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(NAVIGATION)

CNS/ATM
3.1
30
Omega Loran-C
(Self Contained) (Inertial Navigation System, INS)
VOR/DME TACAN NDB
(Instrument
Landing System, ILYS) (Microwave Landing System, MLYS)
(ICAO)
1 (Accuracy) (upper limits that
can betolerated for a given phase of flight)
2. (Integrity)
(the feature that warns the pilot when the system exceeds accuracy
limits)
3. (Continuity)

(the probability of losing service during a given operation, such as

during an approach)



4. (Availability) (the
percentage of time that the system can support the desired phase of

flight)
GPS (Globa
Positioning System) GLONASS (Global Navigation Satellite System)
(nano-seconds)
GPS GLONASS
(integrity)
GPS GLONASS
(geostationary) (augmentation)
ICAO
NavStar/GPS GLONASS GNSS

(Augmentation)
1. (ABAS; Aircraft Based Augmentation System)
(RAIM; Receiver Autonomous Integrity Monitoring)
(AAIM; Aircraft Autonomous Integrity
Monitoring)
2. (SBAS; Satellite Based Augmentation System)
(GRAS; Ground Based Regional Augmentation System)
3. (GBAS; Ground Based Augmentation System)

WAAS (Wide Area Augmentation System) EGNOS
3-2



(European Geostationary Navigation Overlay System) MSAS (MTSAT
Satellite-Based Augmentation System)

GNSS
(ICAO)
(Required Navigation Performance, RNP)
31
Man CAT-I CAT-l CAT-NI
Ciparational Gh=s SHASY sBany SRASY
Systam 8 RAM ZRAS GRAS ERAS CHAS GBS GBAE
merntabian SabComd SatCom’ SarCom!
| tlore T i - WHF VHF VHF
Wertical -
ACCuracy [95%) 124 HM 2.0 HM 0.4 MM Z20m fEm 20m 20m
Lateral
Acturacy (95%) 12.4 N 2.0HM 0.4 MM 220 m 16.00m B5m B m
Timea-to-Alert 120 zec EQ zar 30 sec 10 zec §=ac 2 5B 2 sec
= - o - H=dlm H=17.3m H=1545m
Adert Limit H=12.4M | H=2 0k H=1.0NM | H=03rx Vit i5m | We=E Bm W= S
Int=grity 10 10mr 107 0mr | Mi0FaEpp | 2o0®Epp | 2009
Conbinuity 1 id5mr 1108 %r I i08Tr 181 0r%%r Sxiirdiapp | awi0r88s | 2w0EnsEs
0.95
Asvailzhiity™ [ CraGog 0.959-0 980 0 359-0.5905a5
T 0 pe=dgmyntmarn (SRS OhoAeay, O B0DD= mnyesr
3-1: GNSS
RNP
3-2
Ao Primary Means of Mavigaban
Phases of Flight
RN 10220
En-Rioube
Rr® 25
Hor-Preceion Sppeoaches
”{'LF;E;E & CAT-| Piacmion Approaches
CAT-11 & 1V Précisan Appiasches
Surfac= Groinnd Mloasssmeeit

B crs s mam

[ 1] seasarcras

B o
3-2: GNSS



1960
FAA NAS (National Airspace
System) CNS/ATM

CNSATM

GNSS (Global Navigation Satellite System)
SBAS (Space Based Augmentation System) GBAS
(Ground Based Augmentation System)
CNS/ATM 33

4 - L

Oceanic En Route Tarminad & Mon-
Precision Landing

3-3: CNSATM

3.2

CNSATM GNSS



3.21CNSATM

CNS/ATM
VHF 3-4
GNSS
GNSS (pseudolite)

amaum
Sarniite # I “ |ml.53]

45T Bosgors
s GRS ey
% » Mok Asay DGMEE

G ED NSRSl

. e, *’.- _._.--'
SRAE ok ﬁﬂl’"“
m—-r:r &
it e CAGMSS 'l W,
FED Pisudnghe lIl k -'|flE F.’: Tk
|'II - o L =, r.ui::-s-ql:'::.l.l-:‘: L=
¥ - ____.-——. R \. .'r s GRS Preudodl=
N L‘n‘lﬁ Argumenkaion 7 }
EHAS M o e A A
:f.f:;E O ey | Goie HJ, ]!Iw
m;;ﬁ-:’gwn_:_ S MEIIHAI‘;:'H[G:BHHE
3-4: GNSS
3211
Omega Loran-C (LOng
RAnNge Navigation - C) (INS; Inertia
Navigation System)
(self-contained)
CNS/ATM GNSS Omega Loran-C

