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e RNAV equipment intended for required navigation performance (RNP) operations.

e Barometric vertical navigation (baro-VNAV) equipment.
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construction. This AC will be updated when sufficient documentation is available from the
GNSS provider countries and RTCA to support service definition, service performance
commitments, and minimum operational performance standards for multi-constellation
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Chapter 1. General Information.
1-1. Purpose.

This advisory circular (AC) provides guidance material for the airworthiness approval of
installed positioning and navigation equipment. Positioning and navigation equipment may be
used for a variety of functions such as navigation, automatic dependent surveillance, and/or
terrain awareness and warning systems. This AC addresses the following equipment:

a. Global positioning system (GPS) sensors or stand-alone navigation equipment,
including those incorporating aircraft-based augmentation system (ABAS), satellite-based
augmentation system (SBAS), or ground-based augmentation system (GBAS).

Note: For standardization within this document, the
acronyms GPS/SBAS and GPS/GBAS are used to indicate
SBAS augmenting GPS and GBAS augmenting GPS
respectively.

b. Areanavigation (RNAV) integrating data from multiple navigation sensors such as
global navigation satellite system (GNSS), inertial reference units (IRU), and distance measuring
equipment (DME).

c. RNAV intended for required navigation performance (RNP) operations, including
advanced functions and RNP authorization required (AR) formerly referred to as special aircraft
and aircrew authorization required (SAAAR).

Note: RNP AR was previously named RNP SAAAR. The
name has been changed to RNP AR for international
harmonization, but might not yet be standardized throughout
all documents.

d. Barometric vertical navigation (baro-VNAV) equipment.

e. This AC does not address new satellite constellations that are planned or currently
under construction. This AC will be updated when sufficient documentation exists to support
multi-constellation equipment.

f.  This AC incorporates the airworthiness considerations contained in AC 90-101A,
Approval Guidance for RNP Procedures with AR, and AC 90-105, Approval Guidance for RNP
Operations and Barometric Vertical Navigation in the U.S. National Airspace System, as a
necessary first step to consolidating all the positioning and navigation equipment and RNP
airworthiness guidance into one AC. Future AC 90-101 and AC 90-105 revisions will remove
the airworthiness guidance. This AC will not replace the operational guidance found in the RNP
90-series ACs. However, this AC does replace the ACs listed in paragraph 1-3 by incorporating
and updating the information they contained.
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g. This AC is not mandatory and is not a regulation. This AC describes an acceptable
means, but not the only means, to comply with applicable regulations.

h. This AC provides guidance information intended for new approvals. This AC is not
intended to modify, change or cancel existing equipment design or airworthiness approvals.
Equipment with existing approvals can continue to be installed within the provisions of their
original design and airworthiness certification.

I.  The guidance in this AC cannot ensure compliance with Title 14 of the Code of
Federal Regulations (CFR) parts 23, 25, 27, and 29 airworthiness regulations for every possible
installation configuration. The applicant remains responsible for regulatory compliance and
should work closely with their geographic aircraft certification office (ACO) to ensure regulatory
compliance. Mandatory terms such as “must” used in this AC are only applicable when
following the compliance method outlined.

J.  Inlieu of following this method without deviation, the applicant may elect to follow
an alternate method, provided the alternate method is also found by the Federal Aviation
Administration (FAA) to be an acceptable means of complying with the requirements of the
federal aviation regulations 14 CFR.

1-2. Audience.

This AC is for aircraft manufacturers, avionics manufacturers, installation shops, or other
applicants seeking design and/or airworthiness approval for the positioning and navigation
systems described in this document.

1-3. Cancellation.

a. This AC supersedes the ACs listed below. Equipment previously approved per the
guidance in the superseded ACs is still valid for the operations and conditions stated in their
approvals. The following documents are cancelled:

(1) AC 20-129, Airworthiness Approval of Vertical Navigation (VNAV) Systems for
use in the U.S. National Airspace System (NAS) and Alaska.

(2) AC 20-130A, Airworthiness Approval of Navigation or Flight Management
Systems Integrating Multiple Navigation Sensors.

(3) AC 20-138B, Airworthiness Approval of Positioning and Navigation Systems.
(4) AC 25-4, Inertial Navigation Systems.
b. This AC supersedes the airworthiness considerations in AC 90-45A, Approval of
Area Navigation Systems for use in the U.S. National Airspace System. Equipment previously

approved per the airworthiness guidance in AC 90-45A is still valid for the operations and
conditions stated in their approvals.
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1-4. Frequently Asked Questions.

