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Abkurzungen

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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Performance based n
RNAV

Area Navigation
Direct Route

AERGOROMES
® e @ won 9@ vommc h Jrerrind el
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RNAV
VOR/DME

B-RNAV
~ DME/DME

“Performance based navigation

ECAC:

AIR TRAFFIC MANAGEMENT

=+ 5NM En-route
Standard fir Europa (1998)

o Ziel:
— Navigation zu jedem Punkt

— mit konventioneller®
Navigationsausrustung
fliegbar

— flr die meisten Flugzeuge
keine Umrustung erforderlich

" N452603 E0183315

Keine Datenbank erforderlich

Datenspeicherung von
4 Waypoints ausreichend

Kﬂ © Andreas Kurtz




Performance based navigation
RNAV

ECAC:

AIR TRAFFIC MANAGEMENT

= 1NM

in Terminalbereichen

Ziel:

Verdichtung von IFR-Flugwegen in
,TMA*

aber:

nicht mehr mit jeder
Navigationsausriistung fliegbar

Hoéhere Anforderungen an
Equipment (z.B. FMS)

© Andreas Kurtz

Performance based navigation

AIR TRAFFIC MANAGEMENT

RNAV/RNP Approaches
e | "
PERA
RNAV GNSS L NOT AUTHORIZED
BELQW -15°C
[ ’“"!:l ) . .
o LNAV lateral guidance navigation
Q MDA: — LNAV Minimum
O,
R
LNAV / VNAV  LNAV with vertical guidance
"%, s, (Baro VNAV)  DA: — LNAV/VNAV Minimum
® ey
APV
TApproaches
e with vertical
MISSED APPROACH ; CLIMB STRAIGHT AHEAD TGO WG003, THEN RIGHT TO GBG . ; . guidance
e A e f_w LLZ precision with vert. guidance
ochcH | [ 8 e | o DA: — LPV Minimum

1500 (412)

v PANCE 5,7 NM
T
A

1400 @12) 1 . —— T
IST in N WGO1S- US| MINSEC| 47 | 323 | 231 | 227 | 208 | st
el z|afa|s | sl | 1

s — Rt ol doscent | Tl T
ALTITUDE | 10| 2120 | 24 | 770 ey o | a0 | sw0 | e | 7e0 | w0 | s
12| 1o 17170

(HEIGHT)
AIRAC AMOT 125 /8 AR 2012

uatro Contred GrbH. TOWG AD 2308
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Performance based navigation AIR TRAFFIC MANAGEMENT \gepparyss

RNAV/RNP

Definition des Luftraumes

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

Endanfliige: RNAV GNSS LNAV LNAV/VNAV

»,Curved Apch®: RNP ,AR"

Authorization required

Performance based navigation AIR TRAFFIC MANAGEMENT \grpperen
GNSS — SBAS

Warum reicht GPS fiir Precision Approaches
nicht aus?

Schwankende Genauigkeit und Abhangigkeit von Anbieter

* lonisationsgrad der lonosphére g
* Ausfallsabhangigkeit

+ US-Verteidigungsministerium lonosphs;
\ e
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Performance based navigation
GNSS — SBAS

4 Constellations

.
Galileo /GPS / GLONASS 'y
3 C

Space based Augmentation Systems  SBAS

Augmentation: Anreicherung, Steigerung

© Andreas Kurtz

Performance based navigation :
SBAS E—

WAAS E ‘ Q
EGNOS <> MSAS

| GAGAN |
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




Conventional vs. PBN Approaches

NPA approaches

[Non-precision
approaches]

Conventional
procedure

VOR/DME
NDB
Localizer

ICAO
Classification

APV approaches PA approaches
[App. with [Precision
ertical guidance] approaches]

RNP APCH

NPA GNSS

LNAV Minimum

RNAV with lateral
RNP APCH RNP AR APCH Cenventlonal and vertical
P guidance
o ILs
APV Baro APV SBAS RNP Minimum MLS GBAS

LNAV/VNAV

‘Minimum LPV Minimum GLS Minimum

PBN PBN

© Andreas Kurtz

Graz: RNAV — Approach RWY 35:

GRAZ
o0 AT

| muviouss nwva
s

- kein Holding-Fix

- nicht an STARs
angebunden

- kann nicht ,,own-
navigation* geflogen
(=begonnen) werden

ocREH | 4 s ¢ | o
LNAV 1 1500 (1)
NAVANAY | 1400 012}

—

etk |7

MISSED APPROACH ; CLIMB STRAIGHT AHEAD TO WG0G3, THEN TURN RIGHT TO GBG.
GLIMB TO 3500 FT MSL AND HOLD
Note: Missed Approsch Tur limited 1o 185 KT IAS mazimum

WG015 o WS - DISTANGE 5.7 hMt
Tre i s o pe

T R 175, S AR T
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Graz: RNAV — Approach RWY 35:

\%

\’F

LONGITUDE

N464637.77
N46ag21.71
N484910.77
N465306.61
N485840.03

E0152256.28
E0153622.99
E0152911.97
E0152807.38
E0152635.81
E0152603.76
E0154801.15

N470036.46
N465313.16

:lﬁ

LOWG
MAPL
RW3s

—
L

BEARINGS ARE MAGNETIC
ELEVATIONS IN FEET

\ 17

\ MISSED APPROACH FIX
(not to scale)
)

\ MAHF TI §7 7]

o e |

\ BARO-VNAV =
\ OPERATIONS
NOT AUTHORIZED | |

\\ /| BELOW-15°C

w:;z \ 4
P '
[ R

-

CHANGE: NEW CHART

S

5t g -
=zl : . e
s | 3.500 ft MSL .
g E ‘SOUTH OF AERODROME ! ]
Q i L Il 1 1 1 1 L 1 1 1 1 1 L 1 Il 1 1 u‘]s‘r L 1 L 1 | L | | ‘5|‘D Ll ] I |
© Andreas Kurtz
Graz: RNAV — Approach RWY 35:
g ) - 16 | R
| s Mar \ MISSED APPROACH FIX | _]
L2 \ e
x 11. : - - . """ =
. mogliche Anflug-Richtungen | 15“/ _
| [wareo wcoonmw\m\ & "\ - Qi ]
- WPT LATITUDE | LONGITUDE T ‘\
[ WGO011 | N464637.77 | E0152256.28 = \ .
- WG012 | N464821.71 | E0153622.99
| Waors | Nassage | Eorszaces exe \  [eamownav | A
RN | s oomca: SENe \ 7 [ Norautonzeo |
| GBG N465313.16 | E0154801.15 18 \ BELOW -15°C

15|
L Ll 1 L L
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Graz: RNAV — Approach RWY 35:

4 2 ows 1 |
(1)
i~
= \ e \ MISSED APPROACH FIX | _]
| 2 \ {not 1o scale)
\ 1a = \ .
sl \ Y |
) MAHF
— \ \ |erdif
) WAYPOINT COORDINATES “ ‘
- WPT LATITUDE | LONGITUDE \
© |'WG011 | Ne6as37.77 | E0152256.28 \ .
| WGO012 | N464821.71 | E0153622.99
WG
WCOIS | Wss306.51 | Eote2sor.ss \  [eamowvnav | A
= RW35 | N465840.03 | E0152635.81 \ OPERATIONS
WG003 | N470036.45 | E0152603.76 -
GBG | N465313.16 | E0154801.15 \ gEEOWT%?gIZED

~ z.,
Bl
g idad
x - - -
4§ wermae | KEINE Approach-Freigabe
; 3 2 i o Dl — BORDER 17 NM 7]
g B ‘SOUTH OF AERODROME ! n
(x-! L 1 1 1 1 1 L 1 ‘5120 1 | 1 1 L 1 1 | 1 ls]w L 1 1 1 1 1 L ‘5|‘D L 1 1 L
© Andreas Kurtz
RADAR 129,625 MHZ
INSTRUMENT 119.750 MKz LINZ
APPROACH OCA RELATED TO il e OSTERREICH AUSTRIA
CHART -ICAQ VAR E THR 08 ELEV 963 FT RNAV (GNSS) RWY 26
1\ U ___who s 7 ! Y C — =N
/|TAA for Austrian ferritory only| . .
/ nro-may Ay 2]
s, | oPERATIONS ; 3 E
NOT AUTHORIZED ~&
BELOW -15°C I

Rl LNATES CONTOUR LEGEND
[WPT_[ CATITUDE_| LONGITUDE |

PEROL |N481434.69 | E0142849.38 SNIT
WL021 | N4819834,21 | E0142827.86 — 2T

© Andreas Kurtz
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Alt. Set: hPa. Trans. level: By ATC y 'w‘z?
RWY Elev: 35073 Trans, alt.: 4000° (3037 (LNAV)

FAF 1AFIF
‘WL023 PEROL
3000 FT' FT

4000 FT
(3037 FT)

RDH 53 FT
THR ELEV 963 FT

DISTANCE TO/FROM
THR 26 IN NM

1.0

MISSED APPROACH : CLI AIGHT AHEAD, WHEN PASSING 3000 FT MSL TURN RIGHT
T@ PEROL X ONTINUE CLIMB TO 4000 FT MSL AND HOLD.

ocalQ L] WL023 to RW26 - DISTANCE 6,2 NM
(Timing not authorized for defining the MAP)
£/ LNav 1320 (357)
GS(KT) | 80 | 100 | 120 | 140 | 160 | 180
\\ LNAV/VNAV 1250 (287) /
\ / WL023-RW26 | MIN : SEC | 4:39 | 3:43 | 3:06 | 2:39 | 2:20 | 2:04
DI
toRwze | 2 [ 3| 4|5 |6 Raleoigescent| FT/MIN | 430 | 530 | 640 | 750 | 850 | 960
ALTITUDE | 1650 | 1970 | 2290 | 2610 | 2080
(HEIGHT) | (687) |(1007)|(1327)| (1647)|(1967)
AIRAC AMDT 125/ 8 MAR 2012 Austro Control GmbH LOWL AD 2.24-6-5-1
© Andreas Kurtz
— o e T
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= o0 oz o ookas o T
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VARIATION 2 E (105) Q} P
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“ | ALTITUDES " )..:.)
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it LAGOS
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¥ SITOR [l o~ s 00w
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Streckennavigation
B-RNAV, P-RNAV

v

B-RNAV

Track keeping accuracy
(RNP)

+/-SNM

Signal inputs

#,IRS only™ for limited time only

Onboard database

t required
outes {e.g. Transition
) not required

d waypoints

are approved

Minimum storage capability :

wDatabase requirad

wProgrammed routes
required

wPilot defined waypoints
are not approved

aMinimum storage capability:
suffient to store all required
waypoints and routes for intended
TMA-procedure

Phase of flight

o

on Lo

thin 12 only above MSA

BEnroute

mConnection to TMA

uWithin TMA also below MSA
uConnection to Final Approach

| (Final Approach waypoint/fix)
._but not for Final Approach Rs;‘

EU JAATGL 2
FAA AC 90-97

EU JAATGL 10
FAA AC 90-96

© Andreas Kurtz
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Performance based navigation

VOR, NDB,... —

Nav. bzw. Anflug

Sensor based —
Navigation

AIR TRAFFIC MANAGEMENT

RNAV5, RNPO.3, ... -
Airspace bzw. Apch

Performance based
Navigation

© Andreas Kurtz

Die Navigation im Riickblick — im Ausblick

» Koppelnavigation —Dead » Highway in the Sky

Reckoning or Point to Point

PBN

RNAV
RNP

© Andreas Kurtz
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RAIM

Mit sofortiger Wirkung wird
ein ,RAIM Prediction Tool* (R
angeboten.

Dieses Tool dient zur Integritatsprifung der eintreffenden GPS-Signale.

AUGUR

Aus diesem Tool heraus erhalten wir spezielle NOTAM's welche sich auf
Einschrankungen hinsichtlich der Nutzbarkeit von GNSS-Services beziehen

Es sind dies Warnungen (oft im Voraus) vor ,ungunstigen” Satellitenkonstellationen,
atmospharischen Stérungen (z.B. Sonnenwinde), Satellitenwartungen oder —
umschaltungen und dergleichen.

Die aufgelieferten NOTAM s kommen bei uns in das zweimal taglich aufgelieferte
NOTAM-BULLETIN fur LOWG und kénnten z.B. wie folgt aussehen:

Q) LOVV/QGAAU/I/NBO/A/000/999/4659N01526E005

A) LOWG

B) 1202062126

C) 1202081819

D) 06 2126-2306 07 01320220 1251-1341 1759-1823 2122-2302
08 0127-0216 1246-1337 1754-1819

E) NOTAMPN 0001/12
GPS RAIM IS NOT AVAILABLE FOR LNAY AND LNAV/VNAY

© Andreas Kurtz

Performance based navigation

RNP

wiederholbare und vorhersagbare

Flugwege

— repeatable and predictable tracks*

AKTIVE Positionskorrektur des LFZ
— ,0n board monitoring and alerting*

AIR TRAFFIC MANAGEMENT §

RNP Verfahren bedingen

© Andreas Kurtz
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Anflugverfahren
RNP APCH

segments ignored

N

iniSial approack

Approach
case of Radar Vectoring by ATC

\\ -

in

austro

RANAV
APV
LNAV.
VNAV
LPV

MDAH

DAH

AF IF F NPA
posd_,, 3pproach
- S N | P
oy ARV
2 ey n_y pPrOICN
MOH 4 ,,!,g_g;-ﬁ-’**'
H
Runway
P-RNAV
LNAV +
LNAVIVNAV
RNP AR |

——

© Andreas Kurtz

ARINC CODING - “TRANSLATION” OF PROCEDURE

INTO FMS DATA BASE

PATILAND TERMISATOR
T
Figane 1 il Fix e IF Leg.
" Definesa dubase i s a it
Y E

" <}__,1‘_‘£9'-————’¢

Fige 2 Tk s e TF Lty
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e et ke
Seitas s,

o b

Fire 3 Come 1 4 Fin e CF
Lo Defioet 3 seciied o o
sl e

URSPECIFIED POSITION
o § g
( TS <

Fipws & Diet 104 Fi ot OF
Ly mpcciied et
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N dos Tath 13, Leg
Seqescin.fo o s o 08
Brte

UNSPECIFIED...
| POSITION !
FA FALES. ®
S e i

[8360°
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Required Navigation Performance
Authorization Required (RNP AR)
Procedure Design Manual

Approvad by tha Sacramary

Ganarst
and pubia od uder his sutbodly

Intemational Civil Aviation Organtzation

© Andreas Kurtz

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

RF
.

ARC
CENTER
FIX

FEvioE
SEGM) E#Ts

sgq‘xqq?

Figure 13: Constant Radius Arc o

RF Leg. Defines a constant radius

‘wm berween two database fixes,
lines tangent o the arc and a center
.

Note: While the arc initial point,
arc ending point and are
centerpoint are all available as
database fixes, implementation of
this leg type may not require them
1o be available as fixes.

© Andreas Kurtz
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S00Z AV Z1 / 26 LAWY DVHIV

SPECIAL AUTHORIZATION won wrmsnn s
REQUIRED wiooy  NeTie1ss Eoiizedss
W05 NAT1S0R T2 ES111604.82
WI008  NAT1E20.40 ED110508.80
W07 NAT1S12.18 ED10S858.54
WIN0B  NATIE38.56 EDI05921.82
robempemsseeniyes
e e e OFRY ot s o Menirss e
authorlzation by the Austro Control GmbH
for detalled Information see AD 2.24-7-2
| a]s]c]o [god speedts 100 r20] 1ao] 60 1s0] 200] | misseD ApPROACH:
g ° [Descent angle 3.5 616 [ 73] se7 | ot [1118] 22| CLIME TO 9500 FT VIA RNAY MISSED APPROACH-TRACK TG WI001
= 2600 (707) AND HOLD,
E AR Set Py
g vy NA 1
3 L — © Andreas Kurtz '

Performance based navigation

DEPARTURE AIRWAY

Radio navigation

facilities .

Route using Radio navigation
conventional method - - - -~ facilities
Route using RNAY ———

AIR TRAFFIC MANAGEMENT

British Columbia RNPs )

A Navigation
radio-guidance
facilities

SICHERHEIT LIEGT IN DER LUFT

-~ ©Andreas Kurtz
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