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-
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NE 2 g

6 W 21 8 gt

(3l R H) HEEul By 7] a3Aak AR

HE53} B Value
}. 37 HEAAH
O &37] AMBEAARS ARE2L FE2 <y, 4417 9 dlog AHIFA=Z
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GFS Antenna

|
|
VHF Ant
i | (RTCADO-228())
|
I

|
|
(section 2.2.10) |
|
|

o

Position and Mavigation
. Function {section 2.3)
WDB Function - GMNSS Recsiver

“ertical and Lateral Deviations,
Distance to Threshold, Reference
Path Identifier, Validity

Position, Velocity, Time, PWT

(section 2.2) - WDEB message processing
- FAS Selaction
- Precision Guidance
- PAR logic
- PVT
r———— - COutputs & Alerts
LAAS |
I Equipment
I Controller I ________________________
Function |
| (section 2.3.4) GPSMWAAS Functi
e — — —

GPS Function

by TSO-C1284 Class

LAAS Alrborne Equipment

[RTCA/DO-208 as ammended

TSO-C120A Class C1]

ON Jeeecemceecm— e m e ——————— >
[RTCADO-229()]

Blor jpe--—---------—-—mmmm——m e .

T4 1.3 &7 ABEAIAE Vsl e E55(6]

Frotection Levels, FOMs, “alidity "

LAAS
Dewviations

PwWT

> (Mote 1)

PWT
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Ground—Based Augmentation System) 2] AEMH|AE st AP 7} 7153}
O CAT-1 ¥9 GBAS A& 27x1L& ¥4 A% (Signal In Space, SIS)
d) gksto] = AIRIZE

O A&l AAda bdAdo] FoluY TR s FYAAT O ZA, GBAS
A5kl 7HE 2 A Eoldd 744 (integrity) #AAI9 HASS g 41
gEEe]l BAEY I g3 254 4l we k8 AR e
s GBAS CAT-Ii AIAES] 2441 AgAnA7F 201097478 7}
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AE) S 2 dFTol 3] WA H[40][43][46]

O 2AH5E vholojzel BUE 7HA7] Wlid] 71 A7k HAES oA 33
Aol dist 7= & 4 S [74~78]

O F7F A3+ FAIFC02 Al ojof a17] el Tis AlF <k dlolH
FHo]l A [74~78]

O YA 2xk= oleh 2 AR SHAXE =dstA 2 Ao vEA] AFEAL
Al &R ok &

O 7FAS 233 47149 s L7F2AES A2 40z #A-dsoe] 9]
o 53] #AY PA V%S FqsE A% AN RAYe ART B
AE 7H[11]

% 12 98719 3082 U olAFS 98 a72[6)
Integrity

Phase of Accura Ti Alert
'S ey e . Continuity | Availability

Flight | (95% error) to Pr(HMI) Limit

Alert
0.99
LPV H: 16m 10 2x10-7/ | H: 40m | 5.5x10-5/
S -
(APV1.5) V: 20m approach | V: 50m approach
P - 0.99999
0.99
H: 16m 2x10-7/ | H: 40m | 5.5%X10-5/
AV v 76 s h| V2 20m h N
1 7.6m approac : approac
P - 0.99999
H: 40m 0.99
H: 16m 2x10-7/ 5.5%10-5/
CAT-I 6s V: ~
V: 4~7.6m approach approach
10~20m 0.99999
0.99
H: 6.9m 2x10-9/ | H: 17.4m 4x10-6
CAT-II 23 ~
V: 2.0m approach | V: 5.3m /15s
0.99999
H: 2X10-6
0.99
H: 6.1m 2x10-9/ | H: 15.5m /30s
CAT-II 1~2s ~
V: 2.0m approach | V: 5.3m | V: 2X10—6
15 0.99999
S




Al 3 2 GBASY #A % Eg9 FH

ofN
i
o
)
=)

gultl 9= 49 ILSe| ulE)] shube] GBASE: RE =
3t7] mel GBASE A713Ee] AAE §A 753 S Ban| g 7H
S

G277 GLS 407 A% 24T uw, &% LSt A4 A8 ¢

O

ok

- e Eojof gF[91~93]

O GBAS= 4714<1 md A st ® 257 [91~93]
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O Avionics Approval

—GBAS &7] JAEH S 1T (7] FAH AzAA #d)
O System Design Approval

— GBAS A Hl AT (A Zn] AFdA 29D

O Facility Approval



— GBAS A%

Fal Abgell tiEk 5 (F@o] H

© =
O Service Approval
—GBAS ABl2 Algel tiF AF (FFo] A9
—GBAS ®A17gH] 9 &37] &l tist A5 (FFAE )

Service
FaNelolge)Vicll

System
Approwval

19 2.1 GBAS IS5

¥ 2.1 GBAS Q155 S35 Al &Ql &g
&5 dFU L

Avionic Approval

sAgR] S 2 A S A ol obd

System Design Approval

System Engineering

System Safety Assessment

System Level Verification

Software Design Assurance

Complex Electronic Hardware Design Assurance

Commercial Instruction Book

Training

Facility Approval

Pre—installation

Installation

Integration and Commissioning

Transfer to operations

Post—implementation

Service Approval

GBAS sponsor must be concerned with service plans

Air carrier applicant must submit their airborne

avionics/aircraft certification request through

established certification channels
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# 2.6 FEUE GBAS WY 3%
TZID EA 5% A= % 9= =°] (M)
deg min sec deg min sec

RKSI QA 37 27 45.0 126 26 21.0 6.9
RKSS Az 37 33 25.0 126 47 51.0 18.0
RKPK 2@l 35 10 50.0 128 56 17.0 13.0
RKPC Al 33 30 44.0 126 29 34.0 36.2
RKTN o 7+ 35 53 38.0 128 39 32.0 36.6
RKJJ En 35 7 35.0 126 48 32.0 14.5
RKTU e 36 43 14.0 127 29 38.0 58.2
RKNY FF 38 3 41.0 128 40 9.0 73.4
RKPU Ak 35 35 36.0 129 21 8.0 13.7
RKJY o 34 50 32.0 127 37 2.0 16.0
RKJM =3 34 45 35.0 126 22 46.0 3.0
PKPS AR 35 5) 16.0 128 4 14.0 7.6
RKTH % 35 59 16.6 129 25 13.4 21.3
RKTY o A 36 38 0.0 128 20 59.0

RKNW S 37 26 17.0 127 57 37.0 | 100.3
RKJK Ak 35 54 14.0 126 36 57.0 8.8
RKJB -]t 34 59 29.0 126 22 58.0 15.5
RKPD Z+A] 33 23 54.0 126 42 47.0 | 357.8
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=T 1% GulfWarv \/
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EGHOS Geo-stationary Satellite
relays error corrections to users GPS Satellite

- Constellation
Improved GNSS * oﬁ

performance with
respect to GPS

. Satellite Uplink = b

” ...transmitsperrur — AL
corrections to
EGMNOS
satellites

Monitor Stations
receive GPS data
& send to MCC

< =3
Mission Control Centre
processes GPS data to
determine errors
19 2.6 FH° EGNOS 7%
2003 2005 2008
- -y - -y
4’. A 5 .“ Q.. = “ ’,‘
3 % $ S e®:
- .l - - 5 -
¢. .b ’(/) ..
."----’ "’----“
GFsS Galileo Galileo In Orbit Galileo Full
Constellation Exp. SV (*1) Validation Operation
Const. (*4) Const. (30)

ll1 Ston 2 Stel 3
a9 2.7 599 Galileo ITHAA += A

3) SESAR consortium, Deliverable 1 (D1), 'Air Transport Framework, The Current Situation',
DLM-0602-001-03-00, Version 3.0, July 2006.
4) EGNOS: European Geostationary Navigation Overlay Service, #]=ro] WAAS]| th$ &= SBAS A AH



A MAAGezR AFTHALT(GNSS) o AFgo] F5skal s, tifwe

RNAV thek 7 =Z (oceanic route): GNSS9 AL wrow RNP /¥ &

Abg-sto] 2] 7FA (Spacing) & H4A17]13 Sl

AR F ¢k RNAV &= ") FE

A FHRAA A O 7 GBAS CAT-I, SBAS, GRAS W9 7|4 %+3}
=3

!
_ll
= e
E
=
0
dlo

Ea

il
o
o
ofy

9,

=
71E A7 FYAIE (NAVAID) 52 4% 7IRE A 23 B¥EHu7t

Ak HdE Row Ay

Galileo A9 &4, GPS9 &zt Fo] Fxuo] FUAFAAL] thefst=
T Y A B 9 UHE A5l vgRisks B3 ojfe] I s

O 201349 °]% Galileo Mu A 2273} 7|
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2.7 F2=7F GBAS ©AAR] x| 33}k

Country Company Model RMKs/Status

MMR (red label SBAS)
Aftermarket analog/digital
(red label SBAS)
GBAS/SBAS military/FAA

GLU 925
USA | Rockwell Collins GNLU 930
GNLU 955 ITAR

Integrated ) )
o ) Provides GLS and is
USA Honeywell Navigation Radio )
standard equipment on 787
(INR)
Incorporates ILS, MLS,
France Thales Thales MMR

GBAS, FLS and GPS,

Certified J
6 Aug 1997
o Minneapolis, MN Expected
o Newark, NJ
o Saskatoon, Canada o May 2009
Q_ Regina, Canada o o
8 Norfolk Island, Australia o Minneapolis, MN g
Taipei, Taiwan o Chicago O'Hare, IL : .

= Cedar Rapids, 1A | || Chicago Midway, IL | || &) o

' Deer Valley, AZ 75} Memphis, TN — Minneapolis, MN
(7] Rio de Janeiro, Brazil = w '
~ Patuxent River, MD (7] Seattle, WA
w Jackson Hole, WY Moses Lake, WA 3
= Malaga, Spain 5 Sydney, Australia (PSP) H e O
23 § Frankfurt, Germany (PSP) 3 Mmmg' %
55 White Sands, NM E Malaga, Spain (PSP) > B Germ'any
33 Kennedy Space, FL Flight Test  (Portable) ¢

| In-Service

% 2.9 Zh=9] GBAS AA| dst
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2.8 937} GBAS A4+ A Az H3)

Country Company Model RMKs/Status
SLS 4000 after
USA Honeywell Inc SLS 3000
FAA Cert 1st quarter 2009
SIS compliant to: ICAO GNSS
France Thales AS 610/615 SARPs
(including Amendment 76 & 77)
. Certified in Russia only
Russia NPPF SPECTR |[LKKS—A-2000
GPS/GLONASS
DK LENS/MERC GM GBAS 530 In Development
USA FAA N/A Research prototype
Electronic
] Navigation N/A R " ot
r r
apatt Research Institute eoearcil Prototybe
(ENRID)
Korea Aerospace
Korea | Research Institute N/A Research prototype

(KARD
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2.9 FL2 =7} GBAS €A1 A= &3}

A3 A& =5
Baatsfjord SCAT-1
Braunshweig | Research facility by TU Braunschweig

Bremen Honeywell SLS—4000 GBAS operated by DFS and in

use by Air Berlin with Boeing 737

Ceder Rapids

GBAS used by Rockwell Collins for certification and
testing of their MMR

Honeywell GBAS wused by DFS for research and
Frankfurt .

testing
Guam CAT—1 facility manufactured by LENS

Las Palmas

Proposed site for GBAS operated by AENA

Mal Honeywell SLS—4000 GBAS operated by AENA.
alaga
& Planned to be certified for CAT—1 oper
Memphis Honeywell SLS—4000 GBAS in use with FEDEX.
Mombai Planned location for Thales CAT 1 GBAS facility
M LakeHoneywell CAT—1 facility — used by Boeing for
0SES testing and certification of GLS facility
Munich Proposed site for GBAS operated by DFS
Namsos SCAT-1 facility manufactured by Park Air
New Delhi Proposed site for Thales CAT—-1 GBAS
Newark Proposed site for Honeywell SLS—4000 GBAS
SCAT—-1 GBAS Station manufactured by Park Air. In
Svolveer . . s
operation by Widerhoe Airlines
Svd Honeywell SLS—4000 GBAS In Operation with Qantas
n
yaney Boeing 737NG and Airbus A380
Thales GBAS used by Airbus for certification and
Toulouse . . . .
testing of GLS function in thei
Hammerfest, Bronnoysund, Bovanenkovo, Khabarovsk,
SErA] Krasnoyarsk, Tyumen,Vadsoya.Palermo, Rio de Janeiro,

Sakhalin,

Moscow

Samara, Santiago, Seattle, Sendai, Surgut,
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Develop & Validate GBAS Il

GBAS
Operational
Implementatio GBAS Cat Il

5':/ Aircraft

a System

G;:/AS 17%
0
Multi GNSS
CAT I/l GBAS
48%
Others GBAS Cat Ul
97% L1

30%

SESAR budget (2.1 B€)
9 2.10 +39 GBAS CAT-IV/IIL 7R 5

O A CAT-IE W=E3dt= A28 o7 LS (Instrument Landing System) =
A &Aoo ALg3 o

O +3H¢ Thales7t ILS Als A Zeotetal glew, ILSE diAlE
GBASS] Ag7dke] A =4o] 5

O ILS CAT-III= 20156W7HA] 7l o2y AAAQl #&0] 7Fsatthd
Ad Aoln], 20159 o]Fel= F435] HAHAY giAE o=z o4
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Augmentation System),

GBAS 7]&9Ql AYH

HA /\] /\Eﬂ (LAAS

Area Augmentation System) A7 @ AW 49 FH F

O 2006 = LAASY] tst 232

[t
e
o

R R K

OH

o %l

L4

i
W

gol Au|2g Aldste] $-4]

skl LAAS #744dnlE drelo]

S
& #as ge AaH

H 1=

O Honeywell SLS—4000 HMI (Hazardously Misleading Information) X.il
A= €5 4 Honeywell SLS—4000 9Fg 3l A|3o] R3] Z

O Honeywell®] CAT-1 #H]

System Design Approval €%

O Memphis &9 A Fn] W £

O Facility Approval Plan €4

(SLS—=4000) 7} FAAe]

o]l =
[

osko] 200993 9¥

da A 4

hia

ftlo

L

O Facility Approval Check List 94

O Siting Documentation AE &

FAoR W Fisrg

O Honeywell s
GBAS ] A7 3

ZIRro g = CAT-IV/IT A5

Memphis (MEM) Project

Serve as the FAA’s initial non-Fed Local
Area Augmentation System (LAAS)

approval site
— Following LAAS System Design Approval (SDA),
Memphis will become the first operational LAAS site in
the NAS.
— MEM will serve as a FAA Future Technology Test Bed
in support of NextGen requirements

SCOPE

A Single Honeywell Satellite Landing System
*(SLS) - 4000 LAAS Unit Will Be Installed at
Memphis Airport
— System will belong to Memphis Shelby County
Airport Authority (MSCAA)
— FedEx will be the launch customer
— Will serve all 8 Runway Ends with Cat | capability
— Test site for FAA Satellite Navigation based Next
Gen Concepts

Memphis

PARTNERSHIP

Memphis Shelby County Airport
Authority (MSCAA)

*Federal Express
*Honeywell Corporation
*FAA

a9 212 99 A F3e] FAA I3 Z2AE

Local



O

33 33 (Newark, New Jersey, New York)o] QHa] e = ofA
GBASE &&3le] 595 Aol a&240% A & 3= Newark

ZzAE Q8

Newark Project
MISSION

To conduct an operational demonstration
project using the satellite navigation
technology of the Local Area
Augmentation System (LAAS)

— Demonstrate the Operational Capabilities of LAAS in a
Complex Airspace Environment to Achieve Efficiency,
Safety and Capacity Enhancements

— To Provide Airport Airspace Separation in a Highly

gns_lastscene_m3000.wmy

Congested Area
'scoe JM PARTNERSHIP
A Single LAAS Unit Will Be Installed at The Port Authority of New York and
Newark Airport New Jersey (PANYNJ), Continental
— Will Serve Multiple Runway Ends Airlines, and Honeywell are

— With the Intent to Replace Multiple ILS Facilities

- : establishing a Government Industry
— Can Support Up to 48 Distinct Precision and

Complex Approaches in the Terminal Airspace Partr_mer?hlp (GIP} WIth N?\”gatm" .
— Flight Test with Continental Airlines B-737's Service’s Global Navigation Satellite
— Begins With an Overlay of Existing ILS and Area Systems (GNSS) Program Office

Navigation (RNAV/RNP) Approach Procedures

1% 2.13 Newark 32 FAA Z3 X2 AE

==

O 20109 % Memphis 33 Newarksd &4 GBAS CAT-I Facility

Approval, Service Approval &% oA

1% 2.14 New York 3% A7



O NextGen o4He &83to] thE o] CAT-1 GBAS AA 4%
O Minneapolis, Houston, Seattle, Guam, Philadelphia, John F

Kennedy, Atlanta
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BNSS) y{Galleo »[GPS (LE)|——{GPS I

15— e Bljemmmnammnannannnes >

SBASILPY 3
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CAT lor Equivalent
v

@ --------------- »@ --------------------- LR T s R e ST >
EE e >

CAT Wi

@ 2007 - VOR decision for drawdown based on GNSS
2015 - VOR decision on remaining drawdown

@ 2007 - Develop rightsizing DME Requirements, e.g., service volume,
architecture, pathway

2008 - Decision on next generation Cat | landing system

2012 - Begin ILS Cat | drawdown - limited backup at OEP
airports

3b 202X - Decision on CAT | ILS drawdown

@ 2008 - Decision on next generation Cat Il/lil service mandate, pending
feasibility & schedule of potential ABAS/GBAS solutions and risk
mitigation strategies

e 2012 Determination if CAT Il minima is the appropriate requirement at specific
airports

19 2.15 "]=2] Navigation Evolution Roadmap [Z3#]: FAA]



O v Memphis &%)
O Honeywell SLS—3000 Beta LAAS Plus <<
O Honeywell SLS—4000 Red Label 20083 A4 x| o %

79 2.16 1= Memphis®] LAAS <QFeLFo} 337)

O 7=/
O Honeywell H]¢] &dglE /WA 53
O Red Label GBAS v &5 &&3 AIF o4
O AT &4
O Memphis #3%2] Facility Approval, Service Approval2 20094 %o