INS



Flexible Flight Profile Planning

Crirranil S wabam
Forszrm mrad 5 dpde we s

e F el e

& Ficen fnecarizl
parpacEad e el

[3-9]

3212

VOR/DME (VHF Omni-Range/Distance Measurement Equipment) TACAN (

TACtical Air Navigation) NDB (Non-Directiona Beacon)

INS

CNSATM GNSS

VOR/DME TACAN NDB
3-6

SBAS



Reduwction of Separatbvn Ml

Current System CNSIATM System

g g e
gl g g g

g L
g i IO W W
e e e gl
[3-9]
3-6:

3.2.13

ILS (Instrument Landing
System) GP/LOC
(Glided poe/Localizer)

ILS MLS (Microwave Landing System) (curved)

CNSATM

GNSS SBAS GBAS
ILS MLS




322

Navstar/GPS ~ GLONASS GNSS
3-8 CNS/ATM
(Galileo) (Beidou)
GNSS 39
GPS GLONASS
(Global Positioning System) | (Global Navigation Satellite
System)
No. of Satellites 21+3(Operational +Spare) 21+3(Operational +Spare)
No. of Orbital Planes 6 3

Satellites per Plane 4 (uneven) 8 (even)

Orbital Inclination 55 degrees 64.8 degrees
Orbital Radius 26,560 km 25,510 km
Orbital Period 11H58M 11H15M
Time Reference uTC UTC(SU)

Geodetic Datum WGS-84 PZ-90
Signal Separation CDMA FDMA
Technique
L1: 1575.42MHz(PC/A) L1

Carrier Freguency

L2: 1227.60 MHz(P.C/A)
L5: 1176.45MHz(PC/A)

1602.5~1615.5MHz(P.C/A)
L2: 1246.4~1256.5 MHz(P)

Time Accuracy PPS:200, SPS:340 nsec 1 psec

Horizontal Position PPS:17.8m, SPS:100m 100m
Accuracy

Vertical Position PPS:27.7m, SPS.156m 150m
Accuracy

Velocity Accuracy 20 cm/sec 15 cm/sec
[3-10]
3-8: GNSS



24
598 Snarmal & 6560 km E5 deg 11Hr S&hin
Fussia iy 3 25510 km G48deg | 11Hr 15 Min
[21+3 Sparas)
European k1]
o (3743 Sparss) 3 24000 km B4 deg 12Hr 55 Min
" 1
China - {ersiaonary ¥ ¥ L
(22 Sparedl | o 1407 E}
3-9: GNSS
3.2.2.1 NAVSTAR/GPS

Navstar/GPS (Navigation Signal Time and Range / Global Positioning System)

SPS (Standard Positioning Services)

Services) PPS
100

Navstar/GPS
IIR-M

M Code

2000
GPS

2005
GPS
3-11

1995 7

GPS

PPS (Precision Positioning

SPS
156
2003 2 Lockheed Martin Block
[3-1] GPS
(LLYL2)
5 2 YA (Seective Availability)
100  (95%) 45  (95%) SIA
3 10 (95%)
Boeing Block IIF
L5  (1,176.45MHz) 3-10



Block WA Block lIR Block IF
« All have been launchad = In production « In development
+ Rockwell (naw Boeing) = Lockhesad Martin « Boaing

+ First lgunch Feg 1589

« & procured

* & already procured

+« T2 on oibit + B on ot = Dptiens far & more
+ Mean Mission Duration + 1 destrayed on launch w Zayear design life
(MDY 6,008 B8N0 6 yrs = MMD 7.8 years = MMD 10 yeary
[3-10]

3-10: Navstar/GPS

Presant Sigral

Bock IIfIbARIR
(FOC TR0

Mest Ganeration
Biock INF-M
[N 2008, FOC2070%

Safety-ol-Life Application
Block IIF1IL

La b

CiA

P

ClA

(rOC-20H 2, FOC:2014)

. L]

