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PURPOSE

This AIC provides the method fo be used to obtain airworthiness approval of an Area Navigation (RNAV) system
based on a Global Navigation Safeilite System (GNSS) stand-alone receiver or mullisensory system including at
least one GNSS sensor in order to conduct RNP Approach (RNP APCH) operations.

RNP APCH procedures are characterised by existing charted RNAV (GNSS) approach procedures desigried with
straight final approach segmenis.

This AIC also defines operational criteria necessary to conduct safely RNP APCH operations in South African
alrspace.

This AIC addresses RNP APCH operation without vertical guidance (Non Precision Approach operation) and with
vertical guidance based on baromefric veriical navigation (APV BAROVNAYV operation). Final approaches utilising
SBAS (Localiser Performance with Vertical guidance (LPV) operation} will be addressed in a separate AIC when the
service becomes available in South Africa.

APV BARO-VNAV systems are based on baromeiric altimetry for the defermination of the aircraft position in the
vertical axis. The final approach segment of VNAV instrument flight procedures are performed using vertical
guidance to a vertical path computed by the onbvard RNAV system. The vertical path is confained in the
specification of the instrument procedure within the RNAV systermn navigation database. For other phases of flight,
barometric VNAV provides vertical paih information that can be defined by alfitudes at fixes in the procedure. it
should be noted that there is no vertical requirement in this AIC associated fo the use of VNAV guidance outside
of the final approach segment. Vertical navigation on the inifial or intermediate segment can be conducted without
VNAV gquidance.

An applicant may elect to use an alternafive means of compliance. However, those alernative means of
compliance must meef safely objectives that are accepfable fo the SACAA. Compliance with this AIG is nof
mandatory. Use of the terms shall and must apply only to an applicant who elects to comply with this AIC in order
fo obiain ainworthiness approval or fo demonstrate compliance with the operational criteria. ’

BACKGROUND

This document addresses and defines airworthiness and operational criferia related fo RNAV systems approved
for RNP APCH based on GNSS with or without vertical guidance based on BARO-VNAV. If relates fo the
implementation of area navigation within the cortext of the ICAQ Assembly Resolution 36. It addresses general
certification considerations of stand-alone and multi-sensor systems on-board aircraft, including their functional
requirements, accuracy, integrity, continuity of function, and fimitations, together with operational considerafions.

This document js applicable to RNP APCH operations only. It does nof address RNP AR APCH operations (see
AIC 25-10).

This AIC identifies the airworthiness and operational requirements for RNP APCH operations including APV
BARO-VNAV operation. Operational compliance with these requirements will be addressed through CAR, and
may require a specific operational approval in some cases.

10. Use of BARO-VNAY information for RNP APCH with LNAV minima only is possible using the CDFA (Confinuous
Descent Final Approach) concept. This use is possible provided the navigation system is able to compute a
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verfical continuous descent path on the Final Approach segment and operator comnplies with EU OPS 1.430
section. It should be noted that this AIC does not addrass such operativnal approval authorisation.

SCOPE

This AIC includes airworthiness and operational criteria refated to RNAV systems based on a GNSS stand-afone
receiver, or multi-sensor systems including at feast one GNSS sensor, infended fo be used under Instrument
Flight Rules, including Instrument Meleorological Conditions, in South African afrspace. It contains also
airworthiness and operational criteria related to systems based upon the use of barometric alfilude and RNAV
information in the definifion of vertical paths and vertical tracking to a path fo conduct APY BARO-VNAY
operation.

Paragraphs 15-19 of this AIC refers fo documents which contribute fo the understanding of the RNP APCH
concept and which may support an application for approval. However, it is important that an operalor evaluates
his aircraft system and the proposed operational procedures against the criferia of this AIC.

Compliance with this AIC does not, by itself, constitute an operational authorisation o conduct RNP APCH
operations. Aircraft operators should apply to the SACAA. Since this AIG has been harmonised with other RNP
implementation and operational criteria outside of South Africa, i.e. USAFAA and Europe it is expected fo
facilitate interoperability and ease the effort in obtaining operational authorisation by operators.

This AIC does not cover RNP approaches where special authorisation is required (RNP AR APCH). RNP AR
APCH is addressed in a separate AlC.

REFERENCE DOCUMENTS
ICAC
fCAO Annex 10 International Standards and  Recommended  Practices-
Aeronautical Telecommunications
ICAQ Doc 7030/4 Regional Supplementary Procedures
{CAQ Doc 9613 Performance Based Navigation Manual (PBN)
ICAO Doc 8168 PANS OPS (Procedures for Air Navigation Services- Aircraft Operations)
EASA
AMC 25-11 Electronic Flight Deck Display
AMC 20-5 Airworthiness Approval and Operational Criteria for the use of the
Navstar Global Positioning System (GPS)
ETSO-C115 Airborne Area Navigation Equipment using Multi-Sensor Inputs
ETSO-C129 Airborne Supplemental Navigation Equipment Using the Global
Positioning System (GFPS)
ETSO-C145 Airborne Navigation Sensors Using the Global Posifioning
System (GPS) Augmented by the Wide Area Augmentation
System (WAAS)
ETS0O-C146 Stand-Alone Airborne Navigation Equipment Using the Global Positioning
System {GPS} Augmented by the Wide Area Augmentafion System
(WAAS)
ETSO-C106 Air Data Computfer
EASA OPINION Nr. Conditions for Issuance of Letters of Acceptance for Navigation
01/2005 Database Suppliers by the Agency (i.e. an EASA Type 2 LoA).
EASA OPINION Nr. 01/2005 on "The Acceplance of Navigalion
Database Suppliers” dated 14 Jan 05
FAA
AC 25-4 Inertial Navigation Sysfems (INS)
AC 25-11 Electronic Display Systemns
AC 20-129 Airworthiness Approval of Vertical Navigation (VNAV) Systems or
use in the U.S. National Airspace System (NAS) and Alaska
AC 20-138 Airworthiness Approval of GNSS equipment
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AC 20-130A

Airworthiness approval of navigafion or flight management
systems infegrating muitiple navigation sensors.

AC 23-71309-1C

Equipment, systems, and installation in Part-23 airpfanes.

AC 20-153

Acceptance of data processes and associaled navigation data
bases.

FAA Technical Standard Qrders

FAA TSO-C118

Alrborne Area Navigation Equipment using Muitisensory Inputs.

FAATS O-C129

Airborne Supplemental Navigation Equipment Using the Global
Positioning System (GPS)

FAA TSO-C145

Airborne Navigation Sensors Using the Global Positioning
System (GPS) Augmenfed by the Wide Area Augmenialion
Systern (WAAS)

FAA TSO-C146

Stand-Alone Airborne Navigation Equipment Using the Global
Positioning System (GPS) Augmented by the Wide Area
Augmentation System (WAAS)

FAA TSO-C106

Air Data Computer

EUROCAE/RTCA, SAE and ARINC

ED 26

MPS for airborne Altitude measurements and coding sysfems.

ED 72A

Minimum Operational Performance Specification for Airborne
GPS Receiving Equipment.

ED-75/D0O-236

Minimum Aviation System Performance Standards: Regquired
Navigation Performance for Area Navigation

ED-76/DO-200A

Standards for Processing Aeronaulical Data

ED-12/DO-178

Software considerations in airborne systems and equipmernt
certification

ED-77/D0O-201A

Standards for Aeronautical information

DO 88 Altimetry

DO 187 Minimum operational performances standards for airborne area
navigation equipments using mulfi-sensor inputs

DO 208 Minimum Operational Performance Standards for Airborne
Supplemental Navigation Equipment Using Global Positioning
System (GPS)

DO-229 Minimum  Operational Performance Standards for Global
Positioning System/Wide Area Augmentation Sysfemn Airborne
equipment

ARINC 424 MNavigation Sysfem Data Base

ARINC 706 Mark 5 Air Data System

ASSUMPTIONS

Applicants should note that this AIC is based on the following assumptions:

a. Navaid Infrastructure
i GNSS is the primary navigation system fo support RNP APCH procedures.
fi. The acceptability of the risk of loss of RNP APCH capability for multiple aircraft due to satelite

failure, loss of the on board monitoring, alerting function (e.g. RAIM holes} and radio frequency
interference, will be considered by the responsible air navigation service provider.

b. Obstacle Clearance
i RNP APCH without BARO-VNAV guidance:
1. Detailed guidance on obstacle clearance is provided in PANS-OPS (Doc 8168, Volume I, as

amended). Missed approach procedure may be supported by sither RNAV or conventional (e.q.
based on NDB, VOR, DME} segments.
2. Procedure design will take account of the absence of a VNAYV capabilify on the aircraft.



21.

22,

23.

24,

ii.

Vi

{if.

iv.

ii.

APV BARO-VNAV:

BARO-VNAYV is applied where veriical guidance and information is pravided to the flight crew on instrument
approach procedures containing a vertical path defined by a vertical path angle.

Detailed quidance on obstacle clearance is provided in PANS-OPS (Doc 8168, Volume i, as amended).
Missed approach procedure may be supported by either RNAV or conventional (e.g. based on NDB, YOR,
DME) segments.

Publication

The instrument approach chart will clearly identify the RNP APCH appiication as RNAV(GNSS).

For non APV BARO-VNAYV operation, the procedure design will rely on normal descent profiles and the
chart will identify minimum altitude requirements for each segment, including an LNAV OCA(H).

For APV BARO-VNAV operation, charting will follow the standards of ICAO Annex 4 to the Convention on
International Civil Aviation for the designation of an RNAV procedure where the vertical path is specified by
a glide path angle. The charting designation will remain consistent with the current convention and will
promulgate a LNAV/VNAY CCA(H).

If the missed approach segment is based on conventional means, the navaid facilities or airborne
navigation means that are necessary to conduct the missed approach will be identified in the refevant
publications (e.g. approach charts).