Az A

Al2~d (NextGen) Aol L&Y wokel GBAS



Trajectory-Based Operations

Next Generation A Transportation Sustem

Egrate

Performance-Based
Operations and Services

Precision Navigation

Weather Integration

——— Network-Centric
/Capabilities Information Sharing
| Surveillance Services

Equivalent Visual Operations
Super Density Operations
Layered, Adaptive Security |

% 2.17 A AlA GBAS ] Az %<

O 20094 CAT-1& w=3st= LAAS (Local Area Augmentation
System) A H|7} A& WS Aoz o4}

O 20139 CAT-IIIE WE3ehs LAASYE 7dE F oz oAt

=t

Wikl
79 2.18 LAAS A%



o 3F[14]

O 20069 11988 A=Y FFo|A Provably Safe Prototype Honeywell

SLS—3000 GBAS +%

ere, away from the, .,

runways

a9 219 35 A=Y 339 GBAS 74

O A=Y 238 Honeywell? SLS—-3000 FH]7F 2009d 479
SLS—4000°.% tjA= oF
O A=) #EFA Yol dld AujAe A{A, 7184, F44d, 4384, 4l

H4o] RAHES FA

g A2 BB sbebA she EREQ W v

O GBAS CAT-I SARPsE o|n] 3%at1 Part 171 ¢8le] ICAO &8 A
zag 5l

O 4] (Sydney &%)

O Honeywell SLS=3000 €% < (20061 11¥95E AFE)



O Honeywell SLS—4000 Red Label 2008 4&7]¢] F= (v <= =

Black Label® d1dolE oA)
O #A+= Qantas FFAFY] B737—800 NG 379k Au]A

% 2.20 & A=Y 3o GBAS HH]

O Facility Approval, Service Approvals Aol 28 Folw] 2010d Q15 7%
O 7=/

O 20069 4€ 10Y¢ A<FHI-ASA)

O ICAO SARPs CAT-1 =5 23

O Non—Fed Spec. FAA—E—-AJW44—-2937A°] 7|48 Fo 7ht

O PDR €=
O 35 A=Y 339 GBASY ARE o

O ILS? A F¥71E s19=E &t =W Localizer Al 92

A 7ol 319 Localizer WaFs A A atA H. o] 918& =ol7] sl =

FEEL (279 Perthad, wdWAE9] Aucklandd @) =EAHE2

I ILSe] Fat 99 Tl SdeA 3717 f1A8] A

to
4 4
=2
1o
(o0



O GBAS+ E& ZFAFE 7)ol glol ddst 9l el GBAS <t Al
o] Fals T3l GLSE F¥7] dnAleld AlAElS Aso®E A
GBASS 3wy FAHAASE dzmAo ¢hfji= ILS9 ¢hl ®Hr}
g Aol oF 7hs

O GBAS7} A% &¥7|= 2Ago]A Ao =8tol& A5 5. GBAS

vDB Anten na

RSMU Antennas

el \ . / D

Sydney SLS-3000 GBAS Installation

9 2.21 3F A=Y GBAS #H]

O GLSE 52 ANZFAHA ANM7M7te] F2E =4 F S, RNPoA
GLS®] o277 9&st [A3 U zFALY] g=e HAash 3 du
Zelolt gAE Aoy A= £2EA ZFAF EAFCE UYgd &

]_

915, Qantas 94 A8 2009. 5.2290 RNP/GLS A dolge] 25



H Qantas ®.% B737NG @&¥7]elA <A%F 1400%kge] A5 Aok

1400%kge] COZ MEFS 29 & AL

RNP curved
approach

Wanable GLS segments

(as close as 4MM from
landing threshold)

9 2.22 GBAS RNP/GLS Curved Approach

g THPA

O SESAR (Single European Sky ATM Research) ZZAE <lox GBAS
CAT-I/III A7 3 =

O Airbus® GLS (GNSS Landing System) ZH] 9152 9189 Toulouse?]
GBAS A% #vlE +8 &

O 7Y (Toulouse Blagnac &%)
O 19999 Thales AS615 A #]
O 20034 2007 d7FA] A28 ¢ ggeo] =

O 7=
O 2003¥%-E 2006 d7F4 GBAS Signal in Space? A% 43

O Airbus A380 A}g3}o] A8l w8y =3



Thales
GBAS Station
'Google and Antennas

1% 2.23 Z#A9] Tulouse Blagnac 332 GBAS #H]

o}, 239
O Honeywell®] AAAIAES Q15 7153t CAT-IgC 2 dadeol=str] ¢
& AE A
O 44Y] (Malaga &)
O 20079H-E Honeywell® SLS—3000 Beta LAAS Plus AH¢ &
O 2008d 9W7tA] <% 7}s3k GBAS CAT-1 #¥H| (Honeywell, Thales

HAE)E AT <7

GBAS Ground Station
Reference Receivers
VDB Antenna

7% 2.24 AHQ Malaga®l GBAS #H]



33 ¢lLoA] GBAS VHF 41359 A% A3
GBAS Monitoring Station <& (Thales GMS 670)

v, 54 [16]

O 2008¥@7H4 $715 %5 A3 Bremenoll GBAS CAT-1 AlA® &8%
93 “GBAS Bremen’ XZAEE FX

O 20059 ofZEAlold AHES 9% /Iddd 2 ATCSS IEFAol~5 7
ksto] 19hA] 554 <1 GBAS Monitor /1S A&

O 20065 GBAS A= A2A §12] A % GBAS 7H4 &= 7

O Bremen &&°] 20089 11¥ Honeywell SLS—4000 #H]E A% 3}3 0
SH2 9 GBAS EUHY AulE F7tE AAgte] 3T GBAS 4l

T #e w4

A

O 34¥) (Bremen ¥3%)
O 20079 44€¢ Honeywell SLS—3000 Beta LAAS Plus %]
O 2008 <HF Honeywell SLS—4000 A %]

1% 2.25 Bremen 532 GBAS %]



2011d GBAS CAT-I A4 An] 75 g5 § 20129 GBAS CAT-1 &+
4 A

AT EH]

O

O Ground Subsystem ¢! #H] % (Air Traffic Control Interface 7I%
System Safety Assessment Z13))

ks

O 20089 4€¥ 3474 TUIfly &3 GLS A+ 23

O Air—Berlin®} 3% A5 3

H] YA &

O Hapag—Fly B737-800 NG &&7] AH- o7

O Hapag—Fly, Boeing, Rockwell—Collins, DFS & ¥ "AA} 7F 9] 718 &

O HF A= Fafl 2wl &eA &4 Abg= A8 &8 $A94 A

O 53t & dHolg= CAT-1I 59 HE HHo=z% &§

13 2.26 59 Bremen? GBAS #H]



A} olgkg o}
O 2006 Malaga 33 Honeywell SLS—3000 Beta LAAS Plus Provable
Safe Prototype 23] (2009 7€ Honeywell SLS—4000°.%2 1 o]E)

GBAS Ground Station: equipment and location in Malaga’s Afrport

9 2.27 Malaga 5329 GBAS A4 9 ]

O ThalesolA GBAS #d] mUEE AH] £
O #3 A9 <teo] GBAS #H] Qo] A%

O Honeywell SLS 40007 3% &8&7}5

GMS: equipment and location in Molago’s Afrport

19 2.28 Malaga 39 GBAS EYE™ ZH)



O #4d] (Palermo &3

2008 Thales AS615 A %

O O
i)

D28 3¢ GBAS @ X2 AE
—SIAM  (Integrated CNS/ATM System for Approach and

Monitoring on regional airports)

~ A1 CNS A2® A5e ERAow et 49l Ameo

RUNWAYSICONGIGURATION

. Runway 25 -
TORA-ASDA L=3326m

AREA MOVIMENTO

e

3 Rurﬁvay 07
TORA-ASDA L=3326m

Runway 02
-~ TORA-ASDA L =2074 m




O GBAS #H]9] A%
— 1712 GBAS 7|&=
- 2709 GBAS R UE =

Airport Palermo Punta Raisi

GBAS monitor stat:on( 1)

GBAS monitor station(2)

GBAS/Monitar Candidate Sites

Map Souce EM&Y Rore, AP Hala, Aerociome Char 1040
O Faierina A5 1335
E i
metres
feel e e B

s )

"+ GBAS reference station

SRESA A0-90

% 2.30 olgg| ol ZHER ¥ GBAS HH] A BE

O 71&s70e
O GBAS 7l&= AAE {3t GPS 2%
O VDB =% Ay &4 A g

e
oX,
>
ol
4
o,

o}. ¥ (Linzhi &)

O CAAC/CAUCeIA GBASel tigt o]&2 7lsA A7 (feasibility Study),
MACAU7} #% A3 GBAS < 9 &5 7l A T 7|dsted]
CARSNIMS (China Air—Route Navigation Initial Monitor System) A%

O GBAS trial® LAAS trials A®sto] &7 MMRs ©Ast] &4 &
7 etellA e AIRdE A, AdARE MMRE SAske] A=< A

T, MMR] 5 M@= AAsta glom, AFAage] Aes e



Zt QE[17]

O JCAB(Japan Civil Aviation Bureau)™ GBASZ 2008WHE] 20123d7HA

Schedule — GBAS prototype

«FY2009 Y2010 Y2011
«Selection of Airport [T

*Decision of Test Airport 2
+Preparation of Installation q
*|nstallation ——

«Evaluation Test

Flight Tests .2,, A, A,
*Flight patterns (Visual) under coordination

(1)ENRI:ILS-like approaches T&G, Orbit/Arch/level flights
(2)JAXA: RF Leg+ILS-like Approaches with fixed wings / Helicopters
(3) B787s by Japanese operators

1% 2.32 4¥2] GBAS Prototype 7% AE



O ANA (All Nippon Airway) 2} JALE 2008dH-E] GBAS 752 A3t 3
715 wid 8o =491 o4

O ENRI (Electronic Navigation Research Institute)+= GBAS & A=

of|

F44 EUEHY dags A, A3 A HE AT & 85
s
O NECS CAT-I12 ¢3F GBAS Prototypes 7§ Foln, X z}=ro] F gk

S o7 ExA e GBAS #AHE e oA
O 2010d 3€ Prototype CAT—1 GBAS ¢4 <74

Aol el A

O

O 20104 JAL, ANA, JAXAS} dH3lo] vlAAIE o F

=}, Bg4
O "=+ FAA LAAS Test Prototypes Rio De Janeiro =FA| ¥ dlo] A%

O dole & 38k A9 dgs Adnds e

79 2.33 B84 Rio De Janeiro = #2322 GBAS FAa1=



2. FLUAE AT 4%

7}. oo ¥ 2AF(Airbus)
O shAAl A8 v 3A S-S Thales ATMARY] AAF A|AE1S o] & 5
O ¥ <l #elrbe] A X% = Honeywell GBAS CAT-1 A|AHS %

e T8 AT oA

O EUROCONTROL®] GBAS 9+ A GSL-D & 7Id A&l 71+ #d
O 20079 6€ GLS L&A 3o] 7ks3st Airbus A380 7H%t
O 20099 1€ 21%Y Qantas® 32 A380 31 WA GLS A+dx 3

19 2.34 GLS A2EAF 5230] 7Fs st Airbus A380

O 20099 10€¥ 7¥ A320 family 71%2¢ GLS CAT-I + Autoland 9%
O 20109 4++7] A330/A340 family 7]%2] GLS CAT-I + Autoland Q1% 7

1% 2.35 AirbusAte] GLS CAT-1 + Autoland 1571



1. B YA} (Boeing)

Qantas &&oll GLS7F &A41% 9djo] 45+ B737NG &&7] A&

Qantas &2 737 GLS 2§ 37} A8 A4

T 2007d 69/72 7 GBAS A 47

= B4 ¥ GBAS AX|el 23 Hapag—Fly?t GLS ©4] B737 NG
Al Ak

78771% % 747-800 7]F GLS7F 71 &

O &% GBAS CAT-I MH|AE HA oz Add o7

O 0O oo

O

t}. Qantas &%
O 20059 5€ AAHZZ GLS 7Fs 3 Boeing 737-800& %%
O @Al /7% F Boeing 737-800°] 50%% HfstH, 39 olded E&
&3 71l GLS AHE 7ol

O 2552 A380& 2% GLS AHe7t%

2}. HoneywellAFH(SLS—4000)

719 2.36 Honeywell SmartPath SLL.S—4000 GBAS
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A

O

Il

[e]
O ICAO SARPs, FAA Non—Fed CAT-I (GSL-C) A%
O M=z AAS 4% HAE Uy
O DCPS (Differential Correction Processor Subsystem)
O Dual channel—dual lane (command/monitor), Pentium M—1GHz
O Ethernet backbone, PCIMG % $+
O DEOS real—time operating system
O GPS MLA : BAE ARL-1900
O CMC electronics® Q5% GPS A7) AR, A28 RSMU enclosure
O RPDP (Robust Power Distribution Panel)
O Telerad e VDB Subsystem
Cabinet
|:| COTS - completes i,
D COTS -near completion %g g E, g, Crolng Faos
e ! =
D Developrent - in wark I I
RR Segment YO8 S=gment
0 el o N
l o H RaMUZ }-»—p RN | il
agzce) - ] ) it
[ .ﬁmj H REMU_E }Q——b .,:. o food VOE_RY_1 gzl
‘ ﬂm_l }—o‘ REMU4 }-——p mite| 4| VDB_RX_Z }-—
T T T e o
Emironmenta’ Sensors Jl Jl LL
Inirazian Sensar  ——p g E IMAN CPE Segment
8 hl . MOT
el | L i ; Ak
T':“;;’;"I”“ - S S )
’g:;:‘:’ Braster Panel ‘ ' —# Remole Access
Powier
Satfery Bank

1% 2.37 HoneywellAFe] SLS—4000 43




o

O 20064 4¥9 FAA°] SDA(System Design Approval) &%

O 2006 10€ PDR F&

O SDAC] A3 AF, TzAA EA3 Y ¢=7

O 20081 2AR%7] F SDAE 38 &4 HF A& 532

O =713 st=9of( “Red label” )& 20079 12€ & 9 ~ Jd
o=, FAA TCel Ax

Multipath Limiting Antennas S LS'40 0 0

VDB Radio
BAE ARL-1900 ICAO SARPS Compliant GBAS, FAA Non-Fed, EUROCAE

Telerad 80w

RR ) aess | YHF J
L1 = Saielite Message Tx
i GBAS Differential Correction Processor M
| RR 1 E—

Satellitz Data |  Differential GBAS

J .| Message Carrection Message | VDB Contrel N
| ) Processing | Processing | Generation VHE
| 14 Rx
Integrity Monitoring
RR h N
1=+ [ Ml

1 3

(4) cmc electronics (4) Processors for Integrity and Continuity (2) VDB Channels
Dual 24-Channel * New, COTS processor for Continuity
GPS RSMUs + New Real-time Operating System (RTOS) *New ICAOQ compliant Tx
DO-178B Level B SW DO-178B Level B Software DO-178B Level D Certifiable
X Requirements | Requirements (new RTOS, processor)
/ Code (few artifacts) | Code (few artifacts)
o Test 0 Test
o V&V o Verification & Validation
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=
A FAEEAY, Ase] 2 Ee BB EATY o Adsgo

O 71} “SybdAr|Ad vl @A 447 oA FskA] 2 vy A A A3, FF
2 FEHY 58 FAIWZHEF 7] (ICAO) Doc 80718 Ag3ly, ol f

Aol 9A e AT MARTITRY NEL 48T
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ILS AND FAN MARKERS

Inspections
Ref. Antenna andor
Type Para, fransmission lines
Check 21900 Commissioning Parnodic Replacement/Adjustment
Spectrum
Analysis Fesorved Heserved Feserved Rosared
[ederitific aticn and
Modulation Tone 3202 X X b
Coverage JA203
Major axis X — —
Minor axis bt * X
Proximity Check X — —
Holding Fixes 3205 X - X
Standby
Equipment 3206 X — -
106.32
Standby Power 3207 X — —
106.43

19 2.39 vl HA}L AAGE oAl (Marker Beacon)

2. e FyAAAAL AFHAA FF}
7}. v A4r3rE 3 (FEDERAL AVIATION ADMINISTRATION)
o3 o] FE3)

rlo

O v A3 A$ GBAS 5 a9 a3
of AAlstal S5
O System Design Approval (SDA)

m
—Ql=A) - A FAF Manufacturer)
e (Ground station system design meets requirements

e Developed to appropriate design assurance levels

e Accuracy, integrity, availability requirements satisfied



- #aty
 FAA-E-AJW44-2937A
* FAA Order 6700.20A

O Facility Approval

— Q) £82} (Owner/ANSP/Airport)
1

c

(

N
ko
Tk

e (Ground station installed properly, safely

e Signal—in—space, coverage volume verified
* Maintenance technicians trained, certified
e (Control tower personnel trained

O Operational Approval

ATt ¢ YA/ T A Operator/Airline)
—-Fo3=

e Aircraft equipped
e Pilot crews trained

e Approach plates/procedures developed

O FAAY 58 AF8FL o3 22

O B8 AL (Flight Inspection) : HExF, A4S, 3948 55 &<

O FCC License H= &<l : 35, &9, Time slot 5= &<l

O AA A5 + A%, 7H84, 84 4 F&AF 55 gl

O +% % FAET @ FART HAA, 9471 44 & &<

O n]&, A FH] &<l

O uws %W RIF @ FA/BFA D SJ2, T2 Aol g us ¢ A5
O 71et FAAS w@HAMEA Sl diet F24<9 W& U.S Flight

Inspection Manual (FAA Order 8200.ligelld TFAIA o2 7]&E o] S

s 57

(Australia Civil Aviation Safety Authority)

Uzt g

T



(Airservices’ Operating Certificates Part 171, 172, 173)°] <%to] ¥

AL =

O Part 171 : Aeronautical Telecommunication and Radio navigation
Services

O Part 172 : Air Traffic Services

O Part 173 : Instrument flight procedure design

System System Design / + FAA System Design Approval (SDA)

Design Development + CASA observation of SDA process

Approval

Facility System Facllity + Safety _Assesgm_ent for restricted

Approvel Installation operations (similar to current GBAS
trial in Sydney)

e Operational « Safety Case for GBAS CAT-l Service

Appeeyal SETET

Commissioning CAT- {- Ongoing Operational Risk
Service Assessment

% 240 FARAAE AFHEA

o SARZLEEZS7] T (ICAO)

O ICAO9IA = F54 109 oA oAb tist A AR YA

7
Mol o= %50} 900 ICAO Doc 8071¢) aaetdA| A2 A
A7 PAE Q)
ICAOS] H|@AA 5 daotA e Az, Ax W 8o g x3 9@ ¥

d oA oed 2

O ICAO Annex 10 to the Convention on International Civil Aviation,

oy

o]7

_

dlo

Volume I Radio Navigation Aids.

