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o W=l A9 CAT-I+ ILSE= GBASE tiAld Zo=z Hw

Asehz pelvolol I FFWEA 2 Fhtel,

o

)

ol

H,
CAT-T/IIE ILS= fA1E Ao = o4,

_14_



e}

Ul Eo], GBAS CAT-I¥ II/III #&ule 7}t

Z3o] GBAS CAT-I/IIF #&&

gk GBASOIA AMEH &
A7 AW, 2 Fol

UHF =334
= 25kHz D8PSK
= FEHUSEHHE (P(Y)Code)

Folk g AT US @
Fgoz W F U2 A

A % FAEA e o

Me BUstnz, wxe V)

Fe. 2gla ol A AbSE = AR
BAS CAT-TV/IT A= Qs o)A

VHF S41
25kHz D8PSK
QiZHAE BAHAE (A-Code)

<1¥ 13.1> GBAS 91+ A& &8 7}5
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3. 4Al4 224

o

GBAS CAT-I/II (GAST-D : GBAS Approach Service Type -D) #H] 9]
A& 200-2509HE FEOo R GBAS CAT-1 Au]e] A x]n] & A
A AEFEA FS AR AAH.

GBAS CAT-I/II (GAST-D) Al&=¥lS AXE A9 W53
(backward compatibility)e] ZFx o=z 1#dE AolmzZ GBAS CAT-I
A"l x3tste] &8 7

3k GBAS FH] 28+ ¢ 1602 A", (KAC #7 14
170 &3, AlF A4 mad. F3d 171 GBAS A4
ol we} GBAS CAT-IVIII Fv 2% CAT-1 Av] 27}

AR FA4Y A5 FF oF 2,500-3000 o
288 A Age 2 71g9A sde

M e Ao WS A9, CAT-N Avl= AAEY AF <
(SDA : System Design Approval)e] $5 %3, 7 7} E2 vl gt
AEE JFo] g5 AFeEZRY Hfsta v ILS GH|7F =93y of
WA Yrbe AldoR A Fe &5 5-7d o] FHEH oF 10 Ax
Jojt Ao 7 Ferg,

GBAS 7]%& RNP dAxtel AAZ 3442, 71 &3z A|Y H g
5 st fdd S AYdowa I FHe A~ Axw
7] AsaE dieo] ZgEE MG HQ VEd
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o FENEFO xYor FH o= u= Honeywell A W= FAA°|A
S w2 SLS-40005 =43t &+ 2 Q1S ek A7)
w2013 @A AxaA|FEd 5ol uEo FH] HAETH

W AR Azgl 9%71% A 718 Aol A GBAS £-87] %
A4 A NFAS o] F FAF AW B)2 B

o o/)=

o

o TAHEFFATAAAE FIF GBAS ¢1FS 93 SDA (System Design
Approval) @ FA (Facility Approval) ¢l 7]< 2 7]<% /i uv]3A] & 9
H7Pdak N GAAEE 7 Ae) Az 2 AE, A A J7F 2 oAl Eska,

B4 daelEe AAE Pulo FE AT £A T,

2. %9 T B AT T
7F A AA e W3}

o VOR, DME, ILS®} #o] XA ds 7[Hte = &
(RNAV : Area Navigation)& 2 Aol o] FEAo] BFHela
H g &2 07 Algsle TGS Ad. [2-2]

o ol B FANEFI]FICAO)MNA = Eodus dF F2 %3 GNSS
(Global Navigation Satellite System) 7]¥F e A|~slo] 7]<& whiof whuly]
RNAVe}l RNPE o2+ AAldl HZ =9 (Navigation Roadmap)$
A Ak [2-3]

o ICAO°A AAZ WHAHE 2HF ZFZA2~9 ‘En Route’, ‘Terminal,
‘Approach’ ©@AIE 2 &3st= A5 7] R¥HeH (Performance-Based Navigation,
PBN)3} ‘Precision Approach’ ©Alol st J&o] E 4.

AV
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Navigation

PBN Operations

Precision CAT-I/II/III Landing

ILS/MLS  GBAS CAT-1 GBAS CAT-I
Ap P roaCh CAT-I/Il/IlI SBAS LPV 200 V/!17!/8

<19 2.1.1> ICAO Navigation Roadmap [2-3]

o ICAQ A AAE dHze=dwe| maH GBAS CAT-VIVIIE ‘Precision
Approach & Landing’ ©7Alol 4] GLS(GNSS Landing System)& T % 3}7]

R REEX)

o ICAOIA rejel lgol mat m=g B Ede F, &
AA A o2 74are) PBNTHAY S +d8ha PBNS A4

AE 2dsta A

S = P
o gz} vygd

RNP-4 >
En route RNAV-2 or RNP-2
RNAV-2/5/10 >
RNAV-1/2 SID/STA>
; Mandate RNAV-1
Terminal Or Basic RNP-1
Basic RNP-1 SID/STA>
RNP APCH > ’ GBAS
Approach
RNP AR APCH > RNPAR APCH
|

<19 2.1.2> =< PBN ++% =t [2-2]
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¥ 2.1.4> ICAO PBN Navigatioin Specifications [2-2]

ICAO PBN Nav. FH AN A% Y AH
RNAV-10 (RPN-10) GNSS, INS/IRS N/A
RNAV-5 GNSS, DME/DME, VOR/DME ,INS/IRS VOR, DME
RNAV-1/2 GNSS, DME/DME, INS/IRS DME
RNP-4 GNSS N/A
Basic RNP-1 GNSS DME
RNP Approach GNSS VOR, DME, NDB
RNP AR ARCH GNSS N/A

PBN 4% %7] @A RNAVS RNPE E&3HA #H=7]E AXa,
o]% ZF7|HEE GNSS ¥ Aldo F= o|F3sle] RNPHF IdHS
33 A =™, PBNe| ‘Approach’ ©AIAF-E = GNSSo|TF o]&35 =
RNP AR ARCH$ GBAS CAT-VIVIIE %3 Id37E fLse AS
2y 3}

FAAT &% GBASeo| st A7 % 7S X &3k ILS7F gle 52
ME CAT-VIVI & WEAZ & J& GLSY 85 HExz sx
NS, [2-4]

. A A 28 (GNSS) 9] 87 W3}

A o] GNSS Al2Ele wj=ro] GPSeF 2 A]ole] GLONASS o]l #H
Galileo, <=9 Beidous M= AFEHAL"O] F7tEo] g
Aeronautical Radio Navigation Services (ARSN) F34todo] A3 E5S
AFEAZE AMEE QLS B o R TuiE.

OE Fue A5 298 493 AdedE: Y T AAT
A Ho) oz el delE TEoz oy AF e welHel T ou
7 ]

oleld GNSS A=8le] Watel o]d e ol gale] TEAT B JEFNSE
71k 23 GBAS CAT-IVII ©f thsh A= s 18 =2 dAwsl

- Galileo

Galileot= In-Orbit Validation (IOV), Initial Operational Capability
(I0C), Full Operational Capability (FOC), & 39Alol ZAx 949
Wl 21 7F A, [2-5]
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Galileo 91452 20119 10¥€ S AlFte 2 20129374 & 4719 $14 9]
A=ol wjxE o] IOVHEAZE da=Aa, sixe 4709 S w3t
g AE9l AatA el Aul A7t A = [2-5]

2013356 FOCHAIE egstr] 9k 9148 mix7F 2as i 9o,
18719 Yoz FA %= FOCHAZE ¢asd 20149 & 52 20159
Z=5¥ OS(Open Service), PSR(Public Regulated Service),
SAR(Search and Rescue Service), CS(Commercial Service)E A%
Ao g oA [2-5]

Galileo= 1176.45MHz¢] Eba, 1207.14MHz¢] E5b, 1278.75MHz¢] E6
Z1e]ar 1575.42MHz9] El A5 A& 4. [2-6]

- GPS #u st

- GPS+E 20093714 dAtist 2d S Fal 8709] Block IR-M 914 S 8% g o
24 Wzkgol 7]F 1575.42MHz9 L1AEE M| &3] 1227.60MHzel 1L2C
Ao e Fr7FH oz AlFsta Jd. [2-7]

2010 58 20139 7FA = 12709 Block IIF $14& Hlx&te] w7k
L5255 Agsta dom, 2014958 2024 7-4] GPS I Z=131-&
53] Block III Y145 wixste] v WA ¥I7te A% LICE AT
4. [2-7]

=

=

- GPSe] duistE 3l S5y AT ofyel W@ (Jamming)olt 7]
(Spoofing)ell thgh ®HotAd w3l FjE Aoz 7|g. [2-7]

- GLONASS &u s}

- Z Aol 2011d@7bA] GLONASS Z=zaaS %3 GLONASS-M
S wix1sta2 FDMA7Z]HFe] LISF, L2SF, L1OF, L20F A 35S
A Fso7H GPSTFFe MulAE Alwdh [2-8]

20119 5B &= GLONASS-K1 #1449 #jxste] 7]Eeo| AF=dE

FDMA (Frequency Division Multiple Access)2&E H| 338}
CDMA (Code Division Multiple Access)7|Wte] ANEE FrHo=z
A&st7] fgk HAEE 3. [2-8]

2012 55 20201 7-A] GLONASS-K2 Z=719& 53 CDMAS
7IWke &2 k= 1600.995MHz9] L10C$H L1SC, 1202.025MHz¢] 1.30C,
1248.06MHz®] L2SC A 55 F7H4 oz Aled Agql. [2-8.2-9]

- Compass / BeiDou

BeiDou= ‘TRegional Active Service’, ‘Regional Passive Service’,
'Global Passive Service’'E 2z} ©@Ale] Aoz 3sfo] F 3979
A el zxH. [2-10]
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BeiDou 197 71EA18 2 19943 F-E 20003 7FA] s o] kg sl
on, A 244 A=A gaEo] 20129 129 27dHEH P9 55°
oA E9 55° AL 55°0) A 180°7FA] F=S EFE Fw Ao
& &2 %4 o2 Full Operation ServiceE &%k [2-11]

A7 Beidoui= 27 W Al fo] ekmg o =M GEO 570, IGSO°
571, MEOel 470, = 14/ flde= & <soln, vigem
1561.098MHz¢] Bl(DAl& 9k 1207.14MHze] B2() A13&, &=
B1(Q) Al& 9} B2(Q)2l% 1#al 126852MHze] B3A s & AlF F9.

[2-10]

BeiDou 3941+ MEOe®l 2470, GEOe®l 371, MEOe°l 471, % 307§ ¢]

94 e8e A glon], 0149S Ao R 2020W747 A ukel
RE B A8 9. [2-11]

- BeiDou 3@AdA = wWIHES = 157542MHze] B1-CD, BI1_CP,
1191.795MHz®] B2aD, B2aP, B2bD, B2bP 4157} A3 =i, 8§ o=
1575.42MHz2] B1, 1268.53MHz°] B3, B3-AD, B3_AP A&7} A|&=
44, [2-10]

o m=

o GBAS 712 NextGen 7% Aol xstd 7|&=2, Huld 39 374 olA
[e)

o
FAYL FUNA 29 5P ANT 5 Ak FLNEE A9,

o 2007d 12¢ 6¥ dqE FwE/ AR A9 FqF7] AATA SEAS 93
Task Force Team E.iIA A% GBAS7F o] 415 248 + d= &
o2 AAHE

o FAA<®} HoneywellAl} F#o = 1990dtiHE LAAS (Local Aera
Augmentation System)® HH3sle] CAT-I5 A|2"HS oF 20047F WA o=
SCAT-I, Beta-LAAS, Non-Fed LAAS, SLS-4000% B3t 7|45

[e]
Aes FHL Ao

o m= 3AF B tiste] Ao g e AT Aol o5t A3
feF Im, BAA AE 1~2%, 283 Al~=dle] 7hgA e w5t
Ny

off 1o

o_>|: k1
o |r

O
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FY09 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24

CATl Nan-Fed OPS Approval MEWEWR
CAT lll Standards
MOPS MOES

RD/CONOPS /\ conopsro

SPEC A Draft SpecA Updated Spec
CAT lll Prototype
Ground m GND prototype
CAT I!I prototype @ Avionies Prototype
avionics
CAT Il Acquisiti O o

cquisition
Milestones A A A
D n

Development/
implementation
Dual Frequency R&D m Dual Frequency R&D

<19 213> "3 FAAY GBAS A771d Z=9[2-12]

CAT-I/IIe] et AFE gallx] HE9 FAA Technical centerE 33819
EAAQ ATt Gl ow, dAje] CAT-I/IL A2 =442 GBAS

W dA sk Ao AAFES 27 2360 HE AT S8k Ve
TAE Fol= Ad 2H& wFa UE[2-13]

William J. Hughes Technical Center (WJHTC)&= CAT-IIIe] &+ =3
Ao L84S AT A8t AT 2 FF AT 7] AAEFS st
o] o
=l

FAAE 2013974 GBAS CAT-I/II AAFS Mdata Ag H7bed
Ao, dr)dew GPS A& ddFIHE LDE &3t
o

CAT-I/I A1 29& /e A8 2a gtk 471408 o735 (L,
157 7hgs Agel gadels s Wgem g Adom

A [1-1]

FAAE GBAS /\]Z:‘%ﬂo 24 BAY AAE RS 98] Honeywell AF
ofe] FHS Tl ATE FHS Aol Jom AA CAT-1Ie F24 8+
A7 7] 943}04 A& AFE

z7

-

rELJ

KeN
=

FAA+= #< GAST-D avionicsE& 7WWstar Al&@3st7] $13Fe] Honeywell AL}
AlekstRom 249 s Hld Al (joint flight testing) ¥ & HAF Al AEFS
Fasta l&.[2-16]
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VPL

<19 214> 379 3, 9 BIEFT [2-15]

o Stanford WA= FZA4 A4S 98 ‘Stanford diagram’s Al A
‘Stanford diagram’ A R FAA 7|vke] 7184 v A RS THAIA
o2 HoFoay AIA H FAAol BHAHIL A=A AFE 4
delFozA AAAQ A~y 78] EAd dE] 2ol 5. [2-15]

o

FAA+E 2009 2o Honeywell SLS-4000 (Block 0)¢] CAT-I SDAE <=
stgom 2012 9€el RFI Wiv]E 783 Honeywell SLS-4000 (Block 1)<]
CAT-I SDAES <53k 20129 %ol PRN23 $14& ¥g3sle] 71840
Howla dgl= o)Ay ##Este] CONUS (Contiguous United States)
g rdo]l Z3td  SLS-4000 (Block I¢] CAT-I SDAE FAA°] 214
3+ .[2-30]

Honeywell& GAST-DE 33t CAT-II SDAZF 2017d¢] 945" <
ANEZE A3t o™ Airbus AFe #5202 GAST-D &A44H] 7fds

A&ystal Al [2-30]

UA (United Airlines)= GBASE HH|E F&3l 375 6560 o] R
st . UAE 201339 GBAS #zHeag7|59 CAT-II 55 A& F5S
A3 FoE FAAS At 95.[2-30]

2013 dAl BOEINGS] CAT-I GLS ## ds2 of#f ¢} 25 [2-30]

- 7T3ING= <]

ol\

2.
= 787% 747-82 Q1FHA oW CAT-I /= 7] 7)ol i3 H.
i:3

- 777e 20179 AF Y 5L HRE du g
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System
Unavailable

System .ALtPEtpL

Unavailable
PE < AL < PL

Alert Limit (AL)

MNominal P
Operations e
PE < PL < AL P

Protection Level (PL)

-

»
,“ Misleading
P Operations

P PL < PE < AL

Position Error (PE)

<71¥ 2.1.5> Stanford diagram [2-15]

2. 3

o EUROCONTROL-S SESAR (Single European Sky ATM Research) ©]3}
CNS (Communication, Navigation Surveillance)®8 oA ¢4 35 2] 2~ €l o

et A7F ol Fol F.[2-17]

o dAl A7I1FFAIAL (ILS) 7]Hbell 4] GBAS 7]Hbe] CAT-I/IIE <13l
G5 AN v AAAIHA LY 2 os FaaE AFSSk e WA
A7 sl W F<1.[2-17,18]

o CAT-I/IIIE <13 2015-202074+= ALHS ILS / MLS (Microwave
Landing System)®t #-2 GLS (Ground Land System) 7]HFO. 2 F%|3}5,
GBASE WY Alaglome] oghs Faeb, 2020 o] F-ol= GBAS 7]yhe]
CAT-I/II AY HTS F2 3 A2dS 758 439 [2-19]

1

o fFHe AHYAME= VIE F

=
application) °]gt&= A =& FAA

o,

Azl Bale] SolL (Safety-of-Life

W& AAE[2-18]

oL mﬂ

o EUROCONTROL= GAST-Dell w3k theksh 7id s #ddy

B8 HTE AxE o o9 e AYE Este] vsdA8dL/vT
T34 CAT-III Ax"loz 7]<se dAA 7 7S AF39S.[2-30]

o EUROCONTROLS GBAS CAT-I/IIY &7/hyde *¢HS 2013y 54
9’]'8 O]—}V\D [2 30]

o S ZEHee && AW FdE skl GBAS CAT-IVII 7<=
s GPSHE #F83 GAST-D Hu gsAd+S F8&3:=
GAST-FE A3sla 9. weta, GAST-D 7|¢S B4 Fudt 5

2AZ Jhute GAST-FE iAoz stge 249,
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)

EU= 7]<&9 ILSY &8+Hd WS GBAS #d FAo
AAetA xek AdHd. Y 27tE A" EUY 54

kAl =7b approval HAE AE|sta

of| A5, o]ol= EGNOS approval Zx}71 %

=

r
o o p%

ot
Y
o
fr
ot
ofo
i}
2
o
jules
b3
g

2013 A Airbus ¢ CAT-I GLS @& dAsh2 ofgjet & [2-30]
- A320¥ A380= 5.
- A3302 20134 ®el Q5 55 Hx= o a.

13
.

- A3502 7134 Q) dFRkS

_] {
4

Thales®= 719 A400 MMRS 7]¥ke 2 MMR 7HE-g 2011 3958 2014
A7k A dska 914 [2-30]

Thales™ t /8¢ GBAS CAT-I/II I(GAST-D) prototypes 7N =
of ¢9lom™ Z}7} Braunschweig, Toulouse “12]il Palermo &3] X3}
Ag. I I A-elE GBAS MMRS #7178 czs g+
2715 Algskar s, 201490 Al@n] o] o G = o] 2l-5.[2-30]

THALES”} Toulouse$} Frankfurt &3t Axsle] 98t Y+e=
CAT-I/III A AA ¥ prototypes GAST-D o] #A|AEE= SIS 7] %5l

PHFEF A5E FATS HAF[2-30]

Indra Naviaz= ICAO29] GAST-Do| wWdl A A4S 2437 93t
Normarc 8100 GAST-D A|’dA1 €S 7 Fod 5. t% VDB $417]
283 #AAstY 7|E40 BAS st S.[2-30]

201¢ 20 012 2013 2014
SESAR CAT I/l Activities ] 1 1 1 1 1

1536 System Definition
PT1 Dev. & Verification
Site1 Impl. & Validation

PT2 Dev. & Verification
Site2 Impl. & Validation

System Validation

Approch Criteria.
Safety & Security Ass

Flight Testing
Mainline Ac Devel 4

(3 2

Business Ac Devel A
Certification Issues

685 Ops Req. Allocation
ConOps
Ops. Concept Validation

Cost Benefit
FTR: Flight Test Readyness

<719 2.1.6> EUROCONTROL®] GBAS CAT-II/II A7F/1E A&
(EUROCONTORL, 113} IGWG ¥ A&, 2011)

_33_



X

o Ztaro] FakggAlel sdstE 52U DFS (Deutsche Flugsicherung GmbH)&
2008 dF-¥] TUIfly, Air Berlin®] + &A= A7l vldd 388 HA
s E7tA] GBAS AW & w3 Qa1 om, mdAadE ol
ofsf) F AFAIAFOR = G YA TS WwE [2-19]

o DFS¥ GBAS CAT-IV/IIY 33 L3zx73 el @ HFE As 93
=714 o 2 (HETEREX), %3 =#|%¢ Z2 A E(SESAR 15.3.6, SESAR
15375 &3] AF 13 T .[2-19]

o LFAZFE FFE GBAS GAST-D A= AAFol Ax 2 Ao F
shvfolr, Fax AAASTE Aol B AEjol™ 2013 59ol A/ phase 1
A& & Aolw, CAT-I AlAl%E CAT-NMx e Fapor £ =2

o 2013 @Al DFS+= GBAS A|AI2¥lS GAST-DE T8 + Jd=H
8733 VDB 5299S A5 A49S S95hn 912.02-30)

RS B

o 2972l Aenax= TA W+ dgF 7]+ (ICAO)S] Navigation System
Panel (NSP)¢} #He SESAR =Z2Za#do] F% ZoJdle] GBAS
CAT-I/IIe %3t 2 S & 5 94.[2-20]

A} =

om, /EE Al~¥E Toulouse,

A =5
Palermo, Braunschweig 3-3Foll A X s}lal Airbuset g =38t A5 A=3t

(K

o xgro] dFL3Hol DSNA(Direction des Services de la navigation
aérienne)= GBAS CAT-IIE $13te] F+ 719 SEASR Z =170 Fofa}
o] GBAS #A&of 3 A= 33t .[2-1621]

o DSNAE @Al &FZ(Toulouse) & Al&sl7] 913 GAST-D Thales
A A F Aol 243k [2-16]

N
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o, A

o JCAB (Japn Civil Aviation Bureau)< 2009W%=o] w#jstg s (ATM
and CNS systems)? 75 93 CARATS (Collaborative Actions for
Renovation of Air Traffic Systems) Z7| A5 H} 24& FA5 o,
GBAS®] &8 9 7l=3 WA A8 7hsAd ATl #ofdh

RS GAST-D (GPS L1 A& & o]&3 CAT-III GBAS)2 7] SARPs
wol Felskm glor], B Awel Qo] by 2 /1Ed BAE Hdat)
stol GAST-DS| A4 AAE AL, 33718 Fa4 2 Axd
A A 9E A9E AGF 98 2D 4F, F A A FAY zRAs
93, [2-22]

o YL GAST-D A= AlAFES /Mdeta ot d A A AFA =8
ko]

o ENRI (Electronic Navigation Research Institute)= 2011\d o]Z|Z <

1

=]

AZ S A&l om,) o]i= GNSSE &85t A4 Hoy 4 H W
7H ) Zo] [2 16]

o ENRICIA 20114 49 o]l & GAST-D 24 9138 A5 x2&3 AlA
Fo| A ZeAEE A8 Folu, o Zzdedy F f& o F shibel
9% 9% 29 ¥FF GAST DI /EALE 9% &8 A5 5

% 9.[2-23]

o ENRI= 201161?151 43 717k ZA A ICAO GAST-D SARPsell HE,
71of, a2lal gl i A5 HATHor Adsta 9w

o ENRI:= ofA)ols= &8 A3 oz AAY 9 GBAS ©AA(CAT-D=
ks BAsha glow FHt GBAS =S By e NECY 35937
_]

WS Feste] GBAS A AES &3tk A3

o ENRI&= GBAS °o|d& Hujst & 1159 da MEs 9k A28 224
EEZ ANZE7E AR o o= 20139 4€9HE AF g o] ZRAE
A dE7]9 GBAS A EHOIHE AMEste] AdE Fastn 5o HQ3
k3 Al2~®l Q ZH(NSE : Navigation System Error)9} #3874 < XHFTE

: Flight Technical Error) 225 7I#3st= dlo 1 &4 o] 3)&.[2-16]

o 2013 &A JCAB9 AYo = ENRIE GAST-D ¢ ##Hst] d7)H,
7FH glide path, RFI, %5719} plasma bubbleo] ZE]F A dol v X]+=
g 55 ARSI A =.[2-30]
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o NEC+ IFM (Ionosphere Field Monitor)S Kansai &3] X3}
GAST-D9} #ddH 712 A4 S oy 201449 F<7A 27019 CAT-1
AAET 3 NS CAT-II A AES A=A oA .[2-30]

=
T

foi

4},

o GBASE 359 AW 3 Ax"loz AFxa glon Airservices
Australiax= 73 #E AL o GBAS AH|AE Aol 8317 $35)¢]
SAAlE TR S AHEste] HFTAHOZ GBASE 5 AU 914 74t
?S]—HJ/\]/\FJ]/] E?;sdl— A5 ?-/\5]% [2 24]

o &5 Qantasi= 2006F-El SR o] §lol 40008 ool GLS &8
S= Tds3A OU% F5ol= CAT-T A =dS &-83 CAT-II &8 s}
wale] &S EHE. [2-30]

Pnase1

(SLS-30001ria) _ SmanPathTM SLS—4000 FAA SDA

Phase 2

3 : CASA a roval

(GBAS CAT-l approval) I _ 3 P i
Phase 3 ; § _ Enhancement beyond
(Complex GBAS 5 | 3 j L S-overlays
Concept development) !
Phased — ICAO SARPs
(Contributionto CAT-lll | pubhshed
SARPs) 1 : ;
iz L _
(Network Expansion) 3 | | : | '

2009 2010 2011 2012 2013 2014 2015+

<19 217> 359 GBAS =21 AY
(Airservices Australia, 112} IGWG T3EALE, 2011)

o 201293 1299 Asia/Pacific Performance Based Navigation Task Force
meeting®] Y302 GLS AV|UE JHSIoH WZedA], &5, A=,
D o] Alo} 5 ofel wrlEe] o3t [2-16]

o
b

<ol 59 T2 AirServices Australia + CAT-II/IM] 7|4¥ks W& 3
o

/A5 7S 1Hskal la.[2-30]
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o GBAS =Z=2ZAEE= oln AFEFYow AA CAAC(Civil Aviation.
Administration of China) 215 @49 ALS.[2-16]

o GBAS AlAFel WafA CAACSE of¢} #radse 7[#he] A& wow ofv]
B2 A7 A8 A 9le.[2-16]

o BeiDou 93 HA|2dlo] (Ao =z AMH|~ AFo] ¥H&e= 7le-d, T59
ATMB (Air Traffic Management Bureau)= GBAS AlA|#& t5 YA
HA] 28 (Multi-Constellation) ¥ Th% F35 dlo]HE F33le] o]o] digh

GBAS=Z A +staxl & [2-16]

7}. Airbus

o A320% A380 ZF7h 20099 2008l GLS CAT-I #Abs &5 s

ko A330 Tk 2014\ 18719 Q5S 3 oAHY.[2-16]
o Airbust ©]7] SESAR T2 A EZ 5404 3kal 91 2™ airborne project 9.129]
S ol GBAS GAST-D2] R&D &3] 163 of 9l&.[2-16]

o Rockwell-CollinsA}e} A Zgb~9] %S dhol GAST-D MMR Al Al #5
Marets ZzAE Fo] 29 [2-16]

o EFZ(Toulouse)® 3o AXE Thales GAST-D A A= A AZ3 3H7
Al

AUHY AdEds Agsidion, 2¥AZFE g AAE g wiA <
GBAS Ag=olM 4= & °d H2EE & A¥.[2-16]

E}. Boeing

o Boeing 737NG, 747-8, 787 @& 7]°] GLSE A3zt on GLSES o] &3
H 3 HAEZ 2012 335 e.[2-16]

o BoeingAt+= ecoDemonstrator ZZAES] Aoz 2013d] GAST-D
AW HZEE AE F9.[2-16]

3}, International GBAS Working Group [2-30]

o 14z} IGWG (International GBAS Working Group): 2013 6¥o| wm]=F
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o GAST-D&} #tdAdo] =& 37 MAY AxE Aestd v 25
- Working Session 1: Data collection/sharing/evaluation

- GAST-D9] AsadS ¢35t SDM (Signal Deformation Monitor) <l A1
7§ FZE9 WS IE= ALo]l9 cross talks F7F mE ol & FQ
o] Ohio Universityol A A 7] 4.

o

- Egis AviaZ%FH GAST-D A

5
s n 8 PFENF 2 Bayol

EUROCONTROL> GBAS #ATE AXEJoQl PEGASUS =
GAST-D MOPS¢] W3= prototyping @A E F&3= Ao
SR Ro 7 A}

FAA+ Honeywell#} GBAS GAST-C INR (Integrated Navigation
Receiver)S 43te] GAST-D X9y dug5S Fd = A7
Aoks Az JidE 2719 INRo| theloJFAA Technical Center:=
AeAdE TS FAA T2 75S Hrrerl fske] vl d
AN T35t <.