The navigation data published in the applicable AIP for the procedures and supporting navigation aids will
meet the requirements of ICAQ Annex 15 and Annex 4 to the Convention on International Civil Aviation.
The chart will provide sufficient data to support navigation data base checking by the crew (including
waypoint name, frack, distance for each segment and vertical path angle).

All procedures will be based upon WGS 84 coordinates.

Communication, Surveillance and ATM coordination

RNP APCH does not include specific requirements for communication or ATS surveillance. Adequafe
obstacle clearance is achieved through aircraft performance, operating procedures and procedure design.
Where reliance is placed on the use of radar to assist conlingency procedures, its performance will be
shown to be adequate for that purpose, and the requirement for a radar service will be identified in the AIP.
RT phraseology appropriate to RNP APCH operations will be promulgated.

it is expected that ATG will be familiar with aircraft VNAV capability, as well as issues associated with
altimeter setting and temperature effect potentially affecting the infegrity of the APV BARO-VNAY
operation,

The particular hazards of a terminal and approach area and the impact of contingency procedures following
multiple loss of RNP APCH capability will be assessed.

ATC may use radar vectoring technigues to place aircraft onto final approach axis when the RNAV system
supports this function. Air Navigation Service Providers implementing such operation in their airspace
should inform airspace users of this operational possibility in the relevant AIP.

ANSP Assumption for BARO-VNAV Operation

It is expected that air navigation service provision will include data and information to enable correct and
accurale altimeter sefting on-board the aircraft, as well as local temperafure. This data will be from
measurement equipment at the airport where the approach is fo take place (remote or regional pressure
setiing are not authorised).

The specific medium for transmission of this data and information to the aircraft may include voice
communication, ATIS or other media. In support of this, it is also expected thal MET service providers will
assure the accuracy, currency and availability of meleorological dafa supporting APV BARO-VNAV
operations. In order to minimise the potential for miss-setting of baromeiric reference, Air Traffic Controlfers
will confirm QNH with flight crews prior to commencement of the approach.

RNP APCH AIRWORTHINESS CRITERIA

General

The following airworthiness criteria are applicable to the installation of RNAV system intended for IFR approach
operation, certified according to CS-23, -25, -27 and -29.

This AIC uses FAA Advisory Circulars AC 20-138/AC 20-138A (GPS stand-alone system) or AC 20-130A (Multi-
sensors systems) as the basis for the airworthiness approval of an RNAV system based on GNSS. For APV
BARO-VNAYV operation, this AIC uses FAA Advisory Circular AC 20-129 as the airworthiness basis with additional
requirements.

This AIC is fo be used as Interpretative Material fo show compliance with the applicable CS codes on each
application.
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Equipment Qualification

If the RNAV installation is based on GNSS stand-alone system, the equipment shall be approved in accordance
with TSO-C129a/ETSQ-C129a Ciass A1 or ETSO-C146/TSO-C146 Class Gamma, operational class 1, 2 or 3.

If the RNAYV installation is based on GNSS sensor equipment used in a multisensor system (e.g. FMS), the GNSS
sensor shall be approved in accordance with TSO-C129/ETSO-C129 Class B1, C1, B3, C3 or ETSO-CT45TS0-
C145 class Befa, operational class 1, 2or 3.

Multi-sensor systems using GNSS should be approved in accordance with AC20-130A or ETS0-C17156/TS0-
C115b, as well as having been demonstrated for RNP capability.

Note 1: For GNSS receiver approved in accordance with ETSO-C129/TS0-C129, the capability for sateliffe Fault
Detection and Exclusion (FDE) is recommended, o improve continuity of function.

Note 2: GNSS receivers approved in accordance with ETSO-145/TS0-C145a or ETSO- C146/TSCC146a (DO
229C) and used outside SBAS coverage area may Irigger inappropriate Loss of Integrity (LOf} warnings. DO229D
paragraph 2.1.1.6 provides a correct sateliife selection scheme requirement to address this fssue. Although most of
the ETSO-C145/TSO-C145a or ETSO-146/TSO-C146a approved receivers comply with this safellife selection
scheme, a confirmatory statement from the equipment manufacturer is stifl necessary. It should be noted that such
confirmatory statement is not necessary for equipment compiiant with TSO-C145b or TSO-C146b.

Altimeter sensor requirement for APV BARQVNAYV operation

In addition to requirements of paragraphs 25, 26 & 27 above, the RNAV equipment that automatically determines
aircraft position in the vertical plane should use inputs from equipment that can include:

a. ETSO-C106/TSO-C1086, Air Data Computer; or

b. Air data system, ARINC 706, Mark 5 Air Data System, ARINC 738 (Air Data and Inerfial Reference
System); or

c. Barometric alfimeter system compliant with DO-88 "Altimetry” and/or ED-26 "MPS for Alrborne Altitude
Measurements and Coding Sysfems”, or

d Type certified integrated systerns providing an Air Data System capability comparable fo item b).

Accuracy

Horizontal

The Lateral and Longitudinal Total System Error (TSE) of the onboard navigation system must be equal to or better
thar:

a. +1 NM for 95% of the flight time for the initial and intermediate approach segments and for the RNAV
missed approach.

Note: There is no specific RNAV accuracy requirement for the missed approach if this segment is based on
conventional means (VOR, DME, NDB} or on dead reckoning.

b. +0.3 NM for 95% of the flight time for the final approach segment.

The Lateral Total System Error (TSE) is dependent on the Navigation System Error (NSE}, Path Definition Error
{PDE) and Flight Technical Error (FTE).

In order to satisfy the £0.3 NM TSE accuracy for the final approach segment, FTE {95%) shoufd nof exceed £0.25
NM whatever the operating mode (manual, flight director or Autopilol):

a. A demonsirated FTE (95%) of +0.25NM is assumed for manual mode if a standardised CDI is installed
{compliant with the full-scale deflection sensitivity requirement of TSO-C129a paragraph (a).3.(vii) or
RTCA/DO-229 paragraph 2.2.1.4.2.1) Otherwise, it should be demonstrated that an FTE of £0.25 NM can
be maintained under all foreseeable conditions through a dedicated flight fest evaluation.

b. A demonstrated FTE (95%) of 0.25NM is assumed when coupled to a flight director.

c. A demonstrated FTE (95%) of 20.125 NM is assumed when coupled to an autopilot.

Qutside of the Final Approach Segment, @ demonstrated FTE of 0.5 NM may be assumed.
Positioning data from other lypes of navigation sensors may be infegrated with the GNSS data provided it does not

cause position errors to exceed the Total System Error (TSE) budget, otherwise a means must be provided fo
deselect the other navigation sensor fypes.
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Nofe: The horizontal positioning error component of TSE is assumed fo be equal fo the 2D navigation accuracy of
systems/sensors qualified to AC20-138, 20-138A, and 20-130A.

An acceptable means of complying with these accuracy requirements is fo have an RNAV system approved for
RNAV approaches in accordance with 2D navigation accuracy criteria of FAA AG 20-138, AC 20-138A or AC 20-
130A.

Vertical accuracy for APV BARO-VNAV operation

Alfimetry System Error (ASE)

Altimetry system performance is demonsirated separately from the APV BARO-VNAYV certification through the
static pressure system certification process. With such approval (e.g. CS 25.1325), each systern must be designed
and instalied so that the error in indicated pressure altitude, at sea level, with a standard atmosphere, excluding
instrumnent calibration error, does nof result in an error of more than 29 m (£30 ) per 185 km/hr (100 knots) speed
for the appropriate configuration in the speed range between 1.23 VSRO with wing-flaps extended and 1.7 VSR1
with wing-flaps retracted. However, the error need nol be less than £9 m (30 ft).

Altimetry systems meeting such a requirement will satisfy the Altimetry System Error (ASE} requirements for APV
BARO-VNAYV operation. No further demonsiration or compliance is necessary.

Nole 1: Altimetry Error refers to the efectrical output and includes all errors affributable fo the aircraft altimelry
installation including position effects resulting from normal aircraft flight atfifudes. In high performance aircraft, it is
expected that altimetry correction will be provided. Such correction should be done automalically. In lower
performance aircraft, upgrading of the altimetry systern may be necessary.

Note 2: Positioning data from other sources may be integrated with the barometric allitude inforrnation provided it
does not cause position errors exceeding the verlical accuracy requirement.

VNAV Equipment Error

The error of the airborne VNAV equipment (excluding altimetry, horizontal coupling and fiight technical error) on a
99.7 per cenf probability basis should be demonsirated fo be less than:

Descent Along Specified Vertical
. Profile (angle) (fi)

At or below 5000 ft (MSL} 100
5000 ft to 10000 ft (MSL} 150
10000 ft to 15000 ft (MSL) 220

Note: VNAV Equipment Error is the error associated to the verfical path computation. it includes path definition
error {PDE} and approximation made by the VNAVY equipment for the vertical path construction if any.

Horizontal Coupling Efror

The Horizontal coupling error {vertical error component of afong frack positioning error) is a function of the
horizontal NSE (see Para 32-38 above) and is directly reflected in the along track folerance offset used in APV
BARO-VNAV procedure design criferia.

This Horizontal Coupling error in this context is assumed to be 24 FT on a 99.7 per cent probability basis using a
longitudinal positioning accuracy of 0.05 NM at 95% and a vertical pattr of 3°.

Note: For siraight approaches, it is assumed that longitudinal accuracy does not include an FTE component. An
arbifrary TSE (based on NSE) of 0.2NM is appiied instead of 0.3NM.

