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a. GNSS - SBAS

» GNSS Anbieter
» System SBAS / GBAS



GNSS
Global Satellite Navigation System

AIR TRAFFIC MANAGEMENT

LUFTFAHRTHANDBUCH OSTERREICH ENR 4.3-1
AlP AUSTRIA 03 FEB 2017
ENR 4.3 GLOBALES ENR 4.3 GLOBAL NAVIGATION SATELLITE
SATELLITENNAVIGATIONSSYSTEM (GNSS) SYSTEM (GNSS)
En-Route, Terminal und
Anflug-Verfahren.
Betreiber: U.S. Air Force /
1575.42 MHZ Landesweit /
GPS 1176.45 MHZ Statewide En-Route, terminal and

approach procedures.
Operated by: U.S. Air
Force
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AIR TRAFFIC MANAGEMENT

GNSS austro
RNP Integrity by Augmentation

GBAS SBAS ABAS




Performance based navigation AIR TRAFFIC MANAGEMENT
SBAS CONTROL

lenospheric Grids Collected with SXBlue GPS Recelvers . ":;.“[” MISATIR  MTSAT2
Copyright © GENEQ inc. . "N E WSO F

European Geostationary Navigation overlay system

Wide Area Augmentation System

Spaogob.ased AﬂlngntatIOn SystemstionSBASIite Augmentation System
Indien: GAGAN GPS and Geo Augmented Navigation




AIR TRAFFIC MANAGEMENT \FSyPTs

PBN .
Performance basd navigation

NP manual)

f—
l Performance-based

Navigation (PBN)
Manual

PBN concept

Shift from sensor-based to
performance-based navigation

ICAO Doc 9613



Fachjardon im Grif
ICPHABE HEUTE
FUNF MINUTEN UBERLEGT,

WAS ,BRATHERING'
HEISST...
BIS MIR JEMAND GESAGT
HAT, DASS ES EIN
DEUTSCHES WORT IST!

ADF, NDB, VO
INS, Mode C,

PEN. RI@/, B-RNAV, P-RNAV, RNP 5, VNAV,
~ GNSS, Baro-VNAV, LPV, LNAV+V, APV,
o o RAIM, DGPS, PBN/B2B3C3S2, ...

) — WAAS, SBAS, EGNOS, LAAS, ABAS,
GBAS, ADS-B, ELS, EHS,
2D, 3D, Typ A, Typ B, LPV200, ...



b. Basics

» Definitionen durch ICAO u. ECAC
» RNAV/RNP Kategorien
» EASA Bestimmungen




Performance based navigation AIR TRAFFIC MANAGENENT \gppperyess
RNAV/RNP

Definition des Luftraumes

Performance Toleranz ECAC ICAO
En-Route + 5NM B-RNAV = RNAV5
Terminal + 1 NM P-RNAV = RNAV1

Final Approaches: zusatzlich zu klass. Anfliigen

RNAV GNSS (RNP 0,3)

RNP (AR) hochprazise bzw. mit Kurvenfluganteil nach FAF

RNP Required Navigation Performance
AR Authorization required



Performance based navigation
RNAV/RNP

Definition des Luftraumes



Performance based navigation 2USro |
RNAV/RNP Approaches Leonreo L)

- l S8 W WS S RGEUS RS KW ) SWws
S N N ¢

\ ) N
N Y — ]

BARO-VNAV | ‘13
5 | OPERATIONS _ ™
D NOT AUTHORIZED
BELOW -15°C

fore ne

FAF

_ LNAV
. LNAV/VNAV

-
—
-
—
—
—
-
-
-

-
—
-
—
-
—
-

OCA (OCH) INFT | wa clivs GRADENT A B | C | D . . )
LNAV 2,5% 1500 (420) LNAV lateral guidance navigation
LNAV/VNAV 2,5 % 1400 (320) . . .
LPV 2,5 % [1500 (420)|1500 (420)|1500 (420)|1500 (420) LNAV /VNAV LNAV with vertical gwdance
4 % [1350 (270)[1350 (270)[1350 (270)|1350 (270) LPV Localiser performance with
DISTINNMT s [ a ]3] 2 vertical guidance

ALTITUDE | 2790 | 2460 | 2130 | 1800
(HEIGHT) |(1702)|(1372)|(1042)| (712)
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Performance based navigation
austro
RNAV/RNP Approaches

Zulassung des Luftfahrzeuges !