This paragraph contains a list of questions that have been raised since AC 20-138B was
first published. The responses to these questions are intended to help applicants interpret the
guidance contained in this AC.

a. Ground Proximity Warning System/Terrain Awareness and Warning System
(GPWS/TAWS) Mode 5 alert.

(1) Question: Is a GPWS or Class A TAWS Mode 5 alert a hard requirement to
add localizer performance with vertical guidance (LPV) or GBAS landing system (GLS)
capability?

(2) Answer: No. Itis not the FAA’s intent to burden installers by changing the
GPWS or TAWS functions; impacting the GPWS or TAWS technical standard order
authorization (TSOA); or, requiring that either GPWS or TAWS become the only means to
provide the function. The intent is to promote the GPWS/TAWS safety benefits by including a
comparable alerting function during LPV or GLS approaches for deviations below glideslope.
Using the GPWS or TAWS Mode 5 alerting to provide the function is certainly acceptable, but is
not required as the only acceptable method. See paragraphs 14-6.8 and 14-8.13 for clarification
and additional guidance.

b. Using the term vertical navigation (VNAYV).

(1)  Question: Doesn’t RTCA/DO-229D assign a very specific meaning to the term
‘VNAV’ and dictate the term’s specific uses for SBAS-based vertical navigation?

(2) Answer: No. RTCA/DO-229D, section 2.2.1.1.7 provides a recommended
usage for the “VNAV’ label, but only requires that the label be used in a consistent manner.
‘VNAV’ can be used for a lateral navigation/vertical navigation (LNAV/VNAV) approach
procedure generated by GPS/SBAS-based or barometric-based vertical navigation capability
(GPS/GBAS does not provide an LNAV/VNAYV approach capability). The “VNAV’ label can
also be used for an advisory vertical navigation function that provides vertical path deviation
guidance indications on a non-essential, not-required basis. Refer to the following AC 20-138C
chapters for additional information:

e Chapter 4, Advisory Vertical Guidance;

Chapter 10, Baro-VNAV;

Chapter 11, section 11-8, General Human Factors Considerations;

Chapter 14, section 14-6.6, GPS/SBAS Equipment Annunciations; and,

Chapter 17, section 17-5, Baro-VNAYV integration with GNSS-Provided Vertical
Guidance.
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c. Tightly-coupled inertial navigation system/global positioning system (INS/GPS).

(1) Question: AC 20-138B, section 6-7 c. includes the following statement: "The
FAA assumes that there is a limitation on the use of the GPS/inertial position data output to
support enroute through lateral navigation (LNAV) approach only." Can you please explain the
basis of this assumption? It appears to exclude the use of tightly coupled INS/GPS for oceanic
use. Is this the intent? Or, is the intent to exclude it for use for LPV?

(2)  Answer: Paragraph 6-6 addresses loosely-coupled systems and paragraph 6-7
addresses tightly-coupled systems. There is no intent to exclude either loosely-coupled or
tightly-coupled INS/GPS from oceanic use. However, un-augmented GPS, even with tightly-
coupled INS, is not adequate for vertical approach capability, and hybrid inertial vertical
approach capability is not addressed in RTCA/DO-229D, appendix R. As stated in this AC, a
GPS-based vertical approach capability requires GPS/SBAS or GPS/GBAS augmentation.

d. Flight management system (FMS) limitations.

(1) Question: AC 20-130A, section 5.d.(2) contained a limitation on FMS use and
required an alternate means of navigation for the route flown. AC 20-138B does not include this
section or make a mention of this limitation. What was the reasoning behind not including a
similar section in AC 20-138B? Is there some higher level guidance that addresses this or is it
left up to the safety analysis to address the need for an alternate means of navigation?

(2)  Answer: Itis important to differentiate between operational limitations and
equipment performance limitations. AC 20-138C addresses equipment performance limitations
while the 90-series ACs produced by Flight Standards address operational limitations (for
example, 90-100, 90-101A, 90-105 for RNAV, RNP AR, and RNP respectively) as well as the
Airman's Information Manual and operational rules (parts 91, 121, 135).