Veriical Flight Technical Error (FTE)

The vertical FTE on a 99.7 per cent probability basis should be demonstfrated to be less than:

Descent Along Specified Verfical
Profile {(angle) (FT)

At or below 5000 FT (MSL) 150
5000 ft to 10000 FT (MSL) 150
10000 ft to 15000 FT (MSL) 150

Note 1: FTE performance requirements are more stringent compared with AC 20-129 and the ICAO PBN manual
where 200 FT (at or below 5000 FT MSL) and 300 FT (from 5000 FT to 15000 FT MSL) are required.
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Note 2: Use of a flight director or autopilot may be required o support such an FTE requirement.

Vertical Total System Error (TSE )

The Vertical Total Sysfem Error (using the Root Sum Square (RSS) of alf errors components described above) on a
99.7 per cent probability basis is as follow:

Altimeter VNAV Horizontal Fiight Technical | Vertical Total
Systemn Error’ Equipment | coupling Error | Emror System Error
Error
At or below 80FT 100 FT 24 FT 150 FT 199 FT
5000 FT (MSL)
5000 FT fo 106 FT 150 FT 24 FT 150 FT 238 FT
10000 FT (MSL)
10000 FT fo 127 FT 220FT 24 FT 150 FT 296 FT
15000 FT (MSL}

Note 1: If an instaffation resulfs in larger Fight Technical Errors, the Tolal Vertical Error for the system should be
determined by combining the demonsiraied errors using the root sum square (RSS) method. The result should be
fess than the values listed.

Note 2: The manual monitoring of the alfimeters to comply with the DA/DH is independent of the BAROVNAV
system and provides additional mitigation.

" The ASE value has been computed using the following formula:
ASE (FT) = 8.8 x 10° x (h+ AR’ + 6.5 x 10°° x (heAh)+ 50

Where h is the height of the local altimeiry reporting station and Ah is the height of the aircraft above the reporting
stafion.

An acceptable means of complying with the above accuracy requiremenis is to have the VNAV system approved
for RNAV approaches in accordance with FAA AC 20-129 and to provide evidence that the FTE, or VTSE, or
operation procedures to bound the FTE are within the required limits.

Vertical Path Error at FAP due fo the veriical fly-by transition

Error due fo the capture of the vertical path starting from the FAP aitifude should be limited. This momentary
deviation below the published minimum procedure alfitude at the FAP is acceptable provided the deviation is
limited to no more than 50 fect (assuming no VNAV equipment error)

Note: FD-75 B paragraphs 1.5.7.2 and 3.2.8.5 provides guidance regarding the VNAV path transitions and, in
particutar, the vertical fly-by fransition.

Integrity

During operations on instrument approach procedures, the probability of displaying misteading navigational or
positional information to the flight crew during the approach, including the final segment, shall be remote.

in the horizontal plane and during operations on the initial, infermediate segment and for the RNAV missed
approach of an RNP APCH, the system, or the system and pilot in combination, shall provide an alert if the
accuracy requirement is not met, or if the probability that the lateral TSE exceeds 2 NM is greater than 10 5 During
operations on the final approach segment of an RNP APCH, the system, or the systern and pilot in combination,
shail provide an alert if the accuracy requirement is not met, or if the probability that the lateral TSE exceeds
0.6 NM is greater than 10°.

For APV BARC-VNAV operation, in the vertical plane the integrity is relying on system development assurance,
crew procedures and use of airborne systems independent from the VNAV compuler system (e.g. primary alfimeter
system). The integrity requirement is satisfied by applying appropriate quantitative numerical methods, qualitative
operational and procedural considerations and mitigations. The airborne VNAV system must be designed in
accordance with the major failure condition regarding the computation of an erroncous vertical guidance. Two
independent altimetry systems (sources and displays} must be operational and crew must cross-check the
displayed altitude during the approach and, in particutar, when determining the Decision Aftitude (DA). Operator
procedures and crew training should highlight the importance of having the current altimeter setting for the selected
instrument procedure and runway and the respect of temperature limitation if the VNAV system does not
compensate automatically.

Note 1: An airborne safety objective of Remole recognises that not only is the navigation system design evaluated
consistent with known industry and reguiatory system safefy assessment views, but is now augmented with a
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comprehensive assessment of system performance assurance, system featuresAunctions, human interface, flight
crew procedures, maintenance and Iraining, that is unique for RNP. The result is that the safely assurance
provided greatly exceeds that of conventional navigation systems.

Note 2: An airhorne objective of Remote is applicable fo an instrument approach in particular on the final segment,
i.e. from the FAF down to the runway. It is possible to safisfy this objective when considering the RNP system’s
unique requirements for RNP monitoring and integrity alerting, situafional awareness information, error checking
via the human machine interface and cockpit displays of independent flight information. Furthermore, the pilot
should respect all vertical constraints associated to the procedure (start of descent, step-down fix, efc.} in order fo
respect obstacle clearance.

Note 3: The probability to fail to detect a GPS-induced position error larger than 0.3 NM is less than 107/Fh if the
receiver is compliant with ETSO-C128/TS0-C129, ETSO-C145/TS0O-Ci45a or ETSOCT146/T, S0O-C146a. This
107 /Fh criterion is the combined probability of the missed detection probability Lless than or equal to 10°/Fh} and
the probability of receiving an erroneous satellite signal (less than or equal to 107/Fh).

Note 4: Traditionally, this requirernent has not specifically addressed the airborne system operational software or
airborne system databases (e.g. navigation database). However, it is expected that where the RNAV airborne
software has been previously shown compliant with the criferia of ED-12B/DO-1788, Level C, as a minimum, it is
acceptable for the operations associated with this AIC.

Note 5: Probabiiity terms are defined in CS AMC 25.1309, AC 23.1309-1, AC 27-1B or AC 28-2C.

Note 6: For RNP APCH operation, the on-board monitoring and alerling function is provided through the use of
ABAS (RAIM or an equivalent algorithm) in conjunction with crew moniforing of the FTE.

Note 7: For aircraft and systems approved for RNP AR operations, per AIC 25-10, the crew alerfing based upon
RNP is an accepiable alternative.

Continuity of function

it shall be demonstrated that:

a. The probability of loss of all navigation information is Remote.
b. The probabifily of non-restorable loss of all navigation and communication functions is Extremely
Improbable.

Loss of the RNP APCH functions with or without BARO-VNAV guidance is considered a minor failure condition if
the operafor can revert to a different navigation system and proceed to a suitable airporl. For RNP APCH
operations at least one RNAY system is required.

Nofe 1: From an operational point of view, the operator should develop contingency procedure for the loss of the
RNP APCH capability during the approach.

Nofe 2: Probability terms are defined in CS AMC 25.1309, AC 23.1309-1, AC 27-1B or AC 29-2C.
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FUNCTIONAL CRITERIA

Required Function for RNP APCH

ltem

Functional Description

1.

Navigation data, including a to/from indicafion and a failure indicator, must be
displayed on a lateral deviation display (CDI, (E)HSI} and/or a navigation map
display. These must be used as primary flight instruments for the navigation of the
aircraft, for manoceuvre anticipation and for failure/status/integrity indication. They
must meet the following requirements:

1. The displays must be visible fo the pilot and located in the primary field of
view {£15 degrees from pilot’s normal line of sight) when looking forward
along the fiight path.

2 The lateral deviation display scaling must agree with any alerting and
annunciation limits, if implementad.

3. The lateral deviation display must also have a full-scale deflection suitable
for the current phase of flight and must be based on the required fotal
system accuracy. For installations having a lateral deviation display, its full-
scale deflection must be suitable for the phase of flight and based on the
required frack keeping accuracy. Scaling is *1NM for the initial and
infermediate segments and 0.3 NM for the final segment.

4. The display scaling may be set automatically by default logic or set fo a
value obtained from a navigation database. The full-scale deflection value
must be known or made avaifable for display to the flight crew.
Enhanced navigation display (e.g. electronic map display or enhanced
EHSI) to improve lateral situational awareness, navigation monitoring and
approach (flight plan} verification could become mandafory if the RNAV
instaliation does not support the display of information necessary for the
accomplishment of these crew tasks.

Capability to continuously display, to the pilot flying, the RNAV computed desired
path (DTK), and the aircraft position relative fo the path (XTK), on the primary flight
instruments for navigation of the aircrafi.

Note: Where the minimum flight crew is two pilots, it shall be possible for the pilot
not flying fo verify the desired path and the aircraft position refative to the path.

A navigation database, containing current navigation data officially promulgated for
civil aviation;

a} which can be updated in accordance with the AIRAC cycle and

b} from which approach procedures can be retrieved in their entirefy

and loaded info the RNAV system.

The resolution to which the data is stored must be sufficient to ensure that the
assumption of no path definition error is satisfied.
The database shall be protected against flight crew modification of the stored dafa.
Note: When a procedure is loaded from the dafabase, the RNAV system is
required to fly it as published. This does not preciude the flight crew from having
the means to modify a procedure or route already loaded into the RNAV/GNSS
systern as permitted by paragraph 10. However, the procedure stored in the
database must not be modified and must remain intact within the database for
future use and reference.

Means to display the validity period of the navigation database fo the flight crew.

Means to retrieve and display data stored in the navigafion database relaling fo
individual waypoints and navigation aids, fo enable the flight crew fo verify the
procedure to be flown.

Capacily to load from the database into the RNAV system the whole approach
procedure fo be flown.

Display of the identification of the active (To) waypoint, either in the pilot’s primary
field of view, or on a readily accessible page on the RNAV CDU, readily visible to
the flight crew.
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ftem | Functional Description

8. Display of distance and bearing fo the active (To) waypoeint in the pilot’s primary
field of view. Where impracticable, the data may be displayed on a readily
accessible page on the RNAV CDU, readily visible to the flight crow.

9, Display of distarice between flight plan waypoints. The navigation systerm mustf
provide the ability fo display the distance between flight plan waypoints.

10. Display of distance from present position fo any selected waypoint. The navigation
systemn must provide the ability to display the distance fo any waypoint sefected by
the flight crew. Such selection should not impact the active flight plan.

