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[Abstract]

SBAS is a satellite based navigation correction system that provides correction information and integrity information of GNSS
signal through geostationary satellite based on analysis of GNSS signal in ground station. KASS, a Korean SBAS, is aiming at the
APV-1 class SoL service in 2022. Sufficient ground and flight tests must be performed in advance to provide SoL services. However,
since KASS, the Korean SBAS, has not yet been added in Korea, specific detailed evaluation items are not presented. EGNOS, which is
expected to be the most compatible with KASS and is being serviced after its development, has already been evaluated. In this paper, we
analyze the regulations applied to EGNOS construction and analyze the criteria of ground and flight test evaluation items required for

flight testing, which is expected to be referenced to the flight inspection process in the future.
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.M B . EGNOS T58igh S8y

SBAS(satellite based augmentation system)© 914 7]4F &4 2-1 EGNOS 7= sigt
BAA "o R 2PgaoA4e]  GNSS(global navigation

satellite system) A& #2438 7|to 7 XA =S Ea 1) EGNOS

GNSS 2159 RAgdH el FA(integrity) JRE AT

Alzglolt}y, Sl = w]=re]  WAAS(wide  area EGNOS‘—:‘ il Hxo] GNSS AH| =5 AREAol| A A&}
augmentation  system), e EGNOS(European aL, 9173 & S elA 9] Galileoot 37 73 0121
geostationary  navigation  overlay  system), ~ ¥I-<] EGNOS# 2009 102 1o T44 o= %Eq o A= HFE
MSAS(MTSAT satellite augmentation system), <U%E<] o7l F-== OS(open service)= A8k, 2010 4l
GAGAN(GPS aided geo augmented navigation)©] ©]7] A{H] CDDS(commercial data distribution service)= o #]— %31, 20114 3
2 Zof| QITH1]. 4 290 SoL AMMlaE Alwsldth o & 2=

olol &=3& SBASS! KASS(Korea augmentation satellite ESA(European space agency)©ll 4] A&-8}= EGNOS .8 3
system)= 20220l E 1.0 ve} 9l A Wz &% 7)1 535 Open ServiceS} Sol APV-13¢] 7, 4] A E==
Q1 ICAO(international civil aviation organization)ol| 4] % <]t ZF7}F (3m, 4m) , (16m, 20m) = LERH ] A ATH5].

AsA 2 EAA @ 7F7 T APV-1539] SoL(safety of life)

Aules Al FEZ Jfgsta k. SoL MH|AE AlEs)
H 3E3e ol= gEo] A ashy, A4} @ n|YA| LS P ¥ 2. EGNOS Ze saisd.
2o g asloofut st} AN A ol X]AF 2 1|3y Table 2. EGNOS Required Performances.
Al3e] gl HrkeHgo] AAlE o] QA ot dle] 1A oo Accuracy Integrity
ME Alal 2 24ste] = FAE AlAske o gt KASS Lovel HAL | vaL | HaL | vaL | Iterity
Fs AL FHG A8 FRFTIAEE AT FAR = Risk
- pen

o2 HoJEleda, FHEFoAAHL 48 U AU RA Service 3m 4m N/A N/A N/A
AZEHEGNOS)9] d5a 153 Fle] 3lof KASS 4% SoL

1Z A} Al 589 EGNOS®| 7|30 2 7hsAdo] =t} En-route 220m N/A 556m N/A 1x1077/h
EGNOS 7F449lE RTCA-DO-229D, FAA 8200.1C, a”‘;ONLPA
ICAO-Doc-8071 Vol.II, ICAO Annex 105°] ItH2][3][4]. APV—1 16m | 20m | 40m | 50m | 2x1077/150s

B =RoMEe &4 &3] 9JA e A Bl EGNOS
T-=&3 7 EGNOSOIA 249 39 FANS BAse =
Ulol Al KASSQIZA] o]0 x4} @ n]giA|d] Hres 2 EGNOS 75813
9] 7178 A3t E, s

EGNOS Network Deployment

F 1. ICAO7} Hol3h Mu|2 2dE K U 22M @7x, | _— =
Table 1. ICAO defined service level accuracy and integrity L L E - i/* g 2
requirements. RS % L/!M i s
- - = e
Service Accuracy Integrity . s ﬁ K-
Level | HAL | VAL | HAL | VAL | Integrity Risk o ricr [ >~ %@f
- e ASQF Aus
NPA | 220m | N/A | 556m | N/A 1%10 7/h | B N B P
_ 1—-2x1077 mack <% o = ‘ﬁw ¥
APV=1 | 16m | 20m | 40m | som | T2E ﬁgﬁg\ :%,\Mr
1—2x1077 . Z /j AN
LPV200 16m 4m 40m 35m per approach e n
(any 150s) o t\ xﬁ(\ \
-7 (French)| W ENG
_ 1-2x1077 S \ Rl
APV | tom | Bm | oM ] 29 | per approach Yosar. o.mE o Ca.i.
6m to 15m 1-2x1077
CAT- | 16m am 40m to per approach 8 1. EGNOS X|&F A|AR M T
10m Fig. 1. EGNOS Ground system configuration diagram.
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XM & AHHEX].
Fig. 2. EGNOS Geostationary satellites and coverage for
system construct.