(a) AC 20-130A was written prior to implementing performance-based
navigation concepts and the evolving RNAV/RNP-based National Airspace System. An FMS
incorporating multiple navigation sensor inputs by its very nature has multiple sources of
navigation, but the individual sensors have performance limitations on their navigation
capabilities. Accordingly, the FMS functions will meet different requirements depending upon
the sensors involved and the intended navigation capability. AC 20-138C addresses the
performance limitations of the individual sensors contained in the document. These performance
limitations must be considered for the overall intended function at the aircraft level during the
airworthiness approval (i.e., during the type certificate (TC), amended type certificate (ATC), or
supplemental type certificate (STC) approval) to determine any limitations on the aircraft.

(b) In summary, operational rules dictate the navigation equipage requirements.
It is up to the operator to determine how to comply based on their specific operating rules and
mission needs.
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Chapter 2. Technical Standard Order Authorization (TSOA) and Airworthiness
Approval Considerations - General.

2-1. Guidance for TSOA/Letter of Design Approval (LODA) and Airworthiness
Approvals.

Title 14 CFR part 21; subparts D, E, and O provide the regulatory basis defining changes to
TC (major/minor changes to aircraft type design), STC, and TSOAs. The regulations and
technical standard orders (TSO) can be found at: http://rgl.faa.gov. This chapter provides
general guidance on TSOA/LODA and airworthiness approval considerations specific to
positioning and navigation equipment.

2-2. TSOA.

a. Several TSOs are available for positioning and navigation-related equipment and
components (see appendix 8 of this AC). New TSOs will be written to address modernized
GPS and other GNSSs once appropriate equipment standards are in place. It is beneficial to
involve the ACO (both engineers and flight test pilots) in equipment evaluations as early as
possible for four primary reasons:

(1)  Obtaining a TSOA/LODA does not ensure that the equipment will satisfy all
of the applicable operational requirements and/or airworthiness regulations when it is installed.

(2)  Positioning and navigation equipment has become increasingly more complex
and workload intensive with no standardized pilot interface. The human factors evaluation of
the equipment is often subjective.

(3)  There is no one, single standard for interfacing positioning and navigation
equipment to other equipment on-board the aircraft such as displays, autopilots, and terrain
warning systems. Positioning and navigation equipment manufacturers should develop
compatibility data relative to other equipment for inclusion within the installation manual.

(4)  The installed intended function for the equipment needs to be compatible with
the original design for the system, including software and hardware design assurance levels.
For example, a decision by the positioning and navigation equipment manufacturer to develop
system software to RTCA, Inc. document (RTCA)/(DO)-178B, Software Considerations in
Airborne Systems and Equipment Certification, dated December 1, 1992, Level C, may limit
installation eligibility if that equipment contributes to failure conditions of other systems that
perform critical functions to a higher software design assurance level.

b. 1Itis recommended that the positioning and navigation equipment manufacturer elect
to obtain an STC for equipment installation concurrent with obtaining the TSOA/LODA. This
has proven to be an effective method to aid installations.

Note: Any applicant may apply for an equipment
installation STC. It is not this paragraph’s intent to limit
positioning and navigation installation STCs solely to
avionics manufacturers.
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c. The installation manual and other data approved during the TSOA process can be
used as a source of approved data to support an installation airworthiness compliance finding
provided the data is applicable to the installation airworthiness requirements (see AC 21-50
(latest revision), Installation of TSOA Articles and LODA Appliances).

2-3. STC-Approved Model List (AML).

a. All STC applicants are encouraged to use an AML for aircraft makes/models
(including 14 CFR parts 23, 25, 27, and 29 aircraft) with similar characteristics and compatible
equipment configurations to streamline the approval of subsequent installations. Applicants
and ACOs need to contact the applicable directorate for specific policy and guidance
information on obtaining an STC-AML.

b. Using the STC-AML method can simplify follow-on installations for makes/models
on the AML. The installer needs access to the STC approved data; apply the approved data;
and comply with the detailed installation instructions. The installer then needs only complete
FAA Form 337, Major Repair and Alteration (Airframe, Powerplant, Propeller, Appliance),
identifying the nature of the change to return the aircraft to service (see AC 43.9-1 (latest
revision), Instructions for Completion of FAA Form 337).

c. GPS and GPS/SBAS equipment airworthiness approval is not considered novel or
unusual per 14 CFR 21.16 and applicants can use designees during the STC process.

2-4. Type Certificate.

Positioning and navigation equipment manufacturers are also encouraged to work with TC
holders. This has also proven to be an effective method to aid installations.
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Chapter 3. TSO Authorization.