1. Dispiay of ground speed or time fo the active (To} waypoint, either in the pilot's
primary field of view, or on a readily accessible page on the RNAY CDU, readily
visible to the flight crew.

12. Capability for the "Direct to” funiction.

13. Capability for automatic leg sequencing with display of sequencing to the flight

crew.
14. Capability to execute database procedures including:
a} fly-over and
b} fiy-by turns
15. Capability to execute leg fransitions and maintain fracks consistent with the

following ARINC 424 path terminators (automatic capability), or their equivalent:

Initial Fix (IF),
Track fo Fix (TF),
Direct to Fix (DF},

Note: Path terminators are defined in ARINC Specification 424, and their
application is described in more detail in documents PANS-OPS, EUROCAE ED-
75RTCA DQ-236, ED-77/RTCA DQ-201A, and EUROCONTROL Document
NAV.ET1.8T10.

16. Capability to automatically execute leg transitions consistent with ARINC 424 FA
path terminators, or the RNAV system must permit the pilof to fly a course and turn
at a designated alfitude. If manual infervention is necessary fo lurn at the

designated altiiude, the associated crew workload shail be assessed.

17. Indication of the RNAV system failure leading fo the loss of navigafion function in
the pilof's primary field of view (e.g. by means of a navigation warning flag on the
navigation display).

18. indication of the Loss Of Integrity (L.OI} function (e.g. loss of RAIM) in the pilof's
normal field of view (e.g. by means of an appropriately localed annunciafor).

Note: Systems providing RNP alerts that reflect loss of GNSS integrity are
considered accepfable.

19. Capability for the accomplishment of holding patferns and procedure turns.
Activation of this function shall at least:

a) Change aufomatic waypoint sequencing fo manual.

b) Permit the pifot fo readily designate a waypoint and select a
desired course (by means of a numerical keypad entry, HS! course
pointer, CDI omni-bearing selector, efc.) to or from the designated
waypoint (TO/FROM mode operation is acceptable).

c) Retain all subsequent waypoints in the active flight plan in the
same sequence.

Permit the pilot to readily return fo automatic waypoint sequencing at any time prior
to the designated fix (“TO” waypeint) and confinue with the existing flight pfan.

63. Additional required function for APV BAROVNAYV operation

64. In addition to the required function specified in paragraph 62, the system shall meet the following
requirernents:
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Functional Description

APV BARO-VNAV deviation must be displayed on a vertical deviafion display (HSI,
EHSI, VDI, efc).

This display must be used as primary flight instruments for the approach. The
display must be visible to the pilot and located in the primary field of view (x15
degrees from pilot’s normal line of sight} when looking forward along the flight path.

The deviation display shall have a suitable fuli-scale deflection based on the
required vertical frack error.

The non-numeric display must allow the fight crew to readily distinguish if the
vertical deviation exceeds 75 feet.

if the non-numeric display does not permit the fight crew fo readily disfinguish
excessive vertical devialions, the approach must be conducted with the flight
director andfor the autopilot and a numeric display should allow the pilot fo readily
distinguish if the vertical deviation exceeds 75 feel,

Capability to continuously display, to the pilot flying, the verlical devialion relative to
the Final approach segment on the primary flight instruments for navigation of the
aircraft.

Note: Where the minimum flight crew is two pilots, @ means for the pilot not flving
to verify the desired paih and the aircraft position relative fo the path shall be
provided.

The navigation system must be capable of defining a vertical path in accordance
with the published vertical path.

Note: The VNAYV equipment error budget (see Paragraphs 43 - 44) includes the
path approximation error.

User Interface (Displays and Control)

The display readout and entry resolution for vertical navigation information shall be
as follow:

Parameler Display Entry
Resolution Resolution

Altitude | Above altitude Flight Level Flight Level
fransition level!

Below alfitude 1 foot 1 foot
fransition level

Vertical Path Deviation 10 feet Not applicable

Flight Path Angle 0.1 degree’ 0.1 degree

Temperature 1 degree 1 degree

A Display Resolution of 0.01
degree is recommended

The navigation database must contain all the necessary data/information to fly the
published APV BARQO-VNAV approach. The navigation database must contain the
waypoints and associated verfical information (e.g. VPA) for the procedure. Vertical
Conslraints associated with published procedures must be automatically extracted
from the navigation database upon selecting the approach procedure,

Indication of loss of navigation (e.g. system failure) in the pilot's primary field of
view by means of a navigation warning flag or equivalent indicator on the vertical
navigation display.

The aircraft must display barometric altitude from two independent affimetry
sources, one in each pilots’ primary field of view. When single pilot operation is
permiited, the two displays must be visible from the pilot position.

Recommended Function for RNP APCH

ffem

Functional Descriplion

1.

Capability, following ATC instructions, fo immediately provide horizontal track
deviation indications relative fo the extended final approach segment, in order fo
facilitate the interception of this extended final approach segment from a radar
vecfor.
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Functional Description

Course selector of the deviation display aufomatically sfaved fo the RNAV
computed path.

Note: Systems with electronic map display in the pilot's primary field of view having
a depiction of the active route are sufficient.

Recommended Function for APV BARO-VNAV operation

tem

Functional Description

1.

Temperature compensation: Capability to automatically adjust the vertical flight
path for temperature effects. The equipment should provide the capability for entry
of altimeter source femperature fo compute temperature compensation for the
vertical flight path angle. The system should provide clear and distinct indication io
the flight crew of this compensation/adjustment.

Capability to automatically intercept the vertical path at FAP using a vertical fly by
technique.

Note: Vertical Fly By performance is described in ED-75 B paragraphs 1.5.7.2 and
3.2.85

AIRWORTHINESS COMPLIANCE

General

This section details a means of airworthiness compliance for new or modified installations (Paragraphs 70 - 73) and
for existing instaltations (Paragraphs 74 - 75). It also details specific points that should be considered during these
approval processes (Paragraphs 74 - 75).

Relevant documentation demonstrating airworthiness compliance should be available fo establish that the afrcraff
is equipped with an RNAV systems meeting RNP APCH requirements without or with vertical guidance (APV
BARO-VNAV].

New or Modified Installations

in demonstrating compliance with this AIC, the following specific points should be noted:

a.

The applicant will need to submit fo the CAA a compliance statement which shows how the criteria of this
AIC have been safisfied. The statement should be based on a plan, agreed by the CAA at an early stage of
the implementation programme. The plan should identify the cerlification data fo be submitted which should
include, as appropriate, a system description together with evidence resulting from the activities defined in
the following paragraphs.

Compliance with the airworthiness requirements for intended function and safety may be demonstrated by
equipment qualification, system safely analysis, confirmation of appropriate software design assurance
fevel (i.e. consistent with Paragraphs 58 - 58), performance analyses, and a combination of ground and
flight fests. To support the approval application, design data will need fo be submitted showing that the
objectives and criteria of paragraphs 21-66 of this AIC have been satisfied.

Use of the RNAV systems and the manner of presentation of lateral and vertfical (if provided) guidance
information on the flight deck should be evaluated to show that the risk of flight crew error has been
minimised.

Specific installation criteria

The following points need to be taken into consideration during the airworthiness approval process:

a.

oo

Where other conventional navigation systems, apart from the RNAV system, provide display andfor
guidance to a flight director/Autopilot, means should be provided for:

i A navigation system source selector as the only means of selection;

il Clear annunciation of the selected navigation system on or near the navigation display;

fif. Display of guidance information appropriate to the selected navigation system; and

iv. Delivery of guidance information fo a flight director/aufopifot appropriate fo the selected navigation
system.

Annunciation for flight director, autopilof and selected navigation system should be consistenf, and
compatible with the original design phitosophy of the cockpit.

Loss of navigation capability should be indicated to the flight crew.

Equipment failure scenarios involving conventional navigation systems and the RNAV system(s} should be
evaluated fo demonstrate that:
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i Adequate alternative means of navigation ara available following failure of the RNAV system, and
ii. Reversionary switching arrangements, e.g. VOR/GPSH2 on HSHH, do not lead fo misleading or
unsafe display configurations.

Nofe: The evaluation should consider also the probabilify of failures within the switching arrangemenis.

e. if baromelric aftitude input is used by the RNAY syétem (e.g. Baro aiding for RAIM function), loss of aliitude
information should be indicated by the RNAV system.
f. The coupling arrangements between the RNAV systern and the flight director/automalic pilot should be

evaluated to show compatibility and to demonstrate that operating modes, including RNAV system failures
modes, are clearly and unambiguously indicated to the flight crew.

g. The use of the RNAY system and the manner of presentation of lateral and vertical (if provided) guidance
information on the flight deck should be evaluated to show that the risk of flight crew error has been
minimised. The crew should be aware, at any fime, of the system used for navigation.

h. The installation configuration features provided by the RNAV system which affects airworthiness approval
or operational criferia, such as: external CDI selection; external CD! calibration; enfering of GPS anfenna
height above ground; serial Input/output port configuration; reference datum, should not be selectable by
the pilot. Instructions on how o configure the RNAV system for the particular installation should be fisted in
the appropriate manual.

i Controls, displays, operating characteristics and pilof interface to RNAV system should be assessed in
relation to flight crew workload, particularly in the approach environment. Essential design considerations
include:

i Minimising reliance on flight crew memory for any system operating procedure or task. Developing
a clear and unambiguous display of system modes/sub-modes and navigational data with
emphasis on enhanced situational awareness requirements for any automatic mode changes, if

provided.

fi. Use of context sensitive helps capability and error messages (for example, invalid inputs or invalid
data entry messages shoulid provide a simple means fo delermine how to enter “valid” data).

i, Piacing particular emphasis on the number of steps and minimising the time required to accomplish

flight plan modifications fo accommodate ATS clearances, holding procedures, runway and
instrument approach changes, missed approaches and diversions fo alternate destinations.

iv. Minimising the number of nuisance alerts so the fiight crew will recognise and react appropriately
when required.

