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Abkürzungen 

ADF, NDB, VOR, ILS, OM, GPS, 
LORAN, INS, Mode C, CDI, HSI, FAF, 

IAF, MAPt, HDG, …

PBN, RNAV, BRNAV, PRNAV, RNP,
RNP 5, ADS-B, EGNOS, WAAS, SBAS,
VNAV, Baro-VNAV, LPV, LPV+, APV, 

RAIM, GNSS, LAAS, DGPS, ELS, EHS,
GBAS, ABAS, ….

CPDLC, ADS-C, B1, Transponder E, MEDEVAC, 
HAZMAT, PBN/B2B3C3S2, …
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SICHERHEIT LIEGT IN DER LUFT

Performance based navigation
RNAV

SICHERHEIT LIEGT IN DER LUFT

AIR TRAFFIC MANAGEMENT

RNAV: „…erlaubt Navigation entlang 
jeden Kurses ..“

RAM random access memory

„direkter Zugriff“-Speicher
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SICHERHEIT LIEGT IN DER LUFT

Performance based navigation
RNAV

• Ziel: 

– Navigation zu jedem Punkt

– mit „konventioneller“ 
Navigationsausrüstung 
fliegbar 

– für die meisten Flugzeuge 
keine Umrüstung erforderlich
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5NM

ECAC:     ± 5NM En-route

Standard für Europa (1998)

VOR/DME

DME/DME

N452603   E0183315

Keine Datenbank erforderlich

Datenspeicherung von 
4 Waypoints ausreichend

B-RNAV
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Performance based navigation
RNAV
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1NM

• Ziel:
 Verdichtung von IFR-Flugwegen in 

„TMA“

• aber: 
 nicht mehr mit jeder 

Navigationsausrüstung fliegbar

 Höhere Anforderungen an 
Equipment (z.B. FMS)

ECAC: ± 1NM

in Terminalbereichen
teilweise umgesetzt

P-RNAV
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SICHERHEIT LIEGT IN DER LUFT

Performance based navigation
RNAV/RNP Approaches

RNAV GNSS    

LNAV lateral guidance navigation

MDA: → LNAV Minimum

LNAV / VNAV LNAV with vertical guidance

DA: → LNAV/VNAV Minimum

LPV LLZ precision with vert. guidance

DA: → LPV Minimum

SICHERHEIT LIEGT IN DER LUFT

APV
Approaches
with vertical

guidance

(Baro VNAV)

SBAS
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Performance based navigation
RNAV/RNP
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Endanflüge: RNAV GNSS  LNAV    LNAV/VNAV      LPV

„Curved Apch“: RNP „AR“
Authorization required

Definition des Luftraumes

Performance ECAC ICAO

En-Route ± 5 NM B-RNAV = RNAV5

Terminal ± 1 NM  P-RNAV ≈ RNAV1
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Performance based navigation
GNSS  →  SBAS
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Warum reicht GPS für Precision Approaches 

nicht aus?

Schwankende Genauigkeit und Abhängigkeit von Anbieter

• Ionisationsgrad der Ionosphäre

• Ausfallsabhängigkeit

• US-Verteidigungsministerium
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Space based Augmentation Systems     SBAS

Augmentation: Anreicherung, Steigerung

Galileo /

Performance based navigation
GNSS  →  SBAS
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Performance based navigation
SBAS
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Europa: EGNOS  European Geostationary Navigation overlay system

USA: WAAS Wide Area Augmentation System

Japan: MSAS Multi-Functional Satellite Augmentation System

Indien: GAGAN GPS and Geo Augmented Navigation 

Russland: in Planung

© Andreas Kurtz
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Conventional vs. PBN Approaches

ICAO

Classification

NPA approaches

[Non-precision
approaches]

Conventional
procedure

VOR/DME

NDB

Localizer

RNP APCH

NPA GNSS

LNAV Minimum

APV approaches

[App. with
vertical guidance]

RNP APCH

APV Baro

LNAV/VNAV
Minimum

APV SBAS

LPV Minimum

RNP AR APCH

RNP Minimum

PA approaches

[Precision 
approaches]

Conventional
procedure

ILS

MLS

RNAV with lateral 
and vertical

guidance

GBAS

GLS Minimum

PBN PBN

© Andreas Kurtz

Graz: RNAV – Approach RWY 35:

- kein Holding-Fix

- nicht an STARs
angebunden

- kann nicht „own-
navigation“ geflogen 
(=begonnen) werden
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WG011

WG012WG014

3.500 ft MSL

Graz: RNAV – Approach RWY 35:
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mögliche Anflug-Richtungen

3.500 ft MSL

Graz: RNAV – Approach RWY 35:
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keine Approach-Freigabe

Graz: RNAV – Approach RWY 35:

© Andreas Kurtz
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Streckennavigation
B-RNAV, P-RNAV

EU JAA TGL 2
FAA AC 90-97

EU JAA TGL 10
FAA AC 90-96
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Performance based navigation
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VOR, NDB,… →    RNAV5, RNP0.3, … -
Nav. bzw. Anflug Airspace bzw. Apch

Sensor based → Performance based
Navigation Navigation

© Andreas Kurtz

Die Navigation im Rückblick – im Ausblick

 Koppelnavigation –Dead 
Reckoning or Point to Point

 Highway in the Sky

ILS
MLS
NDB
VOR
DME
…

PBN

RNAV
RNP
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RAIM
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Performance based navigation
RNP
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RNP Verfahren bedingen

wiederholbare und vorhersagbare 
Flugwege 

→ „repeatable and predictable tracks“

AKTIVE Positionskorrektur des LFZ

→ „on board monitoring and alerting“
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Anflugverfahren
RNP APCH

© Andreas Kurtz

ARINC CODING – “TRANSLATION” OF PROCEDURE 
INTO FMS DATA BASE

Air Traffic Management/CNS © Andreas Kurtz
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28

NEW ENHANCED FMS FUNCTIONALITY…

• Modern FMS provide capability to perform  ARINC 424 RF 
transitions

• The aircraft follows during turn a prescribed track around a centre 
waypoint with the same accuracy as during straight flight by 
adjusting the bank angle of the aircaft to allow for changes of 
speed and wind 
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Performance based navigation
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British Columbia RNPs
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