O ICAO Doc 8168: Procedures for Air Navigation Services -
Aircraft Operations - Construction of Visual and Instrument Flight
Procedures Volume II.

O ICAO Doc 4444: Procedures for Air Navigation Services — Air



Traffic Management.

O ICAO Doc 8071: Manual on Testing of Radio Navigation Aids.
Volume I

O ICAO Doc 9750: Global Air Navigation Plan.

O ICAO Doc 9613: Performance—Based Navigation (PBN) Manual

3. 1 9 #¥ GBAS #¥ 114

O GBASE w9 B /hEste] glo] siAlRE B foks Esheiof

EUROCONTROL®] tjx#el 7]%4
O oF AolA 7]&3t 5ol sk A4l o4t ol HHHo=z 1
olof & wFxjAH] 2] Data %, VHF A< FA, GPS
QA AH] &8 5 B dATEA AR Add

2 7lssl=



# 2.11 ICAOS GBAS#H 14 55

TAHE A A5
Annex 2 Rules of the Air
Annex 10 ) o .
Radio Navigation Aids
(Vol. 1)
Annex 10
(Vol. 3 — Communication Systems — Digital Data Communication Systems
Part 1)
Annex 10 . . L.
Aeronautical Radio Frequency Spectrum Utilization
(Vol. 5)
Procedures for Air Navigation Services — Air Traffic
Doc. 4444
Management
Manuals and Circulars Manual on Testing of Radio
Doc 8071 L )
Navigation Aids
Doc 9828,
AN Report of the Eleventh Air Navigation Conference (2003)
CONF/11
Handbook on Radio Frequency Spectrum Requirements
Doc 9718 for Civil Aviation including Statement of Approved ICAO
Policies
Doc 9776 Manual on VHF Digital link (VDL) Mode 2
Doc 9805 Manual on VHF Digital Link (VDL) Mode 3
Doc 9816 Manual on VHF Digital Link (VDL) Mode 4
Doc 9849 Global Navigation Satellite System (GNSS) Manual
Doc 9613 Manual on Required Navigation Performance (RNP)
Doc 9750 Global Air Navigation Plan for CNS/ATM Systems




¥ 2.12 FAAS] GBAS ¥ 114 52

TAHE A A&
AC Criteria for Approval of Category 1 and Category 2 Wether
120—29A | minimal for Approach
Order . ) .. .
Facility Operation and Administration
7210.3U
Order . . .
Operational Data Reporting Requirements
7210.55C
Order . .
Procedures for Handling Airspace Matters
7400.2F
Order L . L
Area Navigation(RNAV) Approach Construction Criteria
8260.48
Order Required Navigation Performance (RNP) Instrument Approach
8260.51 | Procedure Construction
N JO Air Traffic Organization Policy : Operational Error Severity
7210.645 | and Proximity Events
N JO Air Traffic Organization Policy Terminal/TRACON Audit
7210.661 | Process for Operational Errors & Operational Deviations
N JO Air Traffic Organization Policy : Operational Error Reporting,
7210.663 | Investigation and Severity Polices
Order ) .
Special Use Airspace
7400.8N




3 2.13 EUROCONTROL®] GBAS ## 114 55

A3 2R
ED—238 MOPS for airborne VHF Rx—Tx operating in the frequency range
117.975-136.975 MHz
ED—99A MOPS for Airborne VDL Mode—2 Transceiver operating in the
frequency range 118—136.975 MHz
ED-100A Interoperabilit?f Requirements for ATS Applications using Arinc 622
Data Communications
ED—108A MOPS for the Very High Frequency (VHF) Digital Link (VDL) Mode
4 Aircraft Transceiver
ED—79A MOPS for Airborne GPS Receiving Equipment used for Supplemental
Means of Navigation
ED—-75B | MASPS Required Navigation Performance for Area Navigation
ED-88 MOPS for MMR including ILS, MLS and GPS used for Supplemental
Means of Navigation
ED—05 MASPS for a Global Navigation Satellite System GBAS to support
CAT1 Operations
ED-114 MOPS for a GBAS ground facility to support CAT I approach and
landing
ED—-109 Guidelines for CNS/ATM Systems Software Integrity Assurance
ED—198 Software Considerations in Airborne Systems and Equipment
Certification
ED-76 Standards for Processing Aeronautical Data
ED-77 Standards for Aeronautical information
ED—90A | Radio Frequency Susceptibility Test Procedures
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GBAS &&7|& 7|

GBAS CAT-1 QAFAA L AFAAH 7|

GBAS CAT-I ¢1=7]= 7+

ICAO/FAA/RTCA =A7]F &4

GBAS <1%=7]s(System, Facility, Operation approval)
s

GBAS CAT-I H]A|FA| A 2l Q1A A 7))t
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GBAS CAT-I ¢l=A4 7

GBAS CAT-1 A& H7} 71«

AH) s Ad A5 (System design approval) 7% 7l
tﬂ— u] :L:]7].

Al Q155 (Facility approval) 7] 7§ &2 4l H7}
=

891 (Operation approval) 7] 7§
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Bk AA ABEE Psd Y U AL FA7)R Fo) Fofshs AT
A F2RAAE FESE o] W T2
O Agxoz $euet 33715 A5 ool $ Fao)7)e shy, g

A s HEe] F/1Ee BHE el 4w we gl ARHOE
A

AR, i ATt AEFeE =eka, A b e

3. 71F 4799 F85Y HE
7h 1€ BE d79A HE

# 3.3 A9y ad A A

T TH71R | A7 | FAFH I A%8
I=gEFT i
sESE 29 2005~2009| Q770 | AAIY FyElolE] S AT T
RSN Baeist
A= g e
sEST —g) 1997~2002| A7 I PAI=E AT
_ =TT ) . .
sESE By 2004~2008| AT | F3& AGITHAILE 7t Ve A
RSN Bheist

SR Aetisty  [2002~2003| AN | A o) YA RAGAAE ke

W&t | slala o= AL Sardlo]E BAIA| AE]
WIS | EHRETT | o007 At A - ° ToTel i)
75 A N7 e 7t
e e 2o
W C 0T 0001-2004| AT | FEAITApLE 18 Aol AT
e | A7
shAthely |  ShAthEtw ~2003 | GHHE-Sd | njsya 1l wloln] oA AlEEolE i




(1) XAt FFdolE F4l AIA" Ad
O ‘A &% dole F4 AL AR & F3Fasa A7ss Es
+ HAlZ VHF] AR&H = dHoly 4l Al
T F¥ a8 e Had BA <

1>

8 (VHF Data Link) & 7|3}

(2) f8FH L " AL
O AFHA AR (GNSS) W A= 3 (Navigation) #& AT A=
A 1A A" FElQl GNSS(Global navigation satellite system)
o] TEE % MR A Fe 2% Aol v AMde 299
O GPS 3 91485 ol &3 &3] o|&F A AH /g
C

O DGPS (Differential GPS) & ©]&3%F CAT-19] H&gAdo 5oz Az

(3) 38§ ANFHAILE 7|9t 7| A
O ‘38 gAHAAE 716k 7)& /e FA4 = 39 (Navigation) oA
ATHAZ AW JAAFHAAE FEd  GBAS(Ground Based
Augmentation System) Test—Bed 7R3} YXFH3E HAGA A8 9 QA

S FFl g Aol tE A 23
O GPS &4 $14d<5 o] g3 GBAS Test—Bed 7l
O @9 #A Aol Fdhs Ty FHE BRAAAE MY
O GPSAze n3AE 9 AAE &t AAw 7244 3 U A+
O ZEde A9 Az ¥4 U &5 A8 ek A
O AgZF FHFol g AL A5 T AT
O 839 71 ArA AAE QIF7]ee ShAl Azsh vkl o] 91433



(4) A 59 ARYEZANER FEUE
O A 39 AFRGANAR FHFYRF 7A

] Sz
Augmentation System){l WAAS (Wide Area

-
R

rol
e N

FUlgol ol @

(5) zHAY FFHolH FAANLH (M7 AT

O ‘JAd FFdolg] BAAAE N 7]|&

7

SBAS (Satellite Based

Augmentation System) 2]

3t Az AT 7HE G RTF AlAE QFT]E
7} 338 Ao 7]HEe] GBASE o] £3t+=d whal] SBASE
Hell Coverdhi= 94 719 AFY S A &2

AT

SRR

A =

(Surveillance) A7) 73} #dste] ADS-B %W ADS—-Be} ##H ¥ f|o]

Bl 83 (VDL M4, UAT, 1090E) & %3] A 3+

SRR S Ua AN S

ADS-B &1 do|g ¥A

A AsH QTS

O &
O ADS-B %1 ©olg #a 22 Q47]& H9
O Zt "oly 3 T2EF T2 A
O ADS-B 975 &4 9 &871% 49 F=34, Fle d75% +4
O i8] CNS/ATM A} @ A4
(6) 371 At LAHS g A EdHolA AT
O ‘FFAZAES st A& A7 + FTusH(ATM : Air
Traffic Management) 2} ¥ ¥ AFZ 54 /A RdHS 3 7o &
e A LBA A, FE7D A tE = AA AlEEHOIHE s
U5 AbES 2EE
O & AelA 2ol a7 9 2 #A| AlEH ol
O 33U &4 /A md™E S35 T8 D JAF 1A AAH
O AxFI2] AA ATC 2& vl Ald== GUI 874 7]4k
(7) 833 4 oy #A AEdly /g
O stAdistew v 9 gojy A w&E AlEdClE MY AF= A
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Communication
A 2L o|E B4 AlAH g

- - =7|== 7l gk
Navigation ( 5718 e )
Q4 3Y AIAE T
22 BN AE T|ut 7| e L 7|8 T u 7 N AHY
T3% 98 2AAH 750 V.S | amese s oman vane 25
Surveillance > M22 #3789 95 718 7Y

A 22HOIE SUALE HE|s N

Air Traffic Management

AL EE 2lot A Se]0|d B
HI=E 2 20|E 2R AlZ20[E 7iE

= 7|z M2 2878 HEY =3

(2) 71& 47949 58 AE 2%
O 719 AAd FBA~

(ATM) =9 AlEdold A= & A olsAlel s

5
dold, FRRAN PP A wkE Y ABAE AT F ATHA



O 43N 7R A9 AAE AF7]s Y dA= 7S A 9
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Al 2 2 BAE

1. A8 &4 ¥HE
7h " -u Y e

O o% S 2o FZEAA0Y 4AY 24, a7 Ao

Fof oJa] RIAGA AANA LAyl A= Helw nuES F Tt

= o] &3 Hel-v&EA (Benefit—Cost Analysis) S F3st= WS A}

O HH|EEXHoA o]fEE 7|02 +=dHA7FX] (NPV, Net Present

Value), ¥H¢]—-H]EH]&(B/C Ratio), W4 E (IRR, Internal Rate of

. <38 A71x (NPV, Net Present Value)
O TsdAZA & T2 AFF o 2HE ALY HFTEE(T)7HA] A ==
(A v LS W FM Y T5S AVAZ AAste o]E &

A, Bk 2ol vEkd ¢ 3= 9714 B = 719 e, = 719

o

o
P

1A

o
],

< 9

(3.1)



A
Doz EAAZH 0Rek AAL Low ARISLS 71ZshHs Rel 9

Hojm, A9l of|ake] i3k Aleko] S A9 P L& SHANAE YE
U= Alglo] M9z A4%
ofike] Alekd At oAb @Ak el 71 =2 sdATIAE Ko
= Alglo] A= Zo] UukzA Y
o] —H]&H| &
A -H]Eu &2 Hoo AA7IAS e wge dAVA FoF ir
Ao g o] vEhd & 9%

B L B L G

C t;o 1+r) /t;) (1+r) (3.2
Hol—njgH]go] 18t A9 i AFJS ALE Ao uha s 219
qkek o 72 AME sAlel Hrkeke A$ele B/CHIEO] & TAE A
H7} &2 ol
Hol—n] g0 &S &= AAVIH A vl 2 A A Aol % F4AQ H
e
Ao —n|gu)E HE AAu g #Belo A717F Vel A gtk A )
wo B RAmtoRE FRU AL I 5 ok Bl AL
Elet ARdqrR e Aol @A e Bl g -He] H|&S A R
S7bell wel o= JFEZAE S 5 o, o] Ae =3 AT F
b H= el A AbdarRIE A7
HyolE
Y55 T2 Alglo] dwntks] A= AA &to 7|tEe A

Arrdel A 1] AA WASE EAATAA 00 HA s

i
i
>
X

e BE mEsE, 4EEY A Fol wEEEY AN @



oy,

0]
2]

(3.3)

0]
=

of £F ol&H= VIEoR W

ARdell AElE o] & (KE AAAG|AH) By ALtE YR

o] Attd

o]
=l

—

1Tt e

o

o] AHYE EATA 7}

g A7 =A

THAZHA 7ol Ml -HGHE V]EolM el o] Aol &

KR
T

O o] 7+

ol

il
alp

KH
Xo
)

TR

o
B
ol
i}
)A

oy
oy

—_—

0

TR
oo

nA @ ) gel A

O o] %

%

s

™, AFd e gfEe] o

0|

o|J

24 3t

3 of

7}

s

Ao ¢S A

=
-

.
=%

o] go] 27}

il

g 37HA BAI B

e R e

O

&

—_—

J7|
TE

olm
%

—

T B AF(A4R)” oA

7_9’



O

O

O

O

hu)
=
rE
r‘l
0,
o,
2
Y’
X

s , | A] o o3 ofH
T'_—LXH7]'X] o 2~ 0
(NPV) NPV=0| « Zepdgaele] dA47FA AA | otk -9 244
o A =EAA 3 QF WA TbE
* B} 249 o] & s
Hol/m&ul& pic=1 | o] &l -§-o] o AZuiERA ol AdE e
(B/C) o AR a1y 7bs L LE 7t

u|

_ B T
- AHIY oA 24 b

IRR= e} thety} vlw b go 1H A &s

=r * 1__"7 a7 o

(IRR) RIS [e) . E{_i 7H3] l'?——’f—@_}.‘%o]
5

LH\:I/\O]E—'

. F7hug s Ast ola7t ol

FHAME Y BES A AANAEY ANE Frsuw, Fut
o ARIZE Hlaels Mg god, mebd 3Ae FAsAn Fut
CE T oAbl SRAZROR Foly e ulashs 2 EAeA o
Hol/ul g & 54 @%e Wel i wjgow Aelahisld wel ghol
gepH s gl glov), AwAel BRI EOR ASH T 9
W B e Ao FErk geke 488 5 9k FHe gt Folol
28] WAL e AR Y A9 AR g we] 9g

whebd] GREAAL AL AN EAAAE ol AR g
Ae wEstel, SAAZMA, WG AN &, RFAES WE Fare] B4
g




9 %9l AxwE AsE o] HEolnw, FAY BALS JE L83

ale] w8) AlAgle] Wol B n g3} AAste] FqekE Fo] R

}. 24 o 712

B oAre]e 2010 2Eske] 2013@70A] A EA S F3ste] A E3=
7_31

v
o

S

ARl AJAEL @-go] AlAEY

q
=

EFAR A0 )” o ZAste] FFFAAY S SR AR (2015¢) F-H
o ¥

O 2 245 Sleides AA 222 71218 (Opportunity Cost) = 2 &3]
bl A= o 7IZE Fol dAss vjdy Hoe vud ¢ Es &
QlEo] A ojoF o

O A8 =dA7FA (NPV) 9F Bl -H]&8]& (B/C) = Artstr] 18 &<l
£ (Discount Rate) 4], st=7dd oA “ou et d A 35 913

WA 4 - B A7 (A4 = F& AT 6.5%5 A&

uh FAGAE B Y

O <=3@A712 (NPV), A]—H|gH] & B/C), W4 (IRR) 529 H7IAE A=



ol
=~

SERYES

A

1

Ry

=

A=

(e}

P

B

blo
o
i

o7
o

—_

ol

o}
ol
Bl
e

f%]—

o
RuN

|

.
s/

&

)

o

s

T I e i e o
}

7

7]
7l TN AA A, s

H, Al Al uhel

st 2709

s
9] ©

S

HRER

=

3. B AA 9

B

o|J

=
T

Fotom,

°©

bl 413

°©

ohal 71

Al

L

R

A =]

S|
=

GBASA| 2~ Hlo]

2

ofi

—_
fiTe)

oji



7] approach 3l #5 ATAId)E 2AZ eyt =Y A st v

8§47 wA7 BAY Rolg FAL AR B

KARI Seminar, July 2009

World’s first all GPS approach and landing (RNP + GBAS)
22 May 09

140kg fuel &

440kg CO?
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~approach *

saved

Green: RNP connected with GLS
Red: conventional track most often used in Sydney
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= Algjstdloy, MER Hels FAsto] 7k AAAH Helow TwEele
gt "9 AR A
O 2 A ¢85 Foll Al E el @8 GBASAHAHS £83E v A4
el FAsE thes 2e weluo] 743
I 3.9 AU e FAHEAr

(2h9] : Wikl

AlgEel AldeEe2 Az 23 Az 4 Alueg .5

U= Q) B TH | g B TH | oy B | T | )| B TH | o B 7
d7t| |47t @7t | 87t 187 "ot 18|z "o @7t | 87t