1% 2. EGNOS AAH” #£8

(1) EGNOS A% #-&

EGNOS A Ftoms 9 1.3 #Zo] 7|E=(RIMS;
ranging integrity & monitoring station) 2= ¥ U EHH
9} 4719] Z33] 2= (MCC; mission control centers), 67]2]
#1745 A15(NLES; navigation land earth stations), X’ -
A Al=glo R 2700 71 v s B7F 9 7 AN
(PACF; performance assessment and checkout facility)?} -5
¥4 “dW](ASQF; application specific qualification facility)”}
ATH5].

OF H 1

(2) EGNOS = #%&

EGNOS Iy 2.9 Zo] 37]9
GEO(geostationary orbit) & F3l -5 ol Au|2=&
Ao, 9149 = M A, T thkskE
A5 2pgke] 93] 7HAae) 78 A G i o]F
AAERG Ae) 2 AlTS Ei= Addnt 942 a8 2.
I}72o] Inmarsat-3 AOR-E(THA < 5%, 15.5°W), Inmarsat-3

IOR-W(Q1%=9F A28 25.0°E) ¥} ESA-Artemis(21.5°E) & 43
=o} ATH5].

[e)
7 Fre=Es

2-2 KASS?} EGNOS =&y

SBAS+ = AlsEEol wheh AAA o & 1AL ). T1g]
slo] A|qH o R e AT T B Ao TS B
i gh=s SBASS] KASS+= A W17F &8 71721 ICAOA]
A48+ SARPs(standard and recommended practices) T3 2
RTCA MOPS(minimum operational performance standards)©]l
whe} FatElo] frH o] EGNOSSIE et 3848 71d &=
Atk 1E]ate] SBASTE EAlE dgv]ef MRk A AH-F
¢1 SBAS Aol 4] T} SBAS Ao o] 5d ujo = 5

<
T

581

=]
24

EGNOS At E 288 KASS HI-AIR 27 Alet

ARE A%

ki3

(Continuity) 3[4

geee] &84t F2d(Integrity)

AlgH-g = ATH5).

Il Al 2=
3-1 XIYAIE 275
1) Qe 2 PR

A AP SARPs S #5517 Sl AlzAbe] AAbaks
whbol gt} The X 3.9} E 4.5 ICAOCIA Algshs %7t
2 Au| 2 AlFAe] SARPs g olth AlEl> MCS(Master
control stations), RS(Reference stations), ¢354, B4

2 xghaljof sfat, AH|~ A FA}, S SBAS /N H A
222N FolE 9 F alld Tt ofaia] AAjEo]ok
2]

2) ARAY D 275

B}

GNSS A7l vlg Hzk= 393 &2 5% Hu
WGS-84 HEAE Wt} HFHT 3 A< SBAS
FAS(Final approach segment) H|o|E|2] 482 % 5.9 &
o] 2L FEsor A2,
E 3. =7t SARPs 2/ 2| 7|F,
Table 3. Safety Management SARPs for States.
Issues Annex Effective date
Safety 6,11 and
Programme 14 17 July 2006
State Safety
Programmes 1,8,13 20 July 2009
SSP Framework | 1,6,8,11,1
(Attachment) 3 and 14 20 July 2009
E 4. Md|A HEAH SARPs HH k2| 7| &
Table 4. Safety Management SARPs for Service
Providers.
Issues Annex Service Provider Effectlve
ate
Air Traffic
State Safety 11,amdt. . 17 July
Programmes 44 Serymes(ATS) 2006
Providers
State Safety 14, Vol1, Certified 17 July
Programmes amdt. 8 Aerodromes 2006
Air Operators
and  Approved
State Safety 6, amdt. . 16 July
Programmes 3 Mam?enlance 2007
Organizations(A
MOs)
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Table 5. Ground test requirements.

Measuremen Uncertain | Periodi
Parameters Tolerance :

t ty city
FAS
Survey WGS-84
data Coordinates | VA C.Sp
accuracy
Horizontal <m
Vertical <0.25m

3-2 HIAIY 7=
1) FAS Data Block & CRC
IAF
Dogn 1. Artival % ¥ appmach
segment g

FAF

5, l\)!rs'_'-;ﬁlmr

%, Final 3. Intermediate
Runway approach approach approach
segment segment segment

IAF = initial approach fix
FAF = final approach fix

g 3. 827| &8 Hif
Fig. 3. Aircraft landing procedure.