CiA

FiT

L5 L2 L1
176,45 My 122760 MHz 1575 43 MHg
[3-10]
3-11. GPS
GPS GPS Code C/A (Coarse Acquisition) Code

P (Precision) Code Code
Spread-Spectrum L1  1,575.42MHz C/A Code
P Code L2 1,227.6MHz P Code

GPS L2 2007
L5 2011



3.2.2.2GLONASS
GLONASS (Global Navigation Satellite System)

1993 9 (SP)
GLONASS 57 70
(99.7%) 70 (99.7%)
15 / (99.7%) 1 (Micro-Second)
(99.7%)
GLONASS GLONASSM
GLONASSK F1 F2

3.2.2.3GALILEO
Galileo EC (European Commission) ESA

(European Space Agency) EC
ESA

GPS GLONASS
Galileo
Galileo RNSS(Radio Navigation
Satellite Service) L-Band (E1 E2 E5 Eb) WRC-2000
GPS(L1 L2 L5) GLONASS(G1&G2)
3-12

3-12: GNSS

3-11



Galileo 30 (MEO, Medium Earth

Orbit) 27 3 24,000
56 2~5
6
3-13 3-14
2008 GPS GLONASS EGNOS
Galileo 3-15

[3-12]
3-13; (MEO)
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BELOW

[3-12]
3-14: (MEO) (25 )

&
X \
N 1 w1 . - L-

-@ IR BERITT Gk TR W] O AAL LA b LENTI0L &

e
& BEAEmMal] On AP L Lal | o LR e

LoCaL
LOMFONENTS

EEGIONAL
LOMFONENTS

GALILED GLOEAL COMPONENT '

.

LSER SEGMONE

Oy ernll GALILE D Archite ciure

[3-13]
3-15: GALILEO



Gadlileo NSCC (Navigation System Control Centre)
OSS (Orbitography & Synchronisation Station) TT&C (Tracking, Telemetry &

Command) 0Sss NSCC
Galileo NSCC
TT&C
NSCC 3-16
1 (PTS, Precision Timing Station)
Galileo (GST, Galileo System Time) NSCC OSS
0SS GST UTC(Coordinated
Universa Time) GST TAI(Internationa
Atomic Time)
2. (OSPF, Orbitography & Synchronisation
Processing Facility) OSSs

SISA(Signal-in-space accuracy)
3. (NCF, Navigation Control Facility) OSPF OSS PTS
NCF

™ o™ ™

1 ALILEAS Speere Sepwemi

[3-12]
3-16: GALILEO



Galileo 2004 2006
2008 3-17

Definition Phase
Preliminairy Design

Development
and Walidation

Full Deployment
Operations
Technology Support

User Segment, Services
Application Test Bcods

EGNOS Developrmient

EGNOS Operations

EGNOS Integrafion

[3-12]
3-17: GALILEO
Gdlileo
3-18
1 (General Purpose Services)
Gdlileo
2. (Commercia Services)
Gdileo GPS
3. (Public-Utility Services)



GALILEO General-Purpose Service Commerical Service Public-Utility Service
Service
Coverage Global Global Local Global Local
Accuracy 15-30 m 5-10 m <10cm-1m 4-6 m im
(Single Frequency) (Dual (Local (Dual (Local
5-10 m Frequency) Augmentation Frequency) Augmentation
(Dual Frequency) Signals) Signals)
Availability 99% 99% 99% 99-99.9%* 99-99.9%*
Intergrity Not Generally Required Value-Added Service Mandatory Requirement
Alert Limit - 20-45m 2-3m <15m 3-5m
Time to Alert - 10 Seconds 1 Second 6 Seconds 1 Second
Integrity Risk - le-7/Hour le-7/Hour 2e-7/150 Seconds [2e-9/150 Seconds
Continuity Risk |- le-4/Hour le-4/Hour 8e-6/15 Seconds [5e-6/15 Seconds

Timing
Accuracy

50 nseconds

<50 nseconds

50 nseconds

Access Control

Free Open Access

Controlled Access
(Value-added Data)

Controlled Access
(Local Correction
Data)

Controlled Access
(Navigation Data
and/or

Value-added Data)

Controlled Access
(Local Correction
Data)