3-1.  TSO-C196(AR).

a. TSO-C196a, Airborne Supplemental Navigation Sensors for Global Positioning
System Equipment Using Aircraft-Based Augmentation, defines an acceptable standard for GPS
equipment without ground-based or space-based augmentations. The TSO has been updated to
revision ‘a’ for harmonization with TSO-C129a’s cancellation and is intended as the aircraft-
based augmentation GPS sensor standard for TSOA/LODA applicants. TSO-C196(AR)
equipment has a performance limitation that requires other positioning and navigation systems
appropriate to the operation on-board the aircraft.

Note: TSO-C129a has been cancelled, but this does not
affect equipment with an existing TSOA/LODA (see
paragraph 3-1.c).

b. TSO-C196(AR) defines GPS sensor equipment that incorporates many processing
improvements found in the GPS/SBAS equipment minimum operational performance standards
(MOPS); but, without the GPS/SBAS requirements. Two improvement examples are: a
requirement for the receiver to properly account for satellite range error if it is reflected in the
User Range Accuracy index (commonly referred to as being “Selective Availability aware”),
and requirements to ensure performance is not degraded due to an increasing radio frequency
noise environment as other satellite systems become available.

(1) TSOA/LODA applicants may wish to have a previously approved
TSO-C145b/c, Airborne Navigation Sensors Using the Global Positioning System (GPS)
Augmented by the Wide Area Augmentation System (WAAS), sensor approved as a TSO-C196a
sensor. It is acceptable for these TSO-C196a applicants to take certification credit by re-using
data developed during a previous TSO-C145b/c TSOA/LODA approval. RTCA/DO-316,
Minimum Operational Performance Standards for Global Positioning System/Aircraft-Based
Augmentation System Airborne Equipment, dated April 14, 2009, implemented by TSO-
C196(AR) was developed from RTCA/DO-229D, Minimum Operational Performance
Standards for Global Positioning System/Wide Area Augmentation System (GPS/WAAS)
Airborne Equipment, dated December 3, 2006, implemented by TSO-C145b/c. RTCA/DO-
229D meets or exceeds the performance requirements for TSO-C196(AR). The original
RTCA/DO-178B documentation can be re-used if there are no software changes.

(2) Applicants seeking a TSO-C196a TSOA/LODA based on a previously
approved TSO-C145b/c sensor must maintain separate part numbers for each unit. It is not
acceptable to have both a TSO-C145(AR) and TSO-C196(AR) TSOA/LODA simultaneously
on the same article (see paragraph 3-5.b(4)).

Note: Maintaining separate part numbers might only
require different software part numbers.

(3) TItis acceptable for TSOA/LODA applicants with TSO-C145b/c sensors to
simply disable the GPS/SBAS tracking loops in their equipment to qualify as a TSO-C196a
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SENSor.

(4) TSOA/LODA applicants with TSO-C145a sensors will need to show
requirements traceability between RTCA/DO-229C and RTCA/DO-316 along with data
applicability to receive appropriate certification credit. In particular, applicants will need to
show compliance to all RTCA/DO-316 requirements not addressed in RTCA/DO-229C, and
requirements that are more stringent such as enroute/terminal mode accuracy and the broadband
external interference noise environment.

c. TSO-C129a was cancelled effective October 21, 2011, but there is no plan to
withdraw TSO-C129(AR) authorizations. TSO-C129a cancellation will not affect existing
authorizations. Manufacturers can continue production according to their existing
TSO-C129(AR) TSOA/LODA. Additionally, the equipment is still eligible for installation
according to existing airworthiness approvals and is eligible to receive new airworthiness
approvals.

(1)  Nonew TSO-C129a TSOAs/LODAs will be granted after October 21, 2011.
However, we will accept applications for a new TSO-C129a TSOA/LODA until October 21,
2012 if we know that you were working toward a TSO-C129a approval prior to October 21,
2011.

(2) Major changes to the TSO-C129a equipment design will require a new
application according to 14 CFR 21.619(b) for TSO-C145c, TSO-C146¢ or TSO-C196a (or
later revisions) except as noted in paragraph 3-1.c(1).

Note: TSO-C129/C129a does not provide sufficient
performance for all operational applications.