2000 - | - - -1 -1 -1-1-1-1-1-1-1-1-1-
2010 - - - - - - - - - - - - - - -
orr| - | - - -1 -1 -1-1-1T-1-1-1-1-1-1-
2012 - - - - - - - - - - - - - - -
013 - | - - -1 -1 -1-1-1-1-1-1-1-1-1-
2014 3,011 (2,198 ] 2,198 | 3,011 2,198 | 2,198 | 3,011 2,198 | 2,198 [ 3,011]2,198| 2,198 [ 3,011]2,198 2,198
2015| 578 396 | 2,594 | 580 397 | 2,595 | 582 399 | 2,597 | 583 399 | 2,597 | 584 400 ]2,598
2016| 608 391 2,985 | 612 394 | 2,989 | 616 396 | 2,993 | 619 398 | 2,995 | 622 400 12,998
2017| 642 388 | 3,373 | 649 392 | 3,381 | 655 396 | 3,389 | 661 399 | 3,394 | 666 402 | 3,400
2018 681 386 | 3,759 | 691 392 | 3,773 | 700 397 | 3,786 | 709 402 | 3,796 | 716 406 | 3,806
2019| 724 386 | 4,145 | 739 393 | 4,166 | 752 400 | 4,186 | 764 407 | 4,203 | 775 413 4,219
2020| 774 387 | 4,532 | 793 397 | 4563 | 812 406 | 4,592 | 828 414 | 4,617 | 844 422 |4,641
2021| 829 389 | 4,921 | 856 402 | 4,965 | 880 413 | 5,005 | 903 424 | 5,041 | 923 433 15,074
2022| 892 393 | 5,314 | 927 409 | 5,374 | 959 422 | 5,427 | 988 435 | 5,476 [1,015| 447 |5,521
2023| 964 399 | 5,713 [ 1,008 417 | 5,791 {1,049 | 434 | 5,861 | 1,087 450 | 5,926 | 1,123 | 465 |5,986
2024| 1,045 406 | 6,119 | 1,100 | 428 | 6,219 | 1,152 | 448 | 6,309 [ 1,201 | 467 | 6,393 | 1,247 | 485 |6,471
2025| 1,136 415 | 6,534 | 1,206 | 440 | 6,659 | 1,271 | 464 | 6,773 [ 1,334 | 487 | 6,880 (1,392 | 508 |6,979
2026 1,240 425 | 6,959 | 1,327 | 454 | 7,113 | 1,408 | 482 | 7,255 (1,486 | 509 | 7,389 [1,560| 534 | 7,513
2027 1,358 [ 437 | 7,396 [ 1,464 | 471 7,584 11,565 503 | 7,758 | 1,663 | 535 | 7,924 | 1,755 | 565 8,078
2028 1,491 450 | 7,846 | 1,621 | 490 | 8,074 |1,745| 527 | 8,285 (1,866 | 564 | 8,488 [1,982| 599 |8,677
2029 1,641 | 465 8,311 | 1,800 [ 510 8,084 | 1,953 | 554 8,839 | 2,102 | 596 9,084 | 2,245 | 637 | 9,314
2030| 4,271 | 1,138 | 9,449 | 4,463 | 1,189 [ 9,773 | 4,650 | 1,239 | 10,078 | 4,833 | 1,287 | 10,371 | 5,010 | 1,335 | 10,649
2031 2,005 [ 501 9,950 | 2,237 | 559 ]10,332 | 2,464 | 616 [ 10,694 ] 2,688 | 672 [ 11,043 ] 2,906 | 727 [11,376
2032 2,224 | 522 | 10,472 | 2,503 | 588 | 10,920 | 2,778 | 652 | 11,346 | 3,051 716 | 11,759 | 3,319 | 779 |12,155
2033| 2,471 | 545 | 11,017 | 2,806 | 619 [ 11,539 | 3,139 | 692 | 12,038 | 3,471 [ 765 | 12,524 | 3,798 [ 838 12,993
2034 2,759 | 571 | 11,588 | 3,160 | 654 [ 12,193 | 3,661 | 737 | 12,775 | 3,962 | 820 | 13,344 | 4,363 [ 903 |13,896
A 31,344 11,588 11,588 |33,553(12,193| 12,193 [35,702| 12,775 12,775 [ 37,810 13,344 | 13,344 39,856 13,896 13,896

- 81




16,000

14,000

12,000

10,000

AL 21

8,000

——A|LlE| 22
——A|L}E| 23
6,000

— AR 24

——A|LtE| 25
4,000

2,000

NS 32y e N2 325

2014( 78 | 36 |2,732) 104 [3011) 78 | 96 [2,732| 104 |3,011) 78 | 96 |2,732| 104 [3.011| 78 | 96 (2732|104 |3011] 78 | 36 |2,732| 104 (3,011
2015) 78 [ 109 | 273 | 117 | 578 | 78 | 110 | 273 | 118 [ 580 | 78 | 110 | 273 | 119 [ 582 | 78 | 111 | 273 | 120 | 583 | 78 | 112 | 273 | 120 | 584
2016| 78 | 123 | 273 | 133 | 608 | 78 | 125 | 273 | 135 | 612 | 78 | 127 | 273 | 137 | 616 | 78 | 128 | 273 | 138 | 619 | 78 | 130 | 273 | 140 | 622
2017( 78 [ 140 | 273 | 150 [ 642 | 78 | 143 [ 273 | 154 | 649 | 78 | 146 | 273 | 157 | 685 | 78 | 148 | 273 | 160 | 661 | v8 | 151 | 273 | 162 | 666
2018( 78 [ 156 | 273 | 170 | 681 | 78 | 163 [ 273 | 176 | 691 | 78 | 167 | 273 | 180 | 700 | 78 | 172 [ 273 [ 180 | 709 | 78 | 172 | 273 | 189 | 716
2018| 78 | 179 | 273 | 193 [ 724 | 76 | 186 [ 273 | 200 | 739 | 76 | 192 | 273 | 207 | 752 | 78 | 198 | 273 | 214 | 764 | 78 | 203 | 273 | 219 | 775
2020( 78 [ 203 | 273 | A8 [ 774 | 78 | 212 [ 273 | 229 | 793 | 78 |21 | 273 | 238 | 812 | 78 | 229 | 273 | 247 | 620 | 78 | 236 | 273 | 255 | 844
2021( 78 [ 230 | 273 | 247 [ 629 | 78 | 242 | 273 | 261 | 856 | 78 | 254 | 273 | 274 | 680 | 78 | 265 | 273 | 285 | 903 | 78 | 273 | 273 | 296 | 923
2022| 78 [ 260 | 273 | 280 | 892 | /8 | 277 | 273 | 298 | 927 | 78 | 202 | 273 | 314 | 999 | 78 | 306 | 273 [ 330 | 988 | 78 | 319 | 273 | 344 1,015
2023 78 | 294 | 273 | 317 | 964 | 78 | 316 [ 273 | 340 |1,008( 78 | 335 273 | 361 |1,049| 78 | 354 [ 273 | 381 |1,087| 78 | 371 | 273 | 399 |1123
2024| 78 [ 333 | 273 | 359 |1,045| 78 | 360 | 273 | 388 (1,100| 78 | 385 | 273 | 415 |1,152] 78 | 409 | 273 | 440 [1.201| 78 | 431 | 273 | 464 |1.247
2025| 78 [ 377 | 273 | 407 |1,136| 78 | 411 | 273 | 443 (1.206| 78 | 442 | 273 | 477 |(1271) 78 | 472 | 273 | 509 [1,334| 78 | 500 | 273 | 539 |1.392
2026( 78 | 427 | 273 | 460 [1.240| 78 | 469 | 273 | 303 |1327| 78 |08 | 273 | 947 [1.408| 78 | 046 | 273 | 586 |1.486| 18 | 581 | 273 | 626 |1.560

1

1

2027] 76 | 484 [2r3 [ 521 [1.358] 78 | 535 [ 273 [ 576 [1464] 76 | 584 | 273 | 62g [1565[ 78 [ 631 | 273 | 679 [1.663] 78 [ 675 [ 2r3 [ ver [175s
2028| 78 | 548 | 273 | 590 [1491| 78 | 611 | 273 | 698 |1621| 78 | 671 | 273 | 722 [1,745] 78 | 729 | 273 | 785 [1.866| 78 | 784 | 273 | 845 [1.982
2020| 78 | 621 [ 273 | 668 [1641| 78 | 697 | 273 | 751 |1800| 78 | 770 | 273 | 830 [1,953| 78 | 842 | 273 | 907|202 78 | 911 | 273 | 981 [2.245
2080( 78 | 703 [2732[ 757 |47t ] 78 | 785 (2732 856 [4.463[ 78 | 885 [2.732] 953 [4650[ 78 [ 973 [2732]1048 4833 78 [1,08[2732[1,140 [5.010
2031| 78 | 796 | 273 | 857 2,005 | 78 | 907 | 273 | 977 |2237| 78 |1.017| 273 |1.005|2464| 78 [1,124| 273 (12112688 | 78 |1.230] 273 | 1,324 [2.906
2032| 78 | oo | 273 | 970 [2.224| 78 [1,035| 273 1,115 |2503| 78 1768 273 [1.258 |2778| 78 |1,299| 273 (1,399 (3,051 | 78 1428 273 1538 3318
2033| 78 [1020] 273 [1099 2471 | 78 [1181] 273 [1272[2806] 78 [1.342| 273 [1.445(3,139] 78 [1501| 273 |1.817 [3471 | 78 [1.699 | 273 [1.787 [3.798
2084] 78 [1159] 273 [1.248 (259 78 [1352 273 1456 (3.060( 78 1545 273 |1.664[3561[ 78 [1.738] 273 |1.472[3962 78 [1.931] 273 [2.000 |4.363
& [1,651|9,171 [10,6569,877 31,357 1,651 [10,23410,65611,021133,564 1,651 [11,26810,656/12,139:35,713 1,651 12,28310,556/13,22837,820( 1,651 [13,26810,656/14,28939,866
3 5.3% |29.2%(34.0% 31.5%| 100% | 4.9% [30.5%(31.7%|32.8%| 100% 4.6% [31.6%{29.8%|34.0%| 100% | 4.4% [32.5%(28.2% |35.0%| 100% | 4.1% [33.3%|26.7%|35.8%|100% |
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Ay el Ay e2 Al 23 AvE o4 AL 25
R R E R B EREEEEE
2009 - - - - - - - - - - - - - - -
2010 | - - - - _ _ _ _ _ B ~ B B } -
2011| - - - - _ _ _ _ _ ~ B B 3 3 -
2012 | - - - - _ _ _ _ ~ _ B B B 3 -
2013 | - - - - _ _ _ _ ~ B ~ B B } -

2014 | 3,011 [ 2,198 | 2,198 | 3,011 | 2,198 | 2,198 | 3,011 [ 2,198 | 2,198 | 3,011 | 2,198 | 2,198 | 3,011 | 2,198 | 2,198

2015 | 657 450 | 2,648 | 659 451 | 2,649 | 660 | 452 | 2,650 | 662 453 | 2,651 | 663 454 | 2,652

2016 | 766 493 [ 3,141 770 495 3,144 | 773 | 497 | 3,147 | 776 499 | 3,150 | 779 501 | 3,153

2017 | 878 531 | 3,672 885 535 | 3,679 ] 891 | 538 | 3,685 | 897 542 13,692 [ 901 544 | 3,697

2018 995 565 | 4,237 | 1,006 | 570 | 4,249 | 1,015 576 | 4,261 | 1,023 | 580 | 4,272 | 1,031 | 585 | 4,282

2019 | 1,118 [ 595 |[4,832) 1,132 | 603 |4,852| 1,145 610 | 4,871 | 1,157 | 616 | 4,888 | 1,168 | 622 | 4,904

2020 | 1,245 [ 623 | 5455| 1,265 | 633 | 5,485 | 1,284 642 [ 5513 | 1,300 [ 650 | 5,538 | 1,315 | 658 | 5,562

2021 | 1,380 [ 648 | 6,103 1,406 | 660 | 6,145 1,430 672 | 6,185 | 1,453 | 682 | 6,220 | 1,473 | 692 | 6,254

2022 | 1,522 | 671 |6,774] 1,556 | 686 |[6,831 1,588 ] 700 | 6,885 | 1,617 | 713 | 6,933 | 1,644 | 725 | 6,979

2023 | 1,672 [ 692 | 7,466 | 1,716 | 710 | 7,541 | 1,757 | 727 | 7,612 | 1,795 | 743 | 7,676 | 1,830 | 758 | 7,737

2024 | 1,831 | 712 | 8,178 | 1,887 | 733 [8,274 [ 1,939 ] 754 | 8,366 | 1,988 | 773 | 8,449 | 2,033 | 790 | 8,527

2025 | 2,001 [ 730 [ 8,908 | 2,071 | 756 |[9,030 | 2,136 780 | 9,146 | 2,199 [ 802 | 9,251 | 2,257 | 824 | 9,351

2026 | 2,184 | 748 9,656 | 2,270 | 778 |[9,808 [ 2,352 | 806 | 9,952 | 2,430 | 833 |10,084] 2,503 | 858 ]10,209

2027 | 2,380 | 766 [10,422] 2,486 | 800 |10,608| 2,587 | 833 |10,785] 2,685 | 864 |10,948| 2,777 | 894 |11,103

2028 | 2,592 | 783 |11,205| 2,722 | 822 [11.430] 2,846 | ge0 |11.645] 2967 | 896 |11,844] 3,083 | 931 12,034

2029 | 2,742 | 778 [11,983] 2,901 | 823 |12,253| 3,054 | 866 |12511] 3.203 | 909 [12753] 3,346 | 949 |12,983

2030 | 5,372 | 1,431 | 13,414 5,564 | 1,482 [13,735| 5,751 | 1,532 | 14043] 5934 | 1,581 | 14,334] 6,111 | 1,628 | 14,611

2031 | 3,106 | 777 |14,191| 3,338 | 835 [14,570| 3,565 | goz |14935| 3,789 | 948 | 15,2821 4,007 | 1,002 ] 15613

2032 | 3,325 | 781 [14,972] 3,604 | 846 |15.416] 3,879 | 911 |15846| 4152 | 975 [16,257| 4,420 | 1,038 [16,651

2033 | 3,572 | 788 [15,760] 3,907 | 862 |16,278] 4,240 | 935 |16,781| 4572 | 1,008 [17,265] 4,899 | 1,080 [17,731

2034 | 3,860 | 799 [16,559| 4,261 | 882 |17.160| 4,662 | 965 |17746] 5063 | 1,048 |18.313] 5464 | 1,131 | 18,862

A [46,209]16,559(16,559(48,417[17,160|17,160{50,565(17,746| 17,746 [ 52,673 18,313 18,313 [ 54,715] 18,862 18,862
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12,000
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6,000 ——A|LIE| @5

4,000

2,000

L T TN T T B T S B T B B T
PR S e T T S A S A A A e A H A Py B A L e )
AT ART ADT ART ART AR ADT ART AT ADT AR ART ADT AR ART AR ADT ART AR ART AR AR ADT AR AR AF

a9 3.5 FHHEAAMA=EE gl AD

l" o

(e IR NyA23 NUA24 N5
A|lB | CGC D 29| A |B | C | D 29 A|B|C|D| 2% A |B|C|D 27 A B |G |D|2Y

2008

2010

2011

2012

2013

2014| 78 | 96 |2732| 104 |3010| 78 | 96 |2,732| 104 |3011| 78 | 96 |[2732| 104 [3,011| 78 | 96 |2.732| 104 |3.011| 78 | 96 |2.732| 104 [3,01

2015 157 | 109 | 273 | 117 | 656 | 157 | 110 | 273 | 118 | 659 | 157 | 110 | 273 | 119 | 660 | 157 | 111 | 273 | 120 | 662 | 157 | 112 | 273 | 120 | 663

2016 235 | 123 | 273 | 133 | 764 [ 235 | 125 | 273 | 135 [ 770 | 235 | 127 | 273 | 137 | 773 | 235 | 128 | 273 | 138 | 776 | 235 | 130 | 273 | 140 | 779

2017 314 | 140 | 273 | 150 | 877 | 314 | 143 | 273 | 154 | 885 | 314 | 146 | 273 | 157 | 891 | 314 | 148 | 273 | 160 | 897 | 314 | 151 | 273 | 162 | 901

2018 393 | 158 | 273 | 170 | 994 | 393 | 163 | 273 | 176 |1.006| 393 | 167 | 273 | 180 |1,015| 393 | 172 | 273 | 185 |1,023| 393 | 175 | 273 | 189 [1,031

2019|471 | 179 | 273 | 193 | 1116|471 | 186 | 273 | 200 (1,032 | 471 | 192 | 273 | 207 |1,145| 471 | 198 | 273 | 214 1,057 | 471 | 203 | 273 | 218 [1,168

2020 550 | 203 | 273 | 218 | 1244 | 550 | 212 | 273 | 229 |1,265 | 550 | 221 | 273 | 238 |1.284| 550 | 229 | 273 | 247 |1.300| 550 | 236 | 273 | 255 |1315

2021) 629 | 230 | 273 | 247 |1379| 629 | 242 | 273 | 261 |1406| 629 | 254 | 273 | 274 |1.430| 629 | 265 | 273 | 285 |1453| 629 | 275 | 273 | 296 [1473

2022|707 | 260 | 273 | 280 |1,520 | 707 | 277 | 273 | 298 |1.556 | 707 | 292 | 273 | 314 |1,588 | 707 | 306 | 273 | 330 |1.617| 707 | 319 | 273 | 344 |1.644

2028|786 | 294 | 273 | 317 |L670| 786 | 316 | 273 | 340 |1,716| 706 | 335 | 273 | 361 |1,757| 706 | 354 | 273 | 31 |1,795| 786 | 371 | 273 | 399 |1.830

2024 265 | 333 | 273 | 359 | 1830 | 865 | 360 | 273 | 388 |1,887 | 865 | 385 | 273 | 415 |1,939| 865 | 409 | 273 | 440 |1,988 | 865 | 431 | 273 | 464 |2.033

2025) 943 | 377 | 273 | 407 |2,000 | 943 | 411 | 273 | 443 |2.071| 943 | 442 | 273 | 477 |2,136| 943 | 472 | 273 | 509 |2,199| 943 | 500 | 273 | 539 [2.257

2026|1022 | 427 | 273 | 460 |2,182 |1,022 | 469 | 273 | 505 (2,270 (1,022 | 508 | 273 | 547 |2,352 |1.022 | 546 | 273 | 588 |2.430 1,022 | 581 | 273 | 626 |2,503

2027 (1100 | 484 | 273 | 521 |2378 [1,100 | 535 | 273 | 576 |2,486 |1,100 [ 584 | 273 | 629 |2,587 1,100 | 631 | 273 | 679 |2,685|1,100 | 675 | 273 | 727 | 2777

2028|1179 | 548 | 273 | 590 |2590 (1,179 | 611 | 273 | 658 |2,722 (1,179 | 671 | 273 | 722 |2,846 1,179 | 729 | 273 | 785 |2,967 |1,179 | 784 | 273 | 845 |3.083

2029|1179 | 621 | 273 | 668 |2741 (1,179 | 697 | 273 | 751 |2.901 {1,179 | 770 | 273 | 830 |3,054 |1,179| 842 | 273 | 907 |3.203 {1,179 | 911 | 273 | 981 (3346

2030|1179 | 703 |2732| 757 |5371|1,179| 795 |2,732 | 856 |5,564 [1,179 | 885 |2,732 | 953 |5,751 |1,178 | 973 (2,732 1,048 5,934 |1,179 |1,058 |2,732 |1,140 |6,111

2081|1179 | 79 | 273 | 857 |3105 (1,179 | 907 | 273 | 977 |3,338 1,179 (1,017 | 273 |1,095 |3,565 |1,179 1,124 | 273 |1.211 | 3,789 |1,179 |1,230 | 273 |1,324 |4,007

2082 (1179 | 901 | 273 | 970 |3323 (1,179 |1,035 | 273 |1,115|3,604 |1,179 1,168 | 273 |1,258 |3,879 |1,179 1,299 | 273 |1,399 |4,152 |1,179 |1,428 | 273 |1538 |4,420

2083|1179 [1,020 | 273 |1,099 | 3,571 (1,179 | 1,181 | 273 |1.272 |3.907 [1.179 [1.342 | 273 |1,445 |4,240 |1,179 |1,501 | 273 |1617 |4.572 [1,179 |1.659 | 273 |1.787 [4.899

2034|1179 1,159 | 273 |1248 | 3859 |1,179 |1352 | 273 |1.456 4,261 |1,179 |1.545 | 273 |1,664 |4,662 |1.,179 |1,738 | 273 |1,872 |5,063 [1,179 |1,931 | 273 |2,080 |5.464

B [16,514{9.171 [10,656| 9,877 |46,218]1 6,514]10,234110,65611 1,02148 42711 6,514]1 1,268/10,656/12,13550,575/16,514/12,283/1 0,656(13,22852,683(16,514113,268(10,656/1 4,28954,729

9 [35.7% 19.8% [23.1% [21.4% [ 100% [34.1% [21.1%[22.0%[22.8% [ 100% [32.7% [22.3% [21.1%[24.0% | 100% [31.3%23.3% |20.2% 25.1% | 100% [30.2% 24.2% [19.5% [26.1%  100%

% A EADISNE W, B oUARES) AW, C: AZIARAN S0, D el gEae)
(74 VI8 e v 29 GAle] bt 4] BeldASAs Oa Aol 218)




4. W] AHY
7b B8 A AL

O 33ad A A A Akl %

AT o) Wl gl AR,
A e AAdAd 5o 3

HIE

g R4S

Al EH2IH S

O “FIgFEAY
FAAZ} &3 EF3Ad Z2AF
Cost Model) &

o] g-5e] 1§

Al2F

T Abgle] AlolF7] g

EARE A0
F7181€28 (Life Cycle

225 ANGI Yov, T

AM= wl=

o
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AFF O] AR E ntE o R v E AP AHE Aled

O of+7] HEEH L Aol st T E& AAZCZ Ao 4 A o
o, FHE N2 v¥E HuE 7t &

O v dutd oz a7 AF7EH] (Research and Development Cost),
FAHH] (Investment Cost), % -X*H](Operation and Maintenance

Cost), A|~=l #H 7] 4 34

O A7/ Bl&

O A" F5H&
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H] & (Termination Cost)
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O ol ¥l& A <715 Qokste] Helsetdd ot %

A7 AoE ¥ ES F4F
* 313 °lE AP A Qok
T i AGBFANAE 9 L7 7]
o vl
(17 22 G il% %3 93.59 4
=9 AP GBAS F=48]9 ol 10% &8

O A7/e7)17-e 2010958 2013974 2 714692
A

O 20144, 20152 AARAANARS AA 2Fsks A&3 @AY, 275
= Ala"e Fiel wet Agst g id 5 glov, Y]En|go] MEH

A g Aow A4
A
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>
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N
=
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do
=

of Z7sko], B AFA

L HE2 2440 AAE FEE 9 Ad 2 FAE

|28 PEuE 200 o

ol 10%7} 2 Q¥ tha 74 5ke] oF 29 o] A~Q®Euby 714

O 2027d°+= GBAS A|AE YFAdste] THsle] A2 A|AH 1207 W

A AAE = 7H stell Bl g& AHY

O vid 28k Hl8S 20099 dA7ER 2dld 0|37 9 o2 F4 & +F

A gA7kE s obd) £ LS

4= H| & 87t | F38 &7} H| 31

2009 50 50 50 7] 2 A

2010 1,500 1,408 1,458 2 AMY 1204
2011 3,000 2,645 4,103 Al FE 75 (23d)
2012 2,800 2,318 6,421 2 A 3xpd
2013 2,000 1,555 7,976 2 Aty 4xkd
2014 200 146 8,122 GBAS A B4 v &
2015 200 137 8,259

2016 200 129 8,388

2017 200 121 8,509




2018 200 113 8,622
2019 200 107 8,729
2020 200 100 8,829
2021 200 94 8,923
2022 200 88 9,011
2023 200 83 9,094
2024 200 78 9,172
2025 200 73 9,245
2026 200 69 9,314
2027 2,000 644 9,958 GBAS iAW &
2028 200 60 10,018
2029 200 57 10,075
2030 200 53 10,128
2031 200 50 10,178
2032 200 47 10,225
2033 200 44 10,269
2034 200 41 10,310
A 15,350 10,310 10,310
O FAmedls T80 Bdahd olash 2o
12,000
10,000 — P —
8,000
6,000
4,000
2,000
2E NNz CISHNNSSSNERBEEES




(b9l 9wkl 20099 71)

o A el
¥ 3.15 FHHEYAT -T2 47}
s ki S P e s - < N PRI PRI
T CIEEE D Eae | a=ggA

2009 - - 50 - - 50
2010 - - 1,408 - - 1,458
2011 - - 2,645 - - 4,103
2012 - - 2,318 - - 06,421
2013 - - 1,555 - - 7,976
2014 | 2,198 2,198 146 2,198 2,198 8,122
2015 396 450 137 2,594 2,648 3,259
2016 391 493 129 2,985 3,141 3,388
2017 388 531 121 3,373 3,672 8,509
2018 386 565 113 3,759 4,237 3,622
2019 386 595 107 4,145 4,832 8,729
2020 387 623 100 4532 5,455 8,829
2021 389 648 94 4921 6,103 3,923
2022 393 671 88 5,314 6,774 9,011
2023 399 692 83 5,713 7,466 9,094
2024 406 712 78 6,119 8,178 9,172
2025 415 730 73 6,534 8,908 9,245
2026 425 748 69 6,959 9,656 9,314
2027 437 7606 644 7,396 10,422 9,958
2028 450 783 60 7,846 11,205 10,018
2029 465 778 57 8,311 11,983 10,075
2030 1,138 1,431 53 9,449 13,414 10,128
2031 501 777 50 9,950 14,191 10,178
2032 522 781 47 10,472 14,972 10,225
2033 545 788 44 11,017 15,760 10,269
2034 571 799 41 11,588 16,559 10,310
A | 11,588 16,559 10,310 11,588 16,559 10,310




E 3.16 FAE#ATF- AR AT (A Y] 2.2)
H ol3 L s =Rel ke

4= rmalaaaal] Y ena e T
2009 - - 50 — — 50
2010 - - 1,408 — — 1,458
2011 - - 2,645 — — 4,103
2012 — — 2,318 — — 6,421
2013 — — 1,555 — — 7,976
2014 | 2,198 | 2,198 146 | 2,198 2,198 8,122
2015 | 397 451 137 | 2,595 2,649 8,259
2016 | 394 495 129 | 2,989 3,144 8,388
2017 | 392 535 121 3,381 3,679 8,509
2018 | 392 570 113 | 3,773 4,249 8,622
2019 | 393 603 107 | 4,166 4,852 8,729
2020 | 397 633 100 | 4,563 5,485 8,829
2021 | 402 660 94 4,965 6,145 8,923
2022 | 409 686 88 5,374 6,831 9,011
2023 | 417 710 83 5,791 7,541 9,094
2024 | 428 733 78 6,219 8,274 9,172
2025 | 440 756 73 6,659 9,030 9,245
2026 | 454 778 69 7,113 9,808 9,314
2027 | 471 800 644 | 7,584 | 10,608 9,958
2028 | 490 822 60 8,074 | 11,430 10,018
2029 | 510 823 57 8,584 | 12,253 10,075
2030 | 1,189 | 1,482 53 9,773 | 13,735 10,128
2031 | 559 835 50 | 10,332 | 14,570 10,178
2032 | 588 846 47 10,920 | 15,416 10,225
2033 | 619 862 44 11,539 | 16,278 10,269
2034 | 654 882 41 12,193 | 17,160 10,310
A 12,193 | 17,160 | 10,310 12,193 | 17,160 10,310




@7k FAH &7 H (A U] 2.3)

ae AN gan| 9N | asan
NeAe] [AZHYA NeRe [AZHGA

2009 - - 50 - - 50
2010 — — 1,408 — - 1,458
2011 - - 2,645 - - 4,103
2012 - - 2,318 - - 6,421
2013 - - 1,555 - - 7,976
2014 2,198 2,198 146 2,198 2,198 8,122
2015 399 452 137 2,597 2,650 8,259
2016 396 497 129 2,993 3,147 8,388
2017 396 538 121 3,389 3,685 8,509
2018 397 576 113 3,786 4,261 8,622
2019 400 610 107 4,186 4,871 8,729
2020 406 642 100 4,592 5,513 8,829
2021 413 672 94 5,005 6,185 8,923
2022 422 700 88 5,427 6,885 9,011
2023 434 727 83 5,861 7,612 9,094
2024 448 754 78 6,309 8,366 9172
2025 464 780 73 6,773 9,146 9,245
2026 482 806 69 7,255 9,952 9,314
2027 503 833 644 7,758 10,785 9,958
2028 527 860 60 8,285 11,645 10,018
2029 554 866 57 8,839 12,511 10,075
2030 1,239 1,532 53 10,078 14,043 10,128
2031 616 892 50 10,694 14,935 10,178
2032 652 911 47 11,346 15,846 10,225
2033 692 935 44 12,038 16,781 10,269
2034 737 965 41 12,775 17,746 10,310
SHA| 12,775 17,746 10,310 12,775 17,746 10,310




E 3.18 FAHEAHF— AR AT (A e 24)
Hol3 - 0)3s

M= Craalagamal "t eaalageq T
2009 — — 50 - - 50
2010 — — 1,408 - - 1,458
2011 — — 2,645 - - 4,103
2012 — — 2,318 — — 6,421
2013 — — 1,555 - - 7,976
2014 | 2,198 2,198 146 2,198 | 2,198 8,122
2015 | 399 453 137 2,597 | 2,651 8,259
2016 | 398 499 129 2,995 | 3,150 8,388
2017 | 399 542 121 3,394 | 3,692 8,509
2018 | 402 580 113 3,796 | 4,272 8,622
2019 | 407 616 107 4,203 | 4,888 8,729
2020 | 414 650 100 4,617 | 5,538 8,829
2021 | 424 682 94 5,041 | 6,220 8,923
2022 | 435 713 88 5476 | 6,933 9,011
2023 | 450 743 83 5,926 | 7,676 9,094
2024 | 467 773 78 6,393 | 8,449 9,172
2025 | 487 802 73 6,880 | 9,251 9,245
2026 | 509 833 69 7,389 | 10,084 9,314
2027 | 535 864 644 7,924 | 10,948 9,958
2028 | 564 896 60 8,488 | 11,844 10,018
2029 | 596 909 57 9,084 | 12,753 10,075
2030 | 1,287 1,581 53 10,371 | 14,334 10,128
2031 | 672 948 50 11,043 | 15,282 10,178
2032 | 716 975 47 11,759 | 16,257 10,225
2033 | 765 1,008 44 12,524 | 17,265 10,269
2034 | 820 1,048 41 13,344 | 18,313 10,310
A | 13,344 | 18,313 | 10,310 | 13,344 | 18,313 10,310




E 3.19 FAE#ATF- AR AT Y] 2.5)
Hel¥ 7} FAEIHT}
Eh= - H) L3 7} - 38§37}
71889 |AFZdA| 71899 | AFZA

2009 - — 50 - - 50
2010 - - 1,408 - - 1,458
2011 — — 2,645 - - 4,103
2012 — — 2,318 — — 6,421
2013 — — 1,555 — - 7,976
2014 | 2,198 2,198 146 2,198 2,198 8,122
2015| 400 454 137 2,598 2,652 8,259
2016 | 400 501 129 2,998 3,153 8,388
2017 | 402 544 121 3,400 3,697 8,509
2018 | 406 585 113 3,806 4,282 8,622
2019 | 413 622 107 4,219 4,904 8,729
2020 | 422 658 100 4,641 5,562 8,829
2021 | 433 692 94 5,074 6,254 8,923
2022 | 447 725 88 5,521 6,979 9,011
2023 | 465 758 83 5,986 7,737 9,094
2024 | 485 790 78 6,471 8,527 9,172
2025| 508 824 73 6,979 9,351 9,245
2026 | 534 858 69 7,513 | 10,209 9,314
2027 | 565 894 644 8,078 | 11,103 9,958
2028 | 599 931 60 8,677 | 12,034 10,018
2029 | 637 949 57 9,314 | 12,983 10,075
2030 | 1,335 1,628 53 10,649 | 14,611 10,128
2031 | 727 1,002 50 11,376 | 15,613 10,178
2032| 779 1,038 47 12,155 | 16,651 10,225
2033| 838 1,080 44 12,993 | 17,731 10,269
2034 | 903 1,131 41 13,896 | 18,862 10,310
A | 13,896 | 18,862 | 10,310 | 13,896 | 18,862 10,310
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Ayl 21
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AlYya 23

Alyel 24

Ayl 25
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1,278

1,883

2,465

3,034

3,586

1.12

1.18

1.24

1.29

1.35

7.8794%

8.4337%
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1.66
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1.83
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12.5778%

12.8603%

13.1181%

(NPV) =

oF 1229]
(B/C)2 2.34914 0.847}H%]

) @

3 BAe Ad, 94 719 A

o

#4355

=

Y7HA]

Aow vehd (obdl ¥, 19 2

[oi3

PN
ng =

1~10%

[e=]
s

[e)
Chy

EELE)
Rsslglon, ol -u]gul &

A7d el

O

w2

H7] AS }\]_/:Eg

Mo

7%

A o=

AU Al

N

rlr

& A 7FH

x)




O 4 A & Fold Xo 9o 2 BAH FEARS 4 & 8%
= 10%) & ALsta FAAge] A= Aow BAdE
¥ 3.22 W3R #AA
2 oz A3 A | AYE L [ AU L [ AYE L | AYE L | AlYE L .
| sy 1 2 3 4 5
1.00% | 12,228 | 14,017 | 15,758 | 17,467 | 19.122
3.00% | 6,746 | 7,936 | 9,093 | 10,224 | 11,320
% 5.00% | 3,152 | 3,954 | 4.733 | 5.496 | 6,229
A7 | 6.50% | 1,278 | 1.883 | 2465 | 3,034 | 3.586
8.00% | —105 355 797 1,226 | 1.640
10.00%| —1,402 | =1,082 | —776 | —476 | —190
1.00% | 1.86 1.98 211 2.93 2.34
3.00% | 1.54 1.64 1.73 1.82 1.91
Hol—ug| 5.00% | 1.28 1.36 1.43 1.49 1.56
HE 1 650% | 1.12 1.18 1.24 1.29 1.35
8.00% | 0.99 1.04 1.08 1.13 1.17
10.00%| 0.84 0.88 0.91 0.95 0.98
26
24
s /
z ///
18 */J —e—1.00%
/r/r/' e
18 — 5.00%
14 —_— f_50%
' / —#—B.00%
1.2 ) 10.00%
- —
1 i
0.8
0.6
AlLFE| 21 AlLbE| 22 AlLbE| 23 AlL}E| 24 AlL}E| 25
I3 3.9 ARS)A Eolge uE T FA Ay (A v EH &)
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1.00% | 24,647 | 26,440 | 28,180 | 29,889 | 31,644

3.00% | 15,527 | 16,719 | 17,873 | 19,007 | 20,100

5.00% | 9,458 | 10,262 | 11,039 | 11,800 | 12,537

i

A7 | 6.50% | 6,249 | 6.850 | 7.436 | 8.003 | 8552

8.00% | 3,846 4,302 4,741 5,174 5,586

10.00%| 1,541 1,859 2,168 2,463 2,752

1.00% | 2.73 2.86 2.98 3.1 3.21

3.00% | 2.25 2.34 2.43 2.52 2.61

Ho]—n)g| 0.00% 1.85 1.92 1.99 2.06 2.13

HE 1 650% | 1.61 1.66 1.72 1.78 1.83

8.00% 1.4 1.45 1.49 1.54 1.58

10.00%| 1.17 1.21 1.24 1.28 1.31
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(&4]: tCO, )

dE | Ayl | AgE 2 | AgEe3 | AvEed | AgEes | b
2009 - - - - -
2010 - - - - -
2011 - - - - -
2012 - - - - -
2013 - - - - -
2014 032 52 032 032 032
2015 602 607 611 615 618
2016 682 692 702 710 718
2017 772 790 806 821 833
2018 874 901 926 948 968
2019 990 1,028 1,063 1,096 1,124
2020 1,120 1,173 1,221 1,266 1,306
2021 1,268 1,338 1,403 1,463 1,517
2022 1,436 1,527 1,611 1,690 1,762
2023 1,625 1,742 1,851 1,952 2,046
2024 1,840 1,988 2,126 2,206 2,377
2025 2,083 2,268 2,442 2,607 2,761
2026 2,359 2,088 2,805 3,012 3,207
2027 2,671 2,953 3,221 3,480 3,725
2028 3,024 3,369 3,700 4,021 4,327
2029 3,424 3,844 4,250 4,645 5,026
2030 3,877 4,386 4,882 0,368 0,838
2031 4,389 5,005 5,607 6,202 6,781
2032 4970 5,711 6,441 7,166 1,877
2033 5,627 6,516 7,399 8,280 9,149
2034 6,389 7,454 8,019 9,584 10,649
A 50,554 56,412 62,118 67,714 73,141




o g 74
O #7155 NEaes Bte Rl oest 2e

¥ 3.25 olAksheka WAL FIANINE — W vw HAD

A 21 AueEl e AltE e AltE e At e
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O B—-3 GBAS CAT-I A3 A4 2 A4 =
O GBAS CAT-1 A&7} 2 AHE
O C—1 GBAS CAT-I 7|4k 842 =5 4 AJEgolA

O C-2 A4 ¥ WY

2. GBAS CAT-1 AFAA L A|g A|AH 7]|& /T
7}. A—1 GBAS CAT-I Q1Z7|F /M

)=
24

N

O A-1-1 ICAO/FAA/RTCA =A]7]
O =4l 7exEd 4 AT
—FAA-E-AJW44-2937A
—FAA Order 6700.20A
—AOC Part 171, 172, 173
—ICAO Annex 10 to the Convention on International Civil
Aviation, Volume I Radio Navigation Aids.
—ICAO Doc 8168: Procedures for Air Navigation Services -
Aircraft
— Operations - Construction of Visual and Instrument Flight
Procedures Volume II
—ICAO Doc 4444: Procedures for Air Navigation Services — Air
Traffic Management
—ICAO Doc 8071: Manual on Testing of Radio Navigation Aids.
Volume II
—ICAO Doc 9750: Global Air Navigation Plan.
—ICAO Doc 9613: Performance—Based Navigation (PBN) Manual
O A-1-2 GBAS ¢1=7]%(System, Facility, Operation Approval) 7}
O F=2 <Ftite] 82 (Owner/ANSP/Airport) =& 92/FA

(Operator/Airline) ¢! Facility, Operation Approval #oF2] ¢1&F7]|+S
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— Ground station installed properly, safely

ToIES s

— Signal—in—space, coverage volume verified
— Maintenance technicians trained, certified
— Control tower personnel trained

— Aircraft equipped

— Pilot crews trained

— Approach plates/procedures developed

A A A~E o] AREA Rl 921 5 EAS w4

ME FEAA4 98 4 AA ARE T ste T A (executive

monitor) 7Id 7)1

Q4 AsAR (FEA, 744, 954, 7HeA) 2 F AsAEe o

st A7+ M

GBAS CAT-I HIBAFAIAHE 9 AF AA /g

2—1 GBAS CAT-I ®HAAI~8 7

GPS/VDB <FelL}, MMR, HlolH Az u] IEj#o]A dA W &3

GAA AT A NE AeAE 2D A A" T ASAY

GAA A 8 9 F7F SW(dlely A 2 GUI 5) A

LCD Monitor,
Keyboard,
Mouse, ...

Ant lGISSS Airborne
Airborne | . | Signal processor [RS52] Rs-232/485 [RSH55] vDB | VoB At
Receiver (Workstation Server) Converter Rx [ RF cable

! 12v 5 :
ystem Rack

9~28V :

DC T

79 4.1 GBAS ®AAAHS] H/W 7%=
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1% 4.2 GBAS EAjA] AE (o)

(Z*]: Airservices Australia)

O A-2-2 dlolg 4 2 A 2YH"E A~" 7
O GBAS A 94 RUEH AlAHE 7|
O A4 o] GBAS A A AE it
O Ala®l 4740 /18 AsAE 2 ALY T3 A5AE
O GBAS A&®A < f1% voje] S4Ae 9 F7F gu] /%
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DATALINK
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Differential
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Coordinates

: : 3
GBAS/LAAS Gro und.Féc ility
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Decoder
Receiver

e T IR

i

w

- .
-
- -®

"rraammnn®
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O 7l=A2 (HW/SW), A7 A, 4 2 ¢
O /NtetA 9 FshakA Aldsg 7t
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t}h. A—3 GBAS CAT-I A&%7} 71& A

O A-3—-1 AvAds AHIA HAZ(System Design Approval) 7]

%= 7} (System Safety Assessment)E 93+ otd %=
Azk M7, 71sA R8s BUblE A
GBAS #H]¢] AxEdo] tal dAF7]s A
GBAS Au]e] st=glo] taiel H371e ME
GBAS A &8 #¥ B717]s WY
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O O O O O O
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o
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r o
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Findings

(" _Snapit ) M

((Bystems Enginsaring

FAA
Reviewer

E Fyu!smn Salety

FAA
Reviewer
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Findings [

> ~
Compliansce
Findings. £

Smpliance
Findinge -

k> =
Compliance
Findinas

(Software Design
Assurance

FAA
\ Reviewer

N Reviewer

Discrepancles, Action ltoms,
Clarlﬂc_atlnns. etc.

Applicant Action
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1% 4.4 System Design Approval 74 (F£3*] : FAA)
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O A-3-3 =8¢

O +&e] dAl &< A, a3 v 7= WA 5=
QAL AdEEsE GBAS A AvlE AXT 5 Q= AAVIE it
O GBAS A% A9 Ay, 7HA o= 24T F e 7lss e
O GBAS A A9 Adzss ASTE F e 7les /Mds,
Al b e VlEs N
O GBAS A9 9 9 FART Q7AIE Y AAHE &9 Aee &

&5 e dole e eAk

i
1
o
Mo

O GBAS ANAZ¢ &9 4 &, FA B

RTAS e LS

—~ :10
N,
f
N
rif
o

O GBAS A2 9 F3ass &dlshr] 93 njdre da A7 <= A
O A A4t 37t

% (Operational Approval) 7|& 71 &2 2 H7}

O GBAS gA4#19 &4 7|+ W &8x ws T2 73 s
O GBAS 4|9 87|+ W 84 S T2 73 s

l
O GBAS #Hl9 9 ds& w42 + 9de
O GBAS 4H9] 8 Algle B7 45
O & ANedH Bt

E 4.1 Hloly $AY A=

o
off
ok

ol
ofr
5,

7 R4 A28 A

Ren e Reference Data Ana ample

A%

o

Accuracy Horizontal position error (35%) ICAO Annex 10 Vol l. Table + Measure MMR output position (MMR field
(95%) 16m 3.7.2.441 monitor or simulated MMR) & compare with
Vertical position error (95%): 4m ICAQ Annex 10 Vol | Table predicted position o

+ Plot: NSE v.s. frequency (%)
3.7.2441
Integrity 0.5x107 perapproach (fault-free FAA LAAS nonFed spec + Plot position error, protection level and alert
or 1RR failure) limit (horizontal and vertical)
. A o il W
1.5x107 per approach (all other FAA LAAS non+Fed spec Measure % oftime when position errar >
alert limit
failures)
HAL: 40m ICAQ Annex 10 Vol |. Table
3.7.2441
VAL: 10m ICAD Annex 10 Vol l. Table
372441
Time to alert: 6s ICAO Annex 10 Vol |. Table
3.7.2441
Continuity 1x10% in any 15s (VDB FAA LAAS nonFed spec +  Measure % of time when VDB transmission
interruption}) is interrupted
2.3x10% in any 19s (reference FAA LAAS nonfed spec * VDB signal strength plot
. h : + Reference receiver B-value analysis
receiver and ground integrity . .
monitor continuity ) + GNSS constellation analysis
Availability 0.99t0 0.99999 (comparable to ICAQ Annex 10 Vol | Table +  Measure % of time when GBAS ground
ILS) 372441 facility is available, given accuracy, integrity
and continuity requirements are met
Coverage 23NM FAALAAS nonfFed spec = Flight inspection to measure the minimum
signal strength limit

114




3. GBAS CAT-1I Al¥ 3% & 9 AAH AF7|&
7F. B—1 GBAS CAT-1 A2 &9 7|F 4 ZEx 7|

—ILSs 71 TA/MAANEY AA/d/ /el

EUROCONTROL 9] 7]& %5 AT

-5 Anle] X/ /#E el st ICAO/ FAA/ EUROCONTROL 9]

e BE AT
O 7= AH AAe dg 2% &4 9 7|+ i
-5 ARl Al o
— 75 Ay AR tigt =4 2% VT 24
— 5 Rl Al o

O 75 AH ol g ev= 4 4 7% /M

%
of|
o
K-
=
(ol
2
X
o
o,
M
2
>
>

- 115 —



6&}

—ILS% 7]

o

1.

—ILS%E 7]

Sy

A 7% 4

7 e

O P& o
-7

P
T

71

M 5 7)F

En
= =

AL B71H YA,

O x7]H3

of i

1
o

@

3k
=

AL Aol A sl of

H] 3

EN
= =

N/ A
— u] AL Al

- %

Gl

Al stepdlEEel it AS7] 2

3l 3

ZH]¥E Test point

o) -
L

Bl
Np

Nr
=

4 A7

3 A AL

3

E H|

7 871 5

O B—1-3 GBAS CAT-I Broadcast 35 Q17F 2 219 w4

- =

O GBAS CAT-I #n]ef tf

1. B—2 GBAS CAT-I AA #RBSF Az 7

SRR

A4

O B-2-1 GBAS CAT-1 #H]

ol

i

AT
=y
i+

o

o
i

¥l Format

A
A

Format

Fuef

=
=

-

B

T

et g ghell o

¥

=
=

A AF7] AdelA A

ol Al
= =

2l

ki3
s}

Point

S|
=i

F]

=
]

} Formatel wz}

x

A B4

o
T

ol
=

AAd A4

- 116 —



)

s 7l

—ILSE

o|

whg

B7rE

o]
=

o FYd 7F

Aol 2

ol
=~

7} Test pointo] A 2]

ol
=~

2}

dulel gk

sl
=

=

=

8

o

-
O B—2—2 GBAS CAT-1 A~ 7+A]

Mo

i

A A el

g

71E

- ILSF

=

=

spo] 7

)

&

==
1l

[e)

=

Format

dulef ot

=

Format
|

-

B/

o

jang
i3

ol Al H gl

Eis

of o

A4

(ﬂ_

[N
= &

7

©)

Aoty Al EH gl o

}-
ol

0]
pal

1.

ol A A
- 117 -

3}

R

oA Ths = AT

=198
=

5

% Format =%
kel

=

1A

[}

sho
Aule) e )

=

=

e}

gulel o

o T
-



t}. B—-3 GBAS CAT-I A3 A4 9 AAd &

3-°l

o]

=
=

O GBAS CAT-I #H] F+

UA

Eix

E!

o

Mo

Mo

Mo

HA A7

ke
T

]
2

ol &

S

- 2R YA oS AT

O GBAS CAT-I #H] +

™
7

i

00

A A 71E &

& Fato] a4
el 7)E gk

i=]
34

=
=

-7

O GBAS CAT-I ¥¢<& #H]

sk
=

Fofof

A =9 Al s

=
=

-
O GBAS CAT-1 =9 A

O B—3—2 GBAS #H] A4 4

)
=

A7

]

S
EAE A

A
=

=0

71E= Qtelvéel VDB Qb

ol
=

o

B
‘.A_.uﬂo
~

Mo
!

O

] 992 AA
& 7|0 7 HE

A %

=
=

| 3174 &

X
O A 14| 9= GBAS CAT-1 #x] A%

S|
=

O

A A

O GBAS CAT-I #H]

- 118 —



ent

WIE
==

AVE (Reserved)

MAN OPS Segment

ATEU

—— Remale Access

=t VHF Calbrate

WHE

Ewiicr, Fiter,

Wrag-Arund,

Ameste

-1 VOB TR )

ot UDE_RH_Z

fad WDE_AX_1

T.-wz ERy Serzors

Yo 200

8l 00

i 00

R
:
I

T T

MOT

g (g

WG (g

EBraaker Fans|

(sl Resupoth HT
aOdy o Wh«
5E
i
8 S S - i
SO T T
I mW
2 Eg | lallallallz
BRI
Hillksssil'
B B 3y % : lh g
(] [&] (=l -1 | ] _w
) 1 :
om oo E R ||
J SIS | j

% 4.5 GBAS A& FAE

4. GBAS CAT-1 A 837l 9 ALY

Al g9 o]

o]
=

7}. C—1 GBAS CAT-I 7]¥

O C—1-1 RNAV/GLS &3

ofi

ol

=l

M
3

ol

TR, 7=

Eis

R Bl

GNSS H

s

A&

7

-
R

O GBAS

il

g

A CAT-I

=

&

i

Ho

22!

+71¢ Hd 1124 (dimension)

-3

- 119 -



wheel®] H| @A =g}
F37] AF wingspan (m) GBAS <¢HHY 29
FAAY (m)
H 30 3
A B 60 6
C, D 65 7
DL 80 8
~ANH L5 E C 2.5%

—GBAS F XA (course) & @ GFEdddo|A 210m
— &Y 7 (glide path angle)
« FH4 % HH 30
« Hdl : 3.5
— GBAS RDH (Reference datum height) : 15m(50ft)

d

E A& =ol= dFEUy TVE J)Fo7

)

=2l (offset) Aol 1 0

O GBAS AUdIdA= at7] fdiAe AelEde FEI9E e
OAS W Hofl=77F olFol-ek sh=tl s oz CRM(Collision
Risk ModeD el 8§ B7H5 & 5 s, ICAOA 278k o=+
FE P 1x 1077 olgtelH o] 7|Fel wet FUHTAA] AolE
39 1= (OCA/H) 7F A=A 2

O GBAS CAT-I 78k GLS *3#A+= 3 A7k, sH3, 45

Ao g AT te R A d

O C—1—-2 GBAS CAT-I &4z AlEdo]A 2 H7}
O ¥ GBAS £@4AE nlAE ol AlEHUNHE Fato] A 7}

gozA A3

o%
mN
Wi

i
b
o
i«
o

O ol% B8 AWTF] A48 £FAAE AT oo] ME WA AY

Fge) N)F

o
it
L
2

- 120 -



I8 4.6 8484} Simulation 174 9

. C-2 A 4 HIZAF

O C-2-1 Age/F24/AH54/71848 A4

O GBAS =3 GPS &

it
o
2 o
_o|L-
N
=)
Sl
=2
o
)
wn
o
i
1o
o
>,
>
o,
ofo
A\
oL

H
/gl g Algo] e
SAEETF ] Eohe
gsfofof s, 1o W V=

FAFEE ekl Fohs A A3 =5 9 AEA RUEE/HelH gR

SAEET Rl ok EE A B7F AAE] wE AdAEE T

o
=)
b
k)

ol W HEHOoR WANGL B9 Bk 5

- 121 -



Accuracy | Accuracy Time-to-
Typical operation |horizontal | vertical | Integrity alert Continuity |Availability|
95% 95%
1-1 * 10*/h
3.7 km 11 * 0.99 to
En-route N/A > 5min to
2.0 NM) 107/h 0.99999
1-1 * 10-8/h
1-1 * 10*/h
En-route 0.74 km 11 * 0.99 to
N/A = 15s to
Terminal (0.4 NM) 107/h 0.99999
1-1 * 10-8/h
Initial approach,
Intermediate 11 * 107 /h
approach, 220 m 1 * 0.99 to
N/A 7 10s to
Non-precision (720 ft) 107/h o | 099999
approach (NPA) 1-1 * 107/h
Departure
. 17
Approach operations 16,0 m 20m |27 1-8 * 10 | 099 to
with vertical per 10s 5
guidance (APV-1) | (52 ft (66 ft) approach In any 15s | 0.99999
Approach operations 1.2 * 107
with vertical 16.0 m 8.0 m 1-8 * 10° 0.99 to
i APV- 6s
guidance (APV-TD) | gy | (26 f) ap}frfach In any 155 | 0.99999
60 m to |12 * 107
Category 1 precision| 16-0 m 40 m 6 1-8 * 10° | 099 to
approach per In anv 15s
(52 ) (20ft ~ 13ft)| approach Y 0.99999

1529 10773 Bt} zon o] E n}
gow thel efE AN 34 eAE AATVeRA o AEE 7}
3}

Z oo AnadElE obr|shA] ke A Y] AdEgEe] 16% @

[e]

O SIS A%4 FAg 9% APF7kE A, 15% F 1-8.0X107°8
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Fault Action

Ranging Source

Signal Deformation Exclude Ranging Source Measurement Block

Low Signal Power Exclude Ranging Source Measurement Block

Code/Carrier Divergence Exclude Ranging Source Measurement Block

Excessive Acceleration Exclude Ranging Source Measurement Block

Erroneous Ephemeris Exclude Ranging Source Measurement Block

Invalid GPS C/A Code Exclude Ranging Source Measurement Block
Corrections

Exclude PR (Note 1) from PRC and

Filters not converged B-value calculation, exclude ranging source

Exclude PRm (Note 1) from PRC and

B-value exceeds limit B-value calculation.

Pseudorange correction exceeds .
9 Exclude ranging source

limit
Navigation data inconsistent ,
between RRs Exclude ranging source
Range Rate Correction (RRC) ,
exceeds limit Exclude ranging source
Faulted oy Exclude ranging source
Faulted p gnd100 Exclude ranging source
Faulted Overt_iono_gradient Exclude ranging source
Faulted Overt iono gradient, D Exclude ranging source
RFI
Excessive RFI Exclude affected measurements from calculations
Data Broadcast
Disagreement b(;e;geen transmitted Terminate VDB outpu.
On-channel assigned power Terminate VDB output.
exceeds limits
No transmission for 3 seconds Terminate VDB output.
Transmitted data outside of
assigned Time Division Multiple Terminate VDB output.

Access (TDMA) time dlots

Note 1: Pseudorange (PR), where m indicates an individual RR and n indicates an
individual ranging source

O C-2-2 A/m3 A3 2 Auls o A g
O 7=% GBAS #l~H 4l Monitoring [l gt A 9l v A

o 23 A7

i)

3
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299l Honeywell®] A|FAAES Q15 7hs3t CAT-1F22 1 9]

=5k7] 9% AFE FA8ke] 2008 2 1F 7hs s GBAS CAT-1 %

H] (Honeywell, Thales) & A X]
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O =4 Bremen &%°] 2008d 11€¥ Honeywell SLS—4000 #H] |
At o 5824 GBAS EYHY FH|E F7tE A st T

o4 GBAS 4% #74

i
X,

< 4 4% GBAS Bremen ZZAHE FZ135}o]

Ground Subsystem 1% <H| Z(Air Traffic Conrtol Interface 7%
System Safety Assessment %3))

O olggote] 2R ¥ GBAS #d Z2AE 3 (SIAM, A&
el CNS Al=®l des 7B, Wgalas )3l 2008 Thales
AS615 2AE T THAAE Fd

O BHepd, A9, 55, 272 5o F7kelx CAT-I 4
GBAS A AvlE &&ol AAsto] AH&3 oF

O 5 CAAC/CAUCeIA GBASdp tdt o]&4 74 A7 (feasibility
Study), MACAUZ} &% A3 GBAS A< 2 2% 74 A7 ol
7118k CARSNIMS (China Air—Route Navigation Initial Monitor
System) Al%stkal 9lo™, LAAS trials Agste] 37|, Akt

MMRE ®Alsto] A4=2] d5, MMRE 5 AldE AA T YA~

EL NI

oL
olr
o
o
A
>,
)
[r

O «¥ ENRI (Electronic Navigation Research Institute) = GBAS ¥4
A= FAA BUEHP dags A9 A8 e HE AT
< T8t 9lem, ANA(AIN Nippon Airway) ¢ JALE= 20084 4-H
GBAS 755 &A% 3715 vid 8ty =9 < 2% JCAB(Japan

Civil Aviation Bureau)+ GBASE 2012W7HA] #+5& AS HE <

— oloj i A~ AF(Airbus)

— SAHAIAE O] H]BA| D> Thales ATMARS] A% AlAE o] § 5

— 279l Malagas 2] GBAS CAT—-1 AAES F&l A= 3 AS 3
— B YJAFH(Boeing)

— & ¥Fe 20079 GBAS A

— Qantas &% 737 GLS &+ H7} A1d A

O 2015 o] o= GBAS CAT- II/IIZ} 7Fs3k A AES AbRT = o)
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S oz oy o] MLSe AAS & Zoz oi

V. d+ &

O A770d g QoF
O GBAS CAT-I A5AA 2 AFAIAE 7= 7
—A—1 GBAS CAT-I Q&7]% /e
—A—2 GBAS CAT-I H|BA A AE 2 QIF A|A 7Hd
— A—3 GBAS CAT-1 A18H7} 71& N

O GBAS CAT-I AJHZ T F+¢d 2 AJA JAF7]= 7t

—B—-1 GBAS CAT-1 A4 9 7]+ 4 Ax} 7|

O GBAS CAT-1I A¥&H7}
—C—1 GBAS CAT-I 7]

—C-2 A % mgArd

~

sy
>
oL
Mo

2,

(=

&A= 9 AlEelA

O A7 &
O GBAS CAT-I 54 & AFAIAE 7= 7
—A—1 GBAS CAT-I Q%75 /e
« A—1-1 ICAO/FAA/RTCA =A|715= &4
> oA VlEre 4 AT

e A—1-2 GBAS ¢1%7|%(System, Facility, Operation, Approval) 7}

> AGAIAE ] dARl et s 54 4

> FEAA 93 24 A ARE S¥ete TE OTA
(executive monitor) 7Hd 7§

> Q4 AsAE (BFA, 742443, A5 ) 2 T3} AR



gk AR 9 AF7E N
—A—2 GBAS CAT-I H]ZBA A AE 2 QIF A A 7R
+ A—2-1 GBAS CAT-I &AA A8 7
> GPS/VDB <Helth, MMR, dlo]e] 2] Au] Aejsjo] A 9 53
> gHAAI AR AN N AeAE 2 AAY B AeAE

> wAAI AR 8 2l g SW(HelE AHE 9 GUI &) A

LCD Monitor,

Keyboard,
Mouse, ...
Airborne
Ant 1G§§S Airborne
; i RS-232 RS-485 VDB Ant
4 — Airborne | Re232 —»f S|gnal processor RS-232/485 VDB
Receiver (Workstation Server) Converter Rx RF cable
T
1
gnogy | System Rack : Sav
e i e 1 DC

GBAS A A|AES] H/W FA%

GBAS HA A 25 (o]))

(Z*]: Airservices Australia)
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« A-2-2 Hol¥ 54 2 A4 RUEE AlAH N
A<

GPS Antenna

VHF Antenna
DATALINK

Antenna GBAS/LAAS G round.Fé(.:.'ility

Differential Corrections,
Integrity Status and

Approach Coordinates

|
|
|
|
Base Station :
Computes |
Differential |
Corrections, Decoder |
Provides Integrity - |
Check & Pravides Receiver B
Approach |
Coordinates :

-
. .
LTI L

GBAS A% 94 FEUE|" AJAE

(Z*]: Airservices Australia)

¢ A-2-3 GBAS CAT-1 9% AA /M
> Al2d A Yeld #e A 4
> A A" QA BE Y S
> 71EAE HW/SW), A 47, F4 9 99 7
> A W S EEA AEE Tt
— A-3 GBAS CAT-1 A1g37t 7|& 7

e A-3-1 A5 AFA HZF(System Design Approval) 7)<

=
> A2~ ek % H7F (System Safety Assessment) S $3F ¢b

AE J7F A2 vz, 714 s Brls
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E)..lsmapariclus,

Clarifications, etc.

(" Snaplt :
Database

= - | .-!ynhmn Englnearing
ompliance P
Findings = FAA
: | Reviewer
Fampliamca |

Findings = FAA
— ., Reviewer

Compliance | _g

Findings FAA
| Reviewer

ompliance | g

Findings - FAA
= = Reviewer ]

0

Compliance
PFindinga

E S : & : menu : Dﬂtﬂ Repas“nry
Fidings - .
o » -\ Reviewer

.
ompliance | gl
Findinga

> GBAS @02 AZEg ] txel HI7)e 7

> GBAS #n]9] st=sof tzkl AF7% M

> GBAS Al2® @4 Hr7)e A

> GBAS CAT-1 A8 Zdass A5 + e 7ss
18

> Ao Adwd A7l

2

)

. ﬁyﬂamn Bafely 3

( Boltware Design
Assurance

Complex Hardware:
Dasign Assurance

Commercial
Instruction Book

Al | Appficant--cdmplianm

Syatem Lavel
Verification

Reviewer

Action Itema,

Applicant Action
Register

System Design Approval 74 (£3*] : FAA)

=
> B @A 29 e, B39 g T2 4G 5 nelstol
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A—3-3 8915 (Operation Approval) 7)< 7|4 9 H7}

> 719 tdE st Fod byl g D AFE Ao o
st AlEE7E 71 AR ICAONAE &9 e A= A5
Q2 74%5 (RNP: Required Navigation Performance) 7132
4o RNP= @371 A2 &AF Aol 7 Al 259 o
o] o]FHERE ZAHM, vddA wE Y% (Accuracy),
TAA (integrity), %A (continuity), 7FEA3 (availability) ol
gt 7es AAsta olE WSS Ae o8 obdf O"e 7

shebulE 9] ez A BAEY
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(Availability)
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GBAS signal-in-
space

Field Monitoring Tool

ANALYSIS
TOOL

o JAYE i=]
© A=3-2 A gF7F T4 A2E R
S = =] o S =3 =] I3
> dHolE Fx8 £4=5 % 487t 24 AAH R
Criteria Requirement Reference Data Analysis Example
Accuracy Horizontal position error (95%): ICAD Annex 10 Vol | Table Measure MMR output position (MMR field
(95%) 16m 372441 monitor or simulated MMR) & compare with
- — o predicted position
Vertical position error (35%): 4m ICAD Annex 10 Vol | Table Plot- NSE v 5. frequency (%)
3.7.2.441
Integrity 0.5x107 per approach (fault-free FAA LAAS non-Fed spec Plot position error, protection level and alert
or 1RR failure) limit (horizontal and vertical)
N . .
1.5%x10-7 per approach (all other FAALAAS non-Fed spec Meas_urs_.- % of time when position eror>
: alert limit
failures)
HAL: 40m ICAD Annex 10 Vol | Table
3.7.2.441
WAL 10m ICAQ Annex 10 Vol | Table
37.2.441
Time to alert: Gs ICAQ Annex 10 Voll. Table
372441
Continuity 1x10€ in any 15s (VDB FAALAAS non-Fed spec Measure % of time when VDB transmission
interruption) is interrupted
2.3x10% in any 13s (reference FAA LAAS non-Fed spec VDB signal Stre.ngth plot
] : - Reference receiver B-value analysis
receiver and ground integrity A ;
moritor continuity ) GNSS constellation analysis
Availability 0.99to0 0.99999 (comparable to ICAD Annex 10 Vol | Table Measure % of time when GBAS ground
ILS) 372441 facility is available, given accuracy, integrity
and continuity requirements are met
Coverage 23NM FAA LAAS non-Fed spec Flight inspection to measure the minimum

signal strength limit
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O GBAS CAT-I AlH&d 78 9 A JF57]= /i
— B—1 GBAS CAT-I A& &9 7]
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o ILST 7= FaAMAAE U g7 miBHH AAF A
o ILST 71+ FAMAAE U 5 v P A3 A

FEAu o wAEd NF Y 9 g Py -
o« 75 gule] dF MARA 7% F

e % gulo] 3 271/ 71/ 58 wRAD Wy 53

Z7IW1AAL, AN S} 5o Ve 2 Y] Y
o 271/ A7)/ 53 nldAAL Aol ARslord FEel tigt V% 1

Al AL Aol A3 gQlo] F ot setE &S Aol &
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& AS] el A E AT

o 27|/7471/5% vidAre A4 A7 9 Flel "gt Vs ¢
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GBAS CAT-I Anlel thet 5= 7} dap =5 8l FAd= <17}
1-3 GBAS CAT-I Broadcast 3 17} 9 Ad w4
GBAS CAT—I el st 4= 7F dap =5 gl A= <17}

— B—2 GBAS CAT-1 A2 FA®F Axp /g

B_

>

2—1 GBAS CAT-I #H] A4 2 {FAHF Ax}p 7t

NE FPAA o] i W W AN fA BEER AT

FEF e A L A KAREAR 59
o« PEU] B A FH W AR AT

e FHAH] 3 fANSY G W A A7
o TEGUC OE AH D FARFEAE AR A 47

¢ Test Point 2}Q1 31 AA| AF7] ZelM HS5H= de
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> 3E e 1R RE 4K s} A5
> A Aol Y= GBAS CAT-1 An] A4
> GBAS CAT-I #n] A
> 574 dolE 715 9 124
> A 9l A=A/AEnA/7re A E
Cabinet
D COTS - completed i
D COTS - near completion %g g E §
F -~ :
D Dewveloprent — in work I I
RR Segment WDE Sagment
[ B NN _ e e
[_ Mﬁ-:lj H RAML = e B fa] VDE_AX_1 il A
|. m_ ]—’| RaEMU_4 Sl B | 1| VOB_RX_2
{1 B
Environmenta’ Sensors thid  bit
- MAN CPE Segment
B ug' b MOT
: |
— | — Remole Access
GBAS A|2H FAE
O GBAS CAT-T A&7} 9 A%<
— C—1 GBAS CAT-I 7IRt &@4da 9 W Al &EeelA
« C-1-1 RNAV/GLS *&#x o+
> At 2 AVHE Ao o Fyv|e] SRR
& getol FAAAAL, FENEAL L ATNY 5 o8
sto] e wyEAE o
> GBASE AHAES A¥ehs GNSS HAAAHY 3 FR/E,
7152 ILS7)Fel vhge Fa 9loH, A4l CAT-1 FUH
e AEs A9 5 g AAH
> GBAS @44 8 2= I s 25
o &7 HW 4 (dimension)
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k)
ofo

) : wheel®] H]3) 74 2 ¢} GBAS
7] WF wingspan (m)
e 218 FAA (m)
H 30 3
A, B 60 6
C, D 65 7
Do 80 8
o AHIASTE 1+ 2.5%
e GBAS I~ (course) & : &F2d oA 210m

o -7k (glide path angle) :

HA 2 HA : 3.0°
- Fd : 3.5°
e GBAS RDH(Reference datum height) : 15m(50ft)

N

e 3l F2A(offset) ado] :

> GBAS AUATHAE FHs] fAdM= Zoleate $=309)

E 9% OAS Wl ZelE4 717t o] Fojxof ah=t tyxAOE
CRM (Collision Risk ModeD el ¢Jgt F7F= & & U=, ICAO
A edt= FelEHY FE AT 1x 10-7 olstelH o]
7)ol whel FE ARk el &3] 9 % (OCA/H) 7F A3 &
A

> GBAS CAT-I 7]¥F GLS #3d4dx= A A7, S8
=]

B AFPETR D ANYLTROR T

C—1-2 GBAS CAT-I 3@z} Algeold 9@ H7}t

> 3% GBAS £3ddAE vldgiAld Ao AlEHOIHE E35H9]

A B o RN AAE £A ne
=]
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C—2-1 Ag=/F43/A%543/7184 A&

> GBAS X3k GPS AHE o]&st7] wte] GPS AR A4
o]-§ 7hsAel st Aol FE oo} sfnf, ek CAT-IH
S NI Ao FAEEFF T AFHA (FAA, A5,

7HD) A AldE Fdstelof sk, Lo wE Ve 7|/
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Accuracy | Accuracy Time—t
Typical operation |horizontal| vertical |Integrity o—alert Continuity |Availability
95% 95%
1-1 =
10—4/h
_ 3.7 km 1-1 = . 0.99 to
En-route oo nw | NA [ 1o-7/m | Omin |t 099999
10—-8/h
1-1 =
En—route 074 km | | 1-1x | o | 20T 099 10
Terminal (0.4 NM) 10-7/h 1-1 = 0.99999
10—-8/h
Initial approach, 1-1 =
Intermediate 10—4/h
approach, 220 m N/A 1-1 = 10 s to 0.99 to
Non—precision (720 ft) 10-7/h 1-1 = 0.99999
approach (NPA) 10-8/h
Departure
Approach 1-2 = 1-8 =
operations with 16.0 m 20 m 10-7 10 s 10-6 0.99 to
vertical guidance | (52 ft) (66 ft) per 0.99999
(APV-1) approach In any 15 s
Approach 1-2 = 1-8 =
operations with 16.0 m 8.0 m 10—7 6 s 10—-6 0.99 to
vertical guidance | (52 ft) (26 ft) per 0.99999
(APV-1) approach In any 15 s
6.0 mto | 1-2 = 1-8 =
Category 1 16.0 m 4.0 m 107 6 s 10—-6 0.99 to
precision approach| (52 ft) (20ft ~ per 0.99999
13ft) approach In any 15 s

DA ES 1629 10-93] B} o

At SHAE A
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Fault Action
Ranging Source
Signal Deformation Exclude Ranging Source Measurement Block
Low Signal Power Exclude Ranging Source Measurement Block
Code/Carrier Divergence Exclude Ranging Source Measurement Block
Excessive Acceleration Exclude Ranging Source Measurement Block
Erroneous Ephemeris Exclude Ranging Source Measurement Block
Invalid GPS C/A Code Exclude Ranging Source Measurement Block
Corrections
. Exclude PRmn (Note 1) from PRC and
Filters not converged ) )
B—value calculation, exclude ranging source
L. Exclude PRmn (Note 1) from PRC and
B—value exceeds limit .
B—value calculation.
Pseudorange correction exceeds .
L. Exclude ranging source
limit
Navigation data inconsistent i
Exclude ranging source
between RRs
Range Rate Correction (RRC) .
L. Exclude ranging source
exceeds limit
Faulted spr Exclude ranging source
Faulted pr_gnd, 100 Exclude ranging source
Faulted svert_iono_gradient Exclude ranging source
Faulted svert_iono_gradient, D Exclude ranging source
RFI
Exclude affected measurements from

Excessive RFI

calculations

Data Broadcast

Disagreement between transmitted
data

Terminate VDB output.

On—channel assigned power

exceeds limits

Terminate VDB output.

No transmission for 3 seconds

Terminate VDB output.

of
assigned Time Division Multiple
Access (TDMA) time slots

Transmitted data outside

Terminate VDB output.

Note 1: Pseudorange (PR), where m indicates an individual RR and n indicates an

individual ranging source
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o C—2-2 A/MIA A3 L Auls o A E

> T%¥ GBAS A~® 2 Monitoring Aol g 24 2 vl

> CAT-1#E W=ete Ao ZAREFr] Faps A4 wlae

- ’ ’
Ael, B, G2 9 waAE A5 4R 9 A5 gon
s 44

(1) Take-off, RWY15
() Fly in Traffic Pattern : touchde go, low
App
@) Climb to 6000° MAGUM via MOSAN
$I: $00'), SOWON (3000') and BACKA
4500')
@ Holding at MAGUM

(%) Degcend to 1000 in a step-down
holding pattem

(®) Low Approach RWY15
(0 Climb 1o 4300° BACKA

() Descend 1o 1000° MAGAM via
SOWON(3000") and MOSAN(1500')

® Landing RWY15

HIATY 8 o

> AXE VDB SHUl b QTEAL BESES AAHE
Aol thg Al@E 7}
> e ARETh A4

o« BANLY FAEL FH W 20 ol
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A Min field strength coverage szdusion area
Max fidd strength coverage esclusion aea
Motto eszceed 200 meter rmdivs abowt VDB anterma.