Certification and

No

Guarantee of Service Possible

Build for Certification,

Guarantee of

Service Service Possible
Guarantees
[3-13]; *
3-18: GALILEO
3.2.2.4BEIDOU
(GPS/GLONASS)
(Beidou) (BNS; Beidou Navigation

System)

Beidou

BNTS-1 (Beidou Navigation Test Satellite)

35772x35803

1,436.1

[3-21]
140
12 20
[3-21]
35776x35797
24

2000 10 31
BNTS-1B

80

01




3.2.3

RNP

GNSS

GNSS

RNP

RNP

GNSS

GNSS

RNP

RNP

RNP

RNP

GNSS

RNP

RNP



1. (Satellite Based Augmentation System, SBAS)

SBAS

2. (Ground Based Regional Augmentation System,

GRAYS)

(VHF)
GRAS

SBAS
3. (Ground Based Augmentation System, GBAS)

45

GBAS
WAAS EGNOS MSAS CNS/ATM
WAAS
EGNOS MSAS

WAAS EGNOS MSAS
3-19
LAAS
GRAS



UsS WAAS European EGNOS and Japan MSAS are
interoperable at the level of signal in spacea

3-19: GNSS
3.2.3.1 WAAS
GPS
GPS FAA WAAS
WAAS Wide Area
Augmentation System GPS
ILS Decision Height 200
feet WAAS FAA
GPS
GPS
GPS
(Category 1)
WAAS
(WRSs Wide Area Ground Reference Stations) GPS
WRSs WAAS

(WMS Wide Area Master Station) WMS
(GES Ground-Earth
Station) (GEO) GPS
(L1 1575.42MHz) WAAS GPS'WAAS
WAAS



GPS 100

25 WRS WAAS
3-20

{2) Determine

Inonospherc
Comectiones

Commachons
Safe
Irtegrity

3-20: WAAS

(3} Determine
Satalie
Dirnits
Satalie

lite

= gl (ZHN)
]

3-21: WAAS

3-20

%ﬂun

3-21

WAAS

WAAS

Kot

» IWAAS Refermoce Station (WRS) - [28]
5 Master Station (WMS) - [2]
Emound Earth Station (GES) - [4]




3.2.3.2 EGoNos
EGNOS (European Geostationary Navigation Overlay System) WAAS MSAS

GPS GLONASS (SBAS)

(Eurocontrol) EC (European Commission) ESA

(European Space Agency) ESA EGNOS GPS
L1 GPS GLONASS 20
5 6
ECAC 3-22
EGNOS Galileo
1999
2000 Inmarsat 11l AOR-E( ) IOR( )
EGNOS Euridis Inmarsat 111
AOR-E
2.2 EGNOS 2004

BLONASS
. 24 Satellites

GEO suine s egment
* 3 operufioms GEO:
* 1 zpare in orbit

stal m'i H [EHU



EGNOS "Artemis’

2003 34 RIMS(Ranging & Integrity
Station) 4 6 RIMS
EGNOS GPS/GLONASS
GPS/IGLONASS
EGNOS
3-23

GEO

ADR-E 3
IOR
ARTEMIS

McCc 1| |MCC 2| MCC 3| |MCC 4| PACF | | ASQF || DVP

[3-11]
3-23: EGNOS

3.2.3.3Msas
MTSAT (Multifunctional Transport Satellite)

MSAS (MTSAT Space-Based Augmentation System) MTSAT



3-24

1. (Master Control Station, MCYS)
2. (Ground Monitor Station, GMS)
MCS
3. (MRS, Monitoring and Ranging Stations)
4. (NCS, Network Communication System) MSAS
WAAS EGNOS MSAS GPS

= MTE4T-1R will be faunched o Summer 2003

® MTEAT:-2 Wil be launched in Semmes 2004

= MSAS Phage-i will be aperalional in 2005 with MTSAT-1R

= 545 Phase-2 will & aperabional in 2006 with MTSAT-1R & MTSAT-2

3-24: MSAS

MTSAT (JCAB , Japan Civil Aviation Bureau)