- Working Session 3: Ionospheric Aspects

FAAE #AgE A3 ##ste] LTIAM  (onosphere Anomaly
Monitor Toolset)®] 7I& A& st Q. HId+= UEYA
7150l BAE A=

- IT (linois Institute of Technology):= Null Space monitorE Z-&3}]
el g43 fAstE A M2 YHES AlQksh

AL FoA] delF AdS ZYE &

Wl glow s 9k g § LTIAMI Hlw

T dE 2ZEYOE 7
it Ao AT A4

ENRIE= @ F35 $4 SAHAE 83t deF Ade dugs
AEels 7es P Mdsta g Ag Al 9t mA S
AAo] JAsH <ElL} Afole] 7Ao] e Hoon 43 A
Aes By

- DLR (German Aerospace Center)< #9838 Hil&x 98 ZdS 7w
stdom HAuE: AA Adigk FHES A Tiew HEHAE
Braunschweig & &l Ax|sle] Alg3slal
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- Indra Navia A= &atsk A
A<
=

A2t (scintillation)ol] 2] 3fe] HHAY
st Fe 5%, Aol A

, 283 AEFA 5ol GBAS EYE
o

- JAXA (Japan Aerospace Exploration Agency):= w243 A= A9
H3lE 40FSlE= plasma bubble @Afol thsle] HIdAH I} H o] H
A4S &oto] s ATE TS A

Honeywell2 2011'd 2¥€°] Rio de Janeiroo] GBAS XA 2~H¥S
ARste] CAT-1 ZYUH 743 GAST-D #d deEF EYH9
A Ao ZEsta s, ®3I AYF scintillation S-S 91
FAZE T dA A2

- Working Session 4: GBAS Future Operations: Operational and
implementation aspects

- Airbusi= A350 flight simulator & &-83}o] GBAS CAT-IVII &84
Brte Axk, 2F343, 2FAb diEd Rk 59 #HlA Ertbstar

o] o
Y =1

- EUROCONTROL-> GBAS CAT-I/II®] &-8&AH] =8k 2H7o] ot
AoA ZehE 2013 5 RS &.
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3. 7€

FN
)
AN

<3 215> GBAS AA =" V& FF 2 o=

He < @ 4 sw R AR A7 5, 0: Y SW F AW A7 9

=,

A RS 918 SW o>

CAT-1II/
7= 111
o CAT-I st
= T ARF MF-71<= i ) :
- & 4l F7 4
" SW AR
SW
SIS 21%
T4l 4 O
3 =
30z AlZHET o] &3t Pes) o
e FE
Al 1002 AZHES o] &8
Zé (Smoothing) ﬁé %],:5:]_ o
3
2
O
A AR
e I
o
ES
O
BA
iR
Ephemeris-Ephemeris Test o
Almanac-Ephemeris Test o
o= SIS ## Measurement Based Test o
A T A A
= e YE-TE Test Y
< 7=
_ A5 A7) B Z2E(C/NO) o
As 1%
A% 7% Correlation Peak Symmetry 5
HAE
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Excessive Interference
HAE
471 €] Correlatorg ©] &3k
SQM
(% 7]+ 3719 Correlator)
Al A =3} Carrier Acceleration Step
A= 7<= HAE
E T W B
(Code-carrier Divergence
N s Monitor)
G A= Spatial Gradient Change
i o] A} & Ak Monitor
w2 o
AR 7% o Filter
7% Adaptive Filtering of
(Propagation) Divergence
Divergence CUSUM
(Cumulative Sum)
MRCC R4YH
R A}t Carrier-Smoothed Code
2= 7] Innovation
Als =4 }
: o Ax HX2E
]
- 7% ]
TE P Az FA4 AR HAE
FAa4 (Lock Time Check)
7=
VDB 1%
(Measurement ’ : VDB ®U o
& A 7s
Broadcast) X) Af
U F 4 292k , ,
—_— Sigma-mean Monitor ()
=X H v
w2 7=
A8 U E Qualty
=1 P ; Monitors) €4 <=9 ¥l
TAS Executive N wo ﬂ/‘?;é?ﬁ 5
48 T4 Monitoring 7%
A 7% (EXM) (Flag A 71¥ oA+ x3})
MRCC EYH e} A 7]< O
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Sigma-Mean =Y E 9} <7
7=

GBAS A4 Al
Self-Recovery 7]%

GBAS A% Al 2=H]
Maintenance 7]

MFRT (Message Field Range
Test, = AAA R 13 7FA])
7=

GBAS A7 Al2~dll ] 2]
Redundancy Z7}

2 =7 (Boolean Logic)9]
<1>‘} 1 Al

AL B FA4 A
1| Al (Exclusion) ¥4 2]
283}

(

HO Protection Level &8 &
g

ad

[}
of

(

RS

= ox

>

‘-{n

e

J

H1 Protection Level &8s
A B
= HE Protection Level
FE Shirel %
o s
B ZxA4 A Protection
Level
gl E
g7 AT Fe
G s AR A
nEA WE dFF A
pot
ZA% oA S
= 7 e s 5 ot

>
o
A
il
=
to
R

ol &3} (Dual
Smoothing) 2.2k
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o e B 53] & FAE b, a5 RPN 95t KIPRIS

o F8

AMALe Qe Al ~8 (GNSS : Global Navigation Satellite

System)’, ‘A9 7]WF YA FHA == (GBAS :Ground Based Augmentation
System), ‘LAAS (Local Area Augmentation System), ‘A4
(Accuracy) 727 (Integrity), ‘TAFHAI=®E 9o 3.

o AAZIE S2AA7)FO R 1997 d-2013d =9 £33 AL 2082700 %
5 g ego E87 92% (1,91271) A H R AA ~ELS 8% (170
el 1%

o AIAMB G~ Fe A Ad EF 7 48% (817), FAA 26%
(4371), +87n 18% (317), 71E} ¥ & 8% (151)E XW%L Eo] gt
AR 2010 o] $ 2 B "] FAA B 537 ST FA9LL

A £35]:2,0824

%%%ﬁﬂﬁﬂéﬂ

8% (17074)
N Y
TRd Ul PR (S, 28
“GIS / A= L 27y (M3 2%/ B 22
< TIEE (©17] 78t 28) =t

£201041 0|2 Sl BUH YA A 22y B 55| 57t 54
(199749~20104 : 147, 20104 ~201344 307H)

48% (817)
| Bsi1gh]
26% (437) . i‘f%
18% (317) JH}E e

Hary 22y 28 3 7NEr g

ojo

k=3
[=]

<ad¥ 221> W 53 3F
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3. 531 53 Wt

0 1997-2013\d &<tel =iel 53 T GBASO| 4ol H= 59

].

Ol

=
T

ft
g

Fs wl, 10770] HAH.

o o]F 79% (8571)7} slelddlA &¢H 5= 21% (2271)0] =ujet vl st
o thHRES 2x]. 29 Z-$ Honeywell, Thales, NEC, Airbus, Boeing,
Raythoen & GBAS @& AG7F &3] ds = JAE THe=E 9%,

o Xyt Felol A ZUH GBAS AFE ) A5, Fulol ofx FE Al
7h glo] MFolehE GBAS #dl SYE87]%4S BRaL ol W§ =
Z9 wgo] Wed Aow n. o S e

HA ] el A o] 53]

» Honeywell : 1071

« Thales : 84
+NEC:6H

« Airbus : 4H

+ Boeing : 27

« Raythoen : 37

- 57 2 7|t : 527

=9

79% (854)

<% 223> GBAS 34 53 U9 Hlw

7F. @ 9] GBAS 34l 53

20130328

Airbus Operations
S.A.S. Ecole
Nationale de

L’ Aviation Civile

(EN.AC)

METHOD AND SYSTEM FOR DETERMINING THE
POSITION OF AN AIRCRAFT DURING ITS APPROACH TO
A LANDING RUNWAY

20110922

ONO TAKESHI
Suzuki Kazushi
Kaneso Takayuki
Nakata Takayuki

ABNORMAL VALUE DETECTION APPARATUS FOR
SATELLITE POSITIONING SYSTEM, ABNORMAL VALUE
DETECTION METHOD, AND ABNORMAL VALUE
DETECTION PROGRAM

Aoki Kenji
AIRCRAFT POSITION MEASURING SYSTEM, TIME
20120628 NEC CORP SYNCHRONIZATION METHOD, AND TIME
SYNCHRONIZATION PROGRAM FOR USE IN THE SYSTEM
20120531 NEC CORP THRESHOLD DETERMINATION DEVICE, THRESHOLD

DETERMINATION METHOD, AND PROGRAM

20110525

Beihang University

Method for monitoring completeness of ground based
augmentation system (GBAS)
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ELECTRONIC

20120301 NAVIGATION METHOD AND APPARATUS OF DETECTING IONOSPHERE
‘ RESEARCH ABNORMALITY IN SATELLITE NAVIGATION SYSTEM
INSTITUTE
GROUND SUPPLEMENTARY SATELLITE NAVIGATION
20111201 NEC CORP SYSTEM, ABNORMALITY DETECTION METHOD AND
ABNORMALITY DETECTION PROGRAM USED THEREFOR
NEC CORP , NEC | APPARATUS, METHOD AND PROGRAM FOR DETECTION
20111006 AEROSPACE SYST | OF ABNORMAL VALUE IN SATELLITE POSITIONING
LTD SYSTEM
CMC
20110922 ELECTRONICS AIRCRAFT LANDING SYSTEM USING RELATIVE GNSS
INC.
20110921 CMC lﬂillecctr onics Aircraft landing system using relative GNSS
McCusker Patrick System, module, and method for varying the intensity of a
D. visual aid depicted on an aircraft display unit
20110210 THE BOEING Vertical Required Navigation Performance Containment with
COMPANY Radio Altitude
Azaola Saenz Method for autonomous determination of protection levels for
20091105 Miguel GNSS positioning based on navigation residuals and an isotropic
g confidence ratio
20120627 Honeywell Systems and methods for determining location information using
International Inc. dual filters
. . . SBAS navigation data update notifying system and method used
20091008 Suzuki Kazushi in GBAS
20110203 Levy Device and method for the real-time monitoring of the integrity
* Jean-Christophe of a satellite navigation system
20101223 ]i%?gzr&teiscSJé%(;(;ttlieei Navigation system using hybridization by phase measurements
20090813 Coﬁﬁauﬁgﬁﬁgﬁs Methods of optimizing the location of an aircraft on the ground
Cordori/nier Alain and in the take-off and landing phases
20091105 Jeerage Mahesh Liu | Systems and methods for determining location information using
Fan dual filters
< Method for autonomous determination of protection levels for
20001104 | GNIY ACOSpAce | GNSS positioning based on navigation residuals and an  isotropic
o confidence ratio
ORBITAL INFORMATION ERROR DETECTOR, NAVIGATION
20090402 NEC CORP SYSTEM AND ORBITAL INFORMATION ERROR
DETECTING METHOD USED THEREFOR
20071128 Honeywell Methods and systems for radar aided aircraft positioning for
International Inc. approaches and landings
Call Curtis J. Hedin . . o
p - Methods and systems for radar aided aircraft positioning for
20101007 Dav1ga%id\/éwant1 approaches and landings
20060928 Fagarhé[g}glgiri; Wen Navigation system using external monitoring
20060622 Raytheon Company | Determining a predicted performance of a navigation system
20070829 RAYTHEON DETERMINING A PREDICTED PERFORMANCE OF A
- COMPANY NAVIGATION SYSTEM
20071205 Honeywell LAAS GROUND FACILITY SIGMA MONITOR
International Inc.
20060727 Thales Architecture of an onboard aircraft piloting aid system
20060720 Raytheon Company | Determining usability of a navigation augmentation system
Architecture for a boarding system for helping the pilotage of
20060712 Thales an aircraft
20070118 TOSHIBA CORP POSITIONING SYSTEM
Method and system for providing GNSS navigation position
20061206 GMV, S.A. solution with guaranteed integrity in non-controlled

environments
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GNSS navigation solution integrity in non-controlled

20060302 environments
20050420 Thales Landing navigation method and corresponding ground station
20050818 T(}:lg H]i)(ﬁr;g Global navigation satellite system landing systems and methods
20051221 Honeywell APPARATUS FOR IMPROVED INTEGRITY OF WIDE AREA
International Inc. DIFFERENTIAL SATELLITE NAVIGATION SYSTEMS
HONEYWELL .
APPARATUS FOR IMPROVED INTEGRITY OF WIDE AREA
20040521 | INTERNATIONAL | DIRpERENTIAL SATELLITE NAVIGATION SYSTEMS
20040708 Roke Manor Autonomous vehicle guidance on or near airports
Research Limited
The Board of
20040624 %ﬁ%ﬁ;&f tg? Navigation system using locally augmented GPS
Oklahoma
METHODS AND APPARATUS FOR CORRECTLY
20040923 ADJUSTING BAROMETRIC PRESSURE SETTINGS ON
BAROMETRIC ALTIMETERS
. Method for the ground-based monitoring of EWF-type anomalies
20041209 Thales in a positioning satellite signal
20040506 Honeywell Apparatus for improved integrity of wide area differential
International Inc. satellite navigation systems
20030306 BLASCHKE, HYBRID INSTRUMENT LANDING SYSTEMS FOR
Guenter AIRCRAFT
20030227 Spectrum Astro Self-monitoring satellite system
GROUND DUMMY SATELLITE DEVICE OF NAVIGATION
- < AID GPS POSITION MEASUREMENT SYSTEM AND DUMMY
20011005 | TOSHIBA CORP | GpS SATELLITE SIGNAL SYNCHRONIZING METHOD OF
GROUND DUMMY SATELLITE DEVICE
20000121 NEC CORP ANTENNA SYSTEM
20061207 Van Boven Machiel | Flight management process for an aircraft
20061123 Ferro Daniel Van Navigation system for an aircraft and associated command
Boven Machiel process
Inteljr?élteigr\gﬁnlnc. LAAS ground facility sigma monitor
20070823 Waid James D. System and method for detecting false navigation signals
Fetzmann Fabien
20100513 Coldety Pierre Device for assisting ground navigation of an aircraft on an
Malaval Thierry airport
Collins Stéphane
20091112 Petillon Jean—Paul Hybrid positioning method and device
Lapp Tiffany R. Method and appe S i 3 alies i i
- pparatus for detecting anomalies in landing
20090312 MurphXH’eI‘émothy systems utilizing a global navigation satellite system
. Method for calculating an approach trajectory of an aircraft to
20090212 Deker Guy an_ airport
20100624 Zhang Yufeng Gao | System and method for applying code corrections for GNSS
Yang Lee Suen positioning
Lopez Nestor
Zarraoa Piedelobo
20100211 ﬁglr}tian(r)n(g GNSS navigation solution integrity in non-controlled
Manuel Tollje do environments
Schortmann Joaquin
Cosmen
HONEYWELL < . -
METHOD OF IMAGE BASED NAVIGATION FOR PRECISION
ONIHT | INTERNATIONAL | GUIDANCE AND LANDING
Ground-based system and method to monitor for excessive
20110908 Brenner Mats A. delay gradients
20111027 Rene Jr Landry Universal acquisition and tracking apparatus for global

Marc—Antoine Fortin

navigation satellite system (GNSS)
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Jean—-Christophe
Guay

MacDonald Andrew
John Reeve David

20110519 Robert  Morrison VEHICLE CONTROL SYSTEM
Campbell Robert
20120315 Jean-Christophe Method and system for verifying the precision performance of a
Levy satellite navigation system
John W. Peake
20121122 Gurcan Aral Agricultural Autopilot Path Adjustment
Gregory D. Chiocco
20101208 THALES ATM Monitoring device for an augmented satellite-based positioning
GmbH system and augmented satellite-based positioning system
Method and system for verifying the precision performance of a
20110921 Thales satellite navigation system
Apparatus for improved integrity of wide area differential
20060208 Honeywell Int Inc. satellite navigation systems
Bell Helicopter Method and system for creating an approach to a position on
Textron Inc. the ground from a location above the ground
. Method and apparatus for mobile device location via a network
Intel Corporation based local area augmentation system
20050127 CMC Blectronics | 1 5w cost, high integrity digital signal processing
Sharma Vivek
Wichgers Joel M.
Carrico Matthew J. | Runway and airport incursion alerting system and method
Rathinam Sethu R.
Koczo, Jr. Stefan
20101209 | Guenther Christoph | N Ay ool AnIRG LT DISTANCE - BETWEEN
NEXTEQ
3 SYSTEM AND METHOD FOR APPLYING AUGMENTATION
20120301 NAVIGATION | CORRECTIONS FOR GNSS POSITIONING
Douglas A. Bell
Slz;%}ﬁarngbg;n%ﬁfX Systems and methods for generating and verifying altitude data
B. Turcios
. MICRODERMIS s .
20120126 CORPORATION TRANSDERMAL COMPOSITIONS
AIRBUS . - _— -
Method And Device For Aiding The Piloting Of An Aircraft
20110728 OPP(:ISQAATSI(;)NS During A Final Approach Phase
METHOD AND SYSTEM OF CALCULATION FOR THE
20120315 THALES EVALUATION OF THE PRECISION PERFORMANCE OF A
SATELLITE NAVIGATION SYSTEM
Bell Heliconter METHOD AND SYSTEM FOR CREATING AN APPROACH
20020424 Textr onL Igc TO A POSITION ON THE GROUND FROM A LOCATION
: ABOVE THE GROUND
20060726 AIRBUS France Flight management process for an aircraft
20060726 AIRBUS France Aircraft navigation system and controlling method thereof
20081112 EUROCOPTER HYBRID POSITIONING METHOD AND DEVICE
System for providing augmentation data relevant to several
20080402 ASTRIUM SAS different global navigation satellite systems
20130123 Honeywell Ground-based system and method to monitor for excessive
International Inc. delay gradients
20110921 Thales Calculation method and system for assessing the precision

performance of a satellite navigation system
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. 2] GBAS A E 3

TEEE =494 A 5

AR A BAAAES 93 B Al Ao X
(Communication Controller Unit for Ground Based
Augmentation System)

20071296 | THEE+TA

Adels 3o o Agd oA 94d33H
9011.06.30 FogreTFA | olds HE=WH(Abnormal Signal Detecting

R thod in GPS Signal of Distance Domain Caused
y Ionospheric Storm)

A u ET AG AT R
X%a]%_ l 71—74] }\]/\Eﬂ U% Hg—l?ij
2009.12.29 o s | (IONOSPHERE STORM DETECTION SYSTEM

o T4 AND METHOD USING REFERENCE STATION
ORIENTED SPACE-TIME DIFFERENTIAL
BASED ON GNSS)

o] -&

M
tlo
%

SEFUE AU 2D £ 1Y AE A
U1 1 H]—tﬂ

al (APPARATUS AND METHOD FOR DETECTING
s RECEPTION OF GLOBAL NAVIGATIOIN
SATELLITE SYSTEM RECEIVER FOR

20110920 | o

VEHICLE)
X AR £ A, 93 AR FA GA, A
I o e kR L G KIPNPNPANT

(POSITIONAL INFORMATION TRANSMITTING
9010.10.01 2] 3] A} DEVICE, POSITIONAL INFORMATION

AU el of o] RECEIVING DEVICE, POSITIONAL
INFORMATION OBTAINING METHOD, AND
POSITIONAL INFORMATION BASED SERVICE

SYSTEM)
1w FA7) AALLA =4 5aes ayd

=

2011.12.14 o) (Standard Deviation Estabhshmg Method for GNSS
= Pseudorange Correction Considering Reference
Receiver Clock Adjustment Effect)

o3 94 A N B BF ER A
14 =aye | (RAW MEASUREMENT CORRECTING

7 | REFERENCE STATION APPARATUS FOR
MULTIPLEX SATELLITE NAVIGATION)

2011.05.17 | 523

0E A4 W on 4% 2 B4 9
— sl = e | (APPARATUS FOR DETECTING AND
2011.06.17 | T4 2 FATE | ANAT YZING MULTIPLEX SATELLITE
NAVIGATION ERROR)

OF 94 W BEE gA A8 B 2
H 7]— /\] /\Eﬂ

sl =a1e | INTEGRATION MONITORING AND
2011.05.17 | 4 A FAIE | R GUMENTATION SYSTEM FOR
MONITORING MULTIPLEX SATELLITE
NAVIGATION STATE)

A3 d ey B Al 2~¥ (GNSS augmentation

I T
2008.09.23 | FHFATR | LT
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Z1E3 FA7) AALLA} A
GNS S oJAbAe BAA 7

N
t:l
)
(0
ox
ol
ok
7

FFT T 1% b ﬂ
2011.12.14 o) (Standard Deviation Establishing Method for GNSS
= Pseudorange Correction Considering Reference
Receiver Clock Adjustment Effect)
AR AT RPN =G s 27] 9
AAAR=AHAZL A= X H HHﬂJ
51 =2 ] oF o (apparatus of computing the pseudorange
2007.05.08 | k= s el el measurement noise of reference station receiver
for GNSS augmentation systems and method
thereof)
42 RAARS] A wBE o] &gk T H
2010.10.15 o) k2] A T A} RrRAR g
(leferentlal GPS using Range Correction Mapping)
AR ALY BAA R TEw X H o]
A8y = 91/‘}74F4 R tgh 7%74 LA}
mtorel ey | AR AHEWEY
2010.07.07 | sh=3f el <l (DGNSS Reference Station and method of
estimating a User Differential Range Error
thereof)
ol A MEYAE AT R 57sA 7= WH ¥
= Iqr o] A & A
2004.05.03 ’},ﬁ Eﬂgr])f (A METHOD AND DEVICE FOR
v E| = CHRONOLOGICALLY SYNCHRONIZINGA
- LOCATION NETWORK)
AAEH 7|9 7lEw A EF A RS o] &g
A= ZF 714 A" 9 v
2009.12.29 L (IONOSPHERE STORM DETECTION SYSTEM
e T AND METHOD USING REFERENCE STATION
ORIENTED SPACE-TIME DIFFERENTIAL
BASED ON GNSS)
A AT FAA Y] dAFdH SAZS A=
FAR P
S ol &kl ¢ .
2008.04.11 | *h=raf e 72l (Apparatus and Method of Gauging the
Measurement Noise of the Raw Data observed by
GNSS Receivers)
DGPS 7|&58& FA7]9 ANEZFHE 93 FX
20001022 | @asjpaga | A% =9 H
o kel AT (method of controlling Loop Bandwidth for optimal
signal tracking of DGPS Reference Receivers)
= % = oz} A7
2006.01.25 | T4 = AF Hlv] (Code Tracking Loop and Method for Multipath
ErrorMitigation)
5125} 3 9.2 o s FEXE o] &3 gAAE FAA HAE AT HH
2009.12.28 | = "_—’LOQTT “ | (Method To Generate Pseudorange Integrity

Information Using Cauchy Distribution)
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34.

