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History and Development of PBN
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RGCSP recognised the importance s e
of the airspace requirement over
aircraft capability. The concept

Second edition of

. evolved to RNP ICAO established the PBN manual
Introduction of MNPS 1990 RNPSORSG Published
for oceanllg;);:)eratlons 2003 3 new Nav Specs A IR et
2013 imeframe
1970 1980 1990 000 }010 202‘ 2030
1983 Edition 2 of the 2008 Third edition of
FANS committee established RNP manual First edition of PBN manual
and developed RNPC concept published PBN manual published
focus on containment Published
8 Nav Specs.
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Sensor Based Na

vigation

DME/DME

o
o

What can the sensors deliver

Performance Based Navigation
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What is the performance specification for safe and efficient operations
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Definition of Area Nav (RNAV)

An RNAV system is “A navigation system which permits aircraft operation on any desired flight path
within the coverage of station-referenced ground or space based navigation aids or within the
limits of the capability of self-contained aids, or a combination of these. An RNAV system may be
included as part of a flight management system (FMS).” (ICAO Doc 9613)

Put differently, area navigation permits point-to-point navigation without forcing the route to or
from ground-based navigation aids

-




The Development of PBN

Conventional

Limited design
flexibility

Current ’XQ
ground b

v/
NAVAIDs ~3 -

#
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RNAV

Increased airspace
efficiency

Shortfalls

Only technology based
No specification between states

No guidance on ac requirements,
ops procedures, training
requirements.

Problems with inoperability

This led to a proliferation of

National standards
Variety of functional requirements
Differing crew requirements

Different industry concept of RNP
(on board monitoring and alerting)
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RNP

Optimised use
of airspace

@ Narrower
\ protectec

QA

Seamless
vertical path

\

Curved
paths
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The accuracy requirement for area navigation




Development of sensor based area navigation capability
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VOR

VOR use is limited due to angular error

* |ncreases with distance Nominal fix

;A __RNAV S routes only

Originally called Basic RNAV (B-RNAV) in EU

: : . . . Fix tol
e Support first generation digital avionics, L1011 'x tolerance area

En-route operations only
* Not approved for Terminal Ops, i.e. no SID/STAR
* Except permitted on a STAR to 30nm from airport
* Operations below MSA not permitted
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DME/DME

DME/DME position fixes have an accuracy of 0.3 nm at 90° cut reducing to 0.5 nm when outside of 30-150° intercept.

DME/DME is useful in updating INS

position for Area Navigation. 90° angle of cut is the most accurate Indicated
distance

using DME/DME

was developed when a higher track
accuracy was required to support area
navigation operations close to terrain
in continental en-route operations.

like RNAV 1

preceded the PBN concept and was
adopted in the US to support en-route
navigation in areas where there was
limited DME/DME coverage.

error
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Inertia Navigation

* Provides navigational guidance without external
signals

* Provides both position and attitude reference

* Requires accurate alignment before flight and
then with en-route updates

* Accuracy degradation is 1-2 nm per hour

* Updated by ground or space based systems
DME/DME or GNSS

* Provides internal reference and redundancy in
high specification applications e.g. RNP AR APCH
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INERTIALNAVIGATION SYSTEM{INS)|

Acceleromalers

Gyro-stabalised
platform
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Satellite Navigation

Current:
GPS (US)~3
GLONASS (Russia) ~27 ..h
Galileo (European)~24>30
BeiDou (Chinese) ~24 > 35

-

Accuracy depends on multiple signals
¥

No failure flag, therefore the system requires augmentation forf'_éafe,ty
critical activities : :
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GPS Refresher

GPS Navstar (US) Satellite constellation
— 32 but requires 24 operational
— 6 planes of orbit
— Inclined at 55°

— 20,200 km altitude

— Period about 12hrs

— Minimum of 4 satellites always in
view (in theory!)
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Geostationary

Sl Orbital period 20 hours Earth orbit
. Galileo = isnors COMPASS
GPS i MEQO satellites

GLONASS

— 5 hours

 Van
belt Hubble

sight above
sea lavel

Radi Inner
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https://upload.wikimedia.org/wikipedia/commons/b/b4/Comparison satellite navigation orbits.svg

D00 km'h



https://upload.wikimedia.org/wikipedia/commons/b/b4/Comparison_satellite_navigation_orbits.svg

GNSS components

Three segments
—  Control TS
"'+ Monitoring stations.
* Master Control Station
— Space
e 24-32 satellites
e Atomic clocks
— User
. Militziry/ Civil
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GPS components

Modulator

] Broadcast l
signal

L1 carrier - 1575.42 MHz
_» Modulo 2
| adder
C/A code - 1 Mbps ]

Navigation message
50 bps

Navigation message

Accurate GPS time is sent first in the
navigation message

GPS = UTC conversion
Ephemeris

* provides accurate location of the
individual satellite at a specific moment,
specifying the satellites path. Valid for 30
minutes and transmitted every 30
seconds

Almanac

* provides orbital parameters for all
satellites every 12.5 min but is not as
precise as the Ephemeris and can be up to
two months old. Also provides info on the
state (health) of the entire satellite
constellation!
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GPS components

C/A code
— Satellite identification

— Pseudo-Random Noise (PRN)
code

— Up to 32 PRN codes

— Each code very unique — no
interference

P(Y) code

— Faster, more accurate



rinciples of position fixin

" o

tellite trarir:its
Some time later sig
receiver

Receiver
difference

* Calculation repeate
satellite in view
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Timing errors

L= -

] 12m

~ .
e —oo 0
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3-D navigation + time, requires four
satellites

— But timing still very difficult to
measure

Note common sources of error

GPS accurate to £35m, 95% of time

With SBAS, some of these errors are
reduced

— Satellite clock
— Ephemeris

— lonospheric error
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Geometry errors
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Dilution of Precision (DOP)

—Constellation

Error due satellite geometry

Total error / Range error

Note range error unchanged, but
wider spacing of satellites means
lesser total error, or DOP...

DOP<3 - approach ok

HDOP 0.7
~—Satellite Status - —GPS Skatus

North Up || EPU 0.03nmM GPS1 .

HDOP 0.7 opilot GPS2
HFOM OFt GPS ition 3D DIFF NAV
VFOM 23T SBAS Active

Position S 05°49'20.5" RAIM Prediction 5
E144°17'594" | | yaypoint AYMH
Time 02:59:06urc W Time 02:56utc
ALT G5L 12994t ARV Date 01-0CT-21
Ground Speed 0.0kt
Track 355°

Compute RAIM?
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Masking &’ g
R ‘gﬁf

Satellites at low elevation
— Potential error due distortion through ionosphere
— Satellites close to horizon excluded by software

— Terrain / aircraft structure etc may also mask or cause multipath error

— Typically satellites at an angle of less than to 15-20° to the horizon will be
automatically removed from the calculation.
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GNSS Radio Frequency Interference (RFI)

20,000km

PPDs Jam signals to avoid tracking. Problem around airports

Personal Privacy

GNSS RFI may in place for security reasons. Aircraft operating in these Device (PPD)
areas may be affected

Protection of
sensitive sites

GPS repeaters used to strengthen signals can cause interference if not |
properly managed
GPS
repeater N
|..\ élw
. : : . : &
TV broadcast station malfunctions can interfere with GNSS signals 2
Tbeéédcast
station
malfunction
GPS RFl in military areas can cause GNSS signal interference. i
Military
RFI

GPS NAV LOST — Loss of GPS
navigation. GPS fail.

APR DWNGRADE — Approach
downgraded.

LOI
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WGS84

Ellipsoid datum reference for determining
Longitude and Latitude coordinates

Accuracy to within 1-2 cm but this changes
and needs to be updates with tectonic movement.

Enhanced accuracy by GNSS measurements
More difficult to measure elevation due to the
irregularity of the earth’s shape

For terminal and en-route — barometric altitude is
used

For approach, with SBAS vertical guidance, GNSS
altitude is used due to level of augmentation e

PNB and GNSS Course V1.0 Feb 2023
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GNSS Augmentation

Space Based SBAS

EGNOS (EU)
WAAS  (US)
MSAS (Japan)
GAGAN (India)
SDCM  (Russia)

GPS,GLONASS, Galileo, Beidou

Ground Based GBAS

GBAS (EU)
LAAS  (US)
SCAT (Norway)
PALS

* Continental wide area

* Series of corrections for
each satellite

* Improves accuracy and
provides integrity

e Supports down to LPV
Cat1l

RAIM, AAIM

* Integrity monitoring only

* Local area (23 nm radius)

e Single time correction per
satellite

* Improves accuracy and
provides integrity

* Supports Precision
Approach
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Ground Based Augmentation System (GBAS

Single ground station

Normally airport location

Ranging correction
Approach accuracy equal to CAT | or |l
Operating range limited to 23 nm

-
-
—_—_—
-
-
-
——
-
-
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Provides integrity correction 2 d
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~
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N \
\\ \
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Aircraft Based Augmentation System (ABAS)

Aircraft Autonomous Integrity Monitoring (AAIM)

Compares GNSS position with other sensors e.g.
Inertia Reference System (IRS) and Barometric
altimeter to develop integrity control.

AAIM does not correct the accuracy of the position,
it only provides integrity monitoring

A : I | pep |
- { we flee f R 1
F

['mx |liess || HoLD

Integrity monitors GNSS during short periods of
time during [ eI

* manoeuvres that might block satellites

* masking by antennas

* masking in terrain
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ABAS

Receiver Autonomous Integrity Monitoring (RAIM)

Uses additional satellites to check the

validity of the aircrafts position. e
1108.00117.95 GS DTK TRK 136.975<118.000
B 2108.00 117.95 x — GPS Status 136.975 118.000
. ) FEN . | ~Constellation e Satelite Status . —GPS Status ,
Two a Igorlth ms ‘ ) EPU 0.03w| | Piot GPS1
) 30.° e HDOP A GPS2
! - HFOM lution 3D DIFF NAV
. VFOM SBAS Active
* Satellite geometry _
Position S 05°34920.5" RAIM Prediction S
E 144°17'50.4" AYMH
/ o2 R0 T 02:59:06utc 02:56urc
« Satellite health z " Ml e oo o 01-oCT-21
ZTE;PM ac e 3:55,, Compute RAIM? |
. . . oL C_ ~—GPS Signal Strength
GNSS sensor prediction relies on Almanac —t.