(MCY9) 500 Kobe



100 Hitachi-Ota MSAS
(GMS) GMS

GPS (MRS)
MSAS 3-25
MTSAT 3-26
JCAB IWG (SBAS Technical Interoperability Working Group)
MSAS WAAS EGNOS
TSAT
GPS El:lnu-l.ulh'llm
7 % -
hp;l:lm GLS
.1_ 4 Wik
G eired
Lisar commurecation lne
Kobe MCS
Hitachicta MCS
Fuk
| SR
T —
ﬁ WCE: Masmer Confod Statos [2] '“1._ 2 ! :.l Hawall MRS
K w5 Monitor 8 Rasging Statios (7] g % -
& GMS Ground Montor Station[5] | | Naha GMS Ausiralia MRS
r
3-25: MSAS

L] 30 &0 ¥ 120 15¢ 480 150 120 SO0 6O 30
Sarvice areas of MTSAT and Inmarsat Satedlilas

[3-16]
3-26: MTSAT

3-24



3.234GRAS

(GRAS; Ground Based Regional Augmentation System) GRAS
VHF

VHF

WAAS GRAS 3-27
ICAO

skastar Cantrol
Slations [2]
DBriskans
Ditdalbourna

Ground Referance
Statiors [10]
= Erooms
» Camavon
e Ferth
& Clarsain
= Alice Sphngs
= Ceduna
= Thursday Island
= Plachay
= Cankeama
s Hobart

“WHF Transmillers
0 LSIng CUment
WHE woice site
o Comnecied to
Mastar Stations

[3-17]

3-27: AustraliaGRAS

3.2.35LAAS
(SBAS) GPS

(Local Area Augmentation System, LAAS) LAAS
3-28
GPS GLONASS (WAAYS)



(VHF Data Broadcast, VDB)

GPS
(Airport Pseudolites, APLYS)
VDB
LAAS VDB 20~25
LAAS
(ILS) LAAS

Salellite ; {1 PR gl s P

i E Sy slvin

APL Nrgekoad =k
L Li ophiored

LAAS Growund
Sidiakiaylnii

Alrbarne
Subsystam

[3-20]
3-28: LASS
FAA GPS LAAS
(ICAO) (GNSS-P) 1997
GNSS-P 2001 LAAS
(SARPS) FAA 1999 Honeywell  Raytheon
(Government/Industry partnerships, GIP) LAAS
2003 9 LAAS

3-26



2006 3-29

GIP CAT | (Notional)
*FAA Final CAT | GIP Spec
*Contractor Engineering
*FAA T&E

*Type Acceptance (Part 171) N o/02

5/01
6/02

6/02 9/02
L |

FAA CAT |
7/02

o . |
Contract Prep/Award 7102 1/04

*FSD (Design&Development) _L
*T&E (DT&OT) 1/04 9/04

N 1p/04
*|OC (Commissioning) 9/04

*Production (20 systems/year) I —

FAA CAT ||/|||(Under Review
6/03

*Contract Prep/Award T —
6/03 6/05

7/05| 3/06
——

*FSD
T&E
*|OC (Commissioned) VAN

4/06
*Production (20 systems/year) —

[3-20]
3-20: FAA LAAS

324

WAAS
MSAS EGNOS WAAS

FAA

o o A~ W N P



3241
FAA NAS 4.0
Ground-Based Navaids

GPS'WAAS Precision Approach Navaids GPS/ILAAS
Approach Lighting 3-30
GPS WAAS WAAS
LAASCAT | CAT I/l
3-31

PSS A e i Oy e S
Tran=ikon SSeps

Srounc-Baned
Marvmicis

SFSY wWass

Precision TOaBC
3

ILSVDFE CAT-1 1

SR Laas

SO a0 Ligring

3-30: FAA NAS4.0

Y e
e D S A T SIS LS S
0 g b e SR RGO e RO P S

L L L

Crmpeien s L st A 70 o, T ST R
‘n AR T

LT e s aa B ST DL el AT L

WAD-por aoBm-b o BN U RO
SN L] - 12 L R LR R LTI Rt

[N
——
el e
ol = o g 38 VOR ! B0 (LS
_mpieenant ptmas-cown alrabegy 100 VO, T901LS ard 470 MOA

3-31: FAA NAS4.0
3-28



(1998-2002)
GPS FAA WAAS NAS
FAA 25

2000
Initial Operational Capability, IOC  10C

(2003-2007)

WAAS
GPS/WAAS
500
150 LAAS CAT /1111
LAAS
WAAS
NAS FAA
GPS GPS
2005 GPS

GPS
(2008-2015)
WAAS  LAAS



GPS

FAA 2000 WAAS NAS (National

Airspace System)