U A L AFEG P R

1. ]=HFAA) B2 53

7F.

o

iy

R

pa)
o
i)
off

FAAE Ao =2 3 7)</

=& NextGen Z2719 &5 g FFo= GBAS 7]& ok A+l
FH38ta 9o, GBAS 7]€S NextGen %3 AW A~
S 7Ms8tA s @4 7)< (enabling technology) % 3IUZ 23

r

o 4l 1= =
1> g o

ol
o

d o

0 o

2 al

FAAS A2 19909 FRHEE Abetd Aed77| 53 A&49 Aok,
7l=A d9S sty GBAS /MES Fs F318 vp ls. 2009 9€
o] &= HoneywellA}F9] SLS-4000 22 HAAMAlelA Hx2 GBAS CAT-I
A2 A AA L AF 52 (SDA : System Design Approval)oll o] 233

et AEmomA =AW sk T
(SARPS)el ®Ald 7etds sHH9e® HEste] F8st= WAes A
il 9l RTCA, FAA 59 7lewtd A4S &8 A=9 7Vesxss
dysta ol & Zlae il &&sta 3= AR S5, w4 AE A

ofyzet 7lEatd AAgel A= AAS AEsts d&S Fdst A=

A4 FAASl GBAS 770 Fd #4L2 GPS L1 F345 o] 83519
GBAS CAT-I/IIZ Fdst= 714< GAST-D Al2~d 3y 3¢} v]5d)
DHA JS. A FAAS GBAS A 5SS 2okstd FAAQ
GBAS Z=13& ICAO SARPS GAST-D L 7AEES W3t A
GAST-C (CAT-D 7= B¢ % & A3 g5, RFI #4 4 2 A7
ALEA Bd G5 dngE)d g2 A A Hxe HIFTHA UL

’

GAST-D AAF 2 AF70del gk A o] A EHH o= XY= lom,
R Al 2~8 Al A S FAA Tech Center(Atlanta)2} HoneywellAleoll A X] 8} Az
M 2 A" S F3F9d. GAST-D A A28 SLS-4000 Block 1II
HHS dadol=ste] Jigels WA o2 FXEI QS Hg GAST-D
TdE fdlA T8 TS st CAT-I/IT &A17H] AlA|Fo o
ATE W= A3,

do

¢
O

&2 GBAS CAT-1 97+ = A Newark, Houston, Moses Lake A 3Zol| A
AP A5, Newarkoll A= & wAAREA Aol 20129 99,
Houston< F2¥ FA&&o] 2013 4€d, Moses Lakes H YA}
CAT-19] #g] 2 88 A3 T, 53] FAAS Boeinge Moses Lakeol A]
CAT-III vl &E59<

o dAl GBAS CAT-Io dist A5H7F H2EE gdaFdoen, CAT-IIY
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2.

. GAST-D A]2deo] %o #&H o

o "= NextGen Z=ZI1dlo] A§ste= fFHdd sl F3 F<20 SESAR
7hk

715 A] FEe F5S gusty] A8 d-dE oy 7HA AYgES ATl
CAT-IIel &8l 30x oA =59 7%, D-SIGMA 71 H, CCD
(Code Carrier Divergence) ZHE o] &3 Wit RUHA 753, 14 2
ot 7IW Tol 75 dREHoH, HdgdAS Fsto] HolHE TS
20179 A$ES HAEZ GAST-D <59 Z=2ads 4853 AFoly, oF
9)al HoneywellAl:= FAA 7)< AlE19F & H &t vy o & 2] ~(Minneapolis)
o4 GAST-D A AFS A5,

o,

o 20139 9¥9 7] #Z(Functional Validation)®] & oA o]™, 2013 <+

© 2 HoneywellAb= FAA° SDA 213 H4E FX38a CAT-I/IT Al A

M Alg HrhE A AFQd. 2017do SDAE ¢E3= Ho=
A E o] 5. 2y CAT-T #d HA] dEZ Hol U9 AL &
7t Aow .

Roadmap
Timeline e'13 14 15 16 17 18
A\ [ smanpath car-i Gaas (sts-a000) )

Honeywell  [(SmartPath CAT | GBAS (5L5-4000)) Block | Software )
artPath CAT-

. LTe T
A ) carmeas J

ICAQ GAST-D — i _
Reguirements [PBN Academy — SDA Equip, Facility Approval, Operational Approval ]
(2010}

Ground System
Certifications

USA[2009) 4 okia, Spain, India, China,

German y (2011) Brazil CAT-IIl
GLS (AT)
A A CAT-lII
CAT-I GLS (BGA)
e g ZANp AN =
(2005) (2010) o A —
On Plan to Progress to Cat Il I oo

<71¥ 23.1> Honeywell®] GBAS CAT-IIl A77/M% A8 =A%
(142F IGWG 23 ALE, 2013)

o }
9 A

=

5

]
ot

(Single European Skay ATM Research) 2271312 GBAS 7|&

FAE S 98

]E j=1 e
[y
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= o

g GBAS +74
AFBEE ©
e 2 28

=4 = ]
AT 5o the

Eurocontrols 422 SESAR ZZI13S &
so A UeHeRE AdFd. FHe GBAS 7= #
N 7 Aoz A i IRE GBAS 9
M, CAT-IV/II 71+ 7N, 9 2= 75 AdS 9
AR FAEES A5

o
Jo
ol

[e]

1=

=0
=

m&‘i
FXE

N

oy o

s

Y
N

rob

12

o T3 1 e oy HdE7]&71% (EASA, EUROCAE, Eurocontrol %)

AEIL e BEL Adetn g W ol ICAO, FAASHe] 242l
7Ne=dd &5S 53 M3 Vs s34 9 Z3H(harmonization)o] =E&
251 L.
ICAO
NSP
EASA / EUROCAE
NSAs WG28
Eurocontrol/ Eurocontrol
FAA IGWG LATO
<719¥ 232> FH GBAS =21 Ho7|H 3}
(147} IGWG ¥3EALE, 2013)
o Eurocontrol& GBAS &9 % = AY g5s ASFs 9oy
CAT-I/II 71& L7z2AE9 FaAds #HTsle 53 g5y

U9 wS Adsk= GBAS 7l daiM®E A5 19 T4

=

S 3
i

]_

N

ek

AlEGolAS 9% A = PEGASUS—E« MEsta ol &

59 A Y3 PECASUSE GPS 99 g2 W3k Multipath 7
] 7bs3H, B-valueZ ©]&3% GAD HZE S8 @& AARNS &
T AEE AYski= GBAS 7lEoE &8 7hsd A Edo] E4.

ol

F

1t ot oo >,
o
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Protatype | Mainline aircraft

15.3.6 Ground / System Development CAT Il L1 9.12 Airbome Development & Verification
Stuttgart Toulouse Flight Tests & AB Homebase | Toulouse Valence/Paris
System Validation
Ground Station E} Airport Aircraft 4::[ MMR
Dev / Verif. Instal. / Valid. Integrat. / Valid. Deav. ! Ver.
Thales DSNA \ / Airbus Thales
Interoperability |
Flights

Prototype Il / Business Aircraft
15.3.6 Ground / System Development CAT Il L1 9.12 Airbome Development & Verification

Norway Frankfurt Flight Tests & Czech Republic

System Validation

Ground Station I:} Airport ~ Aircraft ‘::, MMR
Dev [ Verif. Instal. / Valid. Integrat. / Valid. Dev. { Ver.

INDRA-NAVIA DFs J Honeywell Honeywell

<71¥ 2.3.3> Eurocontrol®] GBAS CAT-II/II (GAST-D) 7|&&
A3 ul-g ARGt Ve 584 wa A5 AE

(142 IGWG ¥ A2, 2013)

o Agm S A ] A

o CAT-I/II A7 AAEFLS ThalesArt, INDRA-NAVIAALZ}
<. dA= ILS (nstrument Landing System) +<% 71

9%

7)ol

S 7]

CAT-II/III GBAS 945 43 4. 38 7] @A = Airbus7F, T437]

(Regionalw) ©44H &= AleniaAl7} A+E @il S

Initiatio Execution
I nr 1
| :.’ Pre_llmi_n-alry System Def Prototype [‘;evelopment
JH  Studies _ & . System Implementation
Verification and Validation
4 (v2)
Phase E Phase 2
; v
Go Ahead Solid specification
from SJU verified by simulations.

and mockups =

<71% 234> GBAS AN AY =A%
(142 IGWG ¥ EAE, 2013)
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o <% 234>M & F AX, Alz=El Aol W AF T JNEIH AFE Se
71742 Phase 1, Al A5 7iety} A4S 3k 7]7FS Phase 22} 14
A= du) AL 7|3k sl 20161744 Phase 1 ¥4 945, 20200 714
o

Phase 2 ¥4 985 28382 AFE 34312 U5

= [e)
Shal .

—

3. 4¥ GBAS 7]& /et 9 HA FF

7k, GBAS #d &%

b 9l

o

23

A
re
-
il

o JCAB(Japan Civil Aviation Bureau)©] GBAS -+
T2 8 A A ] ATl IS

o ENRI R&D &%<¢ GAST-C, GAST-DZ A 9%9. ENRI¥= Kansai | %ol A
GAST-C GBAS AAF*FE wE1 gdoew, <oz Ishigaki #'ol
GAST-D GBAS AlA#S 7ldelar ARt Aol g5 o] .

o

2007 2008 2009 2010 2011 2012 Future Plan (~2025)
RNAV 10 RNP 4 Basic  RNP-AR A-RNP RNP 2
RNAV 5 RNP APCH -RNP1 _ RNP 0.3 RNP-AR DEP
RNAV 1 . SBAS LF/LPV GBAS

Al

<29 235> CARATS(PBN) 738 A& =2
(142F IGWG 3EALE, 2013)

"« Electronic Navigation Research Institute (ENRI)

GAST-D GBAS prototype .. has 3 GBAS R&D facilities
o anpec) ap « The GAST-C prototype has developed by ENRI
etshigi (56), ) - The GAST-D prototype is being developed by

ENRI, contracting with NEC

.‘; )
=T 7
= |

|

0 1% ‘[ sendai(spy) | |
Bife T GBAS Test System

. 1
A 2 (Reinstall)

g TN PR NN Kansal (KIX) |7
o — P e———ee
4 £ 7 GAST-C GBAS prototype

2 BrxEE
<19 23.6> ENRI7} F3#3l= GBAS R&D &%

(142} IGWG 23 A5, 2013)
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. GAST-D <+ %2

o IGM &9 /MEe As ZFoln SDAE n#shA 1 dS. IGM 7
125

2 Ay Hrl AyE vigo® IGWG  (International GBAS Working
Group)oll A=A o7 FHosta Y& 7|doezZA = NEC7F GAST-D 97
(o]

pkel A Fofstal 9l

ole

e

rr

[e)
HaL 3=, °l

o IGM ##9 MTAAE 744 Fuo dge
94 B4 /s Ao BAH,
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44, GBAS =A 124 4

1. ICAO Navigation System Panel (ICAO NSP)

o HANZIEF 7 F(ICAO) = AEFHoR F7talke= 2141719 dauls T80
EHH] stal AA o] et del thgh A J %Xﬂ@% MNAstr] 98}
Hata glom, g3y Aladle] EAdEagt (SARPs) /s 138k

CNS Section®] GNSS 9€3]= Fo] 2001 1%01] GPS, GLONASS¢]
e A ~d3 ABAS, SBAS, GBAS, GRAS 59 BAIY Al ~HEo
o3t =2 A e (SARPs)S 7lE¢sle] Annex 10, Vol.1o] =33

7}. Conceptual Framework for the Proposal for GBAS to Support CAT-III
Operations [2-25]

o & FA= CAT-II +9<= A€dst7] S 7= A4S sl o,
Nze FB7/A% Azdel a720s A2A 29 g Axstn
o] o
Y =]

o GAST-C/De] #}o]
- GFC (GBAS Facility Classification) D 7]A =< dx dx FAST
(Facility Approach Service Type) C¢ A 2% FAST-D9 A&
e w5 or &

- FAST-DE CAT-IVII #H5 %% &8 Adaty] deto] #7142 »
14\3 05112101 Zasty, o
[e]

- GBAS SIS (Signal-In-Space) TTA (Time-To-Alert)«= &3 4+ A=
FEE 9 AlFolAFE GBAS FAl7I17F g WS wi7bA o Ho
7V ZAIA ZFol | GAST-Ce} @8] GAST-D A4 Al=d"e a2} HHE

B o 1527 BEHol A8

- 71¥ 71+ Nde AT AR 37 (Fault free condition) @87
FATINAM AARE = R FAALS "HEEtAN A ER g =
A=l A oabA e EwEQlellA e §14d ASE EUY st g r]oAs
AN}7F 4AJA S kst
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o GBAS Approach Service Type D 7} &

AT ga shel A mUH 4% aTzde F7h

AgTAA AZRE FAAA ARG AT
ng AR Ag 2 3R AgF wue,

Aol F74AHQ AYAAd aFz27e GAST-DE Xl%é}ﬂ Skl
529 A X (Threshold) 9} 2| 4= 7he

HI 7H8E 7oz & nssd va4 4o 37 94 o 2473
Qi Adelt AT AEHE AL wds] 0¥ BT

B-value =UH# F7}

337] Geometry screening &% F7}.

gg7] BUHPANA Aete S8 A3 oF A4S A ewn
&9 710l BE £F sty Ft,
99}

AR & g go
dskel A @ FEs] sEe] Wk

A AzRel FAY 98 aFmel Fh

o A= B &M FrhAel delS kst U

GAST-Del At A% EFow Af 3F oa2 Sy 95k 30
AEs wAR JAAY mA ARE Agste] G379 Aol
e g,

¢

302k 1002 H&stE AR AAE SAHAE Al AHEsto] &7
gl A dels dAre] A olRE EUE g

w3l gy 7)o CCD (Code—Carrier Divergence) EUEHZE A}-&3}o]
F717F A= 22Etr] A S B AHE ARESY] de dE S

el AEHA Ree AdF A4S AEAI Askel Ay
AzdelAE GgE mUHPel Bas, ot ALFAR N A

£ fo
mﬁ

dF2 A Age] FHol= bkm

O 9 98 PEoE $F /4GNS BUHY st A% B350



o & 7l #2117 A9 37| B-value Y EH

- GAST-CAA= 7l+ 27|15 RUHY 3ty F=21719 1% 94 &
Ve B-valuezts MT-124 &-a7]d AE3h

- GAST-C X% 5 F244 zﬂ—D]—oﬂ/ﬂ‘- 7]% A7) 1AS 715]%'5'}-7‘:— Eﬂ
SAQ ol A gk GAST-Dell A& F7H4Q 87 BUE Y

HEL

M ol

- GAST-DellA = &3 7loAx BEE B-value®l A7|& 7|5
EUY s, @d A7) agol #d vies AdskA %

Bagd g glojoF g

©
i)
)
ol
to &

e
kv
rir
N

- 33 7] RRFM (Reference Receiver Failure Monitor)< 7]<2] B-value
W gl HE ARS-SH

A 72/7% B-value?t 30/100% H&3} 914 ztol&

o F7}49l &-¥7] Geometry Screening &7+ =7

F

- g7 GAAI= G 4 A &t AHE e VIskE AlASH
$8te] F7}2 <l Geometry Screening”} 3 2.3t

- A8 ="l (range domain)oll A 9% Zw"|<Ql (position domain) o =
kel ) 7 22 o] HEE 7]stE AE sk
o GAST-D B3 % Fgvy % Z2EF

- GAEC (GBAS Airborne Equipment Classification) D BAA&
GAST-Col AZE EA g&EngE AE38ted GAST-D 9+%4d
o g

mlo

- A= S EE 1002 B23tE ol 83 Fee] FEAA B FES

Agstr] fsto] gl A B,

- 02 g HE GAST-C9 s<d3A7r Kmd_e D, GPS, Kmd_e_D,
GLONASS, ovig,D, PD, opr_gnd, 100 F7F2 o2 2 o3k atabng 9.

— Ground Facility Classification (GFC) D 7]|#A =& GAST-C¢ D Eo4+
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- wee] A zRle] threl Auls BYe AN W, 4G AEAR
Q H

H=
oAl AAF Blel MusE Aug

AA BEE AT oF 3HH
71Ee] R A AR A= BFd o] Aulzel ek A4 glolx= A

o g2 dste] A9F F 9

= <
FAS (Final Approach Segment) &2 HA|3] =&

7] GAAE FASESS Adstn AAs Mz gge A
]

° oL
[€)
9% Fol Aot /5 LFEAS 486G

o
ol
0,
N

A= o Muj 2 BR]lo] e s il A

H}:]— .
of 3k JElgRE 4H

o GAST-DE 93 & /4

- GAEC-D AFg#FeF GAST-D7F 7bsdh A9 A9 GAST-D AlH]
25 AT AEEHA] Zerhal sidets 8 x7o] o ol HElF

o
A0 199 93t RUEY g2 JEel F AF g mdal]
Aol g sojok .

- GAEC-C AFEAFS}F GAST-D7F 7Fsdt A d=re] A%, 37 gAA=

. GAST-D7}F 7F&s3t A A=dA= GCID (GBAS Continuity /
Integrity Designator) @te] 2= A+ #H.

o

- GAEC-D AH&#ke} GAST-Cwb 7hed Ad=e] A9,
GCIDE 18 AAsta Fg7] FAAE o =2 Aul= 8§99 Au
gogn &Aoo Ad=eld GAST-CW 7besttpa @42
CCD ®UH® & 72 33 ddsjojof g

L}, GBAS CAT-II/III Development Baseline SARPs [2_4_2-17]
o Holy &

- MT 1 - GAST-D #&}H] g
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Data Block 32] F7}x ¢l dan = GAST-D Alu|27) &
A3 AEH.

<3t 24.2> Data Block 39 57} %] GAST-D I}t [2-26]

oy W& AH8-# Bit e W Resolution
Kya e D, GPs 8 0-12.75 0.05
Kia_e_p, cronass 8 0-12.75 0.05
Ty ert_iono_gradient_D 8 0—25.5x10"°% | 0.1x10°°
Spare 8 - -

K.y peme= GPS A=9 Q4

T

Lo

K;ndﬁefD,GLO]\'ASSv‘E GLONASS ?‘”EE—E} g—i}_g U] 7]5!‘% EE] Q%Oﬂ /\1

=T = = =2 0 zlo] B 3AlA 5
o, UVf:rtiionuigrudiein,tiD‘—‘ ﬁa © ZJ-_"T —— }"] EQ—E’ goﬂ EH??‘_
v wE WAR

- MT 4 - H< A& Designator (< AH] 2~ E57/)

<¥ 243> Codingdl W& HA Mulx EF [2-26]

Coding Al84% Bit
0 GAST-A =2 B
1 GAST-C
2 GAST-C¢ GAST-D

GAST-C, GAST-D ¥ &% A=

’ FIhHQ AT A

4 GAST-C, GAST-D % &% AHoj=
F oA FAAAQ A A

577 Spare

o HelE A& 91T

R84

[
fr
i
uhy
o
lo

- MT 11 A9
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* ¢ 7k 3) RTCA LAAS ICD #a1
- 2A4H gAY

PR,

corrected

= Ppogo+ PROX (t—tz—count)+ TC+ex (Atgy)

PRCE oJAMA Y EA HAER=EA 100x AV 24 JEe MT 1
25, 302 NPT B8 AERE MT 11258 F5%.

RRC= A2 B FH RateS&2A 100% AT BA AR
Rate>= MT 12+5-E, 30% A4 B4 JH Ratex= MT 112 F-H

>3,

t= @A A7, tz-countt= PRC (Pseudoragne Correction), RRC
(Range Rate Correction)E& X3 4 Z-count WA A]ol|A Ao
A HAE7s A TCx iHF 24 AW

- RAYE BReAe B

X (X, +2X1X0,,)

o = FWPP>< Oug air

iono

:gkq
rir
N
i
do

o,
=
=2
ol
>

>,

Y gelwl, x, & BF7)s A gtel

0., = BA3E GASTO el debAn], GAST-A, B 3& CY 45

)T, GAST DY 2% 00 =00 o st 0 2

Ohiag — 0O vert _iono_gradient_D

vig vert_iono_ gradient

o @A43td GASTO wet @841, GAST-A, B &2 CY 4%

100zx0l 3@ stH, GAST-DY A5 100x AiMdae F44 dAE
el 30 AETFE 04,0 SAEAC T sedH A E
- B35 F (Protection Level)
ol =0 0 v opoi T O air.i T O

pr_gnd,i pr_air,i i0no,i

HESEE AL A ASHE 0TS sk gon, o F 2,0
g5t GASTOl wel @A, GAST-A, B, 32 C ¢ 4% MT

12 7€, GAST-DY A% 02 jnai = 0o gnaps MT 11Z5-E AEH.

o 27438 GASTel wel @ebA™, GAST-A, B §2 Cd 4%

vig

Ui‘ig — 0y ert _iono _gradient

RS o]
] GAST D OT o-uq Oy ert _iono _gradient_D -
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9 F AN HA Al e dE 3 Faulted AEolAE 485,
- Ephemeris Error Position Bound

Fyals Faed Qo AEHE A4Ed FAAw AN,
SBASUH SIARSIg 2e SAAR S B A 2

A=9 Decorrelation 320 EQl p = A 3tE GASTOl wel &

A, GAST-A, B &2 CY 4F, P, =pr=X MTIZFE, GAST-DY

LB 243 9 GAST

+ GAST-A B 5= Cd 3% Kng e =Ky e ars 2 Ky o= mdfeA,GLONASS%
M= GASTDR A5 K,y . = Ko o p.ops o Ko e = Ky4 c p.Grovass
< MT2¢ F714 <l Datablock 3.2 5FF A}-&4.
o H] g-¥7] 24 (Non-aircraft Element)
- GBAS A/ Al2=d 7474

GAST-Dol 4] FAST-DZ FF¥ GBAS AdA|2="e SIS 24
“H % L 15x% 1077/approach y_E]— ‘%LO]‘O]:%]’.
GAST-DolA FAST-DE ¥F% GBAS AgA|xdle] 15% o)<
ARES BEe] weaA e gne 44 % AFe v FEvi
1x10° 79  &ERrr} ojofdt,

- A Av|2=E 9% Hol TTA (Time-to-Alert)

FAST-A, B, C &2 D= 79 A A€ MT1 7 w54 o,
TE SIS 44 24x1S 98 TTAE 3% olsh7t Holof &

.

)

- FAST-D A7 Al&=dS 93 F7H4Q A a4=

GAST-DellA e stepu|el 256 At € o, (VPLy At A1),

rr

Ot (LPLygy ARkl ALE) 32 B AR 48 & JAFsta e A5
zero-mean® AFEEZA AA AL

GAST-DolA #EH s H2FY AL 9 o, 0 (VPLy A%
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A8), o m (LPLy AR AHE) e 23 38 48 F ARsw

JE LAE stUe Tl FAZIZE AYE AdEjeld FEH
(zero-mean) 2| AT EEZA AA A5
- FAST-D A A== QJ3lA gk 7l o] e S} 3 7] o]/de

717 710l 1 EL 1107 °/150s KT}k vtofokst,

N

- FAST-DE % F7H4%] A4 Avs a+x4

AL
I
o
ﬁ/
o

15% o4 et GBAS A4 Alzvdle] Axd AW, A
Al 2 wUE, AYHA e Anzs Fe] 994 0@ FEL

152 EoF 2.0x10 & {dA Zolofs}

GBAS AgA]2~d mUE o 275 (false Detection) 93] MT1 3
MT11 HEA AHHES Fault-free oJAFAE SAHA7F wiAdld & 50

15% <k 2.0x10 & @A Toforsl
- )% 7] =(Siting Criteria)

FAST-D GBAS A|7gAl=¥ly &9 LTPALe]e] Agl&= 5Skm
o] s}of ok g,

o 7154 Q%7 (Functional Requirements)

TZ4

ko

- Holg W&

GAST-C 3<& DE A9a7] ¢8) MT 40 FAS Blocks W4 a5

- FAST-D AJAl 28-S 9l3 SIS 24 ughv e W4

GAST-DE& A st AdA=5e MT 11 o,

nd_p°F A GAEA Y
ZA Al sldst= MT 1ol B detr g & W56 E.
FAST-D A]gAl&=dle] MT 11 WE<& 918 0, .4 Codingel MT 1

oM FESHA FuH, o

o gna_p Coding EZ MT 114 33544

ero}ol3l.

- GAST-DE 93 4 =9 Decorrelation 32} g
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FAST-DZ &5 AgA=g2 7F G4 o] oabAe] SAA
3] #AX2 Decorrelation 2t HE MT 119 W& sl Fo]oksl,
Fetes FEAAd AF S s okgh

- PAST-D A4 A29e 9% dels B34 42 stepo)g
AgA e MT2) 8% A 7197] stebild, F7b49 doly
Block-3& ] WE5F 744 A3 8F2AS w2477 93 W
Falokg.

- FAST-DE $1% LTP/FTP%} FPAP (Flight Path Alignment Point) % %]

GAST-DE A ¢ }
‘l‘i/] %oo]'d“’]' *1

GAST-DE A3t HES 98 LTP/FTP= FAS Aol ule}
dd gF2o FIAI Offset FJ&v e AlLength7t EF=2 9]

U P B e A R s S

- B ] tiek dutby vls a2

A& 98l LTP/FTPE FAS Aol whel &
- A (threshold) L xF# o] &) 8 oF g},

qu rlr

mE o

ol

KeN
=

o,

3

FAST-D= &7 AdAI=d2 shube] a4 A T 1278 o] 4]
Aol U B JRE Ag & 5 lofokdh

o X ¥ &g (Monitoring)

- RF ZUH
FAST-D A A ~®"S 9138 dloly HAES ZUE Alx
o]dol A& dHolEHet AEE A& dHoly 7He 1% H<F x&3 o
olAto] A AL 05% <o Fu ] o]okdh

- dloly ®EYH
A28l BUEE TTA L7245 947171 Ys MT13
MT11 =2 MTI101E =4 Block §lo] W43
A A 2~dl EUE = TTA Q72748 WHE5A7)7] 98 AAE =
AA7F FEEA & MT1Z MTI1 3& MTI0LE o, ,u 5

1
=

il

)

I

- GNSS 9A1AT F4AE 9% #2A4 wUE

ol

23}
a0
U[rr_gnd_D o -

=
-

FAST-D A A 2"S 93], 15% o] =4 % 30x HE

Az oALA = o)A} A Sourced nFo® <ld
ok

5

Xé _] R
A= HAA Qe g gE, Bl & ofefo xof #o]

-
T
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ekell ofshof g,

o)At A Y] Source 112 4135 W & (Signal Deformation), Code

—-Carrier

Divergence, Excessive pseudoragne acceleration, Z+H5% #|%=2 d] o] €
wEo R o],

- FAST-D A XA]28L& HOH 15% oy »A 9 30x% HE3 HAS

A GaAY F42 F A Source®]0 o w Qe A st

AE HA & 15m olste] oAl i &, |ml & BE AHH

&l P 7t FEAE Al 1x107°E @A Fofopgt |

<‘TTJL“ 244> Pmd_limitﬁ]-‘:q—u] E1 [2'26]
nA4sE g5
SJAFA Y 2 x}H(Meter)
(Probability of Missed Detection)

Poa timit =1 0<I|Erl<0.75

2.56 X |Er|+ 1.92)
Pmd limit — 10

0.750 < |Brl< 2.7

Pm,dilimit = 1075 2.7 < |E7"|< o]

- AYS 71=7] ZYH

D+ FAST-D9 7|43 %A (threshold) 741 2] AdE 2o)n| s,
BE WA 15m/DEY & v HE AYF: A 71&7] Fto] A
& 850l 1x10 "Wy = A% FAST-DE E5% A AFA 2 o)A

FESA e e EAS Ok

37

oot
ol

_

Q 4 (Aircraft Element)

- GBAS WAA AY ¥

<3 245> §3F7] GAA Message Type Processing [2-26]

MT1L (0, g p HIE & “1111 11117)2kel] 5§14 ]

GBAS #&7] HAA & AelEojobd HAe HWAA B

GAEC-(GBAS Alrborne

MT1 &2 101, MT 2
Equipment Classification) A

(A&7 sl wet ADB 13} ADB 2 ¥3})

GAEC-B MT1, MT 2(A&7}5el wet ADB 13 ADB 2 X3, MT4
GAEC-C MT1, MT 2(A&7Fsl w2 ADB 1 ¥3}), MT4
MT1, MT 2(H 37} ADB 1,2¢} 4 %3%})
A (A&7 sl et }
, MT4, MT11
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- YAAY A AE F34
GAST-D7} &4st 2 o, $4171= MT 119 o, .4 p% MT19]
oy el FIE IR “1111 11117 AAS 913 2E A8 Source®
Hl| A A A oF 5},

- GCID (Ground Continuity and Integrity Designator) # 3%
GAST-D7} @743t 2 w, GCID7F A28 whA et @Al Alzkel] bA 2,

3 52 45 UEiHY FA17]= GBAS A Al=Elog HdEd vA
AE =Rt AR&-afofgl.

e LTP/FTP? &2 200ftobefoll A 95 @A), A 1562 &<
MT 19] 2l E]X] oro Ao

e LTP/FTPS & 200ftoleloll Al 915 A, At 15% 5
MT 119 $2 =% e A

e LTP/FTP]’ 32 200ftoll A =
MT 19 2 =A & 25

e LTP/FTPo]4 &2 200ftel A
MT 119] 421 =X &2 4§

R
il
i)
>
By
=
w
a1
P
offt

o

B\
Ao
it
e
>
N,
o
w
(@)
P
offt
rO

- e AAAE FA4A

GAST-D7} 273} 2 o, &2 7] @AA= 302 ARE = QA=
ofof ¢

=A% AHgstelo}

44
- GAST-DS| 4% 914 =ojole] Fa5e $37)9 99leha FAST-D
ABALRE FEIE o] AU A4S A LA dol
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- GAST-D¢] A =9 744 45
A7t ol A SFE £ HolHE 1%% @%% lcias sk

Aol =" AAANZE

GAST-DellA Al F o< &3tr717] fste] a37]dA e Z9
=43 71&715 AEske CCD (code-carrier-divergence) XU E <}
OALAE kA eyt AA] dohe AL FAE] g Geometry
Screening= AF&-&.

T o0& Fga7Y ox ¢3 Wy o=+ DSIGMA (Dual Solution
Ionospheric Gradient Monitoring Algorithm)® E2n F 719 t}&
Hesl AGTE AFEE] FA ] FHAE A48 F e A
AR TAEFES AMstd A5 ol s A=3

o]l 93] GAST-DolA+= Kmd_e D ,GLONASS, Kmd_e_D,GPS,
PD, overt_iono_gradient. D 321 g & AF-&3H

GAST-DIA &= A5 ol dA4S ddsie W= A4
g7 oA Ul A] TIAE shal,

Aatsl=dl GAST-CHYE #HeZE ol ddoe= A% oxs5 47
= Aol HasA fou A des LAk BA AojA ok

St =3,
GAST-Dell= 13 W b 715 A7) 44 87248 FA 317
skl &dF7] FA7e EUEIE FrhEJeH, dF7] A=
B-value® AR 3dto] sHse] x5 Axtsly o]E A X 9

K
é oL,
3
td
i
Ay
fo
-
BN
)
2
rlr
Lo

A a7l



AR BB wAgle]l 54 Ae 24 4% p, 452 A

AR Al W@ A EEel Folge W 54 oAAe

9 RUHE AFss PHe HAES 249 23 F8 o] FolAv,
ARkAQl Mo w= 7 g o Ay 3hs o] g E ook
st 3dF7] FEgugEe e WS AHost:=  Airborne

configuration spaces &<13}¢]

CCD 9192 914l A=5s B o code?t carrier 2127k =245k
sakgow Qe wAlshs AFolM, GAST-DE flate] &3] A=
glo] CCD W3hg BUE o] das

Az Wy wEE C/A ZE7F dyEo] 379 AdadA 2 E
F4 k= o AFEE = A= 9 A(correlation peak)7F WE E = A
ol 7oA AE WY AYPS Asty] A A= gev Y
% GAST-DolAd =ZHasd A& A#7|(correlator)®] &7 (Early-Late
or Double Delta)®} #7192 2+A(spacing), GPS 215 of & %4,

s Z5E A AR(CAT-IV/IDS #7332 o] ds #o gl
W& aElste] s HI7H7E ol FojAor ain, WA AT A=
Az gxr] A, 94 7lste] z2Fozm =23 £ glom

03 geelAe o FAY BUHYAN FET £ U,

GAST-D® 2% MT1l %2 MT 11 % 3ty7t SIS TTAE WA
7= WIAA B obx el &7 FAl7I =EEoR sk, A g
2d2 30 BA A 208 s 2AE "okt AHE
A=t FAaS Ay SAHAE A= b 15%xko

st
oft
i)
2
%0,
o

T & SIS TTA &3 o=z gF7|7F &2 A 200ft of
NS Agol MT1 £& MT 110] 15% <ol A=A gow 7
A AY Aul 2~ BFY S vk A 9.

o]
3% 5
Lo
A BAT 5 oAt B
74

F7F4e BU¥E 7+ E73 Design  Assurance R FF710]
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GCIDE & A GBAS A AFA| ~®lo] ojudt AlG7tA] 24 + d&=
AE YeEllE A EE, GAST-A, B, CY "ol GCID7} 12 A A5
GAST-D7H#] 7}se wol& GCID7F 22 A4 9.

< 1-80 x 10-6/15 secolal o]+
Q49 S ¥dhel= XY
=

I} fault free 7

T 7] xR e R

o,

>
ooy
it

z,

~
_O|L

rl
2
I
[>
1o,
o
rﬂ f

o LA =

=P8
T2 = =
HUE e #dE Ad5A4S 2
- A ARBA A

g3t @ AMujx7F C =
Q=2 =o] 60m(200ft) = FA

W flo

- U 2 fARS PF

- VDB 2l&% GBAS Wdaro]l 8o doja Fastr] v VDB
HEUHE7E dasty EUEA g9e A7I7F 5435 "ol A
Al wWAA EFY] AFe] Au, BE WAlA E}’ 5] *‘JHE
ﬂolé}ﬂi Z a7 sdstE A& AR FAST-C 4% Hu

%ol FAST-D2 2% Ad 15x%9.

- MT 2 #7} delg 2%

Type 2 "WA[A 9] F7F HolH &5 32
A8 ARE X338, 87321 AAAE
E= FAST-D AGAI &=/ 71 HolH &

- GAST-D= 93 &7 dxa

GAST-D7} A< AMul~= oz AHEdS u 7] &) A
MT 114 A&%H+= 30% 7193 MT 194 A&3sh=
o2 3 Hes JAAYE g ol & AAbeh

- MT 11

MT 118 FAST-D A|ZA| ~dlo] g galm 2 oA
52 g3zt @ gAAE dHoly A B4 7§§_H_7} Z3tEjo] 9l <

N
=2
uly
>,
o
5
S

- SQM (Signal quality monitor) T} =}l

T

e @7 ArE ARE W= A2 B0 99 A5
& Y AN GAST-D2 A5 A el et 54
& gl =@ely] Hol @ES FNEY A FAHA aFEA

F
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Early-late 73719 GPS$4

F43t+= GAEC-D (GBAS Airborne

Equipment Class D) FAl7]& oF#l 39| regions 2,34 Wl <l

Sof stof .

<3 24.6> EL 4#7|¢} GPSE F43te= 41719 AlFxz [2-26]

: Average Instantaneous : .
. 3 dB precorrelation Differential
Region correlator correlator
BW ) ) ) ) group delay
spacing (chips) spacing (chips)

1 2 < BW < 7 MHz 0045 - 1.1 004 - 1.2 <600ns
2 7 < BW < 16 MHz 0.045 - 0.21 0.04 - 0.235 <150ns
3 16 < BW < 20 MHz 0.045 - 0.12 0.04 - 0.15 <150ns
4 20 < BW < 24 MHz 0.08 - 0.12 0.07 - 0.13 <150ns

Early-late A%7]19} GLONASS 94 3=

obgl] % 9] regions 2,3 HS <t Sofe}of &)

GAEC-D 417+

<3 24.7> EL 4719} GLONASSE F43tE 41719 Az [2-26]

3 dB precorrelation

Average

Instantaneous

Differential

Region correlator spacing | correlator spacing
BW . . group delay
range (chips) range (chips)
1 7 < BW < 9 MHz 005 - 1.0 0045 - 1.1 <100ns
2 9 < BW < 15 MHz 0.05 - 0.2 0.045 - 0.22 <100ns
3 15 < BW < 18 MHz 005 - 0.1 0.045 - 0.11 <100ns
Double delta %F¥#71¢F GPS 914 F43t+= GAEC-D F4l7]+& o
39 regions 2,3 W9l Stol] Eofefof &
<3 24.8> DD 4#71¢} GPSE FH 3= FAl7]9 Alkx7 [2-26]
: Average Instantaneous : .
) 3 dB precorrelation ) . Differential
Region correlator spacing | correlator spacing
BW . . group delay
range (chips) range (chips)
1 2 < BW < 7 MHz 0.045 - 0.6 0.04 - 0.65 <600ns
2 7 < BW < 14 MHz 0.045 - 0.24 0.04 - 0.26 <150ns
3 14 < BW < 16 MHz 0.07 - 0.24 0.04 - 0.26 <150ns
Early-late << Double-delta J#7]2F SBAS $Ad FHse=
GAEC-D F217]& old) 9 regions 2 W9 ¢to] Eo¢}of &
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<% 249> EL £& DD A#7]9 SBASE FF3t= $£41719 Az [2-26]

: Average Instantaneous : .
. 3 dB precorrelation . . Differential
Region correlator spacing | correlator spacing
BW ) ) group delay
range (chips) range (chips)
1 2 < BW < 7 MHz 0045 - 1.1 004 - 1.2 <600ns
2 7 < BW < 20 MHz 0.045 - 1.1 004 - 1.2 <150ns

2. RTCA (Radio Technical Commission for Aeronautics)

7}. Local Areal Augmentation System Minimum Aviation System
Performance Standards (LAAS MASPS; DO-245A) [2-27]

o F3 FH B A g HYW HIH FAFES Adstr] 98 AL
LAAS (Local Area Augmentation System)ES ¢ 3t
¥ (Minimum Aviation System Performance Standards)ell t©gF {8
E3teta A+

o GBAS AH]2 #H(GSL) : LAAS A+t AH]l 2= A5 GBAS AH|~ @4
(GSL)&E ol 4.

- ZF e A2 ofef ol AW E U=

<3 24.10> FHZ AHIEE 9 GBAS AHIZ W [2-27]

GBAS AH| =24

(GSL) Z el g s AdEE & He
A T2 Stk ted HS 8 (APV-T A %)
B T2 7t e A &8 (APV-IL A4%)
C Category 1 A2z 71719 AU HZ

Category IIIb H 4274 74x¢ AD HZ
(¢, & FJAAt 7 BAHAS o)
E Category I/Illa HA2Zx7A 7449 AW A=

F Category IIIb HAZA 74A9 AL HT

rob

ry

- ZF GBAS AH|2~ #E(GSL) wE AZgA, FAAM, d5A
QFFAE ol o] AEo] 9&.
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<3 2.4.11> GSL Performance [2-27]

Accuracy Integrity Continuity
GBag | lateral | Vertical Time | Lateral | Vertical
. NSE NSE Integrity Continuity
Service o to Alert Alert .
Level Accuracy | Accuracy | Probability alert Limit Limit Probability
95% 95% ‘
1-2x10"" in 1-8x10"° in
GSL A 16.0 m 20 m 10 s | 400 m 50 m
any 150 s any 15 s
1-2x107' .
) 1-8x10" in
GSL B 16.0 m 8.0 m in any 6s | 400 m 20 m
any 15 s
150 s
1-2x10 .
. 1-8x10™" in
GSL C 16.0 m 4.0 m in any 6s | 400 m 10 m
any 15 s
150 s
1-1x107°
) in any 15 1-8x10° in
GSL D 50 m 29 m 2's 17 m 10 m
s vert, 30 any 15 s
s lat
1-1x10™
in any 15 1-4x10°° in
GSL E 5.0 m 29 m 2's 17 m 10 m
s vert, 30 any 15 s
s lat
1-2x10° in
1-1x10° any 15 s
in any 15 vert,
GSL F 50 m 29 m 2's 17 m 10 m .
s vert, 30 1-2x10" in
s lat any 30 s
lat
Au) 2 M (Service Volume): 54 GSLo| s|ldsls= AA, 44, A%
e wEsol s WS W,

Asst7] 2

3k F43ke]l Mul~ WelE CAT-I¥ 5U3

p A

<¥E 24.12> CAT-IIZ A&7 Y3 HAxste] Mulx We [2-27]

Landing Threshold Point/Fictitious Threshold Point (LTP/FTP)2] <

e | & 450 M ER AZsle], HE HT AR WIS R LTP/FTPAAIFH
20NM "oz A-7pA] +/-35° to 2 EojeE He
FPurak 79 otol A, GPIP(Glide Path Intercept Point)E €% o0& &}
ER FEW 92 A 7° & FFZH(Glide Path Angle, GPA)S 1.759) z+
T2 7bAY Ha 10000ft A4 L=RE, GPIPE 9@ o® st £3d
ol A1 0.9° % HA nE7F 2744 1%(DH)S ARkl L 71A]
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- CAT-IIIE AZsl7] Y3 Hadte] AMux HYE= CAT-IIS T3k
Helell, thresholdoll Al &F2 7k =2 AZEH AW f=2 SftolA
100ft74A] E3Feb= 95 F7HgE W 9.

Plan View

Profile View

LTR/FTP

Final Approach Path

T 10.000 ft

sreater of 7 deg

- * - ] 8- glidepath
: angle
GPIP 0.9 deg
<% 241> CAT-, CAT-IIS] HA AH|2 ¥ [2-27]

o Alz~¥l QALY T

- A, FAA, 9549 &9 WHS CAT-IA4 99 U3 sd3

- Non-Aircraft 84 &9 Q7x12 7|& CAT-I3% 543
o JW ¥ SIS ¥4

- LAAS®] SIS 8% ILSe 8377 dXxstA 7idd.

- GSL D.EF¢] T, 74 W3 o] vE

- HF A A A (Final Approach Fix)elAl CAT-1 A4 =7pAe] AI3F
AL 150% ol o] F79 HEEEel 110 ktsoll A ghal.

- CAT-TI &2 200 fte} CAT-II®] 274 1% Ato]E L3fm o] o
AelE A7 100y, Radog 15622 o3t

- CAT-Ila +4§ A& CAT-1 AAnERE ZF=E9 AF A
(threshold, 50ft) 7}A] 2 15% <.
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- CAT-1Ibe]

- SIS exposure interval2 7]

7 guidancex= CAT-Iast &
CAT-1 AHiEHE ZH5H

2 o]

ZF(rollout) 7HAE 2| n

% guidance=

sbr 30% <.

ke
T

= BT A% NE e

A.

le————

150 sec

Precisien Final Approach Fix
Nommal 5 NM (1600 £)

Final Approach

<19 24

o CAT-II/II X gHA

- CAT-MI¢ <7 ZH
SIS 7HeA4d S Host

kA= CAT-To A

=] [e) S
e ke AEE

—#t———llzac———» [—— Szac —F

[ 15 sec—®

CATIDH

CATIDH CAT I DH
200 £ (60 m) 100 & (30 m) 30 £t (15 m}
> Landing 4>‘ Rollout—s
2> AT 9 AF 2§ [227]

= 9 AHRIA

=

97 o

- A ez 529 AlFAE(Threshold)ol A H-E  200ftH o} A
Zom 2700ftEt} ZA ¢+ Touchdown T9< HAs[oF 3 (o] ¢

fo &

Threshold Proba

(each

T 272 FAA AC 120-28D &A1& 3aL).

bility of landing gear outside touchdown zone < 106
direction - short. long, and lateral)

_T_

+70 £ (213 m)

200 (60 m)

(;
e max)

<719 243> CAT-III Touchdown

2700 ft (82

23m)—

A5 87

Z7 [2-27]
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- Wk F YU FATF w7l gL st 9g Wz 247
Fste] BAG

<X 24.13> CAT-I® 3 AR 37 [2-27]

T2k &3 A)~¥l @ 2} (NSE : Navigation System Error)$}
£37149x (FTE : Flight Technical Error)& % W3
(longitudinal) &2 ¥ gksto] &F= o] 31&¥ W& vlojvt 2
st/ 2 g5 At

Fault-free$} H]S=8}A Falu], 2Fo] AL JAR-AWOO| 23] AHod
Faulted Al 918 (limit risk) 2 &t 2. JAR-AWO<9] Al 919 7
<% Touchdown 95 2,700ftell A 3,000ft7}#] =

Fault-Free

- CAT-IIY 712 X 3HA(LAL : Lateral Alert Limit)+ 432 Weky}
n} 27k 2 Touchdown 7]+<S 7|¥Eo & 3},

- ﬂf; Au PAE £4 AnadE Ades #3431 A FAAAT,
ol Aol &8d WAAY A FI7] AYrlole] T2 wdto]

35 wolg 44

.

<. Wheel Track Widih =41 f (125 m)

-

—

— =

Runway Width, 150 £ (45.7 m)
=, 4

!
70 £ (21.3 m) |
v
Aﬂiﬂwﬂ Wheel Margin= 15 m

<y 244> 712 W& Touchdown &4 7 [2-27]

o CAT-II/II NSE A4 s +=x7

- CAT-I/II¢] <+4 NSE A4 874x271(9H%)e T4 ZAE gHA A

4.

- 7 wEgon s 2 KffmdeE 6902 FAARIA 10.0mel
A9 oVert NSE+= 157} HH webA 95%(20)° sid3ste= 72 3.0m .
- CAT-III29] 7}= W& NSE AP Q7 H% "z oz Aakyn,
7F4 2 Kffmde 7.00)3 3 4134 7F 17.0me! 49 olLat NSE= 25
F @t g2k A 95%(20)9 siE sl a2 5.0m .

N



. Minimum Operational Performance Standards for GPS Local Area

Augmentation System (LAAS) Airborne Equipment (LAAS MOPS;
DO-253C) [2-28]

o LAAS MOPS+ LAASZIRES] &37] GPS AFE9 HA &8 s 7+
xssta o, gF7] AY HE 8 5 udd AH2E AHse=
LAAS 37 gAAle] HA Hes o+ =0 T3 L5t o

o GBAS AH|~ EF
- GBAS =9 Au]z: AbgAoll Al 24 HARE ATE.

- GBAS A+ Ad|x BA ARE o] &3t AR stoaw Ak A
1

298 Mu2g

<¥ 24.14> GBAS MuB|2 EF [2-28]

GAST-A, B, C GAST-D

+ ICAO Annex 10 Vol. I& %3] APV|e ICAO LAAS MOPS$ LAAS ICD
I, APV 1I, and CAT-1C.2 HA¥ DO-426DE % A9
« ICAO Annex 10 SARPs |+ GAST-CZ %3 A% &?idl ol
A-3.7.24-1% &3 x 7§k FEHY CAT-I/II &5 fs] F7}
3

ol 4 49l a7z d HES 99 4o

o GNSS 217] 7%
- Ranging Source

LAAS g4 A (Equipment)= GAST-C MH]| 25 A& u 5% o]}
a7t sfFelsE 94 AT e 2o 21e E) AdE

1078 olste] #fAdo] =4 & A, Aloke] BE f4d< A

en
-1
1070 Bup @2 9ol =4 & A, 107 2o & 94 & 19 A9

LAAS ® A A (Equipment)= GAST-D AH| =& A&t GAST-C
of= 27 Foixl 4 7lstel & AMETks ARE AAsHA 1.

- GAST-D # &3} (Smoothing) &7 =4

LAAS AHgAtsh A3Fel A oldsl 2o AHE T uEns
o] §% WA A A,
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Pproj = Pn 1 + (¢IL (bnfl)

P, Zapn-l-(l—a)PpmJ
where, £,0 B&3 FAHS A JAAE FAHA
P,_: olde] H&s A

= AR grAE FH4A
al

p,. ra A" S A

A g Aol

¢, W S

b, - olAe] WwFa FHXH

a: ¥ Weighting Function

GAST-A, B, CollA= ZEH< Start-upell 7]138ke] 100sx AlZF 45
E o] &3le] FE Weighting Functions #9lstlem, GAST-D
A E 1009 AIZF A5 ool 30x9] AIRF AFE du o A9

skl AH& .

o] o]§3te] GAST-DYA &= DSIGMA (Dual Smoothing
Ionospheric Gradient Monitor)& &3l 543 A& 7]L&7]9F H& 3}
dH 9 AA| 5oz Tt 54 A& HE3HA 9.

o A oJAbAE] &4 A (Corrected Pseudorange)

- Reference Time Conditions

BE 949 oaAR SAHAEL TUT VE AZE o] &d Tdd
Ad=ogiy YD BAY ARE ALEsH, o] BY ARE AR

B AW 3 (set of differential correction)e]z &4 <&

GAST-Dell A 9] o] & e
30x W&3} A& AN BA RS

- Ranging Source Condition

GAST-DE A+ o, o9 AFELS  Airborne Equipment
Classification (AEC) D ¥ A A (Equipment)ol] A -&3stH, 100x< 30%
BRA A= ofgle =71& F5T Al AMESHA #

Ranging Source® 1% 30x EAG AR 233 MT 119 o, 0507
‘1111 111172 AR =] dow™ <t H.
Ranging Source® 913 30% ®BA AKX X33 MT 119 o, 010

“1111 111172 A"g 5o lom oF H.



¥
%
rob

LTP/FTPH, 200ft oFolA & &4, 100x RA HHE
MT 1& 4 A3 A 7+& 15% wlrlo]ojof 3}

4
i
o

LTP/FTP%, 200t offollAl F9& TA], 302 RA AHARE
MT 11& 4 A3 A 7-e 15% n|gko]ojof &

LTP/FTP%, 200ft o}elolAl &5 A, A A3 BA A H
71 E=A1ZF e Abol= 4% w|yko]ojol 3}

£
L
o,

LTP/FTPO]*J T 200ftoll A =9 E A, 0% HA AHE
MT 115 41 A3 A 7F& 35% n|gtojojof g}

LTP/FTPolA &2 200ftoll A S = A, A A3 24 AHHO
71FEA 7] zFolE= 10% w|who]ojof 3}

MT 11 AF34 doldge] Aed naast gevd (2)5 93 4¢&
Azt @A A1 ZEe] zpolE 120% m]wbo]ojok 3

0 30% 24 AN A g

TC
Measured
Pseudorange
» .
agratad i o_r.}thlng Pcorrected
Carrier Measurement Filter
—

Pseudorange
Correction for
Satellite Clock

Correction Term

RRC * (t - tzcount)

PRC

<39 245> JAbAE A4 [2-28]

- GAST-D A% A, ¥ 298939 AEC D LAAS ®A A (Equipment) 30%
A AR MT 11258 <dojzx PRC (Pseudoragne correction)$}t
RRC (Range Rate Correction) ¢} 37 283},

o LAAS Differential Position & 74+%7

- A4 A¥ 7+ FH(Least Square Weighting Matrix)
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< 2416> ZYE AT HAE: AF 7t FE [2-28]

o0 - 0

where, Wl A WS IS A9

o 94 19 Fault-free 2 1o

2__ 2 - 2 2 . 2 .
0; = Upr_gnd_a: [Z] + Utropo + Upr_air [Z] + Tiono [’L]
(0p gna ot TE 10 TS H2 MHIA 2F0H

2 Fault-free 2xt)

Ttropo -+ T8 10l Uist HRs &R 23tay
Op air - FE 10l TS Fault-free &3 2t

G D I Q01 OiE MRS TR 2HAM

<3 2417> 53 Avlzd Wi 7tE HE a5 x1 [2-28]

}\‘1 H] & T":_]—‘TET O'prfgndix [Z] Oiono [7’]
Message Type 29]

Message Type 1

GAST-C [] O'Vert_iom_gradientg} 1002 AJzF
U])’I’fgnd 7
A5 TS AgEe] W
Message Type 2014 F7}4 <l
Message Type 11 tlol ¥ Block 3 2
GAST-D . _
apr_gnd_SO [Z] O-Vert_iono_gmdiemt_Dgr 30z A7k

N TE Mgl WME

1

ol

- H ¥~ GAST-DE Y3 4% 3
GAST-D7} &4 3=, PAN (Precision And Navigation)©= 30%
B AHE o]&3 FFWa, 1002 BAG FHE o|&F FFys) o F
ZHAE FekAl HW, ool 22 St xo] A8,
1002 A AHZE o]&3 = MT 125H HA HARES o &
& oF 3.

0x BAY FRE o83 IWHslE MT 1125 By HRE o4&
3l ok ek,



Projection &2 (S)& ¢ + 7FA FHAE Fet=d o8&+ =, 3
U= Type 2 WIAAL 0, i asien @ 1002 AT 5 75 A3}

Mas ], UE S Type2 AN F744 91 deld Block 39
sl 302 A%t A5 1 Algate W,

Oy ert_iono_gradient_D

— Dual Solution Ionospheric Gradient Monitoring

GAST-DE A¥& 4% AEC (Airborne Equipment Class)-D & A
A= 30 BA AR 1002 BA AHE o]&3o H&AE 3

:&o_'h = sLuJSHA /\11 tﬂ-aﬂ: E.S _/,:rg Hol-z‘g} H.}:_}o] 2
A A (Equipment) = GAST-CZ <t AH|2E WHES AL o] H

EES F33 94 Subset 73S A

ﬁd
ofo
o

- Satellite Geometry Screening

GAST-DE &43 2 d, AEC-D ©A A (Equipment)S ¢33 PAN
= ole ¢} #2E& geometry screeningS A 3 ).

<3t 2.4.18> Lateral Alert Limit [2-28]

Lateral Alert Limit(m) URATNEIEE) oo
TH A2 (m)
FASLAL 0<D=<873
0.0044D+FASLAL-3.85 873<D <7500
FASLAL+29.15 D>7500

FASLALE RTCA/DO-246() A ©]

<it 2.4.19> Vertical Alert Limit [2-28]

Vertical Alert Limit H, ( sinGPA, Glide Path Angle)
FASVAL H, < 60.96
0.095965H#,+ FASVAL-5.85 60.96 < Hp, < 408.432
FASVAL+33.35 108.432 < H,,
FASVALE RTCA/DO-246() % 9

Minimum VAL (Vertical Alert Limit)(§] %E o]&3slo] W33
user-specified Max VALE Al&3lo] VALE W3ksh

9o} e W o g AL (Lateral Alert Limit)S W kst

ol

st 717F AE H A9 (Precision Approach Region)ol] <331
uj, #1/d Subset % Projection Matrix (8¢ T2 AL 8, o

H O{N o

HW AR maxsvert Fhol 54 FAFS EA HHW GAST-C2 H<

Mu=g MAAY 54 FAGS 9A ¥ 94 Subset 78S
5
=
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FF77F Ad H2 A de AYeaS o, 94 2 (subset) 7]8}
T 79 "MEHE (99 4 AL S, . o AW FO#

maxSvert2 #°] 54 AFS 9A HWH GAST-CE H MH|=E
HASIAY 54 SAGS 9 &= A4 H& 7IsHE A& H.

-1 A=

GAST-D7} &43} g1 33717} PARE I3 wl, AEC-D &
A A (Equipment) S a4 PANE= 47] o]Ate] ofio mA AHH7}
EAE A 30x B AR 7|Nke] AW H FHEE o8t 1A
HES Hysh

A oFet,
- S Forel diE R HE

GAST-DE Adst= gAxA= 719 CCD EUHe =¥ W47}
FAA ohhE FEE o] FE 27

nl

@571 CCD RUE ] A3k A7l oA 20i29] #5 A7 7HAA
g 9ol el = AR A dHAE Fek=d AR EA ¥

- Loss of Approach Guidance

© GAST-D #&A43 €@ u, olgle] A T syl Aol & HS
GAST-D+= 04% ol F83} =1, gAA=
AU, A HE A= 3y

3 wek B3s F(Lateral Protection Level) =2
Ephemeris Error Bound?} <+ W3 AR A& 9 74

2 "3k HS SF(Lateral Protection Level) <& <% H-gk
Ephemeris Error Bound7} 42 %3 ZAH A4S 9& 4

LTP/FTPSl -2 200ftelelloll Al 915 A, 100x R ARIE
E3E W AIA] Type 12] 41 A3 AJ7ko] 15% o] 4l 45

LTP/FTPS &2 200ftolelol A =95 A, 30x A ARV X238
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WA A Type 119] $241 23 AJzke] 15% o] 43l 75

LTP/FTPS &-& 200fto}zf ol A
715 AlZEe] zpol 7t 4% o] /g9l

LTP/FTPo]’d &2 200ftoll Al =915 4], 1002 BA AHE ¥3sh
MT 1& 4 A3 A7+& 35%

LTP/FTPol A Z-& 200ftell A
MT 11& 2 Az

LTP/FTPol’ =2 200ftoll Al Z91E5 A, dA A1z By AR
715 AlZhe] Ao} 6% oAkl AHS-

- RRFM (Reference Receiver Fault Monitor)

GAST-DE 93 g4 (Equipment) = =97} PAROA o] Fojd ¢
BE 7l 21719 g4 RREM #H7HE A&t A

<3 2.4.20> RRFM %7} [2-28]

|B7 Apr_ vorf‘+DV< TB air_vert
|B/ Apr_ lm‘|+ DL < TB air_lat

Where’ _[ Apr_vert ZSA[)I Vfltl 7.7}

Bj_Apr_Zat = ESApr_Iat,iB[ihj]

(Bli,j]: 994 i3 54171 j° B value)
Dy A2 MMz BRol ohe sl
Dy A<+ Az E 5ol wg gtebv]E
T B air_vert Kff(u; Vo Zﬁ vert T o7 Dy

T B air_lat [(ff{LB Ve 2Bilat to 37,/

2 2
XVJ SApri vert,i o—pr;gndilo[)ﬁi

2
OB vert = -
 Ver = U[Z}
2 2
B N SAprJaf,«,i UprigndilOO,i
o =
b = 20 ‘
| Ui

U?m‘fgndﬁl()(],i: Uﬂ }\] X] ’I‘ype 119’] ‘(l)’] /g Zi?,] E]—Xé
AR 3Fs= GAST-D % Fault-free 22}
Ky p="5.5 Fault-free detection®] <

TBﬁairJa,t’ TB air_vert %_ —s\l—]/}a}E _]%:ﬂ]—ﬁé]' EE] 73 —(’l) X];]] E_ }\:| H] é‘
A

GAST-C®Z  wW3stA =AY, ¢ AA (threshold)E WA &+
943 F& 7skE 3
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oyl
F2, 59 e FF Axd o3 »3E 5 BAM evaluation =5
A Aul 2ol whel ghepe e 7F Eeb.

detection &, K, ,/F ol g g

<} 2421> HT AH|2o] wE B3I FFA L ALEE = TEbu g [2-28]

Positioning Service,
Au| 2~ B5 GAST-D
GAST-C
A1 A] Type 119]
O-prigndim uﬂ }\] X] Type 19/] Upr'7g7zd
Upr'_ gnd_30
A A Type 201 A
Al A Type 2] . P
_ | F7H4 <1 dlelH Block 3
o O-Vert_imo_gradientg]— 1002

ono 9 UV(:'Ttiz'onoigradien,til)g]r
N A4S TR AEael

w3 30x AzF A TE
Ab-&-ate]
Py o A2 Type 19 P, WA A Type 11€1 By p
wl A A Type 291 A
Ko e o WA A Type 291 K, , | F7H4 < del¥ Block 3
o Ko e p

t}. LAAS ICD; DO-246D (Local Area Augmentation System Interface
Control Document) [2-29]

o GNSSE 7jbto g 3l AWH Local Area Augmentation System
(LAAS)9]

AEH o]~ A A4 (Interface Control Document) 2, ¥ &A]

o= LAASOIA WEEojof st AR Sy zF WA X o] thate] Ao 3l

o GAST-DZ A ¢3t7] Yalr LAASE F7FH4 2 AR E wafof 3

o GAST-DE A ¥37] YallAd =23 Message typedt ADB (Additional
Data Blocks)7} &

P .

[}

- MT1 @ 2t 24 AE A3 - 100x F &3t gAA Y AHE-

- MT2 : GBASSE e ARE AFst A= &3 94 AR o5
A&
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- MT3 : VDB ¢35 Z2EZS A Yste ATl AFEste Null WA A]

- MT4 : HZEAJHFE(FAS : Final Approach Segment) T4 t©l°]H,
(TAP : Terminal Area Path) T4 Hlo]E A&

- MTI11 : 2+ 24 AR (30%, 1002 &3 gAA" B4 FdH)E
Agste o= GAST-Del dast dn

- MTI101 : GRAS A AR A AR
o Additional Data Block& MT BEo tlEo A% H.

- ADB 1 : 31d4¥ Hol& 7AW, 7|&= dlo]g 9} CAT- IS 93 A%
g ox HE K’ %3 LAAS A& BAA7 29 $ JdE HU3e
Ag ARE 74,

- ADB 2 : GRASE {3l 44 & # &

- ADB 3 : GBAS Ald EF(GFC : GBAS Facility Classification) D
Ao A ALwEm HEd 929 missed detection "K'gky A&
g EE B

- ADB 4 : o3t &F(slot)o] A AT A TdHE A=A AR EIH(slot

group definition)

<3 2422> GAST-¥ Ha3d MTS ADB [2-29]

Message Type GAST-C GAST-D
MT1 o g
MT?2 e g

MT2-ADB 1 A= e
MT2-ADB 2 e e
MT2-ADB 3 A€ g
MT2-ADB 4 A€ g
MT3 A = L2l
MT4 e g
MT5 e g
MT11 2 &57t 29
MT101 et A e A o
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<3 24.23> Message Type 11 32 [2-29]

oA Qe e AE A7
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ILS unit cost

The table below gives the ILS itemised costs in KEUR.

Cost items Costin K€

Category | infrastructure (ILS/DME) 338
Category Il infrastructure (ILS/DME) 384
Category lll infrastructure (ILS/DME) 406
Category | infrastructure (ILS/Markers) 330
Category Il infrastructure (ILS/Markers) 378
Category Ill infrastructure (ILS/markers) 400
Civil works 195
Initial Flight Inspection 30
Instaliation & Commissioning 176
CAT | Operating cost/year 79
CAT Il Operating costfyear a5
CAT Il Operating cost/year 105

Table 11: ground ILS-related unit costs
<1® 553> ILS Al2=H (12]) vl &
(A& : Eurocontrol, 2005 Report on the

Eurocontrol Xls business Case)

- ILS Al=" ¢ 2 MXH]E ! infrastructure + civil works + initial
flight inspection + installation & commissioning = 807 KEUR = 11¢] 7
A (2013 & A-8)

- ILS A 2" A7F F-AH]§ : operating cost/yvear = 105 KEUR = 19 5%
TH1(2013 3HE A8

- ILS A28 y&dF 0 49 (ZENER 1A 3y

—_

W8 d)

il
K

- ILS A&¥ =%348 1 5% 7Y (80 W&
4)

L

H3t Ha42 7}

PN
T=

- ILS AlaEl ®E7EE] 0 7]ekge] =9 2 A Au]8-9] 10%
GBAS A]2=®l H]8-Q 4o vt 714 (Category II/I infrastructure)

GLS unit cost

The table below gives the GLS itemised costs in KEUR.

Cost items Costin KE

GLS CAT | Infrastructure 500
GLS CAT I/l Infrastructure 1000
Civil works 44
Installation & Commissioning 120
Flight Certification 0
Operating cost/year 43

<1¥ 554> GBAS A|2~H H]&
(AF& : Eurocontrol, 2005 Report on the

Eurocontrol Xls business Case)
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GBAS

installation & commissioning + flicht certification
3ATY (20133 &
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= 1,194 KEUR = 179]
631 29kel (20139 $Hg A
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S AL 199

2/ Hlg-2] 10%
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7 B
Ate 2 Atel e At e
GBAS Alz® %9 W Mxn& 199 ¢ 179 389 | 159 53w
GBAS Al2®l A7 $x)0]& 63 8wkl | 63 2wukl | 5H ewWukY
GBAS A" J&d4 143
GBAS Al2®l =% 38 6% 714 5% 7+A 4% 714
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gl g AFE A g 55% 71
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<3 55.3> ILS VS GBAS Alute] ¥ F2H] & Hlu
o9l wwkgl
GBAS A]2-¢l
o L5 EE e e
2026 1,320 1,968 1,792 1,606
2027 1,469 2,036 1,854 1,661
2028 1,618 2,105 1,915 1,716
2029 1,766 2,174 1,976 1,769
2030 1,913 2,243 2,037 1,822
2031 2,059 2,313 2,098 1,874
2032 2,205 2,383 2,158 1,926
2033 2,350 2,453 2,218 1,976
2034 2,495 2,524 2,278 2,026
2035 2,638 2,595 2,337 2,075
2036 2,781 2,666 2,396 2,124
2037 2,924 2,738 2,455 2,172
2038 3,066 2,810 2,513 2,219
2039 3,152 2,792 2,490 2,193
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59

58

82

62

65

68

72

75

79

83

87

92

96

101

106

111

117

1730

TR

2026

2028

2031

2032
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<¥ 5.5.6> GBAS CAT-II/II=W 7<=/ Aveed +3

S AT Age e

aF
ol
=l

R T T CEE Sae
2026 1,792 1,811 1,606 1,445
2027 1,854 1,873 1,663 1,496
2028 1,915 1,936 1,722 1,547
2029 1,976 2,000 1,782 1,599
2030 2,037 2,065 1,844 1,652
2031 2,098 2,130 1,907 1,706
2032 2,158 2,196 1,972 1,761
2033 2,218 2,263 2,038 1,816
2034 2,278 2,331 2,106 1,872
2035 2,337 2,400 2,175 1,929
2036 2,396 2,470 2,246 1,987
2037 2,455 2,541 2,319 2,046
2038 2,514 2,613 2,394 2,105
2039 2,490 2,539 2,397 2,079
2,466 2,596 2,402 2,054

3.000

2500

2,000

1.500

1.000

500

——ifl T E2

—m—=LH HE AL 2 HIZ

=3 HE ALElZ2 EHE

—— 3 HE ML 2 HEHE

v |
<
E

2026 2027 2028 2029 2030 2031 2032 2033 2034 2035 2036 2037 2038 2039

<19 55.6> GBAS Al&H y7]|&/d FH]§ vl AU
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O GBAS CAT-I/II Al2=®le] =] 72 v 3221 AF3ke]
ol Fol= sl =Y Fule v HEaRHAdS & 5
gl et 934 Ay oM E L=l Ad-g-o Hls)
Ho v&a9dds gl & = S

O watA GBAS CAT-I/II Al ~¢

A 747 ol sl 7kAe] 90
Aol weh &b o).

X Lo

4. GBAS CAT-II/TIl A] 28] 1] &3 o] 2 A

7FoHl&-we) 4 i

O GBAS CAT-IVIIE F&dxet Ad= GBAS Al=® Abgdae] 7l
A Boke Sy A PiXE Aels Bt Fadhl agfste]of
th. GBAS CAT-I/IT Al2~#le] Hole 7§:<1V<—1 Ao Abs A Hejo
Taato] A gkt

I
juiil)

ol dolA= e (MEFe)H A
5

1) wlEse] - A2E HEelel A R&D 7]l &S watel slo] o] 4%
MEFe = A9 7bA x R&D 71°]% x R&D A9 FE x P&
RS I I B IR PN I B L AP P I

R&D 719§ @ R&D7} e 7]oig v &

HIWMA & 0 Alzd] MR A A8 o AVbE TAT SR E

R&D A7d&E : R&D 23 ARt a7 (o714 = 100% 7HE)
2) giAlFe] @ 71E AHE A AHE g Ee A9 B8 A3t

=
ARH Az gaviE A3, Fe7] Ad #Ha SoE RSkl HUh

D A58z s 5304 a&stet Adda o= A% dsv] A3 de
2) 2ulE Az S aastet Ad Hae wE ga wEesd 43
H]-§

O AAH Wel7 Alsld Wele GBAS A4, AAedol uhel Hojo] uby
. webd GBAS AA Aol W@ 14 Ba. oA A% wd 5o
AAA Ao BAelA WER mste] B web AAH Aol Fu)
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of Aol B aefd = glont, ARSA d ] Al oAt
)=

O M BATIZL ARIAA F 109, 208 TR T

54 WUAE - 55% KISTEPOIA W1heh AF/Eie x1ge] oy
GREA BEAD QTG 98] 55%4 4

- R&DAFA3E A EE - 100%. GBASA| 28l & ng 3FsA| Az F42 o]7]
o] RDAFAZE A FELS 100%= 2 -&.

- R&D7lol& - 281%. R&D A2 3 7 A 7hAd] x9kd #7h7h
Al &gsk= R&D 71914, R&D Abglol gk KISTEP o H B}/ Z=AL
Al AHEEHE 281% A&

~ RIS - 56.7%. R&D A AT A Au)e] stAo) A &4 A =]

59l A7IE A9sta o] &S EFE 0401?4,—‘} BIl7bx] W&, THEA
A QA H R AHA A8(SBAS) 7Y - 3= A dvEFGA AL
AR F7REAE 56.7% A 8-

¢

- A&3& 1 1,0609/USD, 1450/EUR (2013 ¥ 3+ 7]5)

<3 557> W F4o dA=xA

T 83 =71
& 2 712 0964 R&D FAHH] &= 2014955 FJa ¥, GBAS AA+=
7EA % - 20261 o]F Qg o= 2026»33 NFIER 744
GBAS A2®le] W& S ILSAI2~E ] Hiel 14
He] wAY 7| 10:/204 Ws 7Hgeta, R&D FAe] Adr] E84 45
8 10820802 714
e - KISTEPS] A770aF&E A ouetdd A &
J 3ol 0
ALSl A sl & 55% =234 1)
R&DAFS] 8} 100% GBAS Alzgle n) gagrdz Py o]7] ujF
NEE ? o] R&DAIES A5 100%= 4 &
R&D Aol thak KISTEP ofvlebdA zALe] 2wtk
j s [0}
R&D 719 = 28.1% A 7ol & 281% &%
H EFGA] XA AFEE FE 78 79
B 7bR] & 56.7% EqBﬁs of ¥] e} Fell AF-8 F77H A& 56.7%
_ 1,05091/USD
9358 ’ W os g (9 3ske
g5 1,450 /EUR 2013 S (9)829)
=55 6% TREAEE aA g A A Ay Fx
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O GBAS CAT-I/II AA+3& %

soto] A4

- =Wl GBAS CAT-I/II 24 i 7Is &3l
sdor didste B9 80%0l 3l

o & GBAS CAT-I/IIZF A A 5
AAA7I= A AAE ILS ARle WEdsrE o

A3 47570
HAHoz 570

<3

5.5.8> GBAS II/III A %] &3

AlZ7T T ILS A EA F=719k HAE7F

Ax A =) 5-a H] a1
2026 AH T3 AFTd FAFed ILS 4] We&dol e wA
2027 KAk sy ILS 4] Wg&dgo] wpE uA|
2028 AETE ILS 4] yg&dgo] upE uA|
<3 559> I F A8 v I
T g3 ES AL
By | Adw | DF | aman | RE e oo
14R ILS 1 2001-09-21 2015-09-21 2029
N5z 14L ILS 1 2001-07-21 2015-07-21 2029
ne 32R ILS 1 2002-09-30 2016-09-30 2030
2L ILS 1 2011-05-05 2025-05-05 2025
a4 36R ILS 1 2010-03-05 2024-03-05 -
" 36L ILS 1 1999-12-24 2013-12-24 2027
A= 07 ILS 1 2011-03-18 2025-03-18 2025
25 ILS 1 2010-11-30 2024-11-30 -
31L ILS 1 2011-11-30 2025-11-30 2025
o+ 31R LLZ/DME 1 2004-09-30 2018-09-30 2032
13R LLZ/DME 1 2008-05-07 2022-05-07 -
S 36 ILS 1 2004-11-20 2018-11-20 2032
= 24R ILS 1 2010-10-31 2024-10-31 -
e 06L ILS 1 2012-01-10 2026-01-10 -
o 33 ILS 1 2001-12-31 2015-12-31 2029
o 01 ILS 1 2003-08-13 2017-08-13 2031
e 19 ILS 1 2003-08-13 2017-08-13 2031
e 04R ILS 1 2009-06-12 2023-06-12 -
°r 22 LLZ/DME 1 2012-01-28 2026-01-28 -
o2 17 ILS 1 2004-11-12 2018-11-12 2032
35 ILS/DME 1 2009-12-30 2023-12-30 -
A% 06L LLZ/DME 1 1999-12-30 2013-12-30 2027
= 24R ILS 1 1999-12-30 2013-12-30 2027
B0 10 LLZ/DME 1 2007-12-27 2021-12-27 2035
$AFH | 17 ILS/DME 1 2009-07-07 2023-07-07 -
1) 8 & 35 ILS/DME 1 2009-07-07 2023-07-07 -

L AT TA
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O GBAS CAT-I/II A4 FAEGo] FAFE dAie A7 A8 4
F AA FARFHES] 50% oS AAT Aowm st ATt
3096013z, 30%~50%7F 20%, 10%~30%7}F 30%, 10% w|wko] 20% = ZALS
A5 w}aw BEE B FARFHE F FAFE HES 30%=

.

. GBAS CAT-I/II Al2~®) AA4 He] 4

A

AAA Aol AR oo MEL o oA slelfe, FABE 4
F vlzol @ 7lelre] 2 A1E LS Al iAol WE sefgelo
5 Qe AURAC] W solFee ) Fu a4 8
shsl Al A Aol gyl sEw fARE wE slelEu e,

f

M

- ME 9 = U GABSAIE® Faox Ul GBASAIAHE Ts iR

x R&D AFeIsh A8 x5 7H7hA &xR&D 7)o &

- e fA HEDU 40) = T GBASAIZT oA M| S E]
AR &x P77 &
- sulEage] AuldA £9) = (LS AW =9 2 £ g - GBAS Ax¥
(e} A=

- 4] GBAS CAT-I/II A2~ A
AH147) F3) 9 &t tale]
h A 48] = GBAS AH| = A

| 8 AATATY 2 AR
2

ILS “nlel tiste] 20251 ©]

o ol

- Il GBAS CAT-II/II Al=® dujzbd @ 7HAZAAES 188k
EuroControl =% 2 Ax] 7}A9] 90%<] 159 54wk 714, 714 <l
g A 3% 714,

(EuroControl GBAS A]2~® =9} % A X|H]& : infrastructure + civil works +
installation & commissioning + flicht certification = 1194 KEUR = 17¢ 3xwt
¢, 20134 & H8)

- ] GBASA| =¥ &AFxHG H]8  5d 697 4 (EuroControl -f#

(EuroControl GBAS A|2®l AZF §34]4 : 43 KEUR = 63 29w ¢, 20134
g 48
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GLS unit cost

The table below gives the GLS itemised costs in KEUR.

Cost items Cost in K<
GLS CAT | Infrastructure 500
GLS CAT IV Infrastructure 1 000
Civil waorks 44
Installatton & Commissioning 120
Flight Certification 20
Operating cost/year 43
<19 557> GBAS A|2H H]|& FHITHA

(A= : Eurocontrol, 2005 Report on the Eurocontrol Xls business Case)

- =] GBASA]

S ESE
- = &3 ILS #H

3l

gl BE ) A

o

- 2025 o]% wA| Ul FE T, dEV] ¥ HFE 1yt AdHEFE
Ax e, AT 9@ HF F8S GBAS Al=¥ diA] F3o
7¥Adska, ILS AH] W8AdTE n#ste] A HAXxe ted 2ol
Taske] A

2026 QAT AFsF, A5 | ILS g Hgdse] me A

2027 sl ILS H] Wy-gdgo w2 wx|

2028 HEFE ILS 8] W&l up& ux|

- GBAS CAT-IV/II A28 & I ufj& 59 @ 2479 9

1,550 1 x 100% x 56.7% x 28.1% = 247¥WdF 9

- 2026\ 3 H-E 202813 7}A]

CEE

gAMoR S 57 &

)

o] GBAS CAT-I/II

<X 5510> GBAS A|2=H x| wZE R&D T3 49
(T W &)
A= Al 2= |l o &= 2] A A 7HA]
2026 3 740.9 740.9
2027 1 254.4 241.1
2028 1 262.0 235.4
Al 5 - 1,217.4
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i
W,
1
ol
2
rf
-3
=
ro
=
@o
w)
o
N
2,
Y
19
rlo
—
o
[@))
—

A 2~ ¥ FEulEH ] (dnk )
A= 51 o~ 120267 X[ 720277 2] 7] 2028 A A F& wEde

ShRa Al - _

] b A (@A)

2026 3 168.0 0.0 0.0 168.0 28.6
2027 1 178.1 56.0 0.0 234.1 37.7
2028 1 188.8 59.4 56.0 304.1 46.5
2029 0 200.1 62.9 59.0 322.0 46.6
2030 0 212.1 66.7 63.0 341.8 46.9
2031 0 224.8 70.7 67.0 362.5 47.2
2032 0 238.3 74.9 71.0 384.3 474
2033 0 252.6 79.4 75.0 407.0 476
2034 0 267.8 84.2 79.0 431.0 47.8
2035 0 283.8 89.3 84.0 457.1 48.0
3 A 5 2,214.4 643.5 554.0 3,411.9 444 4

O AlAdHAl 9]

- ILS A|2="S GBAS Alx"oz fgiAgozm Adojx= H|E

HAFds 4 5 A+

i

A& ! i}: o 20264 =] | 20274 | 2}\&;‘:; qj:i]lﬁ =

S Rl e s 7 A8
2026 3 11,022 - - 11,022 10,497
2027 1 1,632 1,034 - 2,666 2,418
2028 1 1,632 244 3,674 5,550 4,794
2029 0 1,632 244 544 2,420 1,991
2030 0 1,632 244 044 2,420 1,896
2031 0 1,632 244 544 2,420 1,806
2032 0 1,632 244 544 2,420 1,720
2033 0 1,632 244 544 2,420 1,638
2034 0 1,632 244 o544 2,420 1,560
2035 0 1,632 244 544 2,420 1,486
| 5 25,710 2,986 7,482 36,178 29,806
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2)

3)

4)

Bt AAE 19%, 2025 AE d@71F 100% GBAS 7he A
Az 71E FE7) 71FE 50%75% FF (Bt 55%) FA. 20254
B @] W GBAS Bt AARE °F 60% 4

Inflection Point is 2016 — Aircraft Equipage

eawell
2012 2016 2025
737 NG, MAX 4018 (200) 5513 (800) 11161 (6500)
747-8 48 (48) 110 (110) 36 (36)
787 101 (101) 559 (559) 1585 (1585)

Aircraft Type #total (GLS enabled estimate)

2012 2016 2025
320 (>2004) 4000 (200) 5500 (800) 8500 (4400)
330, 340 1249 (100) 1520 (200) 1203 (800)
350 0 52 (20) 1042 (500)
380 93 (93) 207 (207) 389 (389)

7 NAV-Precision Landing Sy 2010 Busi Plan DRAFT- the eg t the Request of Counsel File Number- 1

<% 55.8> Honeywell FH A7

w2AF A3 20261 =4 &3 7] GBAS CAT-I/II F4&&
30% oS ot AT 60%, e A7 2045l 80%

7 ﬂ?% A AU e QZ7]E AW 781 1A
(2010. 1., ZEFHFL/AFAL LT EH7F)E 20149 5%, 2034
609%~100%2 7}kl A|Lba] o A HA

uebs  GBAS CAT-I/II &L B2 whaola 20261
20%/30%, 2045 80%E 7143kl Logistic A d=14 2Y& o] &3t

4%,

GBAS CAT-I/II A<3A AlzF 0 2luet 394 SBASS] A
AgTs Al 2AeR Mgk A9 GBAS CAT-IVIIS] 48
Nre FadA et s wet oE = S dEIF AEAI 108715870
60% % ZAFE L Qlo], 15%S 7|Fo 7 FA3)

AN FAFFA EFHE 0 2010720129 Hu] & sk U9
FA SIS Bl 20260 olF BUAF o] HEH:
= :

2 7F3% 2010472012 39 o w3 " & 63% 9.
A S =AW, 971, 237 =3dhE

2012 =AM =27

1o
)
18
i
Mo
ot
)
ol
rr
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Y
Ac)
2L
2
©
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[u—
X
of
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A% A

Asdd 54

5 GBAS Atdlel A 3 W ARd3H140kg)el diste] @7
ZIFEME, T4, 29) Asdds 24ste] A83.

gF7] 71FL Aqg7)e &V 5 AEVE ddom *
(B747/BT77%), 53 (A330F), 23 (A320/B737H) o2 &3

715 A5 A7 JATAS SBASO st 7|5 s A7leke] B

aEstel GBAS 71EW AsERES AES <3E 5h16>°0=

715 oF 290kg, T8 7]FS 150kg, 28752 675kge] &4

el o, Hit oF 170kge] 98 AES vebd. uebd FHit i)

715d AsEMEUEE dsEzdd/EudsddEhe dygr)E
3

oW a2
1.706, 534 71& 0.882, 28 7] 0.397= e,

<¥ 55.16> SBAS 7|=¥ dgA7te

g7 7% A58 F(kg)/H Al
B747 330
B777 250
A330 150
A320 70
B737 65

(A& : TATA, 2009 Guidance Material and Best Practices for Fuel and

Environmental Management)

o

O

i}

352 GBAS it dAud3 AelE SBASY| 7|Fd dAmdze

s " rtlE=
Hgate] J1FWE AW WYMo BY/1F U0kg, FH/E
120kg, 4% 7]% 5okg o & UERd 5= 9l
A <F 5512>9 A dFAL ] FEdE AR AUy s

Agatel 7 Aeled fRARES AET

THd HE Al B A5 AR AvEled wet 93kgT106ke,
TAA H Al Fat A7 A7 111.5kg 145.8kg & = LHER,

D AvEe 1
=l A = 0.1x240kg + 0.3x120kg + 0.6x55kg
T A = 02x240kg + 0.3x120kg + 0.5x55kg
2) AvEle 2
T = 0.1x240kg + 0.5x120kg + 0.4x55kg = 106kg (0.8303 #i &)

93kg (0.7285 #iE)
111.5kg (0.8734 Wi =)
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TAA = 0.25%x240kg + 0.33x120kg + 0.42x55kg = 111.5kg (0.9612 HiZ)
3) AldE e 3

U4 = 0.1x240kg + 0.5x120kg + 0.4x55kg = 106kg (0.8303 ui ")
TAA = 0.35%x240kg + 0.40x120kg + 0.25x5bkg = 145.8kg (1.1417 HiZ)

- e 7HA A9 20139 Jetfr 7HAS V1o ® 20406744 A7F 1.1%

o 2= = ko3 o A ~
o 7}A s F4. whebA 20261 ol F wiE @ frrk= 1455987179.249
HE 44
Reference case "'nﬂ“ﬂ':
growtl
Sector and source 2011.2040
2010 2011 2020 2025 2030 2035 2040 {percent)
Transportation
P OB i e s s o S L G A R R 27.52 26.08 24.48 25.83 26.80 2777 28.07 0.4%
E85Y........ 2556 2530 2964 2727 26.94 29.19 3058 0.7%
Motor gasoline 2318 2870 2784 2926 3073 3299 3618 0.58%
Jetfuel® ... 1857 2249 21.50 2373 26.03 28.52 3107 1:1%
Diesel fuel (distillal 2238 26.15 26.61 2898 30.81 33.19 3805 1.1%
Resgidual fuel oil ... 1062 17.83 14.91 16.58 18.34 20.25 2245 0.8%
MNatural g-as."_... 16.51 16.14 1687 1797 18.90 19.86 21.20 0.9%
Bl iRy e e e e 3391 3277 29.60 30.40 3153 32.54 35.07 0.2%

<1 5.5.9> 3FF 7F4 A (XE : Annual Energy Outlook 2013 with Projections to 2040)

<% 5517> FFF 44 714
1

MMBtu = 5.551365225 Barrel

A Jet Fuel(2011 dollars per Jet Fuel(2011 dollars per
= MMBtu) Barrel)
2026 26.5 147.1
2027 26.8 148.7
2028 27.1 150.4
2029 27.4 152.0
2030 27.7 153.7
2031 28.0 1554
2032 28.3 157.1
2033 28.6 158.8
2034 289 160.6
2035 29.2 162.3
2036 29.6 164.1
2037 29.9 165.9
2038 30.2 167.8
2039 30.6 169.6
2040 30.9 1715
2041 31.3 1734
2042 31.6 175.3
2043 32.0 1772
2044 32.3 179.2
2045 32.6 181.0

(FF23 359 A8 026 71 2 A
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o Ul Sl 196,757, AA| A GEALR o] F3 FFo] EF Sy
oA Ao FAFAAT arefste] 50%A He] LA

4

o A SIS AA AN LTI 649916014 FAFEA £
A8 63% = ol M H5apgo] BAsk= 50%0 are e

<3t 55.18> IAA FHA FEHE

T 2010 2011 2012 A

= A A 161,271 (62.8) 176,703 (63.0) 200,165 (63.8) 538,139 (63.2)

<] AL 95,417 (37.2) 103,865 (37.0) 113,561 (36.2) 312,843 (36.8)
A 256,688 280,568 313,726 850,982

ASRS
B w}a}/ﬂ Axd AA $F3FolA GBAS AlAEl AX

2 2 W

T |AARE R AT || T | FE | o | E R R T | e AR | E | A
2010 | 16 (353(134(334[25|28]01]00 |19 |1
2011 | 16 (354(127{3563124|26(01]00|19|12 3620|0605 0.2 | 100.0
2012 | 1.9 (35.0(126(36.1| 232501001911 35|18 (06|04 |0.2| 100.0
1291349124 126]01]00|19|12 35|22 |06 |05]0.2| 100.0

o

(e
£
=
J
w
a
[N}

22

2010 |819(59(90(21(04(04]02]01|00]00/|0.0|0.0(0.0/0.0]0.0} 100.0
2011 |80.1| 6.7 {100{ 2.0 05]05]02]00]|00]|00|00|0.0(0.0/0.0]0.0}| 100.0
2012 |79.1| 68 (10312.7(04(04]02]01|00]|00|00|0.0(0.0/0.0]0.0}| 100.0

b

(e
£V
0
—
w
=)
3y

98123[04]|04]02|00]00/|0.0(0.0(0.0]0.0]0.01]0.0] 100.0

o 2026 V|EATFO AAEH
0% F 74 Avele

e 204519 AS 7IEATS Honeywell*}% FAAA 90%7100% 2]
A TA 2 0% E 7HA.

ox

X,
]
ftlo
e
ol
o
=l
o
+
re
re
>,

P
J‘u
r o]

o A HAHE FAHL Logistic AFA BEHS o] &3] A

Di‘i
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<¥ 5520> GBAS CAT-II/II A&E 3

Ar 71¥ A1 | 71 972 | Honeywell | AU L 1 | AlvEle 2
2014 5.0 5.0 14.4 - -
2015 5.9 6.0 17.0 — -
2016 6.9 7.1 20.0 - -
2017 8.0 8.5 23.4 - -
2018 9.3 10.1 27.1 - -
2019 10.8 12.0 31.2 - =
2020 12.6 14.1 35.7 - -
2021 14.5 16.6 40.4 - -
2022 16.7 19.4 45.2 - -
2023 19.2 22.5 50.2 - -
2024 21.9 26.0 55.1 - -
2025 24.9 29.8 60.0 - -
2026 28.2 33.9 64.7 20.0 30.0
2027 31.7 38.2 69.1 21.5 31.6
2028 35.5 42.8 73.2 23.1 33.2
2029 39.4 47.5 76.9 24.9 35.0
2030 43.4 52.2 80.2 26.7 36.8
2031 47.6 56.9 83.2 28.8 38.8
2032 51.8 61.5 85.8 30.9 40.8
2033 55.9 65.9 88.1 33.3 43.0
2034 60.0 70.0 90.0 35.8 45.2
2035 63.9 73.8 91.7 38.5 47.6
2036 67.7 77.3 93.1 41.4 50.1
2037 71.3 80.5 94.2 44.5 52.7
2038 74.6 83.3 95.2 47.8 59.9
2039 77.6 85.8 96.1 51.4 58.4
2040 80.4 87.9 96.7 55.3 61.5
2041 82.9 89.8 97.3 59.4 64.7
2042 85.1 91.4 97.8 63.9 68.1
2043 87.1 92.8 98.2 68.7 71.7
2044 88.9 94.0 98.5 73.8 75.4
2045 90.5 94.9 98.8 79.4 79.4

120.0

& —e—3|E AP - E A2 ——Honeywell
100.0
——AlL2| 2 —— A2 E 2

0.0

60.0

0.0

200

0.0
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A F@slolA =&AgE vostal, GBAS ©l 87 &
LW &I GBAS &2 &7 v&d ke eldte] =3 +dH
T ARAFNS g3} 2ol AE Vs
S dEdze = RSl x =FHE x GBAS AF H|E& x
GBAS AX&d &30 x 23 A Aud78zd x {71
AN AnAg = LFIA5 x B G « FTHYFA AfE x GBAS %
o1& x GBAS AX¥Fd 23 & x &3 9% dndygF x {7}

GBAS CAT-I/II +34F&S GBAS CAT-IVII =% 339
‘]

2010720120 =i H oA 3 8] How FH3L
<¥ 5521> £3314 2L GBAS A&E, $FAFE 4
ol e T35 GBAS 438 GBAS £33 f&
T e w4 A Aol | Adele I ) Al R
2026 196,757 324,958 0.20 0.30 82.6 36.6
2027 200,082 342,311 0.22 0.32 92.8 52.1
2028 203,464 360,590 0.23 0.33 99.3 87.3
2029 206,902 379,845 0.25 0.35 99.3 87.3
2030 210,399 400,129 0.27 0.37 99.3 87.3
2031 213,954 421,496 0.29 0.39 99.3 87.3
2032 217570 444,004 0.31 0.41 99.3 87.3
2033 221,247 467,714 0.33 0.43 99.3 87.3
2034 224,986 492,690 0.36 0.45 99.3 87.3
2035 228,789 518,999 0.38 0.48 99.3 87.3
2036 232,655 546,714 0.41 0.50 99.3 87.3
2037 236,587 575,908 0.44 0.53 99.3 87.3
2038 240,585 606,662 0.48 0.55 99.3 87.3
2039 244,434 638,815 0.51 0.58 99.3 87.3
2040 248,345 672,672 0.55 0.61 99.3 87.3
2041 252,319 708,324 0.59 0.65 99.3 87.3
2042 256,356 745,365 0.64 0.68 99.3 87.3
2043 260,458 785,396 0.69 0.72 99.3 87.3
2044 264,625 827,022 0.74 0.75 99.3 87.3
2045 268,859 870,854 0.79 0.79 99.3 87.3

webA 20261 A5 A2 Alvhg] Qo mel 30919 Y5858 o=

44,

(D AL 1-A1y2 2 1 (7] 9 AFE-GBAS CAT-I/II 35

= Ud 1 196,7573]x50%x20%6x0.366x0.72850) Ex147.19 #1x1,050¢ = 8.109 ¢
A 1 324,9583]x5026x0.63x20%6x0.826x0.8734 1] € x147.1 & 2]x1,000 ¢ = 22.819]<

AvE e 1-AvE e T (387 §3 A/F&-GBAS CAT-I/I #38)
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U4l 1 196,7573]x50%x30%6x0.366x0.72851 Hx147.12 2]x1,0009 = 12159
A 1 324,9583]x50%6x0.63x30%6x0.826x0.8734 v Ex147.1 2 2x1,000 ¢ = 34.21]<)

(2) A 2-AYE L T (337 +% HA-/&-GBAS CAT-I/II F3E)
U A 196,757 3] x50%6x20%x0.366x0.8303 1) Ex147.12 #x1,0509 = 9.2491 ¢}
=74 1 324,9583] x5026x0.63x20%x0.826x0.96128) P x147.12#1x1,0609= 25.1191¢)

A e 2-AvE e T (337 8 H+E&-GBAS CAT-I/II F3&

A 1 196,7573]x50%x30%x0.366x0.8303 v Ex147.1E 21x1,0509¥ = 13.85%] €
A 1 324,9583]x5026x0.63x3026x0.826x0.96128] Ex147.1E21x1,0009¥= 37.66%1¢1

(3) A e 3-AYEe (387 £3 dF&-GBAS CAT-I/II F38)

o

= 196,7573] x50%x20%x0.366x0.83031) A x147.19 2]1x1,0500¢ = 9.24%] <
A 1 324,9583]x50%x0.63x2026x0.826x 1.141 78] Ex 147.12 21x1,000 ¢ = 29.8241 <1

AyEl e 3-A Y e I (3387 73 dAF&-GBAS CAT-IVIII & 2&
YA 196,7573] x50%x30%6x0.366x0.8303 ) P x147.1€ #]x1,050¢] = 13.8591 ¢
A A T 324,9583]x50%x0.63x3026x0.826x1.141 78] Ex147.1 2 #1x1,050 9 = 44.7321

d | Az de dArA=
AluE] @ TollA 622.8997836.299 ¢, Alube] Q. 20014 = 694.191997931.991 ¢,
Alue] 9 3ol A= 777.091971,0434 o2 FAH. G71A w9
20687kl dmn] Az e dAVHAE AldE e 14 1,930.99
A72260.790 ¢, Aug e 264+ 2148791 €972,516.091 €, AlvEle 3
o A= 2,427.891 917283029 o2 FAHE L

e 2026 H-H 10WzFe] w@r]d e dmwH
o

o,
o

CoRAA B VA BN
CAT-I/II7} Axgo=zm =% 3}

Ao uj S =7 YERt Qe
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Fud Azt AN Azd7
A% | sy | GBAS 4883 Azl s | GBAS A80% Amdztol
T (Al g eapte el £ Al ed v ol Avke 2aA el 21
2026 |196,757| 7,201 10,802 810 1,215 | 324,958 | 16910 | 25,365 2,281 3,422
2027 1200,082| 11,210 | 16,460 | 1,209 1,775 | 342,311 | 21,522 | 31,600 2,782 4,085
2028 203,464 | 20,542 | 29,523 2,123 3,052 | 360,590 | 26,089 | 37,493 3,233 4,646
2029 1206,902| 22,464 | 31,601 | 2,224 | 3,129 | 379,845 | 29,553 | 41,574 3,508 | 4,935
2030 |210,399| 24,566 | 33,826 2,331 3,210 | 400,129 | 33,478 | 46,098 3,809 5,245
2031 213,954 | 26,863 | 36,207 | 2,443 | 3,293 | 421,496 | 37924 | 51,115 4,135 | 5,574
2032 |217,570| 29,376 | 38,756 2,560 3,378 | 444,004 | 42,959 | 56,676 4,489 5,922
2033 |221,247| 32,122 | 41,483 2,682 3,464 | 467,714 | 48,661 | 62,842 4,872 6,291
2034 |224,986| 35,125 | 44,402 2,812 3,554 | 492,690 | 55120 | 69,678 5,290 6,687
2035 |228,789| 38,408 | 47,526 | 2,945 | 3,644 | 518,999 | 62,435 | 77,257 5740 | 7,102
2036 |232,655| 41,996 | 50,869 | 3,086 | 3,738 | 546,714 | 70,719 | 85,659 6,230 | 7,547
2037 236,587 | 45,919 | 54,446 3,234 3,834 | 575,908 | 80,100 | 94,973 6,762 8,018
2038 |240,585| 50,208 | 58,274 3,390 3,934 | 606,662 | 90,724 | 105,299 7,343 8,523
2039 |244,434| 54,846 | 62,314 3,547 4,030 | 638,815 | 102,716 | 116,702 7,965 9,049
2040 |248,345| 59,912 | 66,634 | 3,714 | 4,131 | 672,672 | 116,289 | 129,337 | 8,643 | 9,613
2041 | 252,319| 65,444 | 71,253 3,888 4,233 | 708,324 | 131,652 | 143,338 9,378 | 10,210
2042 | 256,356| 71,484 | 76,190 4,070 4,338 | 745,865 | 149,040 | 158,851 | 10,173| 10,843
2043 |260,458| 78,079 | 81,468 4,259 4,444 | 785,396 | 168,718 | 176,041 | 11,034| 11,513
2044 | 264,625| 85,280 | 87,110 4,459 4,555 | 827,022 | 190,988 | 195,087 | 11,973| 12,230
2045 |268,859| 93,140 | 93,140 4,668 4,668 | 870,854 | 216,190 | 216,190 | 12,991| 12,991
FHA - - - 60,456 | 71,620 - - - 132,632| 154,446
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<3 55.23> Ay L 29 dAxE ARHZ} HE HY

S And

A Andzt

Q| wgu | GBAS 182% | AmAgN | L | GBAS 4823 |  dmage

2F | AuelelpuelenAveleliveen  #F  [AueidE e AdE i eIl
2026 196,757 7,201 | 10,802 924 1,385 | 324,958 | 16,910 | 25,365 2,511 3,766
2027 200,082 | 11,210| 16,460 1,378 2,023 | 342,311 | 21,522 | 31,600 3,062 4,495
2028 203,464 | 20,542| 29,523 2,420 3,478 | 360,590 | 26,089 | 37,493 3,558 5113
2029 206,902 | 22,464 | 31,601 2,535 3,566 | 379,845 | 29,553 | 41,574 3,861 5,431
2030 210,399 | 24,566| 33,826 2,657 3,659 | 400,129 | 33,478 | 46,098 4,192 5,772
2031 213,954 | 26,863 | 36,207 2,185 3,753 | 421,496 | 37,924 | 51,115 4,551 6,134
2032 |217,570| 29,376 | 38,756 2,918 3,850 | 444,004 | 42,959 | 56,676 4,940 6,517
2033 221,247 | 32,122| 41,483 3,057 3,948 | 467,714 | 48,661 | 62,842 5,361 6,924
2034 224,986 | 35,125| 44,402 3,205 4,051 | 492,690 | 55,120 | 69,678 5,822 7,359
2035 228,789 | 38,408 | 47,526 3,357 4,153 | 518,999 | 62,435 | 77,257 6,316 7,816
2036 |232,655| 41,996 | 50,869 3,517 4,260 | 546,714 | 70,719 | 85,659 6,357 8,305
2037 236,587 | 45,919 | 54,446 3,685 4,370 | 575,908 | 80,100 | 94,973 7,442 8,824
2038 240,585 | 50,208 | 58,274 3,863 4,484 | 606,662 | 90,724 105,299 8,081 9,380
2039 244,434 | 54,846 | 62,314 4,043 4594 | 638,815 [102,716|116,702 8,766 9,959
2040 |248,345| 59,912| 66,634 4,233 4,708 | 672,672 (116,289 129,337 9,512| 10579
2041 |252,319| 65,444 | 71,253 4,432 4,825 708,324 [131,652|143,338| 10,320 11,236
2042 256,356 | 71,484 | 76,190 4,638 4944 | 745,865 [149,040(158,851| 11,196| 11,933
2043 260,458 | 78,079 | 81,468 4,854 5,065| 785,396 {168,718 (176,041 | 12,143| 12,670
2044 |264,625| 85,280| 87,110 5,082 5191 | 827,022 {190,988 195,087 | 13177 | 13,459
2045 268,859 | 93,140| 93,140 5,321 5,321 | 870,854 {216,190(216,190| 14,297 | 14,297
A - - - 68904 | 81,628 - - - | 145965| 169,972
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<3 5524> AU L 39 A=Y A8} HE HY

(=9): it )
S mAz A4 AmA7
Q% | sgn | GBAS 482F | @nunel | a4 | GBAS 482F |  anune
£ | Aueerpidelen e elpteen  £F | Ael elkel ol ke el el 1l
2026 |1196,757| 7,201 | 10,802 924 1,385 | 324,958 | 16,910 | 25,365 | 2,982 4,473
2027 1200,082| 11,210 | 16,460 | 1,378 2,023 | 342,311 | 21,522 | 31,600 | 3,637 5,339
2028 1203,464| 20,542 | 29,5623 | 2,420 3,478 | 360,590 | 26,089 | 37,493 | 4,226 6,074
2029 |206,902| 22,464 | 31,601 | 2,535 3,566 | 379,845 | 29,553 | 41,574 | 4,586 6,451
2030 |210,399| 24,566 | 33,826 | 2,657 3,659 | 400,129 | 33,478 | 46,098 | 4,979 6,856
2031 |213,954| 26,863 | 36,207 | 2,785 3,753 421,496 | 37,924 | 51,115 | 5406 7,286
2032 |217,570| 29,376 | 38,756 | 2918 3,850 | 444,004 | 42,959 | 56,676 | 5867 7,741
2033 |221,247| 32,122 | 41,483 | 3,057 3948 | 467,714 | 48,661 | 62,842 | 6,368 8,224
2034 |224,986| 35,125 | 44,402 | 3,205 4,051 | 492,690 | 55,120 | 69,678 | 6,915 8,741
2035 |228,789| 38,408 | 47,526 | 3,357 4,153 | 518,999 | 62,435 | 77,257 | 7503 9,284
2036 |232,655| 41,996 | 50,869 | 3517 4,260 | 546,714 | 70,719 | 85,659 | 8144 9,365
2037 |236,587| 45,919 | 54,446 | 3,685 4,370 | 575,908 | 80,100 | 94,973 | 8,840 10,481
2038 |240,585| 50,208 | 58,274 | 3,863 4484 | 606,662 | 90,724 {105,299 9,599 11,141
2039 |244,434| 54,846 | 62,314 | 4,043 4594 | 638,815 |102,716|116,702| 10,412 | 11,829
2040 |248,345| 59,912 | 66,634 | 4,233 4708 | 672,672 1116,289(129,337| 11,298 | 12,566
2041 |252,319| 65,444 | 71,253 | 4432 4,825 | 708,324 |1131,652|143,338| 12,258 | 13,346
2042 |256,356| 71,484 | 76,190 | 4,638 4944 | 745,865 1149,040(158,851 | 13,298 | 14,173
2043 |260,458| 78,079 | 81,468 | 4,854 5065 | 785,396 |168,718|176,041| 14,424 | 15,050
2044 |264,625| 85,280 | 87,110 | 5,082 5191 | 827,022 |190,988(195,087| 15651 | 15987
2045 |268,859| 93,140 | 93,140 | 5321 5321 | 870,854 |1216,190(216,190| 16,982 | 16,982
G - - - 68904 | 81,628 - - - 173,375 | 201,890
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O
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e
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o
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19

|
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B>
=)
i\
i)
oy
o

* 35 GBAS Atdle A 9 B ©AEFRH(440kg)Vo]l TATAS]

SBAS A& me vrumEwd Buh E FAHL oS webA
Aol A= SBASe| wavlE S VIToR GBASS @aniE

o )
As 243

* SBASO| HdA HE&AES FHU 2 Altew 7}?9 3}al, GBAS &3t
A B4 L7 15807 7MASE A9 GBASS ErxujE: A7k

o
o
F2 SBASO| AuE dheFe] 125%°) g E.

°F 6
EV\HHE é%e ‘%E}m Uﬂrﬂ‘r/ﬂ GBASell o3k gauis Az o]
gl et 12.5%E A &3tol Y 71F 30kg, TF715 15kg, £2%F7F
8kgol dFo e =4 5 U+

<3 5.5.25> SBAS 7|£Y ©Ahuw|E A7

g3 7)E CO, A7 (kg)/d A
B747 280.6
B777 181.1
A330 118.1
A320 66.2
B737 53.2

(A5 IATA, 2009 Guidance Material and Best Practices for Fuel and Environmental Management)

- omEd FRA AT A g daE Agse @ g3A 3
T3 HAHE Alygl oo wel 93kgT106kg, A H: Al Ha A

W% A7 1115kg™145.8kg 0 2 L ER

DAYy e 1:
=AM = 0.1x30kg + 0.3x15kg + 0.6x8kg = 12.3kg
= A4 = 02x30kg + 0.3x15kg + 0.5x8kg = 14.5kg

1) M. Yan, GBAS Implementation in Australia, GBAS Development Manager Airservices Australia,
2009. 10.
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2) AdEle 2
= = 0.1x30kg + 0.5x15kg + 0.4x8kg = 13.7kg

=AM = 025x30kg + 0.33x15kg + 0.42x8kg = 15.8kg
3) Alygle 3

=4 = 0.1x30kg + 0.5x15kg + 0.4x8kg = 13.7kg

=AM = 035x30kg + 040x15kg + 0.25x8kg = 18.5kg

TE 201313 | 20143 | 201543 | 2016%d | 20173 | 20183 | 20193 | 202013

7+ 6.5 7.5 8.5 9.6 9.7 10.0 10.5 11.0
(22 /£C0s) .b 7.5 .5 ] 7 ; .5 ;

Z}E: Societe Generale (2013). Carbon Market in a State of Flux.

<9 5511> ©2xwEA 714 A%
=] u%)

(= A A A AT A A DE(2013), TAAEe] 3o o]grel

= & x GBAS 43 v&
£39 BaMEALY « ENA

° Lq'ﬂ'}ﬂ 20263 %iHH% =%
wlow #49.

(1) A=l 1-AvYg e T (37 #3 A/F8&-GBAS CAT-I/I =2+
A ¢ 193,4873] x50%x2026x0.366x12.3kgx 10 £x1,450¢ = 1.26 #wh¢)
A4 0 308,4853] x50%x0.63x20%x0.826x14.5kgx 10 2 x1,4509 = 3.38 #wkgl
AlEl e 1-A9Yg e T (37 78 A+&-GBAS CAT-IVII #3&)
U A 1 193,4873]x50%6x302%6x0.366x12.3kgx10-F £x1,450¢ = 1.89 W vk

= A4  308,4853] x50%x0.63x30%x0.826x14.5kgx 104 #x1,4509 = 4.29 #wkgl

@) AL 2-AYE e T (@871 #9 A+&-GBAS CAT-IVII &2#&)
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= A 0 193,4873]x50%x20%x0.366x13.7kgx 10 £x1,4509 = 1.41 W7k
A 308,485 3] x50%6x0.63x20%6x0.826x15.8kgx 10 £x1,450¢ = 368
AldEl e 2-AuYg e T (3=7] 73 AF&-GBAS CAT-IV/II #3&)

U A 1 193,4873]x50%6x3026x0.366x13.7kgx10-F £x1,450¢ = 2.11 W vk
A4 1 308,4853] x5026x0.63x30%x0.826x15.8kgx 10 £x1,450¢) = 552 #wkel

vkl

3) AUE L 3-AYE 2 T (3837 73 HFE&-GBAS CAT-I/II &3&

U A ¢ 193,4873] x50%x20%6x0.366x13.7kgx 14559 21x1,050¢ = 1.41 vk
=24 308,4853] x50%x0.63x20%x0.826x18 5kgx 10+ #x1,4509 = 4.31 9wkl
AldEl e 3-AuE e T (337 73 AF&-GBAS CAT-IV/II #3&)
U A 1 193,4873]x50%6x3026x0.366x13.7kgx10-F £x1,450¢ = 2.11 9wk
A 308,4853] x50%x0.63x30%6x0.826x18.5kgx 10 £x1,450¢ = 6.46 kgl

2026\ 3 5-E 10d3ke] ghanlE A7k Aol HAAZMAE Ay L 194
0991971.299 9, Alygl e 2014 0.9591971.39Y, Al e 3olA &=
1.0691971491 902 A, 20d7ke] sanE 27 Ao dAAHA
T AUE L 144 279973199, AlUEl L 244 289997339 Y,
A L 394 E 31997369902 A4,

WA o)A gAolA =) 5 Fael GBAS CAT IS Ao

w2 FATA Ba MEEz Wl wS WA YEua 9le.
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<3# 5526> AU L 19 Adxd gavjE H3 H§ H1e
(9 W )
S04 gaE Ag SAA Bz A
A% | wuam | GBAS 4888 | ©auE A7 | mqa | GBAS 4889 | dawz Azl
23 [AuaeldelenAdeelpiden &3 A el el A eI
2026 |196,757| 7,201 10,802 1.28 1.93 324,958 | 16,910 | 25,365 3.56 5.33
2027 1200,082| 11,210 | 16,460 1.90 2.78 342,311 | 21,522 | 31,600 4.29 6.30
2028 203,464 | 20,542 | 29,523 3.29 473 360,590 | 26,089 | 37,493 4.93 7.08
2029 1206,902| 22,464 | 31,601 341 4.80 379,845 | 29553 | 41574 529 7.44
2030 210,399 24,566 | 33,826 3.54 4.87 400,129 | 33,478 | 46,093 5.68 7.82
2031 213,954 | 26,863 | 36,207 3.67 494 421,496 | 37,924 | 51,115 6.10 8.22
2032 |217,570| 29,376 | 38,756 3.80 5.01 444,004 | 42,959 | 56,676 6.55 8.64
2033 |221,247| 32,122 | 41,483 3.94 5.09 467,714 | 48,661 | 62,842 7.03 9.08
2034 |224,986| 35,125 | 44,402 4.08 5.16 492,690 | 55,120 | 69,678 755 9.55
2035 228,789 38,408 | 47,526 4.23 5.24 518999 | 62,435 | 77,257 811 10.03
2036 |232,655| 41,996 | 50,869 4.38 5.31 546,714 | 70,719 | 85,659 8.70 10.54
2037 236,587 | 45,919 | 54,446 4.54 5.39 575,908 | 80,100 | 94,973 9.35 11.08
2038 1240,585| 50,208 | 58,274 4.71 547 606,662 | 90,724 | 105,299 | 10.03 11.64
2039 |244,434| 54,846 | 62,314 4.88 554 638,815 | 102,716 | 116,702 | 10.77 12.23
2040 |248,345| 59,912 | 66,634 5.05 5.62 672,672 | 116,289 | 129,337 | 11.55 12.85
2041 252,319 65,444 | 71,253 5.23 5.69 708,324 | 131,652 | 143,338 | 12.40 13.50
2042 |256,356| 71,484 | 76,190 541 5.77 745,865 | 149,040 | 158,851 13.30 14.18
2043 260,458 | 78,079 | 81,468 5.60 5.85 785,396 | 168,718 | 176,041 14.28 14.90
2044 |264,625| 85,280 | 87,110 5.80 5.93 827,022 | 190,988 | 195,087 | 15.32 15.65
2045 |268,859| 93,140 | 93,140 6.01 6.01 870,854 | 216,190 | 216,190 | 16.44 16.44
A - - - 84.76 101.11 - - - 181.23 | 21252
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<3 5527> AV 29 A= ©@AulE HZ HlE HY
(9] W &)
S wanE dgt A wanE gt
aw | g | GBAS A8 | 9auE A0 | wqu | GBAS 4889 | waus A
23 [Aueeriueenagaeligeen $%  [Aoeeie en e el o

2026 |196,757| 7,201 | 10,802 1.33 2.00 324958 | 16910 | 25,365 3.67 5.51
2027 |200,082| 11,210 | 16,460 1.97 2.89 342,311 | 21,522 | 31,600 443 6.50
2028 203,464 | 20,542 | 29,523 3.42 491 360,590 | 26,089 | 37,493 5.09 7.32
2029 |206,902| 22,464 | 31,601 3.54 4.98 379,845 | 29553 | 41,574 5.47 7.69
2030 [210,399| 24,566 | 33,826 3.67 5.06 400,129 | 33,478 | 46,098 5.87 8.08
2031 |213,954| 26,863 | 36,207 3.81 5.13 421,496 | 37924 | 51,115 6.30 8.49
2032 |217,570| 29,376 | 38,756 3.94 5.20 444,004 | 42959 | 56,676 6.77 8.93
2033 |221,247| 32,122 | 41,483 4.09 5.28 467,714 | 48,661 | 62,842 7.26 9.38
2034 |224,986| 35,125 | 44,402 4.24 5.36 492,690 | 55,120 | 69,678 7.80 9.86
2035 |228,789| 38,408 | 47,526 4.39 5.44 518999 | 62435 | 77,257 8.37 10.36
2036 |232,655| 41,996 | 50,869 4.55 551 546,714 | 70,719 | 85,659 8.99 10.89
2037 236,587 | 45,919 | 54,446 4.72 5.59 575,908 | 80,100 | 94,973 9.65 11.44
2038 1240,585| 50,208 | 58,274 4.89 5.68 606,662 | 90,724 | 105299 | 10.36 12.03
2039 244,434 54,846 | 62,314 5.07 5.76 638,815 | 102,716 | 116,702 | 11.12 12.63
2040 |248,345| 59,912 | 66,634 5.25 5.84 672,672 | 116,289 | 129,337 | 11.93 13.27
2041 |252,319| 65,444 | 71,253 5.43 5.92 708,324 | 131,652 | 143,338 | 12.81 13.94
2042 |256,356| 71,484 | 76,190 5.62 6.00 745,865 | 149,040 | 158,851 | 13.74 14.65
2043 |260,458| 78,079 | 81,468 5.82 6.08 785,396 | 168,718 | 176,041 | 14.74 15.38
2044 1264,625| 85,280 | 87,110 6.03 6.16 827,022 | 190,988 | 195,087 | 15.82 16.16
2045 1268,859| 93,140 | 93,140 6.24 6.24 870,854 | 216,190 | 216,190 | 16.98 16.98
Rl - - - 92.87 110.79 - - - 187.50 | 219.87
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<3 5528> Ay L 39 Jd=dE aulE H7 v§ HY
(9 Rk )
T g gt FAA ganE Azt
A | =un | GBAS 4493 | wawE 27 | g4 | GBAS 4493 | vauE Az
L PAISEE Fe) g N ERESRS | PAIS IS Fo8 | ANSEE K- o (R PN RBESRS (AN REESIRS 1 PN JBESRCN (AN RRE RN 1
2026 196,757 7,201 10,802 1.33 2.00 324,958 | 16,910 | 25,365 4.30 6.45
2027 1200,082| 11,210 | 16,460 1.97 2.89 342,311 | 21,522 | 31,600 519 7.62
2028 203,464 | 20,542 | 29,523 3.42 491 360,590 | 26,089 | 37,493 5.96 857
2029 |206,902| 22,464 | 31,601 3.54 498 379,845 | 29553 | 41,574 6.40 9.00
2030 |210,399| 24,566 | 33,826 3.67 5.06 400,129 | 33,478 | 46,098 6.87 9.46
2031 |213,954| 26,863 | 36,207 3.81 5.13 421,49 | 37,924 | 51,115 7.38 9.94
2032 |217,570| 29,376 | 38,756 3.94 5.20 444,004 | 42,959 | 56,676 792 10.45
2033 |221,247| 32,122 | 41,483 4.09 5.28 467,714 | 48,661 62,842 851 10.98
2034 |224,986| 35,125 | 44,402 4.24 5.36 492,690 | 55,120 | 69,678 9.13 11.54
2035 |228,789| 38,408 | 47,526 4.39 5.44 518999 | 62,435 | 77,257 9.80 12.13
2036 |232,655| 41,996 | 50,869 4.55 551 546,714 | 70,719 | 85,659 10.53 12.75
2037 236,587 | 45,919 | 54,446 472 5.59 575,908 | 80,100 | 94,973 11.30 13.40
2038 |240,585| 50,208 | 58,274 4.89 5.68 606,662 | 90,724 | 105299 | 12.13 14.08
2039 | 244,434| 54,846 | 62,314 5.07 5.76 638,815 | 102,716 | 116,702 | 13.02 14.79
2040 |248,345| 59,912 | 66,634 5.25 5.84 672,672 | 116,289 | 129,337 13.97 15.54
2041 |252,319| 65,444 | 71,253 543 5.92 708,324 | 131,652 | 143,338 14.99 16.33
2042 | 256,356| 71,484 | 76,190 5.62 6.00 745,865 | 149,040 | 158,851 16.09 17.15
2043 260,458 | 78,079 | 81,468 5.82 6.08 785,396 | 168,718 | 176,041 17.26 18.01
2044 |264,625| 85,280 | 87,110 6.03 6.16 827,022 | 190,988 | 195,087 | 1852 18.92
2045 |268,859| 93,140 | 93,140 6.24 6.24 870,854 | 216,190 | 216,190 19.88 19.88
FHA - - - 83.03 105.01 - - - 219.16 | 257.01
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o AFHH AZFS 185 SBAS AARAES ZAFY

A AN 7L

—

« SBAS®| HdA A& 3tS Hd 2 Aew 7P, GBAS %

« 200172012\ %F SBASE 1% AAztAE Hit 4

M)

SBAS =i A Azt
SBAS =AM A Azt

g=1

& = 40.5%
& = 42.3%

B b

TUd A2 E = 405% x 0125 = 5.06%
42.3

FAN AAR LS

% x 0.125 = 5.29%

T 15802 7S 49 GBASY AA7LAE&L
9] 125%° NFE (AAAT A 30, #4141 60

[elife]

<29 5512> FUWA SBAS F-AA] A AA
(A5 : SBAS AR EFFA B4)
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2,393 B81
2002 56,771 55,148 1,623 419 196 615 1.08
2003 56,889 55,364 1525 503 210 713 1.25
2004 64,678 62,882 1,796 444 ne 660 1.02
2005 72,304 70,216 2,088 460 304 764 1.06
2006 83,359 80,694 2,665 637 385 1,022 1.23
2007 103,787 9911 4,666 1,194 1,254 2,448 236
2008 104,432 101,109 3323 774 566 1,340 1.28
2009 99,300 97,080 2,220 475 406 881 0.89
2010 107,077 102,425 4652 1,098 984 2,082 1.94
2011 118,980 114,190 4,790 1 1,386 2,297 1.93
2012 134,713 127,785 6,928 1,152 2,292 3,444 256
<Y 55.13> A SBAS HAA] X AA

(A= : SBAS o|R]E}FA B4 )

+ 200372012 =Wl &AL Hit AA
[e) o
hy =

< A 3.06%, =AA 2.97%0] 2L
202613 o] % o] 7

Aoz AR

Cost item Costs (Euros)
Cost per minute of delay 63
Cancellation cost 6,126

Short Haul diversion cost 4.371

Long Haul diversion cost 4,371

Table 1: Units cost estimates derived from IATA Study [8]

<29 5514> A 2 AF #a Hg FA

( A& : Eurocontrol, 2005 Report on the Eurocontrol Xls business Case)

o AAA7)|EY HAAS AAATIe R AgsteE A9 72 $IHG Ht
A AN 8-S A 4,243289), TAIA 8611,369 2 F4H

A = 63 Zx1450 9 x = A A A4 -8-(0.0306)x 4] A 7242 4-(0.0506)x30+
= 4,243.28¢

A = 63 Zx1450 U x = Al A A48(0.0297)x A A4 74 £-(0.0529)x60+
= 8611,36¢

. w2025 A zkael uf
Jeos =44,

il
rg

ol& Avel ool wel 1749197261

(D Ayee T
= 1 193,4873]x50%x20%x0.366x4243.289 = 30.05 v
= A 1 308,4853]x50%6x0.63x20%6x0.826x8611.36 = 14562 Rk
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2 AldEe I

U ¢ 193,487 8] x50%6x30%6x0.366x4243.28 €] = 4507 W
A A 308,4853] x50%x0.63x30%x0.826x8611.36¢ = 21843 #IwkLd
- 202645 107K AAziae] mE Heje] AR K E AL 1o
32094, AYE L oA & 4309 9e2 FAE, 207k A Azt
o w2 Moo AAAE Akl e el A 94109, Alvke] o Tel
1107992 F44.
<3 55.29> < A A7 A e HY
(H$1: wieked)
Ul Adzka Azt AL AATAE AR
oiw | =4 | GBAS A8ed | A9tk 249 | w4 | GBAS Ased | Adgk A
og [AdgeruEen v eI deen ow  [Aveleipve e Aue olA e ol
2026 |196,757| 7,201 | 10,802 | 30.05| 4507| 324958| 16910| 25365 | 14562| 21843
2027 200,082| 11,210 | 16,460 | 4434| 6510 342311| 21522 31,600 | 17567| 257.93
2028 203,464 | 20,542 | 29,523 | 77.01| 11068| 360590 | 26,089 | 37,493 | 201.84| 290.08
2029 |206,902| 22,464 | 31,601 | 7983 | 11230 379845| 29553 | 41574 | 21673| 304.89
2030 [210,399| 24,566 | 33,826 | 8275| 11394| 400,129| 33478| 46,098 | 23272| 32044
2031 |213,954| 26,863 | 36,207 |  85.77| 11560| 421496 | 37924 51,115 | 24987| 336.79
2032 |217,570| 29,376 | 38,756 | 8390| 117.29| 444004| 42959| 56676 | 26829| 353.96
2033 |221,247| 32,122 | 41,483 | 9214 11900 467,714| 48661 | 62,842 | 28806| 372.01
2034 |224,986| 35,125 | 44,402 |  9550| 120.73| 492690 | 55120 69,678 | 309.29| 390.98
2035 |228,789| 38,408 | 47,526 | 9899| 12248| 518999 | 62435| 77,257 | 33207| 410.90
2036 |232,655| 41,996 | 50,869 | 10259 | 12427| 546714| 70719| 85659 | 35652| 431.84
2037 |236,587| 45,919 | 54,446 | 10633 | 12607 575908| 80,100 | 94973 | 382.76| 453.83
2038 |240,585| 50,208 | 58,274 | 11020| 127.90| 606662 | 90,724|105299 | 41093| 476.94
2039 |244,434| 54,846 | 62,314 | 11420| 12975 638815| 102,716 | 116702 | 440.99| 501.03
2040 |248,345| 59,912 | 66,634 | 11825| 13151 | 672672 | 116289 (129337 | 47323| 526.33
2041 [252,319| 65,444 | 71,253 | 12243 | 13330| 708324| 131,652 |143338 | 507.82| 552.90
2042 |256,356| 71,484 | 76,190 | 12676| 135.10| 745865| 149,040 | 158851 | 544.92| 580.80
2043 |260,458| 78,079 | 81,468 | 13124| 13693| 78539 | 168718 |176041 | 584.71| 610.09
2044 |264,625| 85,280 | 87,110 | 13587 | 13878| 827,022| 190,988 | 195087 | 627.39| 640.85
2045 |268,859| 93,140 | 93,140 | 140.65| 140.65| 870,854 | 216,190 |216,190 | 67315| 673.15
B - - - | 1,98378 | 2,366.45 - - - 742259 | 8,704.17
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5) AH318 B aof

O GBASE o]&3 #FHExHe g8&Adcx Axn A7 vg #HJ ernE 47 v

HIS xget= 10372 2184 #Hele] A7 = Alvel o weEl 655.7971,088.1¢]
oz FART Qo] 20261 o] F = 57 F&o GBAS CAT-IV/IIL] A Ao we =4
daAbe] He] st ufg- =4 YElgal s AS g 5 gle

<3 55.30> @714 #HY A3 2 HQ
(¢l 91 €)

AL UEAY | RS | RS R
Alte] e 1-1 622.8 0.92 32.0 655.7
Ay e 1-1T 836.2 1.24 43.0 880.4
At Q. 2-1 694.1 0.95 32.0 727.1
v e 2-11 931.9 1.28 43.0 976.2
Aug e 3-1 777.0 1.06 32.0 810.1
Ay 9 3-11 1043.7 1.42 43.0 1,088.1

7F. GBAS CAT-II/II =Wi7f ¥t R&D FAHH] & 4

O 2014 olF 3uAle]l AA AR FREa, 20259 GBAS
CAT-I/II Mg ¢hsdte] 2026 ol F AFYS MAE: S %Rz
la 9)S. wpEhAl 20144 o] Expu)o| lEte] 20261 7129 A FA =
ghabatol Al 2 AIA A4S AAE

2 R&D FAIH &S & 54959 0] A&
#ate] 20261 7% @A 2 Baba)

K
Il
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<3 55.31> R&D FAHH|&9] dA7tx] 4
(491 94¢)

AL R&D FAH](9 ) 20261 71 A A 7HA]
2014 105 19.96
2015 135 24.33
2016 135 23.06
2017 12 19.43
2018 50 76.73
2019 50 72.73
2020 50 68.94
2021 50 65.35
2022 75 92.91
2023 75 88.07
2024 75 83.48
2025 75 79.13
s Al 549.5 714.1

2014 2015 2016 2017 2018 2019 2020 2021 2022 2023 2024 2025
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U, GBAS CAT-IVII =7l R&D AFGAl #4]
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GBAS CAT-II/II 7N o W& AMFA S Aol o8] aA 9=
WA H FWA Y] A9 GBAS CAT-IVIIY A& 871 5/ o4
a1 glov, I Fujo] w2 R&D 71eig2lo] 1043t 16690 E2}38)aL,
ILS Av] A #HelS sl A= 1097 3159 Yol &3tar 9o
R&D FAHH] & 7149 94 9] 44%° &3tal e

GBAS CAT-IVII Al=®e] Aute 20 AA4ws mesis AbdA
G 5 glow sl g A3H ] A

Arjaior 7hs g

GBAS CAT-I/II Al28le zaHe] A4S o uds %95
& Angdor R&D FAH &S B

W] il npe w9E Eo H5e

okl

o}, GBAS CAT-IV/II =7l R&D H]-&-H o] &4

O A71Ael WA ILS Auje] tial] Huhi= GBAS CAT-IV/IIS =% 9]
AAAAS Fesda, GBAS CAT-IVII =< n#steE A Sde=
Ak Awle] =dEYE U A ¥y B AAEd RAoew
A E S

O GBAS CAT-I/II® F3¥ds adste] =l 57l &gl AX & A4
7FA Sl 10871 @3 Aoz AAAH H A3 2 Helow R
sl HelS 2E 3 F v g-We EXS AT AE A #He AlES
GBAS CAT-I/II &A1&3 &¥7] 38 3 ¥ mE Aygles

HAgstel BHAAE.