Wa) % Ask 19 3.9 o] 7] % B ATl

Arrival Segment, Initial Approach Segment, Intermediate
Approach Segment®} #ZF <t X0 Final Approach
Segment =O.= FeYE| 3 wix|u}l Asl H 3+ Missed
Approach &= Igo] Hr}. 71 5 HPAF Aol M= 25
A} w9k 71 Final Approach Segment®] Survey Data
£ wet ASgei6][7].
EGNOSe®]l #-&-¥l FAS data block-> RTCA DO-229D 74
232] Appendix Dol A|A|=o] it} 17 4.:= FAS data®} #
= AEE YEh= 3ol 3 6.5 SBAS FAS data block-S
HERdATH2].

(1) FAS tlo]g gehig

Data block T2 X|Ake] &g 2 9% W A7 1
At whe} g L] [E}E]r tlolE] 5ol v IEE
9] Zh(value)o] BHATE o] FhE-2 Data Format®] 71 9%
ol wiA7F Ean AgEAY AEHA etk et
ol KASS7} 7l A]ol] SBAS provider ID7} @A) Spared |

K

odE FE(EA 0-WAAS, 1-EGNOS, 2-MSAS 3~13
Spared)©l| F7e LTP(landing threshold
point)/FTP(fictitious threshold point) ] = 2 4 == WGS -
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84 H A HolHo] YT = B2 A=Y A2
(2) CRC

Z} FAS data block-> &1 %]7] Holl F=ro2 5 ¢ vlo]H ]
A4S B8] 218k CRC(cyclic redundancy check)E
FAS data blockt] ol CRCE Z 3] oFgtrh. CRCE A} A
AA=HE g Eoof
system) <-2 FMCS(flight management computer system)<}
E2 v ] Aage s 7] dof WMAEA gofof
sk w3k vg AJE H FMS 52 FMCS CRCE ARg-3}
o] FAS data block fr&EAl(validity)S 2HlafoFsltl. FAS
datat= AAF AAAZSE B23E G FMSH FMCS= 94
F gho] LdAIsh=A] ElE ook Fri2]

&}al, FMS(flight management

E 6. SBAS FAS H0|H £5
Table 6. SBAS FAS data block.

Data List Bits Range of value
Operation Type 4 0 to 15
SBAS provider ID 4 0 to 15
Airport ID 32 -
Runway number 6 0 to 36
Runway letter 2 -
Approach
performance 3 0to7
designator
Route indicator 5 -
Reference path 8 0 to 48
data selector
Reference path _
identifier 32
LTP/FTP latitude 32 + 90°
LTP/FTP longitude 32 + 180°
LTP/FTP height 16 512 t°m6’041 S
AFPAP latitude 24 +1.0°
AFPAP longitude 24 + 1.0°
thresAhr(D)%OSrf)hssin 15 0t0 1,638.35 m
\ ¢ (0 to 3,276.7 1)
height
Approach TCH 1 _
units selector
Glide path angle 16 0 to 90°
Course width at
threshold 8 80 to 143.75 m
A Length offset 8 0 to 2,032 m
Horizontal alert
limit(HAL) 8 010 50.8m
Vertical alert
limit(VAL) 8 0 to 50.8 m
Final approach 30 _
segment CRC




Plan View

Profile View

Glidepath 7
Angle \

TCH [ LTPFTP

" LTPFTP height

Eardis

surface —

1% 4. Final approach segment Cl0|0{ 13,
Fig. 4. Final approach segment diagram.

2) H] 3] F 2Hd

SBAS GV Fu MY EAEtel
HMI(hazardously misleading information) 2.312] 224]7} 2}
JuE AlEsA gotokdith whef 1hde] ElxojA
A AAbe 2Hs ol whet A4 wold Zolal B
ZA] B g FHIEE Zlo]th GNSS ¢ SBAS dhetv]Ef 9}
22 C/No(carrier-to-noise  density), ~ HPL(horizontal
protection  level), = VPL(vertical  protection level),
DOP(dillusion of precision)= F7F ZAFS 93l A 3}slok
gheh2).

4

L

F Al Xé

) HEAE 4 8727
SBAS WH=E3HH 42417

|(stand-alone sbas receiver) &=
SBAS Azl FMS+E # 7.914 derEE &8

7. ™A 2D 2FFA.
Table 7. Flight test minimum requirements.

Measurem Uncertaint Perio
Parameters Tolerance .
ent y dicity
Procedure
design N/A C,Sp
validation
Consistent
FAS data | S da@ | i EAs N/A
block )
design
Displacem Visual L
MAPt or DA . Subjective C,Sp
ent verification
Various No alerts
alerts and and
Interference guidance ) None C,Sp
o continuous
indication )
S guidance
.Gul|dar1ce ) Nav Continuous None C,Sp
indications indicator
Flyability None Flyable Subjective C,Sp
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22 EGNOS A4+ 2 B]3IA)E 012 Alo]] AF&-%
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B35k, 2022130 SoLA U] 22 A 2= KASS A7l
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