ILS
1998 6 25 WRSs 2 WMS 4 GES
WAAS 3-32 2000 1997
FAA
FAA VFR (Visual Flight Rule)
FAA WAAS (LNAV/VNAV)
2003 FAA GNSS (GLYS)
FAA WAAS
WIPP; WAAS Integrity and Performance Panel FAA
WAAS NAS
GPS
WAAS NSTB Nationa Satellite Test Bed
GPS WAAS
GPS (seamless)
WAAS
NSTB 1996 9 1997 1
NSTB 1997 10
WAAS



Site L ocation CEIEEIEE Start Date End Date =lE
Type Acceptance Test
Oakland WRS 13 January 21 January 21 January
ARTCC 1998 1998 1998
Jacksonville WRS 27 January 4 February 4 February
ARTCC 1998 1998 1998
Houston WRS 3 February 11 February 11 February
ARTCC 1998 1998 1998
Miami WRS 3 February 11 February 11 February
ARTCC 1998 1998 1998
Fort Worth WRS 10 February 18 February 18 February
ARTCC 1998 1998 1998
Albuquerque WRS 24 February 4 March 4 March
ARTCC 1998 1998 1998
Puerto Rico WRS 24 February 4 March 4 March
CERAP 1998 1998 1998
L os Angeles 3 March 11 March 11 March
ARTCC WMSWRS 1908 1998 1998
Chicago WRS 10 March 18 March 18 March
ARTCC 1998 1998 1998
Denver WRS 17 March 25 March 25 March
ARTCC 1998 1998 1998
Washington 17 March 25 March 25 March
ARTCC? WMSWRS 1998 1998 1998
Salt Lake City WRS 24 March 1 April 1 April
ARTCC 1998 1998 1998
Atlanta WRS 31 March 8 April 8 April
ARTCC 1998 1998 1998
Seattle WRS 7 April 15 April 15 April
ARTCC 1998 1998 1998
Memphis WRS 7 April 15 April 15 April
ARTCC 1998 1998 1998
Honolulu WRS 14 April 22 April 22 April
AFSS 1998 1998 1998
New York WRS 21 April 29 April 29 April
ARTCC 1998 1998 1998
Billings WRS 27 April 6 May 6 May
TRACON 1998 1998 1998
Boston WRS 28 April 6 May 6 May
ARTCC 1998 1998 1998
Anchorage WRS 12 May 20 May 20 May
ARTCC 1998 1998 1998
Cleveland WRS 12 May 20 May 20 May
ARTCC 1998 1998 1998
Cold Bay WRS 19 May 27 May 27 May
FSS 1998 1998 1998
Minneapolis WRS 19 May 27 May 27 May
ARTCC 1998 1998 1998
Juneau WRS 26 May 3June 3 June
AFSS 1998 1998 1998
K ansas City WRS 26 May 3 June 3 June
ARTCC 1998 1998 1998
[3-14]
3-32: WAAS




3242

ESA (European Space Agency)

GPS GLONASS

Galileo
3243
MTSAT
L1/L2 GPS
MTSAT MTSAT L1 GPS

MSAS 3-33
KU

o I (AT - Mambsr Conteal Bhasdon)
: 1" i@ngind Merier Sesgion]
TWienitor sl Farg ng Swlan)

[3-16]
3-33 MSAS
MSAS MTSAT-IR  MTSAT-2
2003 MTSAT-2 2004

3-34

MTSAT-1R

Kobe Hitachi-Ota



Phase I (Single MTSAT) Phase I {Dual MTSAT)

MTSAT-1R MTSAT-2

Ry R

GES&TTC GESETTC GES&TTC GESETTC

Kobe Aerohautical Hitachi-Ota

Satellite Cent feronautical
atetifte enter Satellite Center

MTSAT-1R

GES&TTC

fiobe Aeronautical
Satellite Center

GES&TTC

Hitachi-Cita
Aeronautical
Satellite Center

Separation minima can be reduced considerably Further reduction of separation minima becomes possible

[3-10]
3-34: MSAS

3245
2001 Workshop on The Use of Global Navigation
Satellite Systems  Organized in cooperation with and hosted by the Government of