FAF

_ ., LNAV
N . LNAV/VNAV

-

-
-
-
-
-
——

--» LPV SBAS |

-
=
—
—-—
==
=
-

OCA (OCH)wrr [wemscen | A | B | € | D ) ) ]
LNAV 2,5% 1500 (420) LNAV lateral guidance navigation
LNAV/VNAV 2,5 % 1400 (320) : : .
oy 2.5 % 1500 (320]1500 (420)[1500 320)[1500 @20) LNAV / VNAV LNAV with vertical guidance
4 % 1350 (270)[1350 (270)[1350 (270)[1350 (270) LPV Localiser performance with
DIST In NM

toRrwas | 5 | 4| 3| 2 vertical guidance

ALTITUDE | 2790 | 2460 | 2130 | 1800
(HEIGHT) |[(1702)|(1372)|(1042)| (712)
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Performance based navigation T
RNAV/RNP Approaches

FAF

_ _ LNAV
i _ LNAV/VNAV

—
e
-
- -
-
- -

-
-
—
==
- -
==

LNAV lateral guidance navigation
APV LNAV / VNAV LNAV with vertical guidance
Approaches with vertical guidance LPV Localiser performance with
vertical guidance
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c. ICAQO Classification

» Kategorien NPA - APV - PA
» Bezeichnungsanderungen
» LPV 200

15



AIR TRAFFIC MANAGEMENT

B CONTROL

RNAV Specifications RNP* Specifications
Oceanic/Remote RNAV 10 Oceanic/Remote RNP 4
En-route/ Basic RNP 1, RNP
En-route/ RNAV 5, RNAV 2, _ | APCH, RNP (AR)
Terminal/Approach RNAV 1 Terminal/Approach APCH

RAIM Availability

Computed at2 NM
Before FAF

Receiver Autonomous Integrity

Monitoring

A\

* Includes on-board navigation
performance monitoring and alerting




AIR TRAFFIC MANAGEMENT

Non-precision

| PV-200
Precision

17
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B CONTROL |

ICAO Classification

n7) MDH i DH 21)
ﬁl/ : I
PA ! APV PA
Non-precision App. | App. with vertical guidance Precision App.
VOR E RNP RNP RNP ILS GLS
NDB !
Loc, ... !
: ! LNAV/ RNP LPV
LNAV : VNAV LPV Minimum 200
i SBAS SBAS

1 conventional

PBN Typ A =250 Typ B CAT], ..




ICAO Classification

2) : 21)
) g : I
NPA , APV PA
Non-precision App. | App. with vertical guidance Precision App.
VOR RNP RNP RNP ILS GLS
NDB !
Loc, ... ! I:]
’ ! LNAV/ RNP LPV
LNAV ] VNAV LPV Minimum 200“
: SBAS SBAS | owL RwYO08
In AUT: bei neuen LPV OC?N(S;CH} A B ¢ |b/p.
OCH = 250ft: LPV LNAV 1480 (510)
LNAV/VNAV | 1o | 008 | 216) | (a26)
OCH < 250ft:  PA (LPv200, LPV CAT, ..) LoV 1122 N\1136 | 1142 | 1155
sonst Bemerkung ,,DH not below 250ft" ‘[1_4:]: 159) | (196) | (77)
YO A =250ft Typ B CATI, ..




RNAV (GNSS) Approach Minima

« Beispiel ,LPV-200“ LOWW (Jeppesen)

WW67 1 WV#7¢
\
S~ 4.0 NM
[e] ~ .
5000 160 -—— to RW16 RWI16
TCH 50’
| < M |
2.0 9.7 | 4.0 “"*-l Rwy 597
15.7 13.7 0
Gnd speed-Kts 70 | 90 | 100 | 120 | 140 | 160 ALSF-11
Glide Path Angle  3.00°| 372 | 478 | 531 | 637 | 743 | 849 RE(L- WWeé68
PAPIégé *
MAP at RW16
TRAIGHT-IN LANDING RWY 16
LPV CAT 1 DA(H) LNAV/VNAV LNAV
; A:10327435')c: 1047 (450" y
pan 7977 (200) B:1041/(444')p:1055/(458")| oa/moam) 11507553
FULL TDZ or CL out ALS out ALS out | ALS out

A RVR 1300m

? RVR 1500m RVR 1500m

? RVR 550m | RVR 550m @ | RVR 1200m

RVR 1400m

— RVR 2100m RVR 1800m RVR 2400m
D

B W/o HUD/AP/FD: RVR 750m

CHANGES: EGNOS. Minimums. © JEPPESEN, 2010, 2017. ALL RIGHTS RESERVED.