LE!

broadcast by satellites

FFLOW PPH 0

RAIM prediction is based on a specific phase 1 | 5" o o> oo G5 07 e o o7 oz o013 O T2 T 12
. . BUS voLTS 27.0
of flight and RNP requirement. RAIM not At oA 00

L=

L 5 R
1000
800
600
400
200

[
— 11l

available for APCH may become available in
the missed approach
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ABAS

Receiver Autonomous Integrity Monitoring RAIM

Integrity monitoring only




Space Based Augmentation System (SBAS)

Geostationary
communication
satellite

\'
\'4
\'
\Y%

—
-,r.,ﬂ‘ ,‘l” \l- + » ___7_/‘ 4
Pt uplink

+/- 3 m horizontally
+/- 3 m vertically

/l 4
,/ |
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Operational /certified Under development/definition
for civil aviation . Planning *System not yet certified for civil aviation
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< Performance Base Navigation 0%e%e

W

What’s driving PBN?

" Fuel efficiency

34
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Navigation
Specification

Navigation
Application
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Navigation Application Navigation Specification

s

Navigation Infrastructure PBN Concepts 3

-

: GNSS ,@f
ﬂ’g | GNSS |
GNSS GNSS ul
S,
DEPARTURE @ EN-ROUTE @ ARRIVAL @ APPROACH < el
Continental Oceanic / Remote Elnitial / Intermediate Final Missed
| Approach Approach Approach
—E_ .
[ RNP4_ ]
RNAV 10
INS }:ffz}
INS / IRS
INS / IRS
I\
Y © g B NoMo ONE
B DME-DME DMEDME VOR/DME VOR/DME VOR/DME
DEPARTURE AERODROME ARRIVAL AERODROME
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Performance Specifications

Start by defining what the requirements

are in terms of
« Accuracy

* Integrity
* Continuity
* Functionality

and determines how these can be met

This is the opposite of RNAV which looked at what was
possible with the technology

PBN offers improved efficiency, reduced costs and
better standardisation

Aviation Department - PTC105 Version 1.0

sssssss

Performance-based
Navigation (PBN)
WV ELTTEL

Apgroved by the Scretary Gonoral
ang published under his suthority

International Civil Aviation Organization

Functionality

39
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® o
«  RNAV and RNP Definitions

RNAV and RNP are types of PBN navigation Monitoring

specifications
1. Flight Path accuracy via the CDI

2. Automatic monitoring of the navigation
systems integrity through AAIM or RAIM

Navigation
Specification

Satellite Status
EPL 0,034
HDOP D.T
QFr
23FT

S 43°50'36.8
E172°37'08.8
2523 Tume
16992
15587

016°

c RNP requires on board
performance monitoring
and alerting (OBPMA),
whereas RNAV does not.

DHE

Aviation Department - PTC105 Version 1.0 Q WAIKA"] AVIA"“N
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S
\@Q&"’“\ Flight Navigation Accuracy

2xRNP - 99.999%

n
..... o »

(Max FTE to ensure compliance with RNP )
RNP

A 4

Actual accuracy
GNSS + Autopilot
95% of flying time
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Integrity Monitoring

Integrity is defined as the measure of trust that can be placed in the correctness of the information supplied by the total
system. Integrity includes the ability of a system to provide timely and valid warnings to the user (alerts).

Conventional instruments GNSS
* Cross checks * No built in failure message
* Failure flags * Augmentation provides the required

integrity monitoring
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* o« Integrity Monitoring
o

On-Board Performance Monitoring and Alerting (OBPMA)

',%—a ﬂ‘@—“ ﬂ%—“

LOI LOI

e p

o
P 5 S

Faulty SV

GPS position

True position

Calculated position

Horizontal Protection Limit
------ Horizontal Alert Limit = RNP
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\
20°

« Loss of Integrity - LOI

LOI

triggered by

Loss of RAIM

The detection of a fault in satellite signals
which compromises position accuracy

Unfavourable satellite geometry and
dilution of precision

PNB and GNSS Course V1.0 Feb 2023
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R

Four Main Performance Criteria

1. Accuracy is the conformance of the true position and
the required position

2. Integrity is a measure of the trust that can be placed in
the correctness of the information supplied by the total LOI
system including the ability of the system to provide
timely and valid alerts to the user

no. of satellites

—@“‘ DOP e 4@“‘

____
g -~

3. Continuity is the capability of the system to perform its
function without unscheduled interruptions during the
intended operation.

~ -
~ -
NN -

4. Functionality is the detailed capability of the navigation
system e.g. leg transitions, parallel offset, radius turns
required to meet the airspace concept

RF turn
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\ [ [ ) e
& Basic Functionality

128.350-121.2001§
128350 121.200 2m

Common to all specifications
1. Display of lateral deviation

2. Distance/Bearing to active
waypoint

3. Time or groundspeed to active
waypoint

4.  Failure indication
TMR  0:00:00

XPOR11200 STBY  uTC 00:20:49

Map/HSI TFC Map PFD Opt DME Ident Tmr/Ref  Nearest Alerts

5. Navigation data storage

function
wiw1[188.86 + 117.95 IES 3 ETA 124.408 « [118.300 com1
210800 11795 | FPL - ACTIVE FLIGHT PLAN 123800 126.650 ooz
PNB and GNSS Course V1.0 Feb 2023 46 ‘ WAIKATO AVIATION
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Nav Spec - Additional Functionalities

Navigation Additional Functionalities RF Radius to Fix — constant radius Arc leg defining a

Specificati RE ERT VNAV  Parallel  Hold TOAC constant radius turn between two data base fixes
on Offset
RNAV 10 FRT Fixed radius transition. Higher altitude fixed
RNAV & radius turns only on RNP ATS routes
RNAV 2 TOAC — time of arrival control enables aircraft to
RNAV 1 reach a waypoint within X number of seconds
RNP 4 o R
VNAV computes vertical navigation based on either
RNP2 0 barometric pressure or SBAS (final segment only)
RNP 1 o) o] o)
AR — RNP R 0 R R 0 Parallel Offset — no functional requirements except
for RNP 2 and A - RNP
RNP APCH o) o)
RNP AR R R R = Required O = Optional
APCH
RNP 0.3 o]

Q WAIKATO AVIATION
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GNSS Sensor Specification

Sensors can be divided into non-SBAS and SBAS capable

TSO-C129() (non SBAS) TSO-C145/146() (SBAS)

Aviation Department - PTC105

Certification standard for first generation panel
mounted IFR GNSS units dates back to 1996

Certification standard for SBAS capable panel
mounted units published in 2002

Examples:
GNS430, GNS530 early G1000

Examples:
GNS430W, GNS530W early G1000W, GTN650/750

Features:

Most units support database overlay and non
precision RNAV Instrument Approaches

Typically slow moving map refresh rate ( 1 per sec)
Require RAIM prediction

Do not provide guidance or roll-steer commands
for holds, procedure turns etc

Only LNAV approaches annunciate APR

Features:

Support database overlay of LNAV and APV
approaches

Fast moving map refresh rate of (5 per sec)
RAIM not required for SBAS coverage area

Provides guidance or roll steer commands for
holds, procedure turns etc

All approaches, sensitivity increases

/

with the approvals in the AFM

-

The GNNS sensor can only be used for RNP (RNAV) approaches (and other PBN operations) in accordance

J

Version 1.0
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Protected Areas - RNP APCH oA | VR

a

Full width of protected area

<+ buffer—>< 4 x RNP

Secondary Secondary
Area Area
1 x RNP 95.0% +—>' :
/ » 2 x RNP 99.999%

Width of Buffer depends on .
1. The leg type f
2. On final approach, type of apﬂ)roach

RNP AR APCH '. :
1. There is no buffer (secondary) area required on an RNP AR AppsFc ach

SFC

PNB and GNSS Course V1.0 Feb 2023 6 WAIKATO AVIATION
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Protected Area for RNP APCH

5 Wi IHEN |
N 5 = N .
_ ."

Initial/Intermediate 1.0 1.0 2.5
FAF 0.3 1.0 1.45
Final to (Mapt) 0.3 0.5 0.95
Missed Approach 1.0 0.5 2.0

v —

¥ L]

/ i O
Protected Area for En-route ?ﬁé Terminal

PNB and GNSS Course V1.0 Feb 2023

1
|

% AW (area width) = 1.5 x NT (RNP) + BV _

\

SFC -,
a5
BFC
LS i

RNAV 5 > 30nm ARP 2.51 2.0 5.77 =
En-route 4.0 (RNP 4) 2.0 8.0 -
%

En-route 2.0 (RNP 2) 2.0 5.0 4

A
RNP 1 30nm > 15nm \
ARP 1.0 1.0 2.5 1|

|

RNP 1 15nm to ARP 1.0 0.5 2.0 Jf
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Path Terminators




i i

TF leg “l
|
| <Q> |
A ' <O>
|I '," A FL1ss
LI'*. ,.-’ 2
\-. 2 S i Unspecified
\ Course to an Altitude (CA) position
\ Ll leg which defines a straight section that
\\ ends when the aircraft reaches a specified
\\ altitude e.g. Missed Approach turn

4
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ON-COURSE
AT M
SPEWFED ALY

Direct to Fix

Course from Fix
toAlong Track Distance | - Procedure Tum

i e o

Course to DME Distance DME Distance (Different Fix) - '

cra 18t
CRS 090

. m mmmh

M

Initial Fix
Track from Fix to New Fix




* «  The PBN Error model

We think that the position of the aircraft is in accordance with the displayed navigation
system but the|actual position|is to within a certain degree of accuracy

122.800 < [118.725|com
120.700 23

225 coMz

True position

R e e Calculated position
TRACK UP S TENS e

/ 37THR
[IDIFTR

TR

&
15NH
{PDR1 214

INSET | SENSOR ) IDENT | TMR/RE

PNB and GNSS Course V1.0 Feb 2023 ‘
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Path Definition Error (PDE)
/

/

| Flight Technical Error (FTE)

Ao | |

A

Desired path

N\

Defined path

Total System Error (TSE)

PNB and GNSS Course V1.0 Feb 2023
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.| Estimated position
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PBN Fundamental Requirement

Total System Error < RNP at least 95% of the time

Flight Technical Error (FTE)

(FTE) easier to monitor and SHOULD be
kept to a minimum. Pilots SHOULD
maintain defined centreline

Navigation System Error (NSE)

H % (NSE) typically small but difficult to determine

Normally, TSE is significantly smaller than the required specified
accuracy BUT potentially more difficult to maintain for higher
accuracy applications e.g. RNP 0.3 or 0.1 under certain
conditions.

ICAO

During operations in airspace
or on routes designated as
RNP 1, the lateral TSE must
be within +/- 1 NM for at least

95% of the total time. The

along track error must also

be within +/- 1 NM for at least
95 % of the total flight time.
To satisfy the accuracy
requirement, the 95% FTE

should not exceed 0.5 NM.
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Methods to minimise FTE (or cross track error)

1. Ensure that you are using approved database information and that your FPL or procedure is cross
checked and accurately mirrors desired routing.