Existing Installations

Aircraft that are approved for RNP AR APCH operations are considered compiiant with this AIC.

a. An existing statement in the AFM that indicates the aircraft is approved fo perform RNP 0.3 GNSS
approaches or, for instrument approaches including a specification of RNP GNSS capability that meets
RNP 0.3 is considered acceptable for lateral performance.

b. If this is not the case, the applicant will need fo submit o the SACAA a compliance statement which shows
how the criteria of this AIC have been satisfied for existing instaflations. Compliance may be established by
inspection of the installed system fo confirm the availability of required features and functionality. The
performance and infegrity criteria of paragraphs 21-66 may be confirmed by reference fo stafements in the
Aircraft Fiight Manual or fo other applicable approvals and supporting certification data. In the absence of
stich evidence, supplementary analyses and/or tests may be required.

c. To avoid unnecessary reguiatory aciivity, the determination of eligibility for existing systerns should
consider acceptance of manufaciurer documentation. In this specific case, an AFM amendment is
recommended to reflect the RNP APCH aircraft capability. The addition of this aircraft capabifity in the AFM
without any technical modification applied fo the aircraft could be considered as a Minor change by the
SACAA.

Specific Installation agsessment
Lateral and vertical Fly-by transition mechanism

The applicant should demonstrate that the turn indication during lateral fly-by fransitions is accurate enough fo
keep the aircraft within the theoretical transition area as described in ED-75 B paragraph 3.2.5.4. Lateral Fly-by
transition assessment should be evaluated in manual and in autopilof mode. If the equipment provides positive
course guidance through the turn (during the fly-by fransition), then no specific flight test is required.

The appiicant should demonsirate that the vertical indication during vertical fly-by transitions is accurale enough fo
keep the aircraft within the profile described in ED-75 B paragraph 3.2.8.5. Vertical Fly-by transition assessment
should be evaluated in manual and in autopilot mode. it is recalled that momentary deviation below the published
minimum procedure aftitude at the FAP js acceptable provided the deviation is limited fo no more than 50 feet
assuming no YNAV equipment error.
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Enhanced navigation displays

it is recognised that enhanced navigation display (such as IFR approved electronic moving map or enhanced
EHSI) improves crew Jateral sifuational awareness and navigation monitoring. It is strongly recommended that the
RNAYV installation incorporates an IFR approved moving map display. This may be a stand-alone display or may be
integrated within the aircraft electronic display system or directly inlegrated within the GNSS sfand-alone receiver.
For certain cases an enhanced navigation display is required (see Paragraph 62, ltem 1).

The graphical map display should incorporate at least the active flight plan, map ranges consistent with the flight
operation, available navigation aids, and airports. Design and installation of enhanced navigation display should be
approved during the approval process; in particular the evaluation of the man-machine interface {colour, symbol,
clutlering aspect, display location, display size, etc.).

Enhanced navigational display is cansidered an essential function for the crew to verify the approach procedure
loaded from the navigational database. This display is also a key element for the navigation crew monitoring (e.g.
flight plan progress).

Infermixing of equipment

Simultaneous use of RNAV systems with different crew interfaces can be very confusing and can lead to problems
when they have conflicting methods of operation and conflicting display formats. For approach operations,
simulianeous use of RNAV equipment which is not identical or compatible is not permitted.

AIRCRAFT FLIGHT MANUAL/PILOT OPERATING HANDBOOK

For new or modified aircraft, the Aircraft Flight Manual (AFM) or the Pilot's Operating Handbook (POH). whichever
is applicable, should provide at least the following information:

a. A statement which identifies the equipment and aircraft build or modification standard certificated for RNP
APCH operation with or without vertical guidance (APY BARO-VNAV). This may include a very brief
description of the RNAV/GNSS system, including the RNAV/GNSS airborne equipment software version,
CDH/HSI equipment and instaliation and a stafement that it is suifable for RNAV operations. A brief
intraduction to the RNAV (GNSS) approach concept using ICAQ RNP APCH terminology may also be
included.

b. Appropriate amendments or supplements to cover RNP APCH approach operations in the following
seclions:

i. Limitations — including use of VNAV, FD and AP; Currency of navigation database; Crew
verification of navigation data; Availability of RAIM or equivalent function; Restrictions on use of
GNSS for conventional Non Precision Approaches.

if. Normal Procedures.

if. Abnormal Procedures — including actions in response to a Loss of integrity (e.g. 'RAIM Position
Waming', {or equivalent) message or a ‘RAIM not available’, {or equivalent) message).

Nofe: This limited sef assumes that a detailed description of the installed system and related operating instructions
and procedures are available in other approved operational or fraining manuals.

RNP APCH OPERATIONAL CRITERIA

This section describes acceptable operational criferia for approach operations, subject to the limitations given
below. The operational criteria assume that the corresponding installation/ airworthiness approval has been
granted by the SACAA.

Operational criteria apply fo the use of the RNAV system for RNP APCH operations on any aircraft operated under
IFR in accordance with South African legislation or the applicable operational regulations in the fields for which the
South African legisiation has not yet been established.

Operations of the RNAV system should be in accordance with the AFM or AFM supplement. The operafional
procedures to be addressed by the operator are detailed in APPENDIX 4. The (Master} Minimum Equipment List
(MMEL/MEL) showld be amended to identify the minimum equipment necessary fo satisfy operations using the
RNAV system.

The operator should determine the operational characteristics of the procedure [o be flown. It is recommended that
the process described in paragraph 101-103 and APPENDIX 2 of this AIC should be followed to validate jts
operational use by the crew.

Depending on the aircraft capability and the approach procedure, RNP APCH procedures may be conducted with
lateral (LNAV), lateralivertical (LNAV/VNAY) or equivalent mode engaged, and coupling with either a flight director
or autopilol.

Prior to the operation, the operator needs to be authorised by the SACAA for stich operations.
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Flight Operalions Documentation

The ralevant parts and sections of the Qperations Manual (e.g., Aircraft Operations Manual, check lists, training of
crew) should be revised to take account of the operafing procedures detailed in this section and, in particufar those
in APPENDIX 4. The operator should make timely amendments to the Operations Manual to reflect refevant RNP
APCH procedure without or with vertical guidance (APV BARQ-VNAV) and database checking strategies. Marnuals
and check lists need to be submitted for review by the responsible authority as part of the authorisation process.

The aircraft operator should propose an amendment fo the Minimum Equipment List (MEL) appropriate o RNP
APCH operations.

Flight Crew Training

Each pilot should receive appropriate fraining, briefings and guidance material in order to safely conduct RNP
APCH operations without or with vertical guidance (APV BARG-YNAY). This material and training should cover
both normal and abnormal procedures. Standard fraining and checking, such as recurrent aeroplane/STD training
and proficiency checks, should include RNP APCH procedures. Based on this, the operator should determine whal
constitutes a qualified crew.

The operator should ensure that during line operations each pilot can perform assigned duties reliably and
expeditiously for each procedure to be flown in:

a. Normal operations and
b. Abnormal operations.

The operator should ensure that altimeter settings procedures, "hof and high” lemperature limitations and cold
temperature limitations during APV BARO-VNAV operation are respected:

a. Altimeter sefting: Flight Crews should take precaufions fo switch allimeler settings at appropriate fimes or
locations and request a current alfimeter setting if the reported setting is not recent, particutarly at fimes
when pressure is reported or is expected to be rapidly decreasing. Remote (regional) alimeter seltings are
not aflowed.

b. “Hot and High” Temperature Operations: When hot weather temperatures exist particularly when coupled
io high Altitude operations, the pilot should check the chart for the instrument approach procedure fo
determine the Emiting temperature for the use of BARO-VNAV capabifity. If the airborne system contains a
temperature compensalion capability, manufacturer instructions should be followsd for use of the BARO-
VNAV function, and the operational use of the femperature compensation function must be authorised by
the Air Navigation Service Provider

c. Cold Temperalure Operations: When cold weather temperatures exist, the pilot shoufd check the chart for
the instrument approach procedure io determine the limiting temperature for the use of BAROVNAV
capability. If the airborne system contains a temperature compensation capability, manufacturer
instructions should be followed for use of the BARQ-VNAV function, and the operational use of the
temperature compensation function must be authorised by the Air Navigation Service Provider.

A training programme should be structured to provide sufficient theoretical and practical training. An example of
training syllabus is described in APPENDIX 5.

Aerodrome competence and Operator verification

Before ptanning a flight to an aerodrome (destination or alfernate) with the intent to use an RNAV procedure
contained in the Navigation Database, the operafor should determine the operational characteristics of the
procedure in accordance with EU OPS 1.875 or the applicable operational regulations. Further defails are provided
in APPENDIX 2.

Based on this assessment, the appropriate information should be given to the crew. If the aerodrome access
requires a specific competence, the designated crew shall have a validated competence.

Note: This AIC addresses only RNP APCH procedures which are designed with straight segment (e.g9. T or Y
approach). It is therefore anticipated that in most cases no specific competence should be required to fly such
approach procedure.

Navigation Database Managemert

Operator involved in the operation of aeroplanes for commercial air transportation

a. EUOPS 1.873 as amended, for the management of navigation database applies.

Operator not involved in the operation of aeroplanes for commercial air tfransportation

a. The operafors should not use a navigation database for RNP APCH operations unless the navigation
database supplier holds a Type 2 Letter of Acceptance (LoA) or equivalent.
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b. At EASA Type 2 LoA is issued by EASA in accordance with EASA OPINION Nr. 01/2005 on “The
Acceptance of Navigation Database Suppliers” dated 14 Jan (5. The FAA issues a Type 2 LoA in
accordance with AC 20-153, while Transport Canada (TCCA) issues a n Acknowledgement Letter of a n
Aeronautical Data Process using the same basis. Both the FAA LoA and the TCCA Acknowledgement
Lefter are seen to be equivalent fo the EASA LoA.

c. EUROCAE/RTCA document ED-76/D0-200A Standards for Processing Aeronautical Dala conlains
guidance relating fo the processes that the supplier may follow. The LoA demonsirates compiiance with
this standard.

Non-approved Suppliers

a. If the operator's supplier does not hold a Type 2 LoA or equivalent, the operafor should not use the
elecironic havigation data products unfess the SAGAA has approved the operalor's procedures for
ensuring that the process applied and the delivered products have met equivalent standards of integrity. An
acceptable methodology is described in APPENDIX 3 of this AIC.

Quality Monitoring

a. The operator should continue to monitor both the process and the products in accordance with the quality
sysfem required by the applicable operational regulations.

Data Distribution

a. The operaior should implement procedures that ensure timely disiribution and insertion of current and
unaltered electronic navigation data to all aircraft that require it.

Reportable Events

a. A reportable event is one that adversely affects the safely of the operation and may be caused by
actions/events external fo the operafion of the aircraft navigation system. The operator should have in
place a system for investigating such an event to determine if it is due to an improperly coded procedure, or
a navigation daia base error. Responsibility for initiating corrective action rests with the operator.

b. For those operators for whom approval is granted under EU OPS 1, the following events should be the
subject of Occurrence Reports (see EUOPS 1.420):
C. Technical defects and the exceeding of technical limitations, including:

i Significant navigation errors attributed fo incorrect data or a data base coding error.
i, Unexpected deviations in Iateral/vertical flight path not caused by pilot input or erroneous operatior

of equipment.

i Significant misteading information without a failure warning.

iv. Total loss or muitiple navigation equipment failure.

v. Loss of integrity (e.g. RAIM) funiction whereas integrity was predicted to be available during the pre-
flight planning.

AVAILABILITY OF DOCUMENTS

JAA documents are available from the JAA publisher Information Handling Services (IHS). Information on prices,
where and how to order is available on the JAA websile and af www.jaa.ni.

EASA documents may be obtained from EASA (Eurcpean Aviafion Safely Agency), 101253, D50452 Koln,
Germany. Website: www.easa.europa.eu.

EUROCAE documents may be purchased from EUROCAE, 102 rue Etienne Dolet, 92240 MALAKOQOFF, France
{(Fax: 33 1 46 55 62 65). Website: hitp//boutique.eurocae.net/catalog/.

FAA documents may be obtained from Superintendent of Documents, Government Printing Office, Washington,
DC 204029325, USA. Websitfe: hitp:/iwww.Qpoaccess.gov/.

RTCA documents may be obtained from RTCA Inc, 1828 L Street, NW., Suite 805, Washington, DC 20036, USA
(Tel: 1202 833 9339; Fax 1 202 833 9434). Website: www.rica.org.

ICAO documents may be purchased from Document Sales Unit, International Civil Aviation Organisation, 999
University Street, Montreal, Quebec, Canada H3C 5H7, (Fax: 1 514 854 6769, email: sales unit@@icao.org).

Further notices in respect of implementation will follow.
¥
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APPENDIX 1: GLOSSARY
The following are definitions of key terms used throughout this AIC.

Aircraft Based Augmentation System (ABAS): An augmentation system that augments and/or integrates the
information obtained from the other GNSS elements with information available on board the aircrafi.

APV (Approach Procedure with Vertical guidance): An instrument approach procedure which utilises iateral and
vertical guidance but does not meet the requirements established for precision approach and landing operalions.

Area navigation (RNAV}: A method of navigation which permits aircraft operation on any desired fiight path within
the coverage of stationreferenced navigation aids or within the limits of the capability of seffcontained aids, or a
combination of these.

Accuracy: The degree of conformance between the estimated, measured, or desired position and/or the velocity of
a platform at a given time, and its irue position or velocify. Navigation performance accuracy is usually presented
as a stafistical measure of system error and is specified as predictable, repeatable and relative.

ASE (Aftimetry System error): Altimetry error refers to the electrical oufput and includes alf errors atlributable to
the aircraft alfimetry instalfation including position effects resulting from normal aircraft flight atfifudes.

Availability: An indication of the ability of the system fo provide usable service within the specified coverage area
and is defined as the portion of fime during which the system is to be used for navigation during which reliable
navigation information is presented to the crew, aulomatic pilof, or other system managing the flight of the aircraft.

BARO-VNAYV (Baromatric Vertical NAVigation) is a navigation system that presents to the pilot a computed
vertical guidance based on baromeiric aftitude.

Basic GNSS operation: Operation that are based on GNSS Aircraft Based Augmentation System {ABAS). An
ABAS system is typically a GNSS receiver with fault detection compliant to E/TSO C-129a, E/TS0-C1435 or E/TS0O-
C146.

Continuity of Function: The capability of the total system (comprising ail elements necessary to maintain aircraft
position within the defined airspace} to perform its function without nonscheduled interruptions during the interided
operation.

DA(H): Decision altitude {DA) or Decision height (DH). A specified altitude or height in the precision approach or
approach with vertical guidance at which a missed approach must be initfated i the required visual reference fo
continue the approach has rof been established.

FAP: Final Approach Point.

Fault Detection and Exclusion (FDE): FDE is a receiver processing scheme that autonomodisly provides integrity
moniforing for the position solution, using redundant range measurements, The FDE consist of two distinct parts:
fault detection and fault exclusion. The fault defection part detects the presence of an unacceptably large position
error for a given mode of flight. Upon the deteclion, fauit exclusion follows and exciudes the source of the
unacceptably large position error, thereby alfowing navigafion fo return fo normal performance without an
interruption in service.

GNSS stand-alone receiver: A GNSS system incorporating the GNSS sensor, the navigation capability and the
navigation data base.

GNSS sensor: A GNSS system incorporating only the GNSS receiving and positioning part. It deesn't incorporate
the navigation capability and the navigation data base.

HCE (Horizontal Coupling Error}: The vertical error corponent of an along track posifioning error

integrity: The ability of a system to provide fimely warnings fo users when the system should nof be used for
navigation.

MDA(H): Minimum descent altitude (MDA) or minimum descent height (MDH). A specified altitude or height in
a nonprecision approach or circling approach, below which, descent should not be made without the required visual
reference.

NSE (Navigation System Error): The difference between true position and estimated position

OCA/ H: In a precision approach procedure (or APV), the QCA/H is defined as the lowest altifude/height at which a
missed approach must be initiated fo ensure compliance with the appropriate obstacle clearance design criteria.
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On board Monitoring and Alerting function: This function is the main element which determines if the navigation
system complies with the necessary safety level associated fo a RNP application; it relates fo both lateral and
langitudinal navigation performance. Onboard performarce monitoring and alerting alfows the flight crew fo detect
that the RNAV systen is not achieving the navigation performance required. Onboard performance monitoring and
alerting is concerned with the monitoring of all type of errors which may affect the aircraft abiiity to follow the desired
flight path.

TCH: Threshold Crossing Height. The height of the Glide Path above the threshold.

TSE (Total System Error): The difference between true position and desired position. This error is equal to the root
sum square (RSS) of the Flight Technical Error (FTE), Path Definition Error (PDE), and Navigation System Error
(NSE).

PDE (Path Definition Error): The difference between the defined path and the desired path.

Receiver Autonomous Integrity Monitoring {RAIM): A technigue whereby a GNSS receiver/processor determines
the integrity of the GNSS navigation signals using. only GPS signals or GPS signals augmented with altitude. This
determination is achieved by a consistency check among redundant pseudorange measurements. At least one
satellite in addition fo those required for navigation should be in view for the receiver to perform the RAIM function.

RNAV System: A navigation system which permits aircraft operation on any desired flight path within the coverage
of stationreferenced navigation aids or within the limits of the capability of selfcontained aids, or a combination of
these. A RNAY system may be included as part of a Flight Management System (FMS).

RNAV (GNSS) approach: A GNSS RNAV approach promulgated by a State and designed in accordance with
PANSOPS Criteria Doc 8168, Volume Hi, Part Iil, Section 1, Chapter 2 and Section 3, Chapter 3 (Basic GNSS).
Such approach shouid be flown by using an airborne RNAV system approved for RNP APCH operations.

SBAS: Safeliite Based Augmentation System. SBAS augments core satellite constellation by providing ranging,
integrity and correction information via geostationary satelfites. This system comprises a network of ground
reference stations that observe satellifes signals, and master stations that process observed data and generate
SBAS messages for uplink to the geostaltionary satellites, which broadcast the SBAS message fo the users.

RNP APCH: RNP AProaCH. A RNP approach defined in the ICAQ Performance Based Manual (FBN) manual. An
approach equivalent to the RNAY (GNSS) approach.

7SO-C 129 / ETSO-C129a GPS Class A equipment: Equipment incorporating both the GNSS sensor and
navigation capability. This equipment incorporates RAIM as defined by TSOQ/ETSO-C129.

TSO-C 129 / ETSO-C 129a GPS Class B and C equipment: GNSS sensor providing GNSS data (position,
integrity) to an integrated navigation system (e.g. FMS).

TSO-C 146 Class GAMMA: This functional class corresponds fo equipment consisting of both the GNSS/SBAS
position sensor and a navigation function, so that the equipment provides path deviations relative fo a selected path.
The equipment provides the navigation function required of a standalone navigation system. This equipment also
provides integrity in the absence of SBAS signal through the use of FDE. In addifion, this class of equipment
requires a data base, dispiay outputs and pilof controfs.

TSO-C 145 Class BETA: Equipment consisting of a GNSS/SBAS sensor that defermines position (with integrity}
and provides position and integrity fo an integrated navigation sysiem (e.g. Right management system, multi-sensor
navigation system). This equipment also provides infegrity in the absence of the SBAS signal through the use of
fault detection and exclusion (FDE).

TSO-C 146 or TSO-C145 Operational Class 1: This operational class supports oceanic and domeslic en-route,
terminal and non precision approach, and departure operation.

TSO-C146 or TSO-C145 Operational Class 2: This operational class supports oceanic and domestic enroute,
terminal and non precision approach, LNAV/VNAV and departure operation.

TS0-C146 or TSO-C145 Operational Class 3: This operafional class supports oceanic and domestic enroute,
ferminal and non precision approach, LNAV/VNAV, LPV and departure operation.

«T* approach: T approach is defined in ICAO document 8168 and in RTCA/EUROCAE DO 201A/ED 77. *T”
approach is composed of two initial approach segments perpendicufar to the intermediate approach segment.

Vertical Navigation: A method of navigation which permits aircraft operation on a vertical fiight profile using
altimetry sources, external flight path references, or a combination of these.

VPA (Vertical Path Angle): Angle of the published final approach dascent.

VTF: Vector To Final.
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VSR: Reference Stalf Speed.
“Y"” approach: Y approach is defined in ICAQ document 8168 and in RTCA/EURCCAE DO-201A/ED 77. *Y”"

approach is derived from the “T” approach but the initial segments are establishing at 70° o the intermediate
segment rather than 90°.

APPENDIX 2: OPERATIONAL CHARACTERISTICS OF THE PROCEDURE AND ITS OPERATIONAL
USE

The operator should show evidence that consideration has been given to the evaluation of any new or modified RNP
APCH procedures.

RNP APCH procedure should be designed using straight segments; the operafor should check that the selected
procedure fulfils this requirement.

Particular attention should be paid to procedures:

a) In mountainous envirorments,
b} Within the proximity of wellknown obstacles,
c) That may require adequate knowledge for the aerodrome access or aerodrome competence

qualification, as specified in EU-OPS 1.975 or the applicable operational requiremers.

Competence may be required specifically for this RNAV procedure or the procedure may be published for an
aerodrome already listed as requiring an aerodrome competence. This may be aircraft type related and subject to
periodic revalidation.

a) In the absence of radar coverage,

b) When missed approach frajectory involve turns, especially at low altifudes,

¢} Subject to a declared exemption to the procedure design rules specified by the ICAQ PANS OFS,
d} Every other case considered necessary o be evaluated by the operator.

The operator may develop an internal process (e.g. filtering methods or toofs covering the AIP review) fo detect RNP
APCH procedure(s) showing one or more of the above-listed characteristics.

The operational evaluation of a RNP APCH procedure showing evidence of the above-mentioned operational
characteristics may include, af operator discretion, an approach conducted with the aircraft in VMC or the use of a
full flight simutator (FFS) in order to evaluate if the procedure is correctly executed by the RNAV system and fly-able
with the aircrafl type.

APPENDIX 3: ALTERNATE NAVIGATION DATABASE INTEGRITY CHECK

If operator’s navigation data base supplier has no Type 2 LOA, the operator should develop and describe a method
fo demonstrate an acceptable level of infegrity of the navigation data base conient used by the RNAYV system on
board the aircrafi.

The operator should implement navigation data base integrity checks for all RNP APCH procedures they wish to
operate, using manual verification procedures or appropriate software tools, at each AIRAC Cycle.

The objective of this integrify check is fo identify any significant discrepancies between the published
charts/procedures and the navigation database cornfent.

Integrify checks may be conducted by a designated third party, under the operator responsibility.
Elements to be verified

Af least the following elements of an RNP APCH should be verified:

a} Coordinates/location verification of IAF, IF, FAF, MAPY, and other waypoints between IAF and MAPE (if
any)

b) Tracks between these waypoints

c) Distance between these waypoints

a) Vertical path angle (for APV BAROVNAY operationj

Means to verify those elements
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The Operafor verification process

The operator should, at the very least, verify the information listed i paragraph 1 of this Appendix, by comparison
with the official published data.

As the data may evolve at each AIRAC Cycle, this verification should be done &t every AIRAC cycle using
comparison with source documents or a reference dala base {gold standard).

The operator should describe the method used fo verify the navigation data base integrity which can be based on a:

a. Manual methad, with or without software support, whereby the airborne dala base is compared with the
original published data, or
b. Recurrent method with a reference database, whereby any changes identlified between the latest data

hase and the reference data base are checked against the original published daia. Once the latest data
base has been verified, it becomes the reference data base for the next AIRAC cycle.

The recurrent method refies on the integrity of the initial data base, and requires that the check of every RNP APCH
procedure has been properly conducted and validated at the very first time. It also relies on the assumption that
every change in the data base is properly idenfified and checked. It is recommended that software tools are used fo
compare the contents of one (N} AIRAC cycle data base with the contents of the previous (N-1) AIRAC cycle data
base,

Whatever the method, data fo be checked must come from the final source to be loaded on the aircraft.

The means fo enable this verification

In many cases, the RNAV system and an enhanced navigation display are necessary to access the data (on the
aircraff or on a flight simulator).

An RNAV system comparable o the one instafled on the aircraft (i.e. using the same algorithms) may also be used,
as well as appropriate simulation software fools. The RNAY system manufacturer should be consufted on the
adequacy of specific software for this purpose.

Data may also be acquired through a fool able of unpacking the data encoded on the files (e.g. decompactor)
developed by the RNAV system manufacturer.

Whatever software tool is used, it should be validated for its intended use by the operalor.

Feedback and reporting errors found

in case of errors found, the operator should take appropriate actions.

in particular, significant errors (i.e. those that would affect the flight path of the aircraft) should be reported to the
database supplier and the competent authority and affecled procedures should be prohibited by a company

instruction or NOTAM.

Note: Integrity checks could be conducted for several operators by a same designated third party. In this case, it is
strongly recommended that any problem recorded by this third party be reported to all its client operators.

APPENDIX 4: OPERATIONAL PROCEDURES

This Appendix should be used by the operator to amend the relevant parts and sections of the Operations Manual
as described in paragraphs 93-95 to support these types of operalions.

Normal Procedures

Pre-flight Planning

Operators and flight crew infending to conduct operations on RNP APCH procedures must file the appropriate flight
plan suffixes. The on-board navigation data must be current and must includs the appropriate procedures.

In addition to the normal pre-flight planning, the following additional checks must be carried out:

a. The instrument approach chart should clearly identify the RNP APCH operation as RNAV (GNSS) or
equivalent (e.g.. RNAV (GNSS) RWY 27). The operafor should determine in accordance with the
promuigated OCA(H) and the operafional requirement (e.q. EU-OPS 1.430) the Minimum Descent
Altitude/Height (MDA(H)) for LNAV approaches or the Decision Altitude/Height (DA(H)) for APV BARO-
VNAV operation.
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b. Flight crew mustf ensure that RNP APGH procedures which may be used for the infended flight (including
alfernates aerodromes) are selectable from a valid navigation data base (current AIRAC cycle) and are
not prohibited by a company instruction or NOTAM.

Flight crew could check approach procedures (including alternate aerodromes) as extracted by the system (e.g.
CDU flight plan page) or presented graphically on the moving map, in order o confirm the correct loading and the
reasonableness of the procedure content. The vertical path of the APV BAROVNAYV procedure could be checked as
extracted from the navigation data base on the RNAV Man Machine interface (e.g. MCDU).

if above verification is notf satisfactory, the flight crew should not use the procedure, and nof consider this
approach(es} during the selection of acrodromes for the infended flight.

a. Flight crew should ensure sufficient means are available fo navigate and land at the destinafion or at an
alternate aerodrome in the case of loss of RNP APCH airborne capability.

in particular, the pilot should check that:
a non-RNP APCH procedure is available at the alternate, where a destination alternate is required

at least one non-RNP APCH procedure is available at the destination aerodrome, where a destination alternate is
not required

Operators and flight crews must take account of any NOTAMSs or operator briefing material that could adversely
affect the aircraft system operation, or the availability or suitability of the procedures at the airport of landing, or any
afternate airport.

If the missed approach procedures are based on conventional means (VOR, NDB), the appropriate airborne
equipment required fo fly this procedure must be installed in the aircraft and must be operational. The associated
ground-based navaids must also be operational.

If the missed approach procedure is based on RNAY (no conventional or dead reckoning missed approach
available), the appropriate airborne equipment required to fly this procedure must be avaifable and serviceable on
board the aircraft.

For those GNSS systems relying on RAIM, its availability 15 min before Estimated Time of Arrival (ETA) untif 15 min
affer ETA should be verified during the pre-flight planning. In the event of a predicted continuous loss of fault
detection of more than five {5} minutes, the flight planning should be revised (e.g. delaying the departure or planning
a different approach procedure).

Note 1: For certain systems, prediction is not systernatic but is only required in specific cases and shall be defailed
in the relevant section of the AFM. :

Note 2: RAIM availability prediction services may be provided fo users by the air navigation service provider {ANSP),
an avionics manufacturer or other entities.

Any MEL restriction should be observed

Prior to Commencing the Procedure

in addition fo normal procedure prior fo commencing the approach {(before the IAF and in compatibility with crew
workload), the flight crew must verify the correctness of the loaded procedure by comparison with the appropriate
approach charts. This check must include:

a. The waypoint sequence.

b. Reasonableness of the tracks and distances of the approach legs, and the accuracy of the inbound
course and mileage of the final approach segment.

Note: As a minimum, this check could be a simple inspection of a suitable map display.
c. The vertical path angle.

For mulii-sensor systems, the crew must verify during the approach that GNSS sensor is used for position
computation.

For an RNAV system with ABAS requiring baromelric corrected alfitude, the current airport baromelric altimefer
selting, should be input at the appropriate time, consistent with the performance of the flight operation.
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For those GNSS syslemns relying on RAIM and necessitating a check of its availability for RNP APCH, the flight crow
should perform a new RAIM availability check if ETA is more than 15 minutes different from the ETA used during the
pre-flight planning. This check is afso performed automatically for ETSO/TSOC129a Class AT receiver, 2 NM before
the FAF.

Nofe: Systems providing RNP alerts that reflect loss of GNSS infegrity are coensidered acceptable and no flight crew
RAIM availability check is required.

For APV BARO-VNAV cperation, the crew must confirm the correct alfimeter sefting. The procedure must only be
fiown with:

a. A current local altimeter sefting source available; and
b. The QNH as apprapriate set on the aircraft's altimefers.

Procedures using a remote (regional) alfimeter setfing source cannot support APV BARO-VNAV approach.

For APV BARO-VNAV operation, pilots are responsible for any necessary “hof and high™ and cold temperalure
compensations fo all published minimum aitifudes/heights. This includes:

a. The altitudes/heights for the initial and infermediate segment(s);
b. The DAM; and
c. Subsequent missed approach altitudes/heights.

APV BARO-VNAV procedures are not permitted when the aerodrome temperallre is above or below the
promulgated maximum or minimum aerodrome temperature for the procedure; unless the RNAYV system is equipped
with approved "hot and high” or cold temperature compensation for the final approach.

ATC tactical interventions in the terminal area may include radar headings, ‘direct fo’ clearances which by-pass the
initial legs of an approach, interceptions of an initial or intermediate segments of an approach or the insertion of
additional waypoints Joaded from the data base. In complying with ATC insfructions, the flight crew should be aware
of the implications for the RNAV system.

a. The manual eniry of coordinates info the RNAV system by the flight crew for operation within the terminal
area s not permitted.
b. ‘Direct to' clearances may be accepted fo the Intermediate Fix (IF) provided that the resulling track

change at the IF does not exceed 45°.

Note: Direct fo clearance fo FAF is not acceptable. Modifying the procedure to intercepl the final approach course
prior fo the FAF is acceptable for radar veciored arrivals or at other times with ATC approval.

The lateral and vertical (for APV BARO-VNAV operation) definition of the flight path between the FAF and the
Missed Approach Point (MAPt) must not be revised by the flight-crew under any circumstances.

During the Procedure

The final approach trajecfory must be intercepted no later than the FAF in order for the aircraft fo be correctly
established on the final approach course before starting the descent (to ensure terrain and obstacle clearance).

The crew must check the RNAV approach mode annunciator (or equivalent) is properly indicating approach-mode
integrity 2 NM before the FAF.

Nofe: This will not apply for cerfain RNAV system (e.g. aircraft already approved with demonstrafed RNP
capability). For such systems, other means are available including electronic map displays, flight guidance mode
indications, etc., which clearly indicate fo the crew thatf the approach mode is activated.

For APV BARO-VNAV operation, the crew should check that the two alfimeters provide equivalent altifude
{difference of 100 feet max) at or before FAF. This check must be made after the crew has set the correct alfimeter
setlting.

The crew should also check the consistency between the VNAV guidance and the primary altimeters indications
commensurate with pilof workload (e.g. after the aircraft is established on the vertical path).

During the descent, crew should check that the vertical speed is consistent with the VINAV angle to be flown.

The appropriate displays must be selected so that the following information can be monifored:

a. The RNAV computed desired path (DTK), and
b. Alrcraft position refative to the fateral path (Cross-Track Deviation) for FTE monitoring
c. Aircraft position relative to the vertical path (for APV BAROVNAYV operation). The crew should respect all

published altitude and speed consiraints.
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The procedure must be discontinued:

If RNAV failure is annunciafed (e.g. warning flag),

If the NSE alarm is triggered (e.g. RAIM alert},

In case of loss of the NSE alerting function (e.g. RAIM loss),

if Iateral or vertical {if provided) FTE is excessive,

If VNAV frafectory is not consistent with aircraft altimetry system information or verfical speed information.

eaoTy

Note: Discontinuing the procedure may nof be necessary for a mufl-sensor RNAV system that includes
demonstrated RNP capability withouf GNSS. Manufacturer documentation should be examined fo determine the
extent the system may be used in such configuration.

The missed approach must be flown in accordance witf the published procedure. Use of the RNAV system during
the missed approach is acceplable provided:

a. The RNAY system is operafional (e.g. no joss of function, no RAIM alert, no failure indication, efc.).
b. The whole procedure (including the missed approach} is loaded from the navigation data base.

During the RNP APCH procedure, pilots must use a lateral deviation indicator, flight director and/or aufopilot in
fateral navigation mode.

Pilots of aircraft with a lateral deviation indicator (e.g. CDI) must ensure that lateral deviation indicator scaling {(Full-
scale deflection) is suitable for the navigation accuracy associated with the various segments of the procedure (i.e.,
+1.0 nm for the Initial and Intermediate segments, 0.3 nm for the Final Approach segment, and 1.0 nm for the
Missed Approach segment).

Al pifots are expected to maintain procedure centrelines, as depicted by on board lateral deviation indicators and/or
flight guidance during all the approach procedure unless authorised fo deviate by ATC or under emergency
conditions.

For normal operations, cross-track eror/devialion (the difference between the RNAV system computed path and the
aircraft position relative fo the path) should be limited to + 1/2 the navigation accuracy associated with the procedure
(i.e., 0.5 nm for the Initial and Intermediate segments, 0.15 nm for the Final Approach segment, and 0.5 nm for the
Missed Approach segment).

Brief deviations from this standard f{e.g. overshoots or undershools) during and immediately after turns, up o a
maximum of 1 times the navigation accuracy (i.e., 1.0 nm for the Initial and intermediate segments), are allowable.

In addition, during APY BARO-VNAV procedures pilots must use & vertical deviation indicator, flight director and/or
autopilof in vertical navigation mode.

Deviations above and below the vertical path must not exceed 75 feet. Pilots must execute a Missed Approach if
the vertical deviation exceeds the criteria above, unless the pilot has in sight the visual references required fo
continue the approach.

in the event of failure of one RNAV system during a procedure where two systems are necessary, the crew should
ahort the procedure if the failure occurs before FAF but could continue the approach if the failure occurs after FAF.

Use of GNSS aftitude information by the crew is prohibited.
Abnormal Procedures

Abnormal procedures to address Cautions and Warnings resulting from the following conditions shouid be
developed:

a. Failure of the RNAV sysfem components, including those affecting Flight Technical Error (e.g. failures of
the fiight director or automatic pilot).
b. RAIM (or equivalent) alert or loss of integrily function.

In the event of communications failure, the flight crew should continue with the procedure in accordance with
published lost communication procedures.

The flight crew should notify ATC of any problem with the RNAV system that resuits in the Joss of the approach
capability.
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APPENDIX 5: FLIGHT CREW TRAINING SYLLABUS

The flight crew training programme should be siructured to provide sufficient theoretical and practical raining, using a
simulafor, fraining device, or line training in an aircraft, in the concept of RNP APCH operations without or with vertical
guidance (APV BAROVNAY) and the use of the aircralt’s RNAV system in such operations to ensure that pilots are not
just task-oriented. The following syllabus should be considered as minimum amendment to the training programme to
support RNP APCH including APV BARO-VNAYV operations:

Note: Operators who are already using procedures to fly other types of approaches, may receive appropriate credit for
common fraining and procedural elements.

GENERAL RNAY CONCEPTS INCLUDING:

1.

2
3.
4

Theory of RNAV including differences between types of RNAV operations

Limitations of RNAV
Limitations of BARO-VNAV

Charfing and database issues including:

a. Waypoint naming concepts
b. Vertical path angle
c. Fly-by and fly-over waypoints
d. Use of RNAY equipment including:
i Verification and sensor management
i. Tactically modifying the flight plan
ifi. Addressing discontinuities
v Entering associated data such as:
1 Wind
2. Altitude/speed constraints
3. Vertical profile/vertical speed
v, Use of lateral navigation mode(s) and associated lateral control techniques
Vi, Use of vertical navigation mode(s) and associaled vertical control fechniques
Vii. R/T phraseciogy for RNAV operations
viii. The implication for RNAV operations of systems malfunctions which are not RNAV related

(e.g. hydraulic or engine failure)

RNP APCH concepts including:

1.

2

Definition of RNP APCH operations and its direct relationship with RNAV (GNSS) procedures.
Regulalory requirements for RNP APCH operations
Required navigation equipment for RNP APCH operations:

GPS concepts and characteristics
RNP/ANP requirements
RAIM

BARO-VNAV
MEL

sapT e

Procedure characteristics

a Chart depiction

b. Aircraft display depiction
C. Minima

Retrieving a RNP APCH (or a RNAV (GNSS)) approach procedure from the data base

Procedure change at destination airpori, change arrival airport and alternate airport

Flying the procedure:

a. Use of autopilot, auto throttle and flight director
b. Flight Guidance(FG) mode behaviour

C. Latferal and vertical path management

d. Adherence fo speed and/or alfifude constraints
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Fly direct to a waypeint

Determine lateral and vertical-frack error/deviation

Fly interception of an initial or intermediate segment of anr approach following ATC notification

Where the RNAV system supports interception of the extended final approach segment then flight
crew should be frained in use of the function.

The use of other aircrafl equipment to support track moniforing, weather and obstacle avoidance
Contingency procedures in case of fateral mode failure (LNAV) and/or vertical mode failure (VNAY)

Q™o

e

For APV BARO-VNAV operation, a clear understanding of specific crew requirements:

a for comparisons of VNAV guidance with primary altimeter information

b for altitude crosschecks belween primary altimeters (e.g. altimetry comparisons of 100 feet),
C. for temperature limitations on instrument procedures

d. for altimeter settings in term of currency, accuracy and integrity.

The effect of temperature deviation and its compensation

ATC procedures

Abnormal procedures

Confingency procedures