3-2.  TSO-C145(AR)/C146(AR).

a. TSO-C145c, Airborne Navigation Sensors Using the Global Positioning System
(GPS) Augmented by the Wide Area Augmentation System (WAAS) and TSO-C146¢, Stand-
Alone Airborne Navigation Equipment Using the Global Positioning System (GPS) Augmented
by the Satellite Based Augmentation System (SBAS) define an acceptable standard for
GPS/SBAS equipment. There is no equipment performance limitation for GPS/SBAS-
equipped aircraft to have other positioning and navigation systems on-board.

Note: Refer to the appropriate operating rules and
operational guidance documents for equipage
requirements.

b. RTCA/DO-229D referenced by the GPS/SBAS TSOs will remain as the MOPS
for single-frequency GPS/SBAS equipment. Future multi-frequency/multi-constellation
equipment will have a separate MOPS and TSO.

C. There is no plan to withdraw authorizations to the earlier TSO revisions, so
manufacturers of TSO-C145a/C146a or TSO-C145b/C146b equipment can continue production
according to their TSOA/LODA; and the equipment is still eligible for installation in
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accordance with the guidance in this AC.

d. The difference between revisions ‘b’ and ‘c’ to the GPS/SBAS TSOs is
eliminating a 3 decibel (dB) broadband intra-system noise credit for operational Class 1 and
Class 2 equipment in RTCA/DO-229D. TSO-C145b/C146b operational Class 3 and Class 4
equipment fully complies with the requirements in TSO-C145¢/C146¢ and is automatically
eligible for a revision ‘c’ authorization, i.e., no further evaluation is necessary.

e.  TSO-C145b/C146b operational Class 1 and Class 2 equipment that did not claim
the 3dB noise credit is also eligible for a revision ‘c’ authorization. The TSOA/LODA holder
only needs to provide substantiation that they did not take the noise credit during the original
certification.

f.  Displays or navigation computers (such as FMSs) may receive a TSO-C146¢ Class
1, 2, or 3 (functional Class Gamma) incomplete system TSOA/LODA provided they meet the
applicable Class Gamma requirements in RTCA/DO-229D and are linked by part number to
compatible TSO-C145c sensors in the TSO application documentation. This is an effective
method to aid GPS/SBAS installation approvals to make a complete system (sensor, navigation
computer, display) at the aircraft level.

Note: See paragraph 3-4 for additional information on
FMS incomplete system TSO-C146¢ Class Gamma
TSOA/LODAs and Class Delta-4 FMS implementations.

3-3. TSO-C161a/Cl62a.

a. TSO-Cl61a, Ground Based Augmentation System Positioning and Navigation
Equipment, defines an acceptable standard for GPS/GBAS equipment that provides precision
approach capability and position/velocity/time (PVT) information to navigation management
equipment. TSO-C162a, Ground Based Augmentation System Very High Frequency Data
Broadcast Equipment, defines an acceptable standard for GPS/GBAS equipment designed to
receive a very high frequency data broadcast (VDB) and output the VDB messages to
GPS/GBAS positioning and navigation equipment.

b. TSO-Cl161a and TSO-C162a invoke only the requirements in RTCA/DO-253C,
Minimum Operational Performance Standards for GPS Local Area Augmentation System
Airborne Equipment, dated December 16, 2008, that are needed to support Category I (CAT I)
precision approach and, if applicable, the GPS/GBAS positioning service. The equipment may
output PVT based on either the GPS/GBAS positioning service, or PVT from GPS or
GPS/SBAS. The PVT based on GPS/GBAS is only available when the ground station supports
the positioning service. TSO-C161a equipment must also obtain a TSO-C145¢c, TSO-C146c, or
TSO-C196a TSOA. Requirements in RTCA/DO-253C needed to support precision approaches
beyond CAT I are not invoked in these TSOs as these requirements have not been validated.
Once validated, the FAA will either publish TSO revisions or new TSOs.

c. TSO-Cl61a and TSO-C162a compliant equipment does not address any RNAV
capability. A partial missed approach capability is an option in the GPS/GBAS equipment but
is not required (see note). RNAV capability for the initial, intermediate, and missed approach
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segments must be addressed during the aircraft GPS/GBAS integration (see paragraph 14-8.1).

Note: Equipment meeting the RTCA/DO-253C precision
and navigation (PAN) requirements can include an optional
capability to provide guidance for the initial, straight-out
portion of the missed approach segment. However, this
capability doesn’t provide guidance for the complete
missed approach segment.

