w 3ol uhE e |
W (DAL; design assurance level) &-o| ). 2 Ao A= A =51 ] 9P H7F i ES AlA 8= =4I 252 SAE (society
of automotive engineers) ARP4761 (acrospace recommended practice)= 7]HH .2 KASS B! 71 3 A] 2~ gl T &f) 7))t S22 5

35 T T o] A2 A Al 2=F b s 7Ee] A Al o] B R g5 KASS A5 ARG o] /b A 7kl &8 4 it

[Abstraci]

Since 2014, MOLIT (Ministry of Land, Infrastructure, and Transport) is carrying out a KASS project to develop and construct
Korean SBAS. KASS can cause damage of human & properties if it has some problem during operation. Therefore, system safety
assessment for KASS development is very important. Principal point of system safety assessment is the allocation of DAL(design
assurance level) based on the hazard identification and classification. In this parer, the author conducts the allocation of DAL for
KASS & its sub-systems based on the international standard(SAE ARP4761), which suggests a best practice of aviation system
safety assessment. The result of this paper are the first step of system safety assessment, and can be used for further system safety
assessment of KASS project.

Key word : Korea augmentation satellite system, System safety assessment, Functional hazard assessment, Design
assurance level.
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2171 GPS (global positioning system)T TH5 0.2 A8 A] &3]

ARG QFAS A 98l STtEE AFHES RESALY]
A F3h o] 5 Wetksly] 918l /el SBAS+= 71 GPSell T
3l AR A=A (GEO; geostationary earth orbit satellite) 2} 4]
A 2~ES Egalo] B LAA AL 7R 52 S
AR Y A ~E Zﬂ%if}‘jr
A R LA di%%% o]n] SBASE %L
Fsto] &-gstar 9lom o] EIEH: HA] o]2jg &
of Wukzso] A7) (ICAO; International C1V11
Aviation Organization)ol| 4] A8l 7|&7]5S WESA7 =
=y ARATPIAN LT (SBAS;
augmentation system)] KASS (Korea augmentation satellite
system) 775 AFES 718 Foltt

SBAS7} el AREAFY] QbAE Fol7] flgk Al=Flolw
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SAE (Society of Automotive Engineers)oll 4] A7 %31 3%
% ARP4761 (aerospace recommended practice)< &30 ol A]
A28l b 7S 918l BE] ARREE A BFE oA V)
5213137} (FHA; functional hazard analysis), SJH]A]2=EIQF
’d3 7} (PSSA; preliminary system safety assessment), A|Z=E<F
X3 7} (SSA; system safety assessment) 52| A9} 35
Q1EA] (common cause analysis), FTA (fault tree analysis),
FMEA (failure mode and effect analysis) 5-2] %2l ti&l] 71
o] =2}l Al SFaL QIEH1].

KASS 4] ARP4761S 2-850] S H7he 8 2
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K] A 2= B2 B39 =1 (KCS; KASS control station), &%
2] (KPS; KASS processing station), $J45Al=- (KUS;
KASS uplink station), 7]<==1 (KRS; KASS reference station) 2!
EA Y EY IR T KASSS 7184 Hdskslr] $3)
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T8 9L 17 P
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o= 40w A AL R IS R
S18) Aol Avht AT 3G A o] 2ol Ao} sz
O 71zoleh Qo Azl AnFYe A2
of 2391 715 vigow s SlalE Al 1 Az
of wje A4k Hek

I 1. KASS sIA|AHEID} 7|5 Qof
Table 1. Summary of sub-systems & functions of KASS.

sub—system summary of function
Monitors and controls system functions and
KCS status. Also provides operation and

maintenance.

Generates corrections and integrity bounds.
KPS Also formats messages compliant with the
SBAS user interface.

Uplinks signal carrying SBAS message from
KUS KPS. Also provides monitoring for
signal-in—space from GEOs.

Collects ranging and other data from GPS

KRS and GEOs.

Transmission media for data between

Data Network sub—systems.

Broadcast SBAS messages from KUS to
Users.

GEO
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Table 2. Siganl-in-space performance requirements for
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Table 3. Hazard severity as related to probability

APV-I1. objectives and design assurance level.
item performance requirements probability severity DAL
A vaccturla(cgay) 16.0 m (52 ft) Catastrophic
orizonta o All failure conditions which prevent continued A
accuracy safe flight and landing
vertical (95%) 20 m (66 ft) 107
Hazardous
integrity 1-2x107"/approach — Large reduction in safety margins o
functional capabilities
time—to—alert 10 sec — Higher workload or physical dvistress such B
that the crew could not be relied upon to
o . perform tasks accurately or completely
continuity 1-8X107"/in any 15 sec — Adverse effects upon occupants
107p
availability 0.99 ~ 0.99999 Major
— Significant reduction in safety margins o
functional capabilities c
- - — Significant increase in crew workload or in
KASS®] 75 =] &2 Hollx] "AISH= APV-1 (approach conditions impairing crew efficiency
with vertical guidance - )5 A5 HX 2 7E FolH, 52 - Some discomfort to occupants
-5
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ZA|AoF it} o] 7]e7]|EL 312 9F 7o) ICAO Tl A] Al _, | — Slight reduction in safety margins D
N 1070 | - slight increase in crew workload
/‘] s}f 317})\]& }H—” 8-?}\]'?5}34 ZELEHZ]' 4]- — Some inconvenience to occupants
3 2 4 &% (accuracy)= SBAS 25 E AHgEte] = 1
98 W7 9AH9] FgexpElolth. FHYFOR 160 m Mo Effect i
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Fig. 1. DAL allocation flow according to FHA process.
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Table 4. KASS function list.