10,000 ft

—> |
\|{ " 400 m par
2ft
/]\ l— ljrmAb( Earth
DEAWINGHMNOT TO 3CALE VDH Anterve |4 Bram
B A A B3 e
PRy Wiw
+i- 35 degrees
+1- 450 1t g
I [ - == ——
1
o Lonon g
Profik Wiew greater of 7 degi
or 175 GRA
'F - B: glidepath
gk
BPIP 200 deg
HIAIR] 8 3 aefAret
e C—2-3 GBAS CAT-1 &&4x A¥
> AW B o] 57E GBAS CAT-1 €8 Ao 2 24 &
S 5% GBAS A2® #7 9 thd A4 o3 2 A527
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YE® A2 AAFE
—GBAS CAT-1I 1% AAl /W A5 AA g BaA
O GBAS CAT-1 A& H7} 71/
e A AT AEE7 7
— AT 71 A T 9 B7E L AR AEETE 71EA 9 A8 AR
= M T 9 7 80T ARV 71eA 2 AEET AbA
O GBAS CAT-1 A|H¥
O GBAS CAT-I AA 9 7]+ 9 dak 7
— GBAS CAT-T 1] x4 7k 7« 2gn] A2/ 71 /i B
— AoE 23 A3 9l nlEiz] R A Ale|E 2RI B mlsz] v
Ha1x
— GBAS CAT-I Broadeast FoI7F 9 A wipgd « -d= )17} x| Baix]
O GBAS CAT-I A4 FARS dxp 7
— GBAS CAT-T “81] 53z 9 e 2 7 - ) 333 9 e g 7 23k
— GBAS CAT-T TAKAF w5/Fw 2k 7 @ SAF w8 dak 7 BaiA
— GBAS CAT-T AIAE] FHA] B Aot o AR ZRA] B Aol b 1A
O GBAS CAT-I AR=E& AF 2 Ad 75
—AAEE ARSI AA/71EA B kA 9 7
- Al FEE A% B ARA A =9 ARA
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O GBAS CAT-I 7IRk3rdal 9 9 AlEd oA
—RNAV/GLS @44} A7 ARlEd SFAA ATH A
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A2Q Ak

O GBAS d7U&H Ledqk e

O GBAS CAT-I ¢lZ=A74

SAEAIAE Vs

g =2 y 9 =9 A=
7|5 HAA
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2006 11€%EH A=y F&o|A Provably Safe Prototype
Honeywell SLS—=3000 GBAS <9

A=Y F&of| Honeywell?] SLS—-3000 “H]7F 2009 437]¢
SLS—40002.2 thAE <4

Ao ek el A el AMulae] ASKA, T, FAA, deAd,

AMEGe]l B RS F3

Z£3% el A B35 7sskA st adA e Wy g nkd
GBAS CAT-I SARPs¥ ©|u] &¥3}al Part 1719 ¢J3sle] ICAO 53

[e) 2~
Al AELS 59l

] (Sydney ¥3)

— Honeywell SLS—3000 €% % (2006} 11€%¢ AL%)

— Honeywell SLS—4000 Red Label 2008\ 4%7]o] % (gu] 913
% Black Label®Z g1dol= o4)

—dA= Qantas F&AFS] B737-800 NG &3 7|vF AJH] A

AZ |

— Facility Approval, Service Approvals FAle] 8 Fojm 20094
AS A7

7=

—2006d 49 109 A°FHI-ASA)

—ICAO SARPs CAT-I W&S 23

—Non—Fed Spec. FAA-E—AJW44—2937A0] 7]4kS o] 7wt
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Investment in Infrastructure
and Technology
@ =
| 1. Transition to
saftollite technalogy

.\ ) ——
5. Remote Towers _ =0 _k [ B Approach
N Tec hnui\‘\/] wilh vertical
N !l and ;nn.a%_ B8 guidance (APY) )
o DB it the e 5
greatest value |

to industry

A nees <

Surface Movemen! | | 3 Performance
Guidance and Based Navigation
Control System (PBN)

. (ASMGCS) S N ,f

TOPIC 1.

AIRSERVICES GBAS
PROGRAM OVERVIEW

KARI Seminar, July 2009

GBAS - 215 century alternative to 1930s ILS

+  Schedule reliability
»  Overcome terrain challenge

* 1 ground facility for multiple
runways

+  Lifecycle maintenance cost
reduction

Variable final approach paths

MoILS critical and sensitive
areas

PEH{RNP.RNAV) ARV - Lowvisibility operations

Y
SaeETY eFF‘C‘ENGN‘ caPAC Eu\r\RoNN‘ENT

™
N

KARI Seminar, July 2009

Agenda—13 July 2009

+ Airservices Australia GBAS Program Overview
+ GBAS Conceptof Operations Under Development

+ CAT-ll GBAS Roadmap

KARI Seminar, July 2009

Airservices Australia Introduction

KARI Seminar, July 2009

Airservices GBAS Program Overview

Phase | ™
. SmartPath™ SLS-4000 FAA SDA
(Si 55000 7z S SmartFath™ SLS-4000 FA,

|

! i i
Fhase 2 i i o
(GBAS CATI Approval) ! BN CASAaphroval |

1 o HR

1 L Vo
Phase 1 \dvanked capabil
(Complex GBAS | _A F c:a_o ‘1 iy
Concept Validston) ! o [

Phased I icA 0 SARPS published
{Conributon to CATHII i | i

SARPs)

Phase 5

(Nework Expansion)
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KARI Seminar, July 2009 KARI Seminar, July 2009

Cross Industry Engagement

@ .n|F$*KV|EES ‘:
-=‘j=\' “oneyweil AUSTRALIA ‘;
\ Sydney oA Emirares 84S e s rsn =
T Almert LS CATHAY PACIFIC i i :

-

p? j—

Clvil Aviation Safety Authority

KARI Seminar, July 2009

Sydney Internal Airport

KARI Seminar, July 2009

Achieving CAT-I GBAS Approval in Sydney

» Planning - Q209

+ FAA SDA - Q309

+  SmartPath™ installation — Q3-Q4/09

* Operational test and evaluation — Q4/09 to Q210
» Safety case to seek CASA approval - Q3-Q4/10

situatedst the hook
_Mere, away from the,, .
" runways

+ Transition into service and post implementation
review — Q3-Q4/10

wswabeuey yspdMejes
uopeibiaj) sdo pueyosal

KARI Semi

July 2009
Honeywell SmartPath™ SLS-4000 GBAS
FAA SDA Expected Jul 09

SCAT-
Certified 4
6 Aug 1997

CATH

Minneapolis, MN Expected
8 Newark. HJ :
o Saskatoon, Canada Jul 2009
] g | S
S | ortom isand, Ausisatie S
Taipe, Tarwan
(=] Cedar Rapids., 1A “ Sydney, lnsslrilla
A Deer Valley, AZ 0 o mvlwm"
w0 Rio di Janairo, Brazil 21 rv
a Patuxent River, MO w
Jackson Hole, WY
= Malaga. Spain § | Svdnev sl (PSP) S————
i z | Fn Germany (PSP} e
FH White Sands, NM N e
;g Kennedy Spoce, FL Fioht Test — {Portable | ; Doy
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KARI Seminar, July 2009 KARI Seminar, July 2009

Landing the World’s First World’s first all GPS approach and landing (RNP + GBAS)
22 May 09
Qantas first GLS landing Qantas obtained A380 GLS approval
on 22 Nov 06 & =2000 12 Jan 09
GLS landings since .

140kg fuel &

Airbus A380 Test Flight

' CO2
Sydney Jun 0T 440kg CO

per
approach_’
saved

N

nwsed in Sydney

™
e

Seanrzas

KARI Seminar, July 2009
KARI Seminar, July 2009

TOPIC 2.

] GBAS CONCEPT OF
Questions OPERATIONS

KARI Seminar, July 2009 RNP + GLS

GBAS Concept of Operations (under development)

* RNP approach +variable GLS final segments
= Simultaneous GLS approaches to parallel runways
» Displaced threshold
= Lowvisibility operations
» CAT-ll procedures using CAT-1ground facility
» Lowvisibility take-offs with HGS

Offset approaches
= Variable glide slopes

- 232 —



KARI Seminar, July 2009

GBAS Simultaneous Ops

¥

Independent Visual
Approaches (IVA) -

Side-by-side arrivals
with visual contacts

46-52 arrivals per
hour | Sydney)

¥

Dependant Visual
Approzehes [DVA) -
Extended separation

with reduced visibility

36-38 arrivals per
hour ( Sydney)

— r/
GBAS enables closing the gap

™
N

Displaced Threshold

« RWY 16R
» Visualcue -For G
taxiways
« RWY 34L
» Visualcue - A5 or A6
taxiways
= Maintain capacity during
large aircraft operations
(e.g. A3B0s)
«  Potentially reduce
longitudinal wake

separation (e.g. from
8NM to 5NM)

KARI Seminar, July 2009

Questions

KARI Seminar, July 2009

e . [EVAE DAY
fre
ns .
it [TEISwTEORT [ Clond Vel SOFT
163 Pansids
THS w 1EOAD | Ol romiis
g windy
ondersioem
TS S9OD | Clowd below SO0FT | 17 il por ot ot
7
E TR [ T el o B o
s imap il oy | ey
o

= e - er .
T e Ly [ P e e B e

[ |

Simghe Rmmrny e
Operstiens

™
bl

KARI Seminar, July 2009

Low visibility operations

= CATII procedures
using CAT-l GBAS
ground facility
» Maximise aircraft
capabilities {e.g.
HGS)
» ILSprecedence:
FAA Order 8400.13C
= Low visibility take-
offs

» LOC centreline
guidance

TOPIC 3.
CAT-lll GBAS ROADMAP
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KARI Seminar, July 2009

™
N

KARI Seminar, July 2009

.

.

.

n
N

KARI Seminar, July 2009

n
N

CAT-lll GBAS Roadmap (Indicative)

Easslne
= NSPI  SARFS
st ANC  publsheg

ICAO

RTCA

FAA (tentative)

AT Ground Facil !

iy

SESAR | |

AT il Ground Fa:

é

e wae m wa W3 mu s

By

Agenda—14 July 2009

Australia GBAS Regulatory Approval Process
GBAS Avionics and Airlines Critical Role

lonosphere Threat Assessment

™
<oy

Airservices Australia Regulatory Environment

Airservices’ core services subject to CASA regulations

o
GBAS impl i — changes to Airservices’ Eogﬁ“o‘b
Operating Certificates L

» Part171-Aeronautical Telecommunication and Radionavigation Services
» Part172- Air Traffic Services

Part173 - Ingtrument flight procedure design

w

¥

Part139H - Aerodrome Rescue and Fire-Fighting Services sf‘:o-l‘
!

Part 143 - Air Traffic Services Training

¥

Safety assurance

- 234 -

KARI Seminar, July 2009

Questions

KARI Seminar, July 2009

TOPIC 4.

GBAS CAT-l REGULATORY

APPROVAL PROCESS IN
AUSTRALIA

KARI Seminar, July 2009

Australia Regulatory Approval Process
(GBAS Ground Facility)

System Design {
System Installation { .

Pre-Commissioning
Evaluation

___§

FAA SDA
Design Safety Case (FAA SDA, noting Aust.
operating conditions)

Compliance with Government regulations
Site acceptance testing and flight
inspection

Safety Case forrestricted operations

Operational T&E
Service implementation Safety Case

Ongoing operational risk
assessment



KARI Seminar, July 2009

Australia Regulatory Approval Process
(Airline Operational Approval)

Aircraft Airworthiness
Certification

Airberne equipment design and
installation approval

GBAS airborne system identified in

Aircraft Flight Manual

Airline Operational
Approval

™
N

Flight procedures
Pilot training (Type A only)

Continuing airworthiness for GLS
operations

Flight Operations Safety Assessment

FAA System Design Approval (SDA)

+ DBasis for Airservices’ Design Safety Case

«  FAA reviews, audits and independent verification

- Basis for SDA
» FAA-E-AJW44-203TA
» FAAOrder 6700.20A

+ Key industry standards
» ICAD
» RTCA
» ARP

™
N

KARI Sel July 2009

GBAS Design and Development Safety Assurance

LGF System Assurance
Program Plan
Functional Hazard
Assessment

Preliminary System Safety
Assessment Report

GBA S Hazardous Misleading
Information Report

System Safety Assessment

Requirements and
architecture
development &
validation

Verification of detailed
design

KARI Seminar, July 2009

GBAS Program Document Map

Program Management
. eme

- WiEE 20 cehedules

+ Projsst reparic

Safety
+ 3CARD
- Sateiy Plen
+ Hezerd snlyce

+ Satety Cace Deckgn &

impismertxtion)

*  Updsize o Operstions Mznuzl
* Oparstions! rick scoscomant

+ ATCtuining

ATC
* Operstionsl requirements.
* GLE Incirument flight
oesdures.
* ATC procedursc
* AJF | NOTAM prosedurss.

System Engineering
* tyctem requirements
+ fyclemoscign

* AHting, Incislistian =nd faziltly
support Epzeificstion

+ 12 pien
* yclem mensgement pizn

* Alrwsyc snginssring Incirustione
+ Teshoert

+ Reghez report

+ OTEE reporks

Services

GBAS CAT-

- ama
+ cEM training
* OEM cupport

OEM Deliverables
* Equipmentmenusl
© Tesnniss axis package

- OHES plen

BT

+ Culaver pisn

+ Aca worke pian

+ Fugntfect

Facility Installations
+ Environ mgmt pien

+ s conctruction dos.

+ Chvll worke contract

- inctalistion Incpestianc | ground feck

* s scoeplancs ot

L - commiceioning dosument

KARI Seminar, July 2009

SDA Administrative Process (Source: FAA)

Bnapic
Dniatmnn

. Applieant Actian

Figurs

Slimd <=

Applicant Complianca
Data Repositary

Regisior

SDA Administrative Process Diagram

KARI Seminal ly 2009

SmartPath™ Implementation in Sydney

Objective:

= Technical & operational

integration

Obtain CASA approval of
GBAS CA i

T-1 Service

™
<oy

235 —

Scope:
= Safety plan
+  Requirements

- lonosphere assessment

Installation

- Facility operation and

maintenance

= Training — technical and

operational

= Pre-commissioning
inspections and testing

« Operational test and

evaluation
«  Safety case




KARI Seminar, July 2009

SmartPath™ Installation

Site assessment | selection
Installation readiness preparation
Civil constructions
SmartPath™ installation
Guidance materials
» Airservices installations procedures and standards
» Honeywell SLS-4000 GBAS Ground Equipment Manual

KARI Seminar, July 2009

GBAS Operational Integration

ATC procedures

GLS instrument approach procedures design and
publishing

FAS data management
NOTAM — GPS constellation alerts, GBAS status

Operational training

NEED INTERNATIONAL
STANDARDISATION

KARI Seminar, July 2009

GLS Instrument Approach Procedures
Management

GLS design

Chart publishing

Code into FMS navigation database

FAS loaded into SmartPath™ and broadcast

FAS data quality assurance

KARI Seminar, July 2009

Facility Operations and Maintenance

Standard operating & maintenance procedures
Logistics support

System monitoring

GBAS broadcast frequency licence & channel assignment

Flightinspection procedures (ICAO Doc 8071 Vol I1)
Spares and test equipment
Technical training, TechCert

Service interruption recovery and contingency

KARI Seminar, July 2009

ATC Procedures Update

Phraseology
Tower ATSU interface
ATC coordination and clearance procedures

GLS captured in TAAATS flight plan

Service disruption recovery and contingency
management

Aircraft Operations

— 236 —
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KARI Seminar, July 2009 KARI Seminar, July 2009

Progressive Minima Step-Down —
3,000 ft / 8,000m to 10,000m — 1,000ft / 5,000m — Catd 200ft / 800m e ey -

KARI Seminar, July 2009

Testand Evaluation Overview

= Testing at equipment design/built level
» System verifications and system safety assurance
» MNoting Australia local operating conditions

= Site verification tests

» Standard installation testing

» Flightinspections

Procedes Cerserl

Operational test and evaluation

Sydnay ‘Channal dant
Runway ; .
- e — » Operational performance data analysis
kil il i » Rationale/evidence for seeking CASA regulatory approval
25 21557 G254
4L 21368 G34a h -
‘.7 - a7 2273 GITA

KARI Seminar, July 2009

Operational Testand Evaluation

KARI Seminar, July 2009

Site Verification Tests
« OTA&E requirements
= OT&E methodologies

» Measured site data collection and measurement

Stability testing
. . Field monitorin;

+ Site acceptance testing * 9

. . » ILSvs. GBAS comparative assessment
» Ground inspections

- R R . GLS ground track monitorin
» Reliability, maintainability, availability demonstration * g 9
» Analysis of SmartPath™ recorded data

Flightinspections
- Candidate tools (e.g. Eurocontrol PEGASUS)

Engineering and operational readiness sign-off (i.e. Facility
Approval)

= C restricted issioning

- 237 —



KARI Seminar, July 2009

Field Monitoring Tool (Example)

GBAS signal-in-
space

ANALYSIS
TOOL

&

ly 2009

CASARegulatory Approval Summary

CASA
STANDARDS AND REGULTATIONS

AIRSERVICES AIRLINE
SAFETY CASE APPROVAL

SmartPath
design.

TOPIC 5.
GBAS AVIONICS &
AIRLINES CRITICAL ROLE

™
N

KARI Seminar, July 2009

Acsursgy | Hotmetsl postonemor [S5%]
== im

Vemcs ot m BEe 4

misgrily | 05010 parsnmmars tmotees
ot AR e
507 oer sopme e
“iwn)
Al aom
A Tem
Trmeen &

‘Cominutty AR LAAZ - Trdsens

A LAAZ moredsoes

“Eoralebiify

Caverage

&

Cryrrep——p— o o s T Mo

ige srangn ime

9

KARI Sem

Questions

™
B

GBAS Aircraft Implementation

*A-380 GLS option

*737NG GL S option

+ 787 GL S basic

+747-8 GL S basic

+CAT-Ill all platforms in study

*4-320 GLS option
*A-330/340 option (200!
+A-350 basic (2010)

GBASILAAS Ground Feclly

v e
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Boeing BT87 — GLS a standard feature

Airbus A380 GLS Customers
{Source: Boeing I-GWG Apr 2008)

(Source: Airbus I-GWG Mar 2009)

A — fEmalaysia S THAI

nwa ek m AR CANADA @ . A 0
ol
T LCAL Rioabies Jobd  @ross® W STHAD k
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Airlines Equipage Critical to GBAS Success

Qantas champion along the way -
» 2000+ GLS approaches conducted to date Q u estlons
» 600+ pilots trained - “smooth, stable, accurate” & minimal training

Airlines GLS support - key driver for airframe OEMs

GLS capability available — Ground facility yet to catch-up

Air-ground co-impl tation = early benefits realisat

P

More GLS avionics solutions needed
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SECTION 6.

IONOSPHERE THREAT
ASSESSMENT

™
N
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lonosphere Storm Wave Front Model
{Source: Honeywell)

= %~ Jano Front
L |- Skpe o)

Difference in measurement

observed by ground, airbome |
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Regional Cooperation on lonosphere
Characterisation

= Airservices Working Paper to the Thirteenth Meeting of the
Ci icati /Navigation/Surveillance and Meteorology
Sub-group of APANPIRG (CNS/MET SG/13), Bangkok,
Thailand, 20-24 July 2009

Proposing an Asia Pacific Regional Task Force to
characterise the ionosphere anomaly for the Asia Pacific
Region
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lonosphere Anomaly and Mitigation

+  Extreme ionosphere anomalies — integrity threat for all

external single-freq y GNSS aug

- Honeywell GBAS mitigation sol

» Always protect against worst-case storm

» CONUS ionosphere storm anomaly model

» Exclude ‘unsafe’ user geometries

here threat — due Jul 09

+ Australia i

» Confirm Australia iono anomalies contained within the existing

p

CONUS threat model

™
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lonosphere Anomaly Assessment Process

(Source: Honeywell)
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Applicable Internat | Standards
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