3-4.  TSO-C115(AR).

a. TSO-Cl15¢, Management System (FMS) Using Multi-Sensor Inputs defines an
acceptable certification standard for obtaining design and production approval for multi-sensor
navigation systems or FMSs integrating data from multiple navigation sensors. There is no
plan to withdraw TSO authorizations granted under TSO-C115b or earlier revisions.
Manufacturers of TSO-C115b, or earlier revision, equipment can continue production according
to their TSOA/LODA; and the equipment is still eligible for installation in accordance with the
guidance in this AC. However, integrating GNSS into TSO-C115/C115a multi-sensor
navigation equipment is considered a major change and requires an application for a
TSO-C115¢c TSOA/LODA.

(1) TSO-C115b only addressed TSO-C129 Class B and C sensors because it was
published prior to TSO-C129a, TSO-C145(AR), TSO-C161(AR), and TSO-C196(AR). Itis
acceptable to integrate any GNSS sensor with TSO-C115b equipment.

Note: The multi-sensor navigation system or FMS must
comply with TSO-C115 revision ‘b’ (or a later revision)
when integrating GNSS sensors if TSO-C115 is the
approval basis. It is not acceptable to use systems certified
to earlier TSO-C115 revisions for GNSS sensor integration
(see paragraph 3-5.b(1)).

(2) Localizer performance without vertical guidance (LP)/localizer performance
with vertical guidance (LPV) is considered a severe major/hazardous failure condition for
misleading information (see paragraph 11-2.a). Equipment manufacturers may design FMSs
for either a TSO-C146¢ Class Gamma-3, or Class Delta-4 architecture when integrating
LP/LPV capability.

(a) A TSO-C115b (or later revision) FMS designed as a Class Gamma-3
architecture typically has level B software for the LP/LPV processing functions. It is
acceptable to have the GPS/SBAS capability and level B software partitioned from other
functions in the FMS. See paragraph 3-4.b for additional information on incomplete system
TSO-C146¢ Class Gamma TSOA/LODAs.

(b) TSO-C146c¢ Class Delta-4 provides an ILS look-alike for LP/LPV final
approach segment-only capability. A TSO-C115b (or later revision) FMS designed for a Class
Delta-4 architecture does not process LP/LPV inputs; does not output LP/LPV deviations, path
construction, alerts, etc.; and, does not require the FMS to have a TSO-C146¢ TSOA/LODA.

10
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The aircraft integration must include a GPS/SBAS sensor that has a TSO-C146¢ Class Delta-4
TSOA/LODA. See paragraph 3-4.c for additional information on Class Delta-4
implementations.

b. FMS manufacturers may add an incomplete system TSO-C146¢c TSOA/LODA to
FMSs certified to TSO-C115b (or later revision). An appropriate operational class incomplete
system TSO-C146¢ Class Gamma TSOA/LODA provides an established means for the
installed FMS to demonstrate navigation computer compliance as a GPS/SBAS system.

Note 1: FMSs that do not meet the applicable
RTCA/DO-229D Class Gamma performance
requirements can still receive PVT inputs from a TSO-
C145(AR) sensor and apply them consistent with their
existing approvals. Using a TSO-C145(AR) sensor can
remove certain performance limitations associated with a
TSO-C129(AR) sensor (see paragraphs 5-5.2.b and 5-
5.2.c).

Note 2: There is significant overlap in requirements
between TSO-C146¢ Class Gamma implementation of
RTCA/DO-229D and TSO-C115c¢ implementation of
RTCA/DO-283A requirements. Where requirements
overlap exists it is acceptable to re-use compliance
information from RTCA/DO-229D as the method of
demonstrating RTCA/DO-283A compliance. However,
applicants remain responsible to ensure all RTCA/DO-
283 A requirements are satisfied.

(1)  TSO-C146c will take precedence when adding an incomplete system
TSO-C146¢ Class Gamma TSOA/LODA to an FMS with an existing TSO-C115b
TSOA/LODA if there are any conflicts between the two TSOs.

(2) TSO-Cl115c requires RTCA/DO-283A for 2-dimensional RNP navigation
computer functions; that is, no VNAYV approach capability. The baro-VNAYV guidance in this
AC must be used when including baro-VNAV for approach capability.

(3) FMSs may qualify as TSO-C146¢ Class Gamma navigation computer
systems when receiving inputs from a TSO-C145c¢ Class Beta-2 or Class Beta-3 sensor. An
incomplete system TSO-C146¢ Class Gamma approval (Gamma-2 or Gamma-3 as appropriate)
can be added to the TSO-C115b (or later revision) approval, or replace the TSO-C129(AR)
approval if one exists, to provide GPS/SBAS-based VNAYV approach capability. Class
Gamma-1 can be used for FMSs that don’t intend to process GPS/SBAS vertical deviations.