2. Ensure that your PFD and MFD screens are set up to display the required information as per
standard and the CDI indication is easily observed and clear.

3. Ensure that the CDI scaling is correct under AUX page, and that for each phase of flight you are
aware of the flight phase annunciation on the PFD e.g. TERM, ENR, LNAV

4. Utilise the autopilot during high and low workload phases. Ensure that the proper modes are
engaged and the system is neutrally stable, i.e. aircraft is trimmed. Most reliable mode to
minimise FTE is to use the APR TRK function as compared to HDG function.

5. Remain vigilant when navigation accuracy is important by maintaining a proper and regular
instrument scan of the PFD and cross check navigation information so as not to solely trust one
display
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Part 2 - PBN Operations

Planning and Pre-Flight
Operating in PBN airspace

Procedures

Figure 1-11. Required Navigation Performance.
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Planning - Flight Plan

Doc 4444
ATMIS01

Procedures for
Air Mavigation Services

Air Traffic Management

Fiftoanth Edition — 2007

International Civil Aviation Organization

PNB and GNSS Course V1.0 Feb 2023

Block 18
“PBN / XX”

FLIGHT PLAN
PLAN DE VOL
T
;m%glw Destinataire(s) )
<<= FF~+
FILING TIME GRIGINATOR
Heure de dépdt Expéditeur
SPECIFIC IDENTIFICATION OF ADDRESSEETS) AND/OR ORIGNATOR
Identification précise dul(d Vou de
3 MESSAGE TYPE 7 AIRCRAFT IDENTIFICATION
Type ﬂaFm-PsaIa-gs Identification de I'aéronef gpPeEdce’EMIFL:GHT
;= = —\E
9 NUMBER TYPE OF ARCRAFT -_ 10 QUPKENT
Nombi ron:
£ Block 10 =1 =
==
13 DEPARTURE AERODROVE
Aérodrome de départ % “R” for PBN
15 CRUISING SPEED LEVEL
Vitesse croisiére Niveau
i IR I A £
TOTAL EET
16 DESTINATION AERODROME e S S ALTN AERODROME 2ND. ALTN AERODROME
Abrodrome de destinaion HR_MIN Aéradrome de dégagement ement

2* aerddrome de
S =

19 ENDURANCE
Autonomie

EMERGENCY RADIO
PERSONS ON BOARD Radlo de sscoure
HR. MIN Personnes a bord UHF VHF ELT
S -~ R/[U
SURVIVAL EQU FPMENTtEwIpemnI. de survie JACKETS/Gilets de sauvetage
POLAR DESERT  MARITIME  JUNGLE LIGHT FLUORES
Polaire Désert Maritime J [ampes  Fiuoes UHF
~[s] /[P] [D] [m] [ v [E] [
DINGHIES/Canots
ACITY  COVER OLOUR
NHMM%R SQSamé Couverture Eou ur
—b@/ - |-+ <=
AIRCRAFT COLOUR AND MAY GS
Couleur et de I'as
A/
QEMARKS
marques

=[NJ[

| <<=

PILOT-IN-COMMAND
Pilote de bord

C/| <<=

FILED BY/Dépose par

SPACE RESERVED FOR ADDITIONAL REQUIREMENTS
Espace réservé a des fins supplémentaires

&
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Al

RNAV 10 (RNP 10)

o Planning - Flight Plan G1000 capability

RNAV - |/ SPECIFICATIONS

L1 |[RNP4

Bl

B2

B3

B4

B5

B6

C1
C3

Ca

RNAV 1 all permitted ¢

O1 |Basic RNP 1 all permitted sensors
02 '

03

4 [Basic i, JME-DME/IRU
A." ) d i

S2 D-NAV

T1

TOTAL EET
Durée iotale estimée

L] =0 1 [ <=

—I PBN / C2D202S1

RNAV 1 GNSS

D1
D3

RNAV 1 DME-DME

L=

D4

PNB and GNSS Course V1.0 Feb 2023

RNAV 1 DME-DME/IRU ~

62
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Navigation Application

ARRIVAL @

APPROACH <

iInitial / Intermediate Final Missed

D
DEPARTURE @ EN-ROUTE 2
Continental Oceanic / Remote
PEN Equipmernt

[ A1-RMAV 10 (RNP 10)

[] B2-RNAY 5 GNSS

[] B4-RNAY § VORIDME

[] B6-RNAV 5 LORANC

[ c2-RNAV 2 GNSS

[] c4-RNAV 2 DME/DMEARU
[] D2-RNAV 1 GNSS

[] D4-RNAY 1 DME/DMENRU
(] 01-RNP 1 All Sensors

| [ 03-RNP 1 DME/DME

[1 51-RNP APCH

] T1-RMAY RMP AR APCH with RF

DEPARTURE AERODROME

[] B1-RNAV 5 All Sensors
[] B3-RNAY 5 DME/DME

[] B5-RNAV 5 INS or IRS
[] c1-RNAY 2 All Sensors
[[] ¢3-RNAV 2 DME/DME
] D1-RNAV 1 All Sensors
] D3-RNAV 1 DME/DME
JL1-RNP 4

] 02-RNP 1 GNSS

[J 04-RNP 1 DME/DMEARU

o Approach Approach

[] 52-RNP APCH with BARO-VNAY
|:| T2-RMAY RMNP AR APCH without BF

bt

ARRIVAL AERODROME



RNP Approach with loss of RNP capability

GNSS Integrity and Continuity

= Conventional aid redundancy to be available

for approach, missed approach and
alternate.

Adequate GNSS Integrity and Continuity

= GNSS ‘sole means’ permits GNSS only
redundancy with some NAAs

PNB and GNSS Course V1.0 Feb 2023

1]

RNP AR Approachr
RNP < 0.3 RNP final segment
RNP <1.0 RNP missed approach
= Dual ation system

= |deally different systems GNSS/IRS




Planning RAIM Availability

PNB and GNSS Course V1.0 Feb 2023

GPS RAIM PREDICTIONS

NZWR (WHANGAREI)

FAULT DETECTION

NO GPS RAIM FD OUTAGES FOR NPA

TSO-C146A (AND EQUIVALENT)

FAULT DETECTION

NO GPS RAIM FD OUTAGES FOR NPA

FAULT DETECTION AND EXCLUSION

02090501 TIL 02090509
02090758 TIL 02090814
02090825 TIL 02090833
02090842 TIL 02090847
02100457 TIL 02100505
02100754 TIL 02100810
02100820 TIL 02100829
02100838 TIL 02100843
02110453 TIL 02110501
02110750 TIL 02110806
02110816 TIL 02110825
02110834 TIL 02110839

GPS RAIM FDE UNAVBL FOR NPA

NZHN (HAMILTON)

FAULT DETECTION

NO GPS RAIM FD OUTAGES FOR NPA

TSO-C146A (AND EQUIVALENT)

FAULT DETECTION

NO GPS RAIM FD OUTAGES FOR NPA

FAULT DETECTION AND EXCLUSION

02090502 TIL 02090507
02090533 TIL 02090540
02090759 TIL 02090814
02100457 TIL 02100503
02100529 TIL 02100536
02100755 TIL 02100810
02110453 TIL 02110459
02110525 TIL 02110532
02110751 TIL 02110806

GPS RAIM FDE UNAVBL FOR NPA

230208 14:00 UTC
TSO-C129 (AND EQUIVALENT)

230208 14:00 UTC
TSO-C129 (AND EQUIVALENT)
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* o  Pre-Flight - Data Base Check

RS

Aviation Data

Waypoints
Navaids

Routes

Approaches

RNAV 5 and RNAV 10

(exceptions)

AIRAC

Aviation, Information,
Regulation and Control

PNB and GNSS Course V1.0 Feb 2023

28

day cycle of
new
amendments

Update
available
7 days
before
date

e (ololao

Cessno 208 System B767.11
(c) 2802-18 Garmin Ltd or subs

DATABASE
ﬂ Checklist File: N/A
'@_H—JE Bosemop Lond 4.600
B QnfaTavi Funinoe 20-0CT-2011
Aw Terroin 2.04
& Airport Terroin 2.04
:l‘( Nhatoele  Fenirss 20-0CT-2611
#" Novigotion Expires 17-NOV-2811
-';_7-} Apt Directory Expires 20-0CT-2811
E Chort doto is out of dote!
All mop ond terroin dato provided is enly to be

used s o general reference to wour surrounding
und a5 on aid to situotionol oworeness,

Press "ENT" or rightmost softkey
to continue 1
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& Pre-Flight - RAIM Prediction

GARMIN

El 108.00/~117.95 GS K TRK
v2108.00 117.95 Aux - GPS Status
TRQ ormp

_..-{‘.‘ 20 . ~—Constellation — ~—Satellite Status
i . North Up EPU

15 -

4
[ 25
FT-LB e ) .
X0 1 - - HDOP

Valid from
20:36 — 21:06

PROP RPM 1
QIL P5I ! Track

—
olL °C ~—GP5 Signal Strength
| e i, |
FUEL QTY
L LBS R

= w00

| a00
— X0
o
FFLOW PPH 0

BAT AMPS 55 001 002 003 005 006 007 O0B 010
BUS VOLTS 27.0

A-ICE GAL
Engine

U.U3r-1r-|'

0.7

16992
155.8kT
01e°

011 012

136.975-(118.000 1§

136,975 119.000 zm
- GPS Status o
GPS1
GPS2
GP5 Solution 3D DIFF NAV
SBAS Active

~—RAIM Prediction

Wia

ARV Time

ARV Date 29-SEP-21

Compute RAIM?

CLR

1
ol 1

PUSH CRER
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Approval to operate - Aircraft

Operating in PBN airspace

Certification of the aircraft equipment for PBN
Navigation is in accordance with the following

specifications;
* Accuracy
[ ]

Integrity and alerting

Continuity

Functionality

PNB and GNSS Course V1.0 Feb 2023

\

Standards and
functionality

CESSNA SECTION 1
MODEL 208 675 SHP GENERAL
GARMIN G1000

DESCRIPTIVE DATA (Continued)

NAVIGATIONAL CAPABILITIES (Continued)

4. Non-Precision Approaches:

a. RNAV, GPS and RNP APCH to LPV minimums per AC
20-138D, AC 90-107 and AMC 20-28.

b. RNAV, GPS and RNP APCH to LNAV or LNAV/VNAV
minimums per AC 20-138D, AC 90-105A and AMC 20-27.
Vertical guidance is based on GPS/SBAS when within
SBAS coverage.

Airplane Serials 20800651 and On; and 20800601 thru
20800650 incorporating CAB 34-08

Vertical guidance is based on baro-VNAY when outside
SBAS coverage, when SBAS has been disabled by pilot
selection, or for approaches with “WAAS VNAY NA".