function . -
function description
number
EN=01 measurements | KRS collects measurements from
collection GPS satellites and GEO satellites
FN=02 measurements |KRS transfers measurements to
transfer KPS through data network
correction KPS generates correction data for
FN-03 ) ; i .
generation satellite orbit/clock and ionosphere
) ) KPS generates integrity bound of
FN-04 mtegrr]lga?%%nd the correction data for satellite
g orbit/clock and ionosphere
integrity bound | KPS check the generated integrity
FN-05
check bound data
SBAS message KPS formats SBAS message with
FN-06 >Sag correction data and integrity bound
generation
data
EN-07 SBAS message |KPS transfers SBAS message to
transfer KUS through data network
KUS modulates SBAS message
SBAS signal and PRN code into carrier signal
FN-08 X :
generation after applying FEC(forward error
correction)
KUS synchronizes SBAS signal
FN-09 time timing with GPS signal timing, and
synchronization |performs CCC(Code Carrier
Coherence)
FN-10 | SBAS signal uplink | KUS uplinks SBAS signal to GEO
_ . . KUS checks the integrity of SIS
FN-11 SIS integrity check from GEO
system monitoring | KCS monitors and controls other
FN-12
and control sub—system
FN-13 data collection and| KCS collects and analyzes all data
analysis from operating system
2 3] 8k 7hA] f80] olugl 3714 1 R} 23 of
2 714 fgo] whel 4 Qlok the- ngRE 371l @
Arjoltt

Zro] el == AR = 3
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Table 5. List of identified hazard.

hazard
number

HZ-01 |KRS does not collect measurements from satellites

hazard

Hz-02 | Collected measurements have errors in KRS

HZ-03 | Delay exists during collecting measurements

HZ-04 |KPS does not generate correction data

HZ-05 |Generated correction data have errors in KPS

HZ-06 |Delay exists during generating correction data

HZ-07 |KPS does not generate integrity bounds

HZ-08 | Generated integrity bounds have errors in KPS

HZ-09 | Delay exists during generating integrity bounds

HZ-10 |Safety computer does not check integrity bounds

Safety computer makes errors in checking integrity
bounds

HZ-12 | Delay exists during checking integrity bounds

HZ-11

HZ-13 | KPS does not generate SBAS message

HZ-14 |Generated SBAS message have errors in KPS

HZ-15 |Delay exists during generating SBAS message

HZ-16 |KUS does not generate SBAS signal

HZ-17 | Generated SBAS signal have errors in KUS

HZ-18 |Delay exists during generating SBAS signal

HZ-19 |KUS does not perform clock synchronization & CCC
KUS makes errors in performing clock synchronization

HZz-20 & CCC
Delay exists during performing clock synchronization &
HZz-21 e

Hz-22 |KUS does not uplink SBAS signal

HZ-23 | KUS makes errors in uplinking SBAS signal

HZ-24 | Delay exists during uplinging SBAS signal

HZ-25 |KUS does not check SIS integrity

HZ-26 | KUS makes errors in checking SIS integrity

HZ-27 | Delay exists during checking SIS integrity

HZz-28 |KCS does not monitor and control other sub—systems
KCS makes errors in monitoring and controling other

HZ729 |5 ib-systems

Delay exists during monitoring and controling other
HZ-30

sub—systems

KCS does not collect and analyze system operation
HZ-31 data

KCS makes errors in monitoring and controling other
Hz-32

sub—systems
HZ-33 Delay exists during monitoring and controling other

sub—systems
HZ-34 |Loss of transferring data between sub—systems

HZ-35 |Errors in transferred data between sub—systems

HZ-36 |Delay of transferring data between sub—systems
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Fig. 2. Diagram of user(aircraft) conditions.
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Table 6. Severity of hazards.

severity hazard number

Hz-02, HZ-10, HZ-11, HZ-12, HZ-17,

Hazardous HZ-20, HZ-25, HZ-26, HZ-27

HzZ-01, HZ-03, HZ-04, Hz-05, HZ-06,
HZ-07, HZ-08, HZ-09, HZ-13, HZ-14,
Minor HZ-15, HZ-16, HZ-18, HZ-19, HZ-21,
HZ-22, HZ-23, HZ-24, HZ-28, HZ-29,
HZ-30, HZ-34, HZ-35, HZ-36

no effect HZ-31, HZ-32, HZ-33

ol & £, HZ-314E] HZ-33-> B4 A1 1 ] dis]
383 5 U X 2R casel T case2 °f dFE o] g5k
oWk fvh HZ-4 22 HZ-59] 73-%- A 41 o]
02 g sjgetta A7Fe 4= AN KPS
safety computerE F3l| A Al TFoA EXEHER
case3°| #FE o] An|E FolA ek HZ-119] 35, 2
HZ-172} HZ-26°] “sA]oll HASH= 749+ casedol dF= o
APE FoA Hct. o 715 27 Al A5 olek &
o] HF& AT WS WS glom R Folate] APHs|of &
=3

UM AEE BE S

ﬂl

afell thell A7t S e A
i 63} Ak 19l sk fleles AHua T
ST B 7EmelM RS Ve ds & 5 AT S,
o] 37Hx] SFAAIH2 BRIy D flEo = wE flslst
s 7HH‘EZEHH“ BE ¥gweth 75‘*1]01] ElcEla=
shes A Ey BE shelrawe] Vg Ee] 28] 9
=, oH4 711%&&31]@ = A KR %%L%Oéiﬂ 2l
E gL ¢l D= shguk=c}

A §l5 o= ERHEE HZ-31, HZ-32, HZ-33E 5§
9] 715l &8z, o] Vs HEehs T8 E
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Fig. 3. DAL of sub-systems.
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