Note: Several issues must be considered for FMSs
integrating both baro-VNAV and GPS/SBAS to provide
LNAV/VNAYV capability. For example; unambiguous
navigation source and approach service level
annunciation, discontinuities or jumps when switching

11
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from baro-VNAYV to GPS/SBAS vertical guidance, and
prioritizing when to use which source (see paragraphs
6-3.c, 15-2.a), and 17-5).

c. FMSs in typical federated avionics architectures do not need an incomplete system
TSO-C146c¢ Class Delta-4 TSOA/LODA since the FMS does not provide or process flight path
deviation data or GPS/SBAS alerting functions during the final approach segment. The FMS
must be integrated at the aircraft level with a GPS/SBAS sensor that has a TSO-C146¢ Class
Delta-4 TSOA/LODA. The complete system (sensor with Class Delta-4 TSOA/LODA, level B
path, and display) will be confirmed at the time of installation. See paragraph 14-2.a regarding
displays and path for legacy aircraft retrofit installations previously certified with ILS.

(1) Itis acceptable for the Class Delta-4 sensor to reside within the FMS itself
provided the LP/LPV outputs are not processed or altered by the FMS (similar to an ILS).

(2) The FMS may provide an interface for pilot control of the Class Delta-4
equipment (such as selecting the approach) and may host the Final Approach Segment (FAS)
database for input to the Class Delta-4 equipment. The Class Delta-4 TSOA/LODA holder
must list the specific compatible FMS(s) or provide a detailed interface description to establish
FMS compatibility in the installation manual.

(3) At the aircraft level, Class Delta-4 implementations depend upon the entire
path for the guidance deviations complying with a severe major/hazardous failure condition in
modern aircraft with digital data busses. See paragraph 14-2.a regarding displays and path for
legacy aircraft retrofit installations previously certified with ILS.

(4) Non-federated FMS architectures, such as integrated modular avionics, may
have the Class Delta-4 LP/LPV final approach segment capability residing within the FMS
functions or components. The applicable modules for these FMSs will need a TSO-C146¢
Class Delta-4 TSOA/LODA and appropriate software level for the Class Delta-4 performance
requirements listed in RTCA/DO-229D that they provide.

Note: It is also acceptable for applicants with non-
federated FMS architectures to consider pursuing
incomplete system TSO-C146¢ Class Gamma approval for
the navigation computer functions/components.

(5)  An FMS that is part of an aircraft-level TSO-C146¢ Class Delta-4
integration normally provides the RNAYV capability for the initial and intermediate approach
segments to place the aircraft in proper position for the Class Delta-4 GPS/SBAS equipment to
conduct the LP/LPV final approach segment. The FMS also provides the RNAV capability for
the missed approach segment.

Note: RNAV capability for the initial, intermediate, and
missed approach segments can be accomplished by the
FMS according to its TSO-C115b (or later revision) or
other GNSS TSO approval. However, the FMS will be
limited to its approved functions per those TSOs or as

12
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modified if receiving PVT inputs from a TSO-C145(AR)
sensor (see paragraphs 5-5.2.b and 5-5.2.¢).

d. Multi-sensor systems must also comply with the appropriate TSO requirements for
the individual sensors that are integrated. For example, if distance measuring equipment
(DME) is integrated, then the system must also comply with TSO-C66¢, Distance Measuring
Equipment(DME) Operating Within the Radio Frequency Range of 960 to 1215 Megahertz, for
DME equipment. Refer to AC 90-100 (latest revision), U.S. Terminal and Enroute Area
Navigation (RNAV) Operations, for operational approval of terminal and enroute area
navigation systems for use in the United States national airspace system.

3-5. Multiple TSO Authorizations.
a.  Multiple TSO authorizations may be granted for equipment that accomplishes
multiple functions. However, the number of TSO markings on positioning and navigation

equipment should be minimized to avoid confusion during installation and approval.

b.  The following combinations of TSO authorizations must not be granted, as the
TSOs either contradict each other or are superfluous to a TSO with broader scope:

(1) TSO-C115/C115a with TSO-C129(AR), TSO-C145(AR)/C146(AR),
TSO-C196(AR), or TSO-C161a/C162a).