The following non-precision approaches are approved for
Airplane Serials 20800582 and On: and 20800416 and
20800500 thru 20800581 incorporating CAB-34-03
c. RNAV, GPS and RNP APCH to LP minimums per AC
20-138D, AC 90-107 and AMC 20-28.
5. Baro-VNAV:
a. ggr%lrjte and Terminal baro-VNAV per AC 20-138D and AMC

Airplane Serials 20800651 and On; and 20800601 thru
20800650 incorporating CAB 34-08

b. Approach baro-VNAV (APV baro-VNAV) to LNAV, or LNAV/
VNAV minimums per AC 20-138D and AMC 20-27.
Approach vertical guidance is normally provided by GPS
and SBAS, but will switch to baro-VNAV if SBAS is not
available. If approach baro-VNAV is in use, the approach
glidepath is always temperature compensated.

Airplane Serials 20800582 and On; and 20800416 and 20800500
thru 20800581 incorporating CAB 34-03

6. RF legs are supported for departures, arrivals, and approaches
per AC 20-138D.

RNP APCH to LNAV minima (no SBAS)

RNP APCH to LNAV/VNAV minima (SBAS)

RNP APCH to Baro-VNAV minima (no SBAS) 5
RNP APCH to LPV minima (SBAS)
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Operating in PBN airspace

Approval to operate — Aircrew

The pilot in command is to be approved to operate
under PBN routes and procedures.

SOPs and contingency procedures to be developed and
aircrew must be trained on procedures and correct use
of the aircraft’s systems

Most NAA’s are now requiring that pilots are assessed
knowledgeable in PBN theory and competent in
practically applying the knowledge.

Aviation Department - PTC105 Version 1.0

[ Knowledge ]

[ Application ]

¢
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* « PBN Contingency Procedures

X

Approach - Notify ATC with loss of PBN capability

 Co-ordinate with ATC

En-route — Notify ATS

e RAIM loss > 10 min
RAIM loss

Revised clearance, or if no contact, carry out
loss of communication protocol

After FAF, RAIM suppressed for 5 min

ATS request data or provide clearance with

In DR mode > 1 min

PNB and GNSS Course V1.0 Feb 2023

Bay Approach, WGA is =g

missed approach.
Unable RNP due loss of

&

N1(108.00/-117.95
v2108.00 117.95

L]

140 ==

130 =
I 12|0['

—n

[NO GPS POSITION]

ALBA GOME

0AT 11%C

Map/HS| TFCMap PFD Opt

GARMIN

Dis
Tl

N7, o o016

| 136975-118.000/1§
136975 118.000 2m

3 "7, ¢ NN 300m 2

L

=

TR 0:00:00
XPDR11200 STBY uTc 22:56:53

Ident Tmr/Ref MNearest Alerts
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GARMIN

N10108.00-117.95 G5 =
\r2 108.00 117.95 Aux - GPS Status

—Constellation —h ~—Satellite Status
Narth Up EPU 0.03mm

HDOP 0.7

HFOM OFt
VFOM 23FT

Position S 05°4920.5"
E 144°17'59.4"

Time 02:59:06urc
ALT G5L 12994Ft
0.0kT

355°

~—GPS Signal Strength

L R

: !
movm 0| || — |IE‘
BAT AMPS 001 002 003 005 007 008 010

BUS VOLTS

A-ICE GAL 0.0
Engine GP52 RAIM SBAS

—GPS Status

136.975+118.000 1%
136975 118.000 2m

GPS1
GPS2
Acquiring
Inactive

LA LEA ]

Compute RAIM?

015 122 127 132

GNSS position fix before getting airborne

Lateral Guidance
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b KABKA
% 541 4249

E17D05 27 ,
‘%

¢ g
WAMDA \
422518

E149 3040 24

Minimum Sector Alifuds
25 WM ARP
ANOCA

MOT TO SCALE 543 07 54
EI7T 48 24

KABIM ABAXNO
543 11 36
EIFr 2329

2

— Advise ATC pricr fug.:lurf-up if unable fo comply.
o Tums prier to departure end of rurway not
authorized
»  Track 001° to RINKD (fly-over)
o Cross RIMEO of or abave 2500 f
¢ Tum LEFT, direct to BAVEM

TRAMS|TIOMNS:
For flights on fransitions wia KABKA, VANDA, KABIN,
MOLGH
¢  Cleared level FLZ50
*  Fepect further clearance fo flled level prior to
100 WA CH
*  Cross MFZC/MNEZO FIR BORY of cleored level
or advise ATC i unable
KIDAL
MNM net climb gradient 4,5% (280 fi/NM) to 5900
— From BAVEM trock 3317 to KIDAL

I

Movigation requirement: RMAV1

GMSS required

VETEY ALL DEPARTURES

o SI521F
EI77 3807

3

Mate 1.
Z

BAVEM
543 1a
E172 20 24

nel climb grodient 4.2% (260 /NM) o 9200 f
— From BAVEM irack 284° to VETEY
— Turn BIGHT, frock 2917 to KABKA

WAMDA

MMM nef climb grodiont 4.2% (280 f/NM) fo P200 1t
— From BAVEM trock 2847 1o VETEY
— Turn LEFT, trock 2617 to VAMDA

AVOCA

MMM net climb gradient 3.8% (240 fi/MM) fo 8000 ft
— From BAVEM frock Z64° to AVOCA

KABIM

MMM nef climb grodient 3.7% (230 #/MM) to 9800 f
— Fram BAVEM track 253 to ABAXD
— Turn LEFT, trock 247 to KABIM

MOLGI

MM net climb grodient 3, 7% (230 fi/NM) to 2800 f
— From BAVEM irack 253° to ABAXD
— Turn LEFT, treck 2407 te MOLG

Contact CHRISTCHURCH APPROACH 1209 MH:z
as soon as practicoble prior fo 1500 &, or oz instruced

Minimum net climb imdfsnt 3.3%

{200 ft/MNM) unless higher stoted

ATC requirement:

CAT B aircraft speed restriction

MMM 150 kit MAX 170 kf to RINKO

CAT C and D aircroff speed restriction

MMM 150 ket MAX 220 kf to 000 Tt

— Advize ATC prior fo sforkup if unaohle
to camply

RNAV 1




GARMIN

TRK

MOT TO SCALE

KABIM

247°
240°

RWY 02
BAVEM THREE PAPA DEPARTURE RNAV (BAVEM3P)

[a] cnr\ﬂclj

f rurway ot = Turn x|':‘|| frack 2917 to KABKA

VANDA
MMM nef ol lrnc\. ara

T LT o EM — Turn LEFT, track 2617 to V

AVOCA

MMM net climi

TRANSITIONS

fs on fransitions via KABKA, VANDA, KABIN, _ Erom

KABIMN
MMM nef clim
el prior to —From
ZZ0 FIR BORY of cleared lavel
or advise ATC i unakble MAR A v ol
MNM net clim|
KIDAL ' _‘_;‘r::m
MMM net el wehient 4, 5% (280 e 20
track 3317 to KIDA

136.975118.000 1§
136975 119.000 2w

Maovigation requirement: RNAV1
GHNSS required

ALL DEPARTURES

requirameant:
CAT B aircraft speed restriction
MMM 150 ket MAX 170 kt to RINKO
CAT C and D aircroff speed restriction
MNM 150 it MAX 220 kit to 6000 ft
/ C priar fo starkup if unoble

" At or above |
2500 ft

{;’/
i

PUSH CPEm

6

WAIKATO AVIATION

ACADEMY



Active Flight Plan
NZCH f NZJC

DTK Dis ALT

Departure - NZCH-RW@2.BAVE3P.KIDAL
RWe2

20007
BAVEM 284% 15.0ma __

KIDAL 331° 2424 _____
Enroute

NZJC 137" 425 e

ni.
v quired

: ireme
rqation rP—,‘ anuit
Hovig GNEB pady

=

johon
A m:-“‘ ‘;r P
poratt # \}Q\d‘"' i

1 ot
A# m\f e
caft 5P°

o
CATB ai

ripdt 15 reroft SPEEL Ten00 et .
?ATrr;:g :“;‘.‘q,;\}{ 2201 %0 £ unable Destination - —___ — RW__
A 180 KT v to star™

Actlve VNV Profile
s TG

—Selected Waypoint Weather

Press the "FPL" key to view the previous page

Always confirm that you are able to comply
with the climb gradient.

DA42 = 333 ft/min
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% N

o

R

Amending a Procedure

Do not swap flyby for

flyover

Do not insert user

waypoints

ATC may permit a direct to
clearance either to another
procedure point to a
transition point

Direct routings normally
minimalised as PBN routing
is already effective

—Active Flight Plan

NZWN

Departure - NZCH-RW28.BIDE2Q.GLENN
RiW28
NISOM

USATO

9%3
"GORAT
BIDEV
GLENN

Enroute

AIP New Zealand NZWN AD 2 - 62.6

ELEV 41 CATABCD WELLINGTON
NZWN RNAV SID RWY 34 (1)
WELHNGTON APPROACH: 122.3 TOWER: 118.8 12525 ATIS: 1269
' | ' | N | ‘

_— s MIMOS RUSIL KAMET
Mavigation requirement: i
r ¢ RMNAV1 GMSS Required ‘—H‘B /
s Smaml x
2 E £y
-B»JONAH

i

-|4 e
1

ALL DEPARTURES

Contoct WELLING

TRANSITIONS:

KAMDO MIMOS
= From POLAX, turn LEFT, direct o LARCHK, — From POLAX, tum LEFT, direct iz NIMOS
BAAK LAS 250 il tum complete RUSIL
—Trac Al — From POLAX, tum LEFT, direct o RUSIL
— Turn RIGHT, track 1717 to KAMDO KAMET
SABDA — From POLAX, tum RIGHT, direct to KAMET
- m AR,

WELLINGTON
RNAV SID RWY 34 (1)

@ Clvil Avlatlon Authorlty
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Computer Navigation Fix (CNF)

Used for overlay APCH
Not recognised by ATC

Not to be used for
* Directto
* Filing a flight plan

e ATC communication

Will be identified by CFXXX

PNB and GNSS Course V1.0 Feb 2023

ARADI HX CHARLIE ARRIVAL - RNAY (ARADISC)
TRANSITIONS:
LUMBl — Fren LUIMBL trock 0657 o ARA
PEBLL — From FEBLU trock D467 1o
WVELMO — From VELMOD track 0417 &

059" to GEWNY
above BOOD i, MAX 185 780 kt

At or above 8000 f

PARK |A5 280 ki

GMSS required

Mavigation requirement: RMAY 1

RWY 23L

BASIY SEVEM CHARLIE ARRIVAL — RMAY (BASIVIC)

TRAMSITIONS:
ELNOS - From ELMOS frock 138" 1o BASIV
SALAG - From SALAG 1167 te BASIV
UPLAR — Froen LIPLAR frack 0947 to BASIV

ect rodar veckrs when M1 08 acfive
Fram BASIV, track | 15 42 BONED

Cross BOMKD of or abaove BO00 f, MAX 145 280 kt

Track 114° o DO

Cross DOAR] RASK 145 2400 ki

Triack 0527 1o KIDAG

Cros KIDAG of or abaove G000 5, M3 1AS 210 kt

&1 or shave G000 f
AR IAS T10 ki

KIDAG [laF/IF
536

AVAILABLE BY ALLOCATION FROM ATC
FOR AFFROVED OFERATORS ONI

Vg

&
Gl
(o]

=

-

com

RANGE
/Aﬁ\+

PUBH
PAN

MENU

LM CRE
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* . Approach
W Classifications

—

Minima

> 250ft

Lateral (2D)

NPA

Non-Precision Aﬁﬁroach
|

Conventional
Procedure

GPS
(ABAS or
SBAS)

VOR/DME
NDB
LOC

LNAV (+V)
LP

PNB and GNSS Course V1.0 Feb 2023

I
—
|
RNP
APCH
| .

APV

Approach with vertical

I
GPS

(ABAS) &

BARO

LNAV/VNAV

|
GPS
(SBAS)
LPV

PENIOPETAtIoNS

GPS
(ABAS) &
BARO

A

77

SBAS
CAT 1

Type B

Minima < 250ft

Lateral and Vertical (3D)

PA

Precision Aﬁﬁroaches

Conventional
Procedure

GPS (SBAS)

LPV

Precision Approach Landings Q
WAIKATO AVI
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RNP Approach - Segments

Left base
area

IAFQ

Straight in Area
IAF/IF : FAF : MAP

IAF¢

Right base
area

N\



RNP Approach - Segments

TAA = Terminal Arrival Area

<+ QC)E;I

Kampala
2000 ¢ IAF/IF ¢

360°—»

/ TAA for 25 nm

=
00
<
IAF for this sector l
2000
I'_AF ) Nairobi |i
Nairobi <« 2700
2000
I FAF : MAP
Kampala Hagen
<+— 270°
IAE Juba
Juba
2300
T 2300
S
(Vo)
on
3000

Q WAIKATO AVIATION
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RNP APCHs

Note: Under PBN, all
approaches are RNP
approaches therefore

require OBPMA

This is an RNP approach
to LNAV minima, but
typically it is called an
LNAV approach

RWY 35 THR ELEV 1324

RMNAY (GNSS) RWY 35

' BAY APPROACH: 123.6 AWIB: 125.2 UMNATTENDED: 118.4
TR | e
g [ @m:a’@
Y cosn 3"‘%0 SEC %
E = — _?.0-5 ArS12 35?0' g
l Cortennia burk G52
| li SFC
g_ i % APSO1
*FLGW
025 CAUTION
AP501 | tntanse posachute OPS in
W e
i ” mr§ Park CFZ/Tatpa MBZ ond
& the surssiinl
1 /”/p’ Y0000/ onconotid aingece
7 - 2 i I:I m-m/
& 1

CT_APRMAVGIS-L

Use Taupo GNH

HOLDING GOSTI
(5] IF b 7 5%
\ Y

2228 A
ogee 4 N! &
oF k

20
2l o
g Minimum Sectar Altitula | <
; : 25 Niv ARP .
APS06 D38 =
i) usLUT o]
L)
=
2 %
— L\o,d 20 AF.SOI prhT GosT |+
HLOG ACFT when established L) a0 AP 12 4600 5

INBD for APCH ond inside Sqe | R

10 NM AKABA moy descend T ——[25 &
20 N-339 $
1.0 TCH 50 w

MISSED APCH: Turmn LEFT track 339° to AP312, turn LEFT track 253" to GOSTI 4600

DISTAMNCE o 'WFT AP506

4 3 2 1

UBLUT| 4 3 2 1 0.3 |AP501

Advisory Alftude 52% | 4890

4570 | 4250 | 3930|3610

3290 | 2970 | 24650 | 2330 | 2010 | MDA | MDA

Effective: 21 MAY 20

® Civil Aviation Authority

Cotegary A B C D
“Circling 1870(535) - 2000 | 1870(535) — 2800 |# 2170(835) — 3700
* Circling NA east of RWY 17/35
# CAT C circling MAX IAS 160 ki — circling orea radius 3.5 NM
TAUPO

RNAV (GNss) RWY 35

X




RNP APCHs

Asrodrome surrounded
by mountanous terrain

E Use Crueanstawn QINH ealy

J W{%ﬂﬁ‘

)
TT00
d 035 26
DEO ENADS | 2
Qa1 cueny  SHE0E 5h° ‘5';;;-"
EMELRY | AR i 1 i 2
T -2'08"' 5200

257 a70a |

I I I

p— 0 | — e 0 O —a— | L 1.8 - 4.0

— —_— T T T T T

- [} 2 4 L] L]

MISSED APCH-  Trock 2577 to (M4 11 fy-cemr) 8482 145 160 &, tum LEFT trock Z0E" ho EMELW M3 185 180 ki, furn RIGHT
treck 219 via OLREK at o bekoe 000 & and TULWU 1o VAPLL b B L

track 1147 Ll
et SUNCLI.Fﬁ K A5 210 i
| oameceewer  Jamsos] 1 ] 2 [ 3 | 4 [ 5 ] e Jwa] v ] 2 [ 3 Joh
#chiary Ainuce 5.8% | MDA [ 4450 [ 4800 ] s150] 5500 | sase | s200 | s3o0] ssso | 7o00] 7350 | 7re0

g
i

N Corogary A [ c o
=l inunl Circuit * # £100/292%) — 5 A

Pracedure mot meet [ZAD PAMS OPS circling criteria. sircrafi sheuld expect to be decesd fo |oin ssual cirouit pattern

or as directad b;ﬁﬂ: |smn chart MIGN AD 2-51.3 Queensiosn Aarodrome [3]).
Maintoin T once ding on Aaual 4 undil Further descand issvad by ATC
# Daylight operoticns ml‘;




RNP AR APCHs

CAUTION
- Aerodrome surrounded by mountainous terrain
- YFR ACFT may be OPR without reference to
ATC in G758, G756, G755 and G752
2 B :
[ / iy,

_ 2 7 2" anssa™
7 " L oe—
: !é' 6000

I
L

MNM olitude 9200 f My,
*  MNAM CTA containment alfitude 8 & AINGU .5‘1’;
10,000 ft 3
*  MAX holding speed 230 kf IAS ARC L
* i unoble to reach 9200 # by T
SUNGLU, climb fo 9800 ft vio Q90
the RNAV (RNP) missed 1y
approach frock fo NV, / A T ;
25 NM ARP
To NV
1 Use Queenstown QNH only.
| RF Required.
OMUBO
(FAF) i roach not autherised
o 5 s l b T o e S
R Oaao,__ﬁ (3. 2025 Ghba |
23 I RINDS
‘N..__-‘ 147 _— NV
O -
5“:" 054 Joras
a0y 12 ; 18 -
_ 6 4 0
MISSED APCH: Climb to 10,000 fi vi the RNAY (RNP) missed o pmur:,h trock to NY. Hold SUNGU 10,000 .
Missed approach net fully contained in wrmalleialrapm if unable to cross @N553 6000 # or cbove.
Cotegany A [ B C ] D
NP 0.15 1438(278) - 1300
RNP .18 NA 1625(465) - 2300
RNP 0.30 2229(1069) - 5.6
SeeStpaLl ‘:‘f; - 5 -c.,; ? | Minima figures are indicative only. See CAANZ RNP-AR operator approval for specific procedure minima.
~F N -




* S RNP APCH Classifications

\Y
v

2-D
Lateral guidance only
Minima expressed as MDA
LNAV based on GNSS

LP based on SBAS augmented GNSS

PNB and GNSS Course V1.0 Feb 2023

3-D

Lateral and vertical guidance

Minima expressed as DA

Use Auckland GNH

LEITEJ o4
L4F) LGALE
I ¥ bur:;-hs FFOSE
3000 =051° 2550 |
2100 EMRAC
LAy o 1660 RWOSHR 2000
1100 % iMaP
AN ﬂﬂ} 1¢ = -v
05
Ny p— Y y—— 5.0 ~| TCH 50
I I I I I I I I I T T
12 10 8 & 4 i [
MA|SSED APCH: X |45 185 4. Oimb on 0517 4o EMEAG 3000
DISTAMCE 12 WPT LGRS 2 1 FFOSE 4 3 2 1.2 0.2 [RWOSE
Aclsory Alftude 3° 2550 2300 1980 1660 1340 120 200 MR, 134 MDA
Cabegary A | 4 C |
LAV ARAY * 340(325) — 1500
LNAY 440(425) — 1500
Circling 560(537)— 1900 | 6300407} — 2800 [#790[767) — 3700 [ #930(507) — 4400

* Walid 10 AD tlemperature -5°C. Use of remala GMNH MA,
# Circling CAT © and D MA north of RWY

¢

WAIKATO AVIATION

ACADEMY



* «&  Vertical guidance on RNP APCHs (APV)

W

LPV Minima LNAV/VNAV Minima

SBAS only SBAS or Baro-VNAV

Baro-VNAV
Vertical profile from SBAS signal

* \Vertical profile generated

ILS Cat 1 minima performance

* Barometric altimeter system used

8 o S e 0 e 20 ) Q WAIKATO AVIATION

ACADEMY



LNAV and LNAV/VNAV minima
l SBAS

10 10

Angular from FAF

PNB and GNSS Course V1.0 Feb 2023

} 2 nm before FAF { !

* «&  Lateral guidance on RNP APCHs

LP and LPV minima

10 10

Angular from FAF

85
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* o« CDI Scaling on APCHs

ot
WX
B S
200 nm

CDl scale depends on SBAS

CDI SBAS angular

NON-SBAS %~

2nm
<«
CDl linear SBAS

I W\
Il |1nm
Lo A ____i_Angyla ___________
~7 0.3 nm ?
MAP segment Final segment m Intermediate segment u Initial

Sloping line represents continuous adjustment of
CDI scale from one range to the next

When database terminal and approach procedures are active, the IFR unit automatically adjusts the
CDI full-scale deflection and the RAIM position integrity alert to the limit appropriate for each phase

of flight

PNB and GNSS Course VL0 Feb 2023 36 2N WAIKATO AVIATION
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>

\6\?&7>

Integrity Monitoring on APCH

Horizontal Alert Limit HAL = RNP#




Integrity Monitoring on APCH

DA

Aviation Department - PTC105 Version 1.0

VAL

VAL -1

_.’4___ e

EGNOS Non SBAS
Lateral 1.0m 3.0m <10.0m
Vertical 1.5m 3.0m

&2 WAIKATO AV
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Operating Procedures - APCHs

Confirm approach mode
engaged (LNAV) before FAF or
FAP

Confirm both lateral and vertical
flight path displays (Note LNAV
+V)

Establish on final approach
course before FAF or FAP

PNB and GNSS Course V1.0 Feb 2023

GARMIN

N1[108.00~117.95

¥2108.00 117.95 | GPS |« AP YD|VS  1600mm ALTS

AIRBORNE TO
KICT

APPROACHING
RWY D1L o
i 110

100

pTk 016°
: 70 # Wit 1600FT
uel, ,l | ACUBO [ P
ET T &

EANS
iy el
HAGEK GPs < = GPS HAGEK
Map/HS| TFCMap PFD Opt  OBS coi DME XPDR

[ 28

| 136975+118.000/1§
136975 118.000 2

2800 -600
e 2

2700 -
—1

S - 2600

——laqu]
2579 <
-
~ -650
2400 — 1

2300 _ ,

TMR 0:00:00
XPDR11200 STBY utc 08:54:04

Ident Tmr/Ref  Nearest Alerts

"\

WAIKATO AVIATION
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Missed APCH

PNB and GNSS Course V1.0 Feb 2023

GARMIN
N1[108.00-117.95 f s 136.975+-118.000/1§
v2108.00 117.95 )L [« AP YDIPIT 136975 118.000 2

crRs 016°
'.-',/, MR 1600FT  29.92m

43 0,1 2 58 4.3NM TMR 0:00:00
AA navT o P e AR XPDR15432 STBY uTc 20:08:03
PFD Opt 0BS ol DME XPDR Ident TmriRef  Mearest Alerts

Use conventional aids if
available

Track to MSA using safest
means e.g. Ipad following Mapt
tracks or DR/time based

Always check Mapt
waypoints and tracks as part of
the approach brief

é WAIKATO AVIATION

ACADEMY



APCH Monitoring LNAV and L/VNAV

GARMIN

11080011795 | : IS BRG | 136975+118.000/15
v2108.00 117.95 HDG |« AP * ALTS 136.975 118.000 zm

t_1800
2700 _,

2600
-1

Zoo|

AIRBORNE TO
KICT

K
[

DTK 016°
Vo o B0 1600FT

i ~usoiiy
- P | CUTIK [ "
e o ot [ et i ¢ T ™R 0:00:00
oAT 10% HAGEK cps < I+ 111V Gps HAGEK XPDR15432 STBY uTC 21:18:06
Map/HS| TFCMap PFD Opt  OBS col DME XPDR ident  Tmr/Ref Nearest  Alerts

PNB and GNSS Course V1.0 Feb 2023

CDI error normally limited to %
scale deflection or 2 RNP on
approach

Greater than 1 x RNP (0.3 nm),
or full scale deflection, execute
missed approach

Brief deviations up to 1 x RNP is
acceptable during/after turns

é WAIKATO AVIATION
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% o

& APCH Monitoring Vertical on Baro-VNAV

WX

PNB and GNSS Course V1.0 Feb 2023

Sensitive to temp error
Min temp for approach
Below min temp, BARO-Nav

not authorised except with
FMS compensation

ELEY 23

RWY 05K THE ELEV 15

AUCKIAND AFFROACH: 124.3 129.6
T

AUCKLAND
RMNAV [GNSs) Z RWY 05R
TOWER: 118.7 120.95

T

[CAT A,B,C,D

Alls: 127.8 127.0
T

HOLDIRG EMRAG

170 kt = 34 ARDMORE

A L |
\‘ Y Rwosk by
934 -
T TR, FrOsR " " ] 2
AV T Y uGRUS aso0n J
lI

y SARIAS 210k
Ju p 12 852 _
l,o O oo : P
WHENUARAI B ' _.';_,',4_;";_;5:_\_
I acc ;\].'f’ | r\;/
7, o S "
W e
oo
L T o .
s 226 N ] 4000 {OLDING LENGL
1707 o T e
L e pi2s. i _H’_:\:— =
g - 100 5 o o
L WA e 7 352 N e | B
e o \ A L
/ 228 o "'tjd vk ,-r EMRAG ,/Ti
SFC - R S RN
558, | \,J ﬁ'\ 91 | D ]
|5 970 | MAK |AS FIA'."‘;TI!;\-.-_-’*_ - - -1 -v

{laF)
. . r \-ﬂQ’o\ N - ey -
Not authorised below min -
e /
FMS temp, revert to LNAV - o 1/ 4
E _1(_!_'3-“"'\'\ 123 Y
r_'? ! ey
g By
Tuu | | 1 | | ” |
Use Auckland GMH
LEMGL 1.4
[I4F) GRS GRS .
2000 =051° > —_——
P EMRAC
LAY o 1680 RWOSR 2000
1100 ey g (MAPH -
MAY - 05‘.\ -
i 5 | TCH 50
I2 T _Ic T ‘1 T k T T T
. MAISSED APCH: MAX |55 185 . Cljmb on 051° 4o FMEAG @
Valid for AD temperature of -5°C. UGRUS | 2 I [Frose | 4 3 2 1.2 | 09 |Rwosk
2550 2300 1980 feTe ] 1340 020 700 MDA A MDA

Use of remote QNH not . | - . | -

authorised.

340(325] = 1500

440(425) — 1500

Crcling | 560(537)— 1900 | 630607} — 2800 [#790(76/]— 3700 [ #930(07) — 4600

= Valid 1o AD temperature «5°C. Use of remole GNH NA.
# Circling CAT C and O MA narth of WY

—a=

"\
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APCH Monitoring Vertical on Baro-VNAV

Max Temp.so that VPAis VPA = Vertical Path Angle
not excessive
ISA + 15°, VPA = 3.2°

FAP

‘~

ITemp correction

Cold temperatures reduce
the VPA

ISA -30°, VPA = 2.6°

PNB and GNSS Course V1.0 Feb 2023 é WAIKATO AVIATION
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Baro-VNAYV (L/VNAYV) vs Advisory Baro-VNAV (LNAV+V)

APV Baro-VNAV Advisory Baro-VNAV
<

Outside temp limit

2D Approach with
vertical advisory info

3D Approach

LNAV/VNAV minima
LNAV minima

DA/H
MDA/H so requires

minima buffer

T\h.l:“'l.l'llll"

Pilot to ensure step
down altitudes
complied with.

PNB an GNSS Course V1.0 Feb 2023 2N WAIKATO AVIATION
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RNP APCH Monitoring : —

DIS BRG | 136.975
/S ALTS 136.975

600

FTE normally limited to 72 RNP

rrrrjpreereyi

4

4u|
2 2520/<
« -650

2400 — 1

+/- 75ft limit on glide path, brief
deviations for configuration
changes

7

2300 _ ,

FTE greater than 1 x RNP, pilot
should execute missed approach

Brief deviations up to 1 x RNP
acceptable during / after turns
and on RNP 0.1 approaches in

. . . f"-'llflhll'__"‘\k‘
trying situations y

HAGEK. GPs « GPs HAGEK XPDR11200 STBY
1 PFD Opt OBS col XPDR Ident Tmr/Ref N

e

PNB and GNSS Course V1.0 Feb 2023 é WAIKATO AVIATION

ACADEMY



Part 3 - PBN Issues

Ay e e

1.t emrs

S

P

nh”f";}ﬁ-wv%, EL‘T#. T Ty
10 s ! ,ﬁﬁﬁ“f;grmm’, -

L l‘lP‘p 8 g g, St I K et

7, rd e

iy

PBN APCH Charts

2. Y
e o
3 I_n,- W day

PBN Inconsistencies ?

H
: 7,
g o P00 ngy
U THE R g 4 f‘-;uu
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Chart Identification o cATABC :"ﬁj

TOWER: 127 LIMATTENDED: 127 .4

HOLDING rALIK RS
MAAK 145 190 kit

Standard naming convention from 2022

Additional approaches to same runway,
include Z, Y, X, W working backwards
from Z

™
i

[ = 'J".'I.;)
o S

3 o2 n
2600 FATRU  FATEL BUI!MO\
2300 e 1770 [hASFY 1
w00 {70260 1150 -
e, S
7.0 - :.u-r--J.Tl fa—ad -u-q-u-ln-l

a1 W B & H 3 0
MISSED APCH: Turn LEFT dimct 4o BURMO, rack 341° 4 MUKRS hold 4000
DISTARCE o WPT  [OTUT| & 7 4 5 ] 3 2 1| 4 3 2 |
ackery Ahiucs 5. 7% [4820[4510[4200[2880{3580[3240[2920f2800(22901970]1 760] 1450|1130 B10
Cotegary A I B C 8]
L A900473) — 14600 560(543] — 2800 A
Circlirg * 5300513 — 1900 | a30(s13 — 2800 | 7BO(a3 — 300

* Cirdling MA gost of RWY 02,20




Jeppesen - Caution

« Databases may not contain every SID, STAR

and approach procedure.

« Database may not contain every leg or
segment of the procedure being flown.

* Not everything needed is in the database.

» The location of each waypoint or navaid
retrieved from the database should be

confirmed.

 GNSS and electronic map displays with
associated databases are not a substitute for

current published charts.

PTC 260 Version 1.0

PBN Issues 1

e e e—

O33N SIDIN TV OI0E 7100 WIS O

NOT TO SCALE

STAR at WINDU

WACO TRANSITION

For aircraft inbound 1o Waco or
Gray terminal area airports

NNOLN
NS2 555 WO%6 363 MEERL

MAX 230 KIAS

Botween
4000 & 7000

s

ARILE
N32 53.8 W097 02.4

XPRE
N32 48.8 W097 02.3

At or below
9000 <>

By
23
AMBL 58
N32 41.8 W07 023

2
10000 °
NS

COLLEGE STATION
TRANSITION
For aircraft inbound
1o West Houston

terminal area airports

N32 55.7 W09% 56.3

MAX 230 KIAS

4000" & 7000

. n
o [Climb 1
4 1000

ox

p3=

£ ":.E

8 (22

-9 o

SE |55

o5 (27

Direct distance from Dallas Love Apt 5™

'ys 131/R) 10: XPRES 10 Nt o
Rwy 31L) to: NNOLN 7 NM H
(Rwy 31R) to: MEERZ 7 NM £l

OBSTACLES Bl
For TAKEOFF OBSTACLE ]
This SID requires tak B
(for standard mini s
Rwys 13L/R: Stanc =
if authorized) with z
NM f0 1200°, g
Rwys 31L/R: Standard
if authori ith minimom €limb of 500 per -
NM to 1 3
2
v
8

L
ELLVR TRANSITION
For aircraft
inbound to Houston
Hobby, Ellington,
Scholes Intl at
Galveston,
and Texas Gult
0ast Regl

BROEN
N3T 5.2 W096 39.3

\% TORNN TRANSITION

For aircraft landing Lafayelte,
Lake Charles or Beaumont/Port

«
A3

S

e

*94n450daq 1004 307 133dX3 PUB 9|1} $80.4 G

AL
=2 Arthur airports
\%, ToR!
X sz
< Mot 3 BILEE TRANSITION
2, For aircralt over flying BILEE,
F\i; then on the appropriate STAR to
LAY George Bush Intercontinental or
0
B\ Eastern Houston terminal area

airports

e
S
~P
Fze

“LAVNY °£ "Po4inbes 54O 40 NNI/WA/IWG T P

g COLLEGE et
ssed ——STATION fa\ \
sy R =\ \

7 N30 36.3 W096 25.2 \.2 &
For aircratt & (L 2T ] ‘

°;:(;’§'::l"3:m'ﬂ A L INITIAL CLIMB TOP ALTITUDE | \e750 2
ol Climb heading 133 1o 1000°, then heading 133° or as 50 sk
HOARY  / assigned by ATC, MAINTAIN 3000°. EXPECT RADAR \Z% . b
N0 s 13L/R | vectors to cross XPRES at or below 900", then on track 3000 \ ol 7
W97 465 & 177° 1o ¢ross RAMBL &1 or above 10000°, then on \\ >> m
) transition. == 0
P Climb heading 313° 101000, then direct 1o cross \\ EE m
o /N NNOLN between 4000" & 7000', then on track 247° to = 2

Nid 311 | €ross ARILE &t or above 5000", then on track 177° 1o o
3 cross XPRES at or below 9000', then on track 177° o ,-\‘ § .

TS, cross RAMBL at or above 10000, then on transition. ° 2 o
vés/e{‘?l‘ MAINTAIN 10000'. oot N EES =
o Climb heading 313" fo 100", then direct 1o cross < -
/ MEERZ between 4000' & 7000', then on track 247° o S NAVASOTA ~ >
7 3IR | Cross ARILE at or above 5000, then on track 177° to [;,11“ nm -

4 cross XPRES at or below 9000', then on frack 177° fo 50 17,3 WoRG 05.5 2|
e SAN ANTON cross RAMBL at or above 10000', then on transition. B
6\ 16,8 sm MAINTAIN 10000". N
& i ROUTING el
N29 386 W09 27.7 Sk
EXPECT filed alfifude 10 minutes afer deparfure. v

98
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PBN Issues

Flight Planning

No code for RNP 2, RNP 0.3,
Advanced RNP

FF-ICE (Flight and Flow —
Information for a Collaborative
Environment)

Reduce limitations with
present flight plan

New technologies and
procedures incorporated

PBN enhanced information
e.g. RNP no.

Earlier intent of operations

PTC 260 Version 1.0

PEN Equipment

(] A1-RMAY 10 (RNP 10)

[] B2-RNAY 5 GNSS

[] B4-RNAY § VORIDME

[] B6-RNAY 5§ LORANC

[] c2-RNAY 2 GNSS

[] c4-RMNAY 2 DME/DME/NRU
[] D2-RNAY 1 GNSS

[] D4-RNAY 1 DME/DMENRU
[] 01-RNP 1 All Sensors

[] 03-RNP 1 DME/DME

[] S1-RMP APCH

[] T1-RMAY RNP AR APCH with RF

[] B1-RNAY 5 All Sensors

] B3-RNAY 5 DME/DME

[] B5-RNAV 5 INS or IRS

] c1-RNAV 2 All Sensors

] c3-RNAY 2 DME/DME

] D1-RNAV 1 All Sensors

] D3-RNAY 1 DME/DME
CJL1-RNP 4

[J 02-RNP 1 GNSS

[] 04-RNP 1 DME/DME/NRU

] 52-RNP APCH with BARO-VNAY
[] T2-RNAY RNP AR APCH without RF

16 DESTINATION AERODROME
de destination

18 R INF TION

TOTAL EET
Durée totale estimds

— —— CT.]

2ND. ALTN AERODROME
7 da

Aubrodinom
. s <K=

E5

¢

WAIKATO AVIATION
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PBN Issues

RNAV Visual Approach

No standard definition

Many variants

Different PBN navigation specifications
May require RF legs

Different visual/visibility requirements
Different Navaid requirements

Non standardised naming convention

— RNAV Visual, Visual RNAV, RNVV Visual 02

Risks

iz AD

SOGBO LF{R)-24TA 5@“5

: ' St Medard .
magnorq T‘—-‘jl en J:Il:rs el EysNes

¥ ‘! ke 410° hsos i

- 44-30

Qb‘ Pessac

Gradignan
% BDA2V

Cestas

Leog

Pilots request a visual approach. Start descent from
5000 only when passing SOGBO. If visual reference to terrain

not maintained, maintain altitude, follow the prescribed
track and inform ATC

Responsibility of navigation is blurred, obstacle clearance, different charts

6 WAIKATO AVIATION

ACADEMY



PBN Issues

= _JEFPESEN NEWARK, NJ
KEWR/EWR P= )
NEWARK LIBERTY INTL 7see 19 [[12-40) IOERETE GLS Rwy 4L
I.'a-ATI! S‘._llll NEW YORK Agprosch (R| HEWARE Towur Grownd
GLS A h Jiis7 134825 128.55 ‘ 118.3 | 121.8
pproac Naison| o [ | o | =8 |
gl G-D4A 039° 20001990 | 2107300 moze w |/ A
Elwssw apch: Climb to 600° then climbing RIGHT turn to 3000° [ 20

direct TEB VOR and hold, continue climb-in-held 10 3000°

Based on GNSS augmented by Ground Based oo AR T

_!NF Apch | GPS required

Augmentation System (GBAS) b el o ile) 2 r(c
%(;@Mm / XN

1

s Fly-over LY _ﬁ, ’
PISSED

APCH FIX ﬁ,:ﬁs
2900 SQ
RWa4L .".‘m

Provides precision analogous to ILS

e Catlcurrently

* Catll/lllin development

LAAS
Ch 22727 G-04A

Ground based Omni directional correction signal BAY
23nm radius up to 10,000ft located at airport. In the | \;u‘o“f’“ R m‘;
US it is called LAAS (local area augmentation system) \§ e . W (-
— — . 59 “‘?H_TEF w_ 13z
"—w s ] - yidEAEN D
Presented here for the avoidance of confusion ﬁ magaihie —1
% : mr 18 oV won 2 or ¥ wvr 40 He :
B[N Autopilet couplad appraach nat autherized below 210,

CHANGES: Proesders. 1 JERFESEN, 2010, 3018 ALL RIGHTS RESENVED.
MAVIGRAPH CHARTS INTENDED FOR FLIGHT SIMULATION OMLY - MOT FOR NAVIGATIONAL USE

PTC 260 Version 10 o O\ WAIKATO AVIATION
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PBN Issues

No PBN requirements Box

— Information instead is in notes
section or header section

— PBN Navigation Specification

detail omitted on terminal charts

— DME-DME RNP 0.3 NA is stated
No minimum Temperature Box

— Information instead in general
notes section (as per above)

FMS/GNSS equipment procedure
identification not consistent

— RNV may be used

US/Canada after 2022 will continue to
use RNAV (GPS) RWY XX

PFORT AMGELES, WASHINGTOMN
WAAS oc | Rwyldy 4993
cH 90338 “;;s TOZE 282
W26A Apt Elev 201

RNP RWY 26

ALEBS [FAs) 20088

RNAV (GPS) RWY 26

WILLLAM R FAIRCHILD INTL (CLM)

R AFCH.

Cireling Rwy 13, 27
Ry 26 helicoptor ¥

W Circlong NA soulh of Rwy 8-24,

LA, b might

isibifity reduction belowr %2 S MAC

MISSED APPROACH: Climbing right furn to 4000 direct
MICAR g on oce 255% o YLKCSL ond hold,

ASOIS WHIDBEY APF CON CLNE DEL UNICOM
135175 1182 285.65 12415 122,976 (CTAF1 O
//
WHZE 2e
/;’ o
et
_ LS
. o
—— e
MDA
[ 25.5‘----{}
103 v, o
= Procecure MA for arivals ot WATTR
f FIEET. . Ad8E T on V495 southenst bound, WATR
) ., WD 3.5 M o)
ooy . 498 F 41
g B b 'y FAMLY I T{sﬁﬁ\
31 b € sesf, 42 aas 24c s SO [
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Part 4 - PBN Application

The Four requirements of PBN
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The Four requirements of PBN

-
* PBN

certified

e Establish
PBN
procedures

Aircraft Operator
IMAF Pilots to become PBN approved

competent in required knowledge
and application

Airspace
Current IR with PBN privileges
Theory with assessment
Practical assessment 2D or 3D IAP

PBN
approved

e Requires
PBN
Required by 2020 (EASA)




Human Factors

System Management and Technology

As compared to traditional flight management
based on ground based Navaids, operations under
PBN are more heavily focused on the
management of systems and reliable application
of technology. There is a shift away from a focus
on handling skills to competency in the
management of systems and safe application of
technology.

Risk: Not to become knowledgeable, accurate and
competent in applying a systems and technology
based approach to your flying. Operate without
foundational understanding of PBN.

Figure 1-11. Required Navigation Performance.
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Human Factors

Data entry and cross checks

The combination of high reliability in the
navigation system but with detailed data
entry requirements and cross checking is an
area of significant risk. The human condition
favours taking short cuts and negating the
importance of consistently cross checking
database information with the charts.

Risk: A tendency towards a disregard to
cross checking the reliability of the data due
to an extrapolated period of reliability. This
relaxation does not protect you from human
error.

¥1108.00 117.95
2[108. 95

A-ICE GAL__ 0.0
Engine

136.975<118.000

136.975

Enroute

£ NZHK

NZHK-RNAVGrs 83 LNAV

118.000

§
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Human Factors

Automation induced complacency

GPS has an excellent record and the continued experience
of using such a highly accurate navigation system can lead
to an impression of infallibility.

Monitoring of the system for gross errors becomes tedious;
as the system appears to do it all for you and the
temptation simply to trust the system regardless, becomes
powerful.

Risk: This can result in a form of complacency that leaves
the pilot more vulnerable to error and to failure or
inaccuracy of the system for whatever reason

system monitoring?
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Flight Planning - PBN

1.

Aircraft’s PBN specifications
Airspace PBN capability

Confirm destination approaches published as RNP or conventional and check destination and
alternate minima requirements.

Confirm GNSS navigation as primary means or sole means. Primary means requires
conventional Navaid redundancy for alternate planning. Ask the question: What will I do if |
lose GNSS signals?

Check RAIM availability for flight using local or international tools e.g.

Check weather picture, if unable to receive a reliable TAF, or if weather reporting information
is limited from AIS provider, careful assessment through reliable sources must be obtained. If
unable to gain reliable/accurate information, you will need to carry additional fuel to achieve a
reliable weather alternate or hold a very reliable VFR alternate. You will also need to comply
with NAA SEIFR aerodrome requirements.

Complete flight planning and preparation tasks as per VFR operations, e.g. Weight and
Balance, Performance and MEL considerations
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Pre-Flight - PBN

1. GNSS data base must be current and
with required coverage

2. CDI scaling — automatic
3. SBAS on if available
4. WGS84?

5. Navigation system consistent with
display of required parameters DTK, GS,
DIS, Time, CDI

. Cessna 2088
L— System 2499.02

% checkiist File:
— N/A

@ Basemap Land:
— 512

SafeTaxi Data:
— Expires 15-SEP-2016

.""E Terrain Data:
— 3.00

‘:'l,;f Ohstacle Data:
— Expires 2-MAR-2017
'd" MNavigation Data:

L—|Expires 21-Dec-2022

:l> Apt Directory:
— Expires 8-JAN-2015

?j? FliteCharts Data:
L— Dut of date!

B iFR/VFR charts:
L Date: 5-JAN-2017

"\
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Pre-Taxi - PBN

1. GNSS Active

2. TAWs system active and OK

3. FPL GNSS tracks checked with flight Log

4. GNSS route ranged out for “big picture” confirmation

5. Instrument check during taxi

GARMIN GARMIN

86 || 120500 ~128.400/ 15
ALTS 128.500 121.500 2u
'k 12200
»
~ 5600 -3

= 5500

= 54
e 535K

B Tasd
PROP RPM 1700
OIL PSI

BAT AMPS 55
3 e BUS VOLTS 27.0
oAT 4% AYWK GP!

Map/Hsl TFCMap PFD Opt = OBS DME XPDR ident  Tmr/Ref  Nearest

AICEGAL 00 S s Wit
Engine Map Opt Detail Al Charts
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Departure - PBN

Departure procedure available

1. Load and Activate SID with destination entered

2. Confirm database waypoints and sequencing against chart.

Departure procedure not available — Visual Departure to AMA or Route LSALT
1. Lateral guidance available by 500ft agl, confirm DEPT or TERM annunciator

2. Carefully plan flight path clear of weather/terrain remaining in VMC to get to AMA
or Route LSALT. MFD maps are displayed for departure on correct scaling until AMA
/ LSALT with careful management of Rad Alt and TAWs system. Left hand PFD inset
MUST have TAWs overlay set to about 10 nm range. Red in the box is a warning.

3. If airspace is busy, consider having Nearest in RH inset up to provide you with a
quick bearing and distance to departure airport.

4. Carefully consider contingency responses in the situation of engine, navigation
systems or GNSS LOI during the climb segment.

Mearest Airports
AYMH 4 168° 50w VFR |
TOWER 120.500 pwy 7185F7
AYWD -+ 2B1° 25mv  VFR
RADIO 128.500 pwy 5052FT
AYGA 4 102° 69w VFR
TOWER 118.700 pwy 5400FT

XPDR15500 ALT ® utc 01:59:06
ldent TmrfRef  Mearest Alerts
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Automation - PBN

Autopilot

1. Must be proficient in knowledge and application, especially VNV, Arm mode, Active mode.

2. Must be knowledgeable on autopilot limits, minimum operational heights above terrain

3. Utilise autopilot to enhance situational awareness when workload is high.

4. When engaging modes, always check for stability of mode and cross track with mode
annunciation prior to diverting attention.

5. Consider level of automation. Sometimes heading mode is safer than TRK/GPS mode.

TAWS and SVS

TAWS must always be on and at least the left hand inset window displaying TAWSs terrain scaled
to provide adequate forward monitoring.

SVS must always be on to provide visual warnings of lowering terrain separation.

Become familiar with the SVS picture when in VMC to gain more accurate appreciation of
representation of information

"\
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En-route - PBN

1. Complete Cruise Checks and confirm ENR annunciator, CDI should be set to 2 nm FSD

2. Calculate next event time/location (normally top of descent) so as to establish a time frame
until the next flight phase. Therefore once in the cruise with cruise checks complete, confirm
TOD position. You may want to insert an altitude into the FPL page to activate VNV and display
TOD on track ahead. The altitude that you insert should be no lower than the minimum
commencement altitude of the destination approach.

3. Ensure routing is in accordance with SE IFR RISK profile

4. Project ahead and monitor approach requirements at the earliest — weather, traffic, risks,
options and trends

5. Monitor routing and AMA / LSALT requirements

6. Consider contingency and emergency options/actions en-route

Cruise confirm/calc Weather v
Checks TOD options

Contingency
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Prior to top of descent (load and check)

1. Select and load approach procedure and appropriate IAF. Check waypoint sequence against
chart.

2. Carry outl of IBC and check RAIM prediction on G1000 for destination. The RAIM check is valid
for 15 minutes either side of the selected time. Checking the satellite status of EPU and
HDOP/HFOM can provide greater insight as to the position estimation accuracy on the day.

3. Check for conventional Navaid redundancy (if any) and set up for a loss of PBN on finals track.

4. Plan when you will activate the approach before IAF and carry out your “approach Briefing ”
and “pre-landing Checks”. Activation is the point at which you will track from en-route to IAF.

5. CFIT assessment
=  Check MSAs and TAAs relevant to route and approach
=  Check DME/GNSS altitude restrictions
=  Check terrain separation and weather impacts for descent

= Check terrain separation when diverting from DCT to track to IAF

6. Select the VNV mode on the autopilot to arm VPTH (normally done with VNV warning)

7. Check Altimetry Baro and Rad Altimeter
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Prior to IAF - Activate approach (activate and

brief)
1. Activate the approach
2. Carefully consider [CFIT risk with new routing to IAF
3. Check “big picture” makes sense
4. Confirm Waypoint sequencing
5. Brief the Approach in logical sequence as per OM-B
=  Review approach segment distances (5 nm), and
any flyover waypoints SEhoen
‘{.am
6. Carry out Pre-landing Checks about 5nm before IAF \
unless you foresee high workload approaching IAF,
then complete Pre-Landing checks earlier.
Aviation Department - PTC105 Version 1.0 116
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Approach ( IF - FAF) (confirmation)

1. Confirm HARM checks and missed approach procedure (HARM) (tracks, altitudes, hold)

2. Within 2 nm of the FAF confirm activation of LNAV (or other APR available), otherwise go
missed approach.

3. Confirm no other cautions, warnings, flags

4. LNAV approach without SBAS is 0.3 nm linear (sensitivity remains the same). Endeavour to
remain within % scale deflection.

( Load and check |

Load APCH
Check

RAIM
e Navaids
e CFIT
e Altimetry

* Big picture
*  Waypoints
* Approach
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Missed Approach
1. Activate the missed approach after passing the Mapt, by cancelling the suspend mode.
2. Asthe missed approach may be unexpected, reference Aviate, Navigate, Communicate

3. You should have some back-up plan in place in the situation of not being able to carry out the
missed approach using the GNSS, either conventional Navaids, DR or independent system e.g.
ipad.
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Contingency on Approach

1. Loss of Navigation

2. Loss of Integrity ‘
S R e R
3. Loss of SBAS signal T TS
140—: = ) mmfz
4. Loss of VNAV capability ;32"0} _ o

—n]

110

5. Disparity between GNSS and conventional 100
Navaids (overlay) 12

Y

HDG 016° T
]

TR
[NO GPS POSITION

6. Other messages warnings during the
approach R et

oAT 11°% ks XPDR11200 STBY uTC 22:56:53
Map/HSI  TFC Map  PFD Opt 0BS DME XPDR Ident Tmr/Ref  Nearest Alerts

7. Reverting to alternative navigation
techniques

é WAIKATO AVIATION

ACADEMY



	Slide Number 1
	Performance Based Navigation �and �Global Navigation Satellite System 
	Slide Number 3
	Slide Number 4
	Slide Number 5
	Slide Number 6
	Slide Number 7
	Slide Number 8
	Slide Number 9
	Slide Number 10
	Slide Number 11
	Slide Number 12
	Slide Number 13
	Slide Number 14
	GPS Refresher 
	Slide Number 16
	GNSS components
	GPS components
	Slide Number 19
	Principles of position fixing
	Principles of position fixing
	Timing errors
	Geometry errors
	Masking
	Slide Number 25
	Slide Number 26
	Slide Number 27
	Slide Number 28
	Slide Number 29
	Slide Number 30
	Slide Number 31
	Slide Number 32
	Slide Number 33
	Performance Base Navigation
	Slide Number 35
	Slide Number 36
	Slide Number 37
	Slide Number 38
	Slide Number 39
	Slide Number 40
	Slide Number 41
	Slide Number 42
	Slide Number 43
	Slide Number 44
	Slide Number 45
	Slide Number 46
	Slide Number 47
	Slide Number 48
	Slide Number 49
	Slide Number 50
	Slide Number 51
	Slide Number 52
	Slide Number 53
	Slide Number 54
	Slide Number 55
	Slide Number 56
	Slide Number 57
	Slide Number 58
	Slide Number 59
	Slide Number 60
	Slide Number 61
	Slide Number 62
	Slide Number 63
	Slide Number 64
	Slide Number 65
	Slide Number 66
	Slide Number 67
	Slide Number 68
	Slide Number 69
	Slide Number 70
	Slide Number 71
	Slide Number 72
	Slide Number 73
	Slide Number 74
	Slide Number 75
	Slide Number 76
	Slide Number 77
	Slide Number 78
	Slide Number 79
	Slide Number 80
	Slide Number 81
	Slide Number 82
	Slide Number 83
	Slide Number 84
	Slide Number 85
	Slide Number 86
	Slide Number 87
	Slide Number 88
	Slide Number 89
	Slide Number 90
	Slide Number 91
	Slide Number 92
	Slide Number 93
	Slide Number 94
	Slide Number 95
	Slide Number 96
	Slide Number 97
	Slide Number 98
	Slide Number 99
	Slide Number 100
	Slide Number 101
	Slide Number 102
	Slide Number 103
	Slide Number 104
	Slide Number 105
	Slide Number 106
	Slide Number 107
	Slide Number 108
	Slide Number 109
	Slide Number 110
	Slide Number 111
	Slide Number 112
	Slide Number 113
	Slide Number 114
	Slide Number 115
	Slide Number 116
	Slide Number 117
	Slide Number 118
	Slide Number 119