Malaysia, Kuala Lumpur, Malaysia, 20- 24 August, 2001

[3-1] CNS/ATM
32451
2000 12
BNS (Beidou Navigation System)
BNS
MTSAT

[3-22] NovAtd Inc. 34

WAAS/mini-WAAS (SBAYS)
2000 11
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(WRS) WAAS

MSAS
3.245.2
WAAS
EGNOS
CNS/ATM ICAO GPS
GLONASS (SBAYS) (seemless)
FAA ETG MSAS GNSS
[3-2]
(Indian Space Research Organization) AAl
(Airport Authority of India) GPS/GLONASS
GPS TDS
(Technology Demonstration System) (Initia

Experimental Operational System)

TDS (1)  GPS
)
3) GNSS
(1) AAI
@)
TDS (segment) 3

AAl FAA ETG(ESA EUROCONTROL EU) MSAS

1. A SATNAV Technology Demonstration System (TDS): 3 years (2001 - 2003 /
2004).
2. An Initial Experimental Phase (IEP): 1 year (2004 / 2005).
3. A Final Operational Phase (FOP): 1 year (2005 / 2006).
2005



3.24.5.3
GNSS AGCC (Austrilian GNSS

Coordination Committee)

GNSS
1.
2.
3.2454
GNSS KARI(Korea Aerospace Research Institute)
Flight Control & Guidance Department [3-3]
LAAS Ulsan

3-35 3-36

[3-18]
3-35: GPS



[3-18]
3-36: DGPS  ULSAN Airport

Ministry of Construction and Transportation
1994 GNSS Technology Council Ministry of

Information and Communication

KARI 1997 LAAS
1998 LAAS
KARI 1999
3.2455

17,500 VOR DME

NDB 19 (ILS)

1992 1996

DASA Dornier  Hughes [3-4]

1998 2000 DEPANRI

(National Council for Aeronautics and Space of the Republic of Indonesia)
Department of Transportation and Communication
BPPT (Badan Penerapan dan Pengembangan Teknologi Indonesia) Alcatel Space
CNSATM



GNSS
1 MTSAT
2. Master Control Station 5  Monitor Station 3
Ground Antenna Pseudolite (Pseudo
Satellite)

National Research Council

1. GPS Parameter Correction for Positioning Accuracy Enhancement using GPS
Differential for accuracy up to 1 meter.
2. lonospheric Delay Correction Using Multiple Frequency GPS Recelver.
3. GPS Pseudorange Error Prediction by Selective Availability using Neural
Network.
4. Multi-Channel GPS Data Processor using DSP.
LAPAN (Indonesian national Aeronautics and Space Ingtitute)  Institute

of Technology in Bandung Pseudo-Satellite Navigation System
ASSI (Indonesian Satellite Association)
HAPS (High Altitude Platform System)

3.3
ICAO 1999
10.1% 7.4% 2010
51%
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(VOR) (NDB)
(ILS) (MLS) CNS/ATM
(GPS) (GNSS)



OMEGA

CNS/ATM GNSS
2
/ (VOR/DME)
(TACAN) (VORTAC) (NDB)
CNS/ATM GNSS
SBAS GRAS
3.
(ILS)
CNS/ATM
GNSS
3.3.2
(NDB) (VOR) (DME) (TACAN)
(VOR) (DME) (ILS)
(MLS) [3-6]
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/
5. (MLYS)
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(Elevation)

6. (LDA) /
3322
(VORTAC)
(VOR) (NDB)
NDB VOR/DME ILS MLS 3-38
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06/24
MLS
[3-7]
1. NDB ILS NDB-RWY10  ILS-RWY10

2. NDB VOR/DME ILS NDB
VOR/DME-RWYO05L ILSDME-RWYO5L 23R 06 24
ILSYDME-RWYO5L 23R ILS

3. NDB/DME MLS NDB/DME-RWY 18
MLS-RWY 36 NDB-B NDB/DME-C

4. ILSDME ILSDME-RWY 36

S. NDB/DME VOR/DME ILS
NDB/DME-RWY 18L VOR/DME-RWY 36R 18L
ILSYDME-RWY 36R

6. NDB ILS'DME NDB-RWY 09L
ILSDME-RWY 09L

7. NDB VOR/DME ILS NDB-RWY 02
VOR/DME-RWY20 VOR-RWY02 ILS'DME-RWY02

8. NDB/DME LDA MLS NDB/DME-A
LDA/DME-RWY 21 MLS-RWY03
9. / NDB/DME VOR MLS NDB/DME-A
VOR/DME-B VOR/DME-C MLS-RWY 04
3.3.3
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GIT (Australian GNSS Implementation Team)
1996



1 GNSS

(sensitivity)

1998 GPS
1998 (RAIM)
(ASTB,
Augmentation System Test Bed)
Honeywell/Pelous  Raytheon LAAS
ICAO Fifth Meeting of CNS/MET Sub-Group of APANPIRG
(Bangkok, Thailand, 16-21 July, 2001) WP34 GNSS

|D Define and Confirm State Operational Requirements

En route, NPA/APV, GPS Arrivals, PA at selected airports
Basic constellation augmentation requirements

|0 WGS-84 I mplementation

Ensure Sate is WGS-84 compliant

Ensure database vendors provide WGS-84 data

|0 Define Operations and ATS Requirements

Use NPA Procedure Design Criteria - PANS OPS
Determine standard and publish GPS Arrival Procedures
Prepare AP Supplements

Determine Operation Use Policy

|2 Determine and Implement Receiver Standard
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Equipment Fit Policy — Supplemental Type Certificate or equivalent
Conduct Airworthiness Training and approvals

Establish standard for GPSfor terrestrial navigation aid substitution
Changes to equipment carriage requirements

Establish ATC GNSS use standards
O Produce Orders, AIPS SUPS, MATS amendments etc

00 En route Domestic/Oceanic & Remote Standards
Define and publish borders between standards
Education on standards and differences

|0 NPAs

Locations selection

WGS— 84 survey

Obstacle survey

Airfield status

|0 Airport standard

Upgrade to instrument runway

Obstacle Limit Surface (OLS)

Suitability for straight in approach

Maintenance of OLS

Windsock and supporting requirements
Altimeter setting availability

Lighting

|0 Licencing

Draft and publish Advisory Circulars/AlPs Supplements
Pilot instrument rating requirements

En route use

NPAs

|0 Approach Inspection and Validation Policy (ICAO Doc 8071)
Selection of suitable aircraft for validation
Transit times/low/slow flying capability

Fuel reserves/Communications requirements
Proper avionics

|0 Crew training and approval

Aircraft endorsement

Validation training

GNSStraining and approval

|C Establish design confirmation procedureswith database providers
Approach Publication




| mplementation

Operational Testing
Training

Flight Operations Inspectors
Air Traffic Controllers

Airworthiness
Pilots and check pilots

|0 Implement NOTAM System

For GPS use Satus message from US
RAIM Prediction System (RPS)

LONGER TERM

|0 Post Implementation Review

Compliance Procedures

Revision of Documentation

Incor poration of AlP Supplementsinto AIP
Maintenance of approach

Obstacle Limit Surfaces

Airfield status

Conventional Navigation Aid Policy
Consolidation Policy — navigation aid withdrawal
|0 CNSATM Plan

Determine Augmentation Policy

BAS

GBAS

ABAS

|0 Implementation Requirements

GBAS Project Implementation

I mplementation Plan

International Standards

Cost Benefit Sudy

Location selection

|0 Transition to GNSS Based Infrastructure
Navigation aid decommissioning policy
Avionics carriage requirements




3.34

3.3.4.1GNSS
GNSS
GPS SBAS
SBAS WAAS
POR EGNOS IOR MSAS
MTSAT 3-39
1. WAAS
WAAS
CAT |
2 MSAS
- MSAS WAAS
WAAS
MSAS
MSAS
- C )
MSAS
WAAS CAT



- WAAS
(VHF)
WAAS GRAS
SBAS GRAS

GRAS

MSAS
1. MTSAT
WAAS
2. MTSAT-2
3 MSAS

MSAS
GMS(Ground Monitor Station)
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4. MSAS WAAS EGNOS

MEAS 8 Sites I:b MSAS 8 Sttes+Taipei Taiwan

99.95% coverage Indicale the effect of additional site I

[3-23]
3-40: MSAS

3342 CNSATM
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1, (GPS)

CAT |
3. (GBAYS)
Pseudo-Lite) CAT I

34

CNSATM GNSS
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