B conTrOL §



RNAV (GNSS) Approach Minima

« Beispiel ,LPV-200“ LFPG (Jeppesen)

PG410 PG411 4.5 NM RW@SL
5000 085°—-M%5 S to RW@8L 1

TCH 57"
1500 M
3.0 10.0 | a5 ead Rwy 338’
17.5 14.5
Gnd speed-Kts 70 [ 90 [ 100 [ 120 [ 140 [ 160 HIA*S-II 5000’
Glide Path Angle 3.00°| 372 | 478 | 531 | 637 | 743 | 849 REIL F3
LPV, LNAV/VNAV: MAP at DA :%: *
LNAV: MAP at RW@SL =]
o = SHT-IN LANDING RWY 08L CIRCLE-TO-LANDH
trvil LNAV/VNAV gg?x 08L to 08R

PAM) ABC: 67 87(340") |PAMOAM A. 7807 (442

pAH) 5387(200") D: 688’(350") BCD: 7907(452")

FULL | Limited [ ALS out ALS out ALS out el moa) VIS |
A RVR 1300m 110
— RVR 1500m 940'(602°) 3000m
B RVR RVR RVR RVR 800m | RVR 1500m 135
— 550m | 750m | 1200m
C RVR 1400m 18011040°(702') 3500m
o RVR 2100m -
D RVR 900m | RVR 1600m 2051100 (762') 4000m

N LACFT: DA(H) 548°(210'). H Circling height based on rwy 08L thresh elev of 338".

CHANGES: Bearings. © JEPPESEN, 2016, 2017. ALL RIGHTS RESERVED.

austro

B conTROL



RNAV (GNSS) Approach Minima

ro

d - 11 1¢ *, 3
;f:_t\\"‘_‘ l"* A

VAR 4°E RADAR 134.675 118.775 125.175
INSTRUMENT 0 c1ev 600 F1 TOWER 119,400 123.800 124,475 N-SCHWECHAT
APPROACH THR 16 ELEV 597 FT GROUND 121,600 121,775 EG HGE STERREICH AUSTRIA
CHART -ICAO HGT RELATED TO THR ELEV ATIS 122.950 AV (GNSS) Z RWY 16
1116$IT1I'4!l||Ili!l||I1i!lll|1|1_.llllll'|Illl}jﬁgflm cHEEuun cllllll'|1i?!10
1047, SA25 NMFROM wWweT1]
EAHG_‘I‘.'M A\J A THANSIT:gll]\Iu)[‘-]\LTITUDE B
_.-. 3300 _'_.
OPERATIONS P sl 2
5900 (%> 3¢ 1004 % o)
NOT AUTHORIZED f..... ook \L j B
BELOW-5C (1% . e 5% I N\ E
Kot 5000 Austrian territory only i

BEARINGS AND TRACKS
ARE MAGNETIC
7wRACKS IN BRACKETS
’1" ) ARE TRUE
1 ALTITUDES, ELEVATIONS
AND H H R [y

Performance

HAL: 40m
VAL: 50m

System
GPS (RAIM) and
Barometric

altimetr

3‘036'

1279 \ < 1069 LOIAS-

1"%”3}}\1 'f O 9531 886

h ."172 Fy

0.3NM (95%)
VNAV: 20-27




Charting Depiction (RNAV -> RNP) | austro

B conNTROL §

AD 2 EDDH 4-6-2 LUFTFAHRTHANDBUCH DEUTSCHLAND
Effectidged0 DEC 2015 AIP GERMANY

HAMBURG ATIS 123125 TOWER 126850 | g gy 53 INSTRUMENT
RNP SREMEN RADAR 134250 GROUND 12100 | o RELATED T VAR 2 APPROACH
RWY 15 DIRECTOR 118.200 THR 15 ELEVS3 CHART -ICAO
. [ T et o o T o
195 BARG-VNAY e | R DHll|]:45 | o | R |
53°| OPERATIONS o 53°
50' | NOT AUTHORIZED s ' o0
|| BELOW -15°C, \\0%000 _-\ " |
BEARINGS AND TRACKS TF _ \ 5o
| ARE MAGNETIC DHO40 FAF \ i
BACKS IN BRACK ~ NEVOD ___ 10 NM _

Existing naming Interim naming Final naming

RNAV (GPS) RWY 23 RNAV gnss) RWY 23 RNP RWY 23

RNAV (GNSS) RWY 23 RNAV gnss) RWY 23 RNP RWY 23

RNAV (RNP) RWY 23 RNAV ey RWY 23 RNP RWY 23 (AR)
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d. Future Strateqy

» Conventional Sensors
» RNAV/RNP Procedures
» Free Route Airspace

24



EGNOS SBAS Anflugverfahren (LPV)

e |LPV:
in LOWW, LOWL und LOWG

 LPV 200:
LOWL RWYO08
LOWW RWY 11, RWY16, RWY34
In Planung: LOWG RWY35, LOWW RWY29

« fur LOWI ist ein LPV auf die Piste 26 geplant.
Grol3e Herausforderung aufgrund der Terrainsituation!
Minimum in der GroRenordnung vom Localizer Approach
Sehr natzlich fur GA community



Zukunft NDB & VOR

« NDB Planung im Laufen.
max. Laufzeit ca. 10 Jahre

* ,,0One station per airport* Policy
(ILS werden dabei nicht hinzugezéahlt)

« das Ziel einer flachendeckenden DME-DME Infrastruktur wurde
aufgrund der rapiden Entwicklungen auf Cockpitseite und der
Kosten aufgegeben

- EASA: Anderungen im IFR Training