R&D F2HH]-&2 714.197 €40 d] Hlste] Alvg] oo wE #Helo A=
970491 971,402.89 9l 23t = Ao Yehda g wEA vE
-#He] H& (B/CH &)L 136719602 vl A =A YEhtal 2.
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<3 55.32> @717 B3 2] GBAS CAT-II/II H]-EH Q] £
(T4 99)
& AAA e EEEE = 79| BO
RS FEmE g diA| ded7 | ganE KAzt 3| v
B =0 A | o\ | oW |aEzwe| Wy | ¢ N
A]ffg 6228 | 092 | 320 | 9704 | 1.36
Aree 8362 | 124 | 430 |11951| 1.67
Aele 6941 | 095 | 320 | 10417 1.46
Aqiare| 7141 | 1217 | 444 | 29806
o 931.9 | 128 | 430 [12909]| 1.81
A]E}_‘?g 7770 | 106 | 320 |1,1247| 1.58
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ae ;Efi Al (v [Ade (A (Ade (A |Ade (A [Ade (A [ Ade) (v
LIl 121|212 31|31 11| 1-1I|2 21| 2-IT1|2 3-1 |2 3-1I

2026 |714.1| 1449 161.2| 1483| 166.4| 153.0| 1735|- 569.2|- 552.9 |- 565.8 |- 547.7 |- 561.1 |- 540.6
2027 - 68.9 88.7 73.4 9.2 79.2| 103.7 |- 500.3 |- 464.2 |- 492.4 |- 452.5 |- 481.9|- 436.9
2028 -| 1065| 131.2| 1127 140.| 1194 149.7 |- 393.8|- 333.0|- 379.7|- 312.3 |- 362.5|- 287.2
2029 - 80.4| 104.9 870 114.3 94.3| 1245 3134 |- 2281 |- 2926 |- 198.1 |- 268.2|- 162.7
2030 - 83.6| 108.0 90.7| 117.8 98.6| 1286 229.8|- 120.1|- 2019~ &0.3|- 169.6| - 34.1
2031 - 873 111.3 94.8| 121.6| 1034| 133.1|- 1425| - 87| 107.1 41.3| - 66.2 99.0
2032 - 91.3| 115.0 94| 1256 1087| 1379 - 12| 1062 - 77| 166.9 425] 2369
2033 - 95.7| 1188| 104.3| 130.0| 114.4| 143.0 445 2251 96.6| 2969| 156.9| 379.9
2034 -| 1006| 1231 109.9| 134.8| 120.8| 1486 1451| 3482| 206.5| 431.7| 277.7| 5286
2035 - 1059| 1276 1158| 139.8| 127.7| 1545| 251.0| 475.8| 322.3| 571.5| 4054| 683.1
Al|714.1| 965.1)1,189.9]1,036.4|1,285.6 | 1,119.5| 1,397.2 - - - - - -

800.00
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Appendix A : 2FO{ &

ADB Additional Data Blocks

FA Facility Approval

FTA Fault Tree Analysis

FAST Facility Approach Service Type

FTE Flight Technical Error

GAEC GBAS Airborne Equipment Classification
GAST GBAS Approach Service Type

GBAS Ground Based Augmentation System
GCID GBAS Continuity / Integrity Designator
GFC GBAS Facility Classification

GLS GNSS Landing System

GS Ground Station

HMI Hazardously Mis-leading Information
ICD Interface Control Document

IFM Tonosphere Field Monitor

IGM Independent GBAS Monitor

MASPS Minimum Aviation System Performance Standards
MMR Multi-Mode Receiver

MOPS Minimum Operational Performance Specification
NSE Navigation System Error

PR Pseudo Range

SA Service Approval

SARP Standards And Recommended Practices
SDA System Design Approval

SIS Signal-In-Space

TAP Terminal Area Path

TSO Technical Standard Order

TTA Time-To-Alert

VDB VHF Data Broadcast
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mm (RVR) (DH:Decision Height)

GAST A APV-I| APV | Qi 9J01 @it 1500m 019y 91~122m (300~400ft)
GASTB  APV-II APV Il 552 942 It 1000m 01 76~91m (250~300ft)
~  GASTC CAT-I CAT-I Y58 Yo At 550m O]y 60m O] (200ft)
CAT-II 350m 01y 30m~60m (100~200ft)
_— B 30m D9 Ei= WD QU
GBAS EAlSMS 200m Qity (100ft OI2/ no DH)
— =2 O
e [ e ™ (49ft DI2/ no DH)
CAT-lllc w218 w218
GASTE CATNE CAT Il s E= -
(TBD) = CAT I LS/E5 CAT Ill I L3 o8
ASTE CI5Y ¥,
TR} CATII  CIBZIS CAT Il ¥s NY w2t oE
oyl cn WY

GBAS AZAI A8 Al A 77 (GAST)

2) GNSS (Global Navigation Satellite System) AA| ¢4 gHH A 2]

3) GPS (Global Positioning System) "]=+2] $]43HHA] 2]

4) GLONASS (GLObal NAvigation Satellite System) #]A]o}e] 9484 A] ~€)
5) ICAO (International Civil Aviation Organization) =fA|%17+8Hg7]+F
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-2 ES U0 AZEO GPS YHOEREEH SMEH GPS MIZE FHE.

3) GBAS X 44 H| (Ground Facility)

SYYLHATA, VDB £47), VDB 247, HUIBHA 522 FHE HRack) ¥4 GBAS FHH I} 48 o
CERED

31) BB LYK

A0 JER LN ZEE 2292 GPS raw HO/EE 02350 Ofzfet Z2 VDB HAXES MMden, MME 0

AR E VDB 4712 R,

- GPS YK ON EHEE U AN HE(MTL MT2)

C HEYIYE HEMTY
3-2) VDB £ 47|
-EMHENZ ZEMMEEE 22 VDB HAKZ RF ASE HEso VDB GELUE 228,
3-3) VDB %417

- VDB $07|2%H RF N8 #2 3 VDB UANE Wus uIEHE Z2HAZ 338 0L VDB 47
§ 54 Hsqs 40Ea 522U AEY
4) VDB $47] dHY
- VDB H47|22E B2 VDB RF NEE ¥37Z o
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2.
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O I THE
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- DB 44 GEHUZHE VDB RF NSE WA ROt §37 YUBEEIN, 2E, A7) 1
HI® HOlZ, ¥FE2 MBS A2)8 443

2) VDB 44l QHE{LE
- GBAS KM AIAHO VDB OHE[LIZ S8 SME VDB RF N3E $460f HFRC4MT|2

T37NG — GLS forward fit, A-380 — GLS Option
refrofit A-320 — GLS option
787 — GLS basic A-340 — GLS optian
T47-8 — GLS basic A-330 — GLS option

A-350 —GLS Basic

GPS Antenna

Aircraft

GPS error corrections.

Interface = integrity. AND path
points

acilify

Wil  Broadcast tion_1__
DGPS —Differential GPS
MWR —Multi-Mode Receiver (GPS, VDB, ILS,

ete)
VDB — VHF Data Broadcast (Linkto aircray
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OX H= EO '—" -T'—I'I A
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GPS 7| == 417
OHE|L}
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CHEZZ %t Mz

VDB &417|/417]

VDB £ Al7|, VDB 2Al7|

VDB &417|/417]

VDB X|AMZ/EHRE OHH|L
ot Lt A8/ etELt
e GLS: GBAS Landing System
¢ MMR: Multi-Mode Receiver,
Rockwell CollinsAte| GBAS
Cr=E EAT[(MMR,
EXEH FEE OtglNR) TN GLS 7|52 Toist &37| BEXiEH| B EH

* INR: Integrated Navigation
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B 33
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~ GASTC  CAT-l  CAT-I Qisg 9o oIy 550m Ol 60m Oy (200ft)
CAT-II 350m O 30m~60m (100~200ft)
) 30m O|9t Ti= WO Q1S
GBAS Sl oo 240m Ore (1001t DJBt / no DH)
= =2 O
e[| esto CMHMHOEHJJ!5WKWMNWI1Mmm55mﬂm%
7} B (49ft 0|2t / no DH)
CAT=lllc Mot ¢S Mot ¢S
GASTE CATIE CAT Il s &&= -
(TBD) = CAT I LS/ES CAT Il Iy W2t os
S o5y 949,
(TBD) CAT Il CtE O CAT Il ¥ 2l oY mat 8
ol ISt WY

GBAS AAI A8 Aul A 47 (GAST)

6) GNSS (Global Navigation Satellite System) A 7-9]4d 3 A 2~ €l

7) GPS (Global Positioning System) 7]=r2] 94 3H A 2]

8) GLONASS (GLObal NAvigation Satellite System) 2}A]o}2] ¢4~
9) ICAO (International Civil Aviation Organization) =A|W7Fal&-7]++
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FER 447|2 THGBAS CAT1 7| Z)E0f ULH, % 71Z3 $47/5 GPs HELREEH GPS NSE 24
i

CBEE raw HOEE EYYEND Z2HNME AT

Olv

9
20p GPS raw E1|0I HE 44
2) 7| F= M7 oHUY
-4 JES 70 AL GPS YRR SUEH GPS NZE 2 ME.
3) GBAS X| M4 H| (Ground Facility)
SHPENETYA, VDB S47, VDB 247, HUZSEKX S2Z THE H(Rack) 49 GBAS FFH L 2 oo HXE.
3-1) ERFEN A
SANY JFES #MIEREH 322 GPS raw HOJHE 0/ 830 ofzfo Z2 VDB HAXE ¥He2, dHEH HAXNE VDB SMTE

t

Nen YL 4 F24 YEMTL MT2)
2732 HEMT4)

-EMHENE Z2MAMZEEH 22 VDB HA XS RF AS2 HEso VDB GG L2 228,

UJ|Z2E RFUSE 22 2 VDB HARZ HEdo 2HEN Z2HHE 388 Ol VDB 4718 &9 HsH= HO
[e]

4) VDB B 47| oel 1}
VDB S4J2HE B2 VDB RF NS E $3712 H4Y
5) R E4 EolY
S grEsdE0 NYNAY 2§ % WY HUS 2¥ Y 2 UST NAH BEY 2 AL UEH0AE A3

6) HHAM NEfZA FA
- HHE, TRACON;s, R 2+ 2FMYH, &2 (En-route) HO[H A4 S0 X gof, A28 2E HEf T GPS 9 42 (constellation) Z &
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FENLED
O SAMEH 7HE
1) CHERE4A7|(MMR)
- VDB £ OHLZEE VDB RF M3
AERIe| HaE 453,
2) VDB 441 L}
- GBAS WA A® VDB HE[UE B SNE VDB RF ASE 2430 1FEEANI 2 23Y.

ju
>
ok
ng
=2
ok
Okt
~
oot
[ii:
o
HT
TS
>t
Jb
H
>
A=)

2t

X HEREFE(E/4H HY HO|E, 2F2

T37NG — GLS forward fit, A-380 — GLS Option
refrofit A-320 — GLS option
787 - GLS basic A-340 — GLS option
747-8 — GLS basic A-330 — GLS option

A-350 - GLS Basic

GPS Antenna

MWMR

GPS error corrections.
integrity. AND path
points

Transmitt Receiver
Encoder

MMR —HMuiti-lode Recelver (GPS, VDB, ILS,

eic)
VDB — VHF Data Broadcast (Linkto aircraft
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N SHA|S JHE ATION HEA

Chgol E2& GBAS CAT-I/I AIAR 7|& JHo| QojM HA7IE Y MFo| S5, MEE,
J23D A8 OMS X0z HE|S AHAULICL OF Austel 229 B30 CfEt o|HS LEE
Lct.

[=]

< dH7l= 7HE Aol SE, MdES U 22 oY >

1 CHA| M| (4d)
OHH|E GBAS 7|=Hd0f Cfd|ot 7|8t 7| =d A+
25 CAT-I 284 / MY AZ U CAT-IVII 7|8t =XM1 A 7| o
- CAT-1 85 24 / 28 7l& =M
Jur - MALA Zls A
- GBAS 244 S/W
- CAT-I/II $Al7|5 AlE 9 HE A|AH
e - REY BN 7%
- CAT-1 28 Z¥ 38 I otiy A
28 Ot - 4,950(242+2))
< M7= Y DA AXHEAR oLt >
(THHEEHE)
__
= & 2,450
CAT-II/I AJAS 7Her THE| GIR(ER21E 500 500 500 500 2,000
CAT-I/Il AIA% Jhis GRBSHEF/ZHTR) 50 50 50 150
CAT-HI/II SDA 7H\5 A(Z=013 o1 2 ) 100 100 100 300
o= 47 400 500 500 300 1,700
CAT-II/lll By EE A 400 200 600
CAT-lI/Il @M pes 2 300 500 100 900
CAT-II/Il S r R o= Thef Al 200 200
= 23 50 150 200 200 800
CAT-II/Il 224 RS HoAAS A4 50 50
HA7|1= e CAT-II/Ill SEM @ Oa|= HEAjAS FE 100 100
CAT-H/Il REH S of= HIZAAS AJHFF} 150 150

CAT-1 284 3 QIR BILE Y3 AESE

150 150 100 100 500
N s e

olil
s
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100£ MZhALS: 0|53t
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]

THE TIE 44171 T 914 A X 3

(8]

2y 3e 44

EhE FIESMT HHYE A

74

A=HIY HE T2

Ephemeris—Ephemaris Test

Almanac—Ephemeris Tast

Maasurament Basad Test

YE-TE Tast

515

HElgAsie

MEHZIEAE(C/NO)

LA BE BE BE HyS]

Gorraelation Peak Symmetry H&E

Excessive Intarfarance HAE

a1a

ATHOI AFREIIE 010 SOM (=71 E37H)

MAAFHEE

Carrier Acceleration Step HlAE

NYFEN7 2Y AENE

MRCG{Multi Reterence Gonsistancy Check)

Carriar—Smoothad Coda Innovation

MEFHMNTEHAE(Lock Tima Ghack)

a

Sigmao—-Mean Monitor

Ll

RRFM{Reference Receiver Fault Monitor)

8]

CAT-I

CAT-Ij/m

xels

slalg ol 2y 2l Al

Code—carrier Divergence Monitor

Spatial Gradient Change Monitor

0l

Adaptive Filtering of Divergence

DivergenceCGUSUM (Cumulative Sum)

b le

GeometryScreaning

(8]

Dual Smoothing
lonosphare Gradient Monitor

%]

lonosphere Fiald Monitor (IFM}

8]

VDB 2% 78 TlE

VDBEUH

HEay oL

AygtsyEes 3 9L WA vie

Sigma—mean Monitor

234

23y FYn=l

Executive Maonltaring (EXM)

SHTC S SRS

MRCC SLE0 7712

Sigmao-Maan SLIE2 GA7IE

GBAS T4 M AR Salf-Racovery”is

GBASXIAA AR Maintenance?ls

SHEY BAR DN TIE

eolo|unjololol|e|o

GBAS 24 MAS THI9 Redundancy F7+

EL3(Boolsanlogic)2 THOE DAY

QA S MR {Exclusion) 29 Sg2

EECE s S

HO ProtectionLeveld123g

(9]

H1 ProtectionLavel®331E

HEProtectionLevel¥d12ig

(9]

BEMME ProtectionLevelE 22l

w37l 2y B

g 24 =49 Ve

7 HE BE

Sl OHE HE 24

SN M2 NEE HRoN

HaF 1E oA

M 2 ox

[9RE NE HESH L]

ol mEsDual Smoothing) 2%k
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4. 2010~20129 ZLYZE 2SH]E
At : TEH(2013)
TE |UH | U LS| AF | T HE| RO eF| O | ET| BF (24 A | BAHAF| A
2010 16 |353(134(|334(25|2801|00(19 |12 |35(29|071]05/|02] 100.0
= 2011 16 (354112713531 24 |1 2610110011912 |36 |20 06| 05|02 100.0
LK
M 2012 19 |1350(126(361(23|25|101|00(19|11|35|18 06|04 )| 02] 100.0
oA 17 |352(129|349(24 |26 101 |00(19 |12 |35|22 06|05 |02/ 100.0
2010 |819|59|190|21/04(04|02|01|00|00|00|00|00|00]|00¢{ 1000
= 2011 |80.1| 6.7 11001 20|05 (05|02 |00|00|00|00|00O|00|00]|00¢{ 1000
H|
M 2012 |791| 68 1032710404 |02|01|00|00|00|00|00|00]|00¢{ 1000
"+ |803|65(98|23(04|04|02|00|00|00|00|00]|00]|00]|00] 1000
6. GBAS AIAHI0| MXIE 2 20| 29 BEAM N2ULCL H 40 IYM L IHM 23 L8
T20H0l 20261 GBAS AIAE AX|J} HQP B8 2= - HTF M2oiD USUMP [ )
@ 174 =g
@ 2~37l =&t
3 4~57| =%t
@ 6~77l =&t
B 87l o|At =&t
® 7IEt () (=26-12)
S6-1. 20269 GBAS AIAE! AIX|J} QP Tt Q00 NS O|H2 THIXOZ HMIAIH =A1J1 HEEUCL
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29| Xt=2} #5= 2012id International GBAS Working GroupOjjA{ HoneywellO] Z 245t
GBAS Jtl-d:l-E A X elL|Ct o|E X5t 270 CHSH o|HdE HEC=ZIL|CY.

[1 Honeywell2| GBAS Xt:tE Xt X3
- Honeywell Ate| 4@ MEIMOZ &2 GBAS YAEZ HMUSIT QUZ. O|l= ZH|7HL A 2

—
AlE =t o|go| e 2tz =2

#5. Honeywell GBAS Z:tE FAU X2

Inflection Point is 2016 — Aircraft Equipage

Honeywell
2012 2016 2025

737 NG, MAX 4018 (200) 5513 (800) 11161 (6500)

747-8 48 (48) 110 (110) 36 (36)

787 101 (101) 559 (559) 1585 (1585)

%
i
| ¢

Aircraft Type | #total (GLS enabled estimate)

2012 2016 2025

320 (>2004) 4000 (200) 5500 (800) 8500 (4400)

330, 340 1249 (100) 1520 (200) 1203 (800)

350 0 52 (20) 1042 (500)

380 93 (93) 207 (207) 389 (389)

7 NAV-Precision Landing Sy stems 2010 Business Plan DRAFT - Protocted by the Atiorney-Glient Privilege/P raduced at the Request of Counsel File Number- 1

A EOM 22 83 23 o9 fX= 4L F 57|12 2 GBAS 7|50
RS $B7|0 +B LIEH. 5, "SYST|ISGBAS 75 B B3

- # 58 5t (2016 B 20% 2025 HT 60%) Logistic &M ZAZ 0|85t
2045E7H K] =HE = QU

- H 50 o|5tH 20254 CHY7|E (B787, A380)0f 100% GBAS FH| ZH&rzg MYstn Q3.
J\EF BBIIE 715 50%~75% M M

—

£7. GBAS AIARO0l 2351 AHME X290 otUch S23J101< GBASIMMRIZHITH AT 010k
2O B 58 dioiH 20264 01 22Ut =XJ| MMR S0 ot MBS HEAH 21
_AsUM ()

D 2026 HEE 10% =2 AIZSH0] 2045 80%7HAl &

@ 2026 HEE 20%Z2 AIZSH0] 2045 90%7HA| M

(3 20263 TEE 30% =2 AlZSH0] 2045 80%7HA| A&

@ 2026 ZTEE 30% =2 AlZSH0d 2045 100%7HK| A&
X

® Z|E} 20263 FEE ( )%ZE AZESH Az ()% dE=EET-12)
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3% 2 HH A2 0 HEE 21 ASUNR | )

@ 52

@ 108

® 158

@ 208

B 252
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o3| QU HQ HIS
CI29| E62 2013 4ES 7|22 st | &3A 237(2 SdE Mg HES Hels
Zo|H H72 2012E€E 7|EC 2 IJNMo| X|dE 22 HsE Hast AYLICL o] FIEIH
=90 CHst o|HAS HEICEIL|CE
6. L S3A 37| adE He HE
2013. 04 7|=
4 CH == H| & (%) H|Z
] 148 53.8 B747, B777, B767, A380, A300, 330-300
=3 99 36.0 B737-800/900, A330-200, A321-100/200
A 28 10.2 B737-400/500/600/700, A320-200
A 275 100.0 -
E7. 201219 IHM £ 7|FE XYE 2% HE
2012 7|=
e X4 i HRE H 1
o= 15,200
o 8,278
=g e 2,931
2Ae 55 1,717 20.93 7|5
ot= 2|7t 86
WTETES 4,548
AA 32,760
=712 = tof 46,421 29.65 &/EH7|1=
ol 34,976
CHA 2 =z 42,395 49.42 =S /AE7|E
A 77,371
SHA| 156,552 100.0 -
20. OS2 32U 28 &2J 715 15 & MM T2D|= XY 23 Mol H 60t H 782
A1Z 20264 0|F 22U 2 219 (I MagE2 OHEA 21 AsUNM ()
By = &M = L{f M
= CH= R 2y CH 4 “he ]
@ 20% 30% 50% 10% 30% 60%
@ 25% 33% 42% 10% 50% 40%
©) 35% 40% 25% 10% 50% 40%
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GBAS Al 912t QXHIE X A2 =308

C}2o| m82 200540f EurocontrolofA] ZEA8t GBAS A|AMo| M| U QX|H|2S HMa|s A
Qu|ct. 0|2 EMse] 210~F130] h3 o|7AS HELSRLLY,

o d
E'I'—Iu

3 8. Eurocontrol, 2005 Report on the Eurocontrol Xls business Case

GLS unit cost
The table below gives the GLS itemised costs in KEUR.

Cost items Costin K€

GLS CAT | Infrastructure 500
GLS CAT I/ Infrastructure 1000
Civil works 44
Installation & Commissioning 120
Flight Certification 30
QOperating costiyear 43

S10. B89 EUROCONTROL Xi=0ll W= GBAS CATII/II AIARIO]l T2l ! MXIJIAH(TIHUNS <
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ol oJAQ QAQAIE ZHA0t0 FA1DI HI=.LI

1.-"-
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VIII. GBAS Al A7t A4 & 2 A =555
# 8. Eurocontrol, 2005 Report on the Eurocontrol Xls business Case

GLS unit cost
The table below gives the GLS itemised costs in KEUR,

Cost items Costin K€
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Appendix D : GBAS &4
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