(2) TSO-C129(AR) Class A with TSO-C146(AR) Class Gamma.

(3) TSO-C129(AR) Class B or Class C with TSO-C145(AR), TSO-C146(AR) or
TSO-C196(AR).

(4) TSO-C196(AR) with TSO-C145(AR) or TSO-C146(AR).
Note: The intent is that combinations not specifically

prohibited by paragraphs 3-5.b(1) through 3-5.b(4) are
acceptable.

13
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Chapter 4. Equipment Performance - Advisory Vertical Guidance.
4-1. Introduction.

Positioning and navigation equipment may provide vertical path deviation guidance
indications on a non-essential, not-required basis as an aid to help pilots meet barometric
altitude restrictions. Equipment that has this capability typically uses GNSS or baro-VNAV,
but may use any method to generate the vertical path information. Advisory vertical guidance
does not provide approved vertical guidance deviation indications for operational credit. Only
vertical guidance deviation indications for LNAV/VNAV or LPV approach procedures are
approved for operational credit.

Note 1: Advisory vertical guidance is an optional
capability implemented at the equipment manufacturer’s
discretion for enroute, terminal, and/or approach
operations; not a requirement for positioning and
navigation equipment.

Note 2: Paragraph 4-1 does not apply to instrument landing
system (ILS).

Note 3: We recommend that equipment manufacturers
provide a means for pilots to inhibit advisory vertical
guidance to support nonprecision approach training
requirements.

4-2. Implementations.

a. Itis acceptable to provide advisory vertical guidance as a descent aid during
oceanic/remote, enroute, and terminal operations.

b. GPS equipment without GPS-provided approved vertical capability
(TSO-C129(AR), TSO-C196(AR), TSO-C145/C146(AR) Operational Class 1) and no baro-
VNAV integration in the aircraft may provide advisory vertical guidance deviation indications
on any approach using the LNAV line of minima.

c. Some aircraft integrations may use GPS equipment without GPS-provided approved
vertical capability (TSO-C129(AR), TSO-C196(AR), TSO-C145/C146(AR) Operational Class
1) to provide lateral path deviation indications and an approved baro-VNAYV installation to
provide vertical path deviation indications for an approach to the LNAV/VNAYV line of minima.

(1)  This integration constitutes approved vertical guidance to conduct a
charted instrument approach procedure to the LNAV/VNAYV line of minima and should
not be confused with advisory vertical guidance applications.

(2)  There may be occasions where it is operationally advantageous to use the

LNAV line of minima rather than the LNAV/VNAV minima during an instrument approach
procedure. It is acceptable for approved baro-VNAYV installations to provide advisory vertical
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guidance when using the LNAV line of minima. However, during these operations, the
flight crew must use the primary barometric altimeter as the primary reference for
compliance with all altitude restrictions associated with the instrument approach
procedure; including compliance with all associated step-down fixes.

Note 1: Baro-VNAYV integrations may use non-GPS
RNAYV position sources to generate lateral path deviations
for approaches that do not require GPS.

Note 2: Baro-VNAV is subject to performance limitations
that could potentially cause advisory vertical path guidance
to fall below step-down fixes on LNAV approaches.

d. During RNAV (GPS) instrument approach operations, TSO-C145/C146(AR)
Operational Class 2 equipment may provide advisory vertical guidance when the procedure
defines only the LNAV line of minima (i.e., procedures without a charted LNAV/VNAYV and/or
LPV line of minima). GPS/SBAS Operational Class 2 equipment is not capable of performing
LP approaches, but may provide advisory vertical guidance for the LNAV line of minima on
instrument approach procedures that define both an LNAV and LP line of minima. GPS/SBAS
Operational Class 2 equipment may not provide advisory vertical guidance on instrument
approach procedures with an LNAYV line of minima published with LNAV/VNAYV and/or LPV
lines of minima. The reason is due to potential confusion over advisory versus approved
vertical guidance and which line of minima applies. This human factors issue is even more
critical when GPS/SBAS equipment “fails-down” to LNAV minima during the final approach
segment if vertical guidance is lost during an LNAV/VNAYV approach.

Note: There is no intent to preclude using baro-VNAV
advisory vertical guidance for an LNAV approach
provided it is selected prior to the final approach fix. See
paragraph 17-5 when integrating baro-VNAYV with
GPS/SBAS vertical guidance.

e. During RNAV (GPS) instrument approach operations, TSO-C145/C146(AR)
Operational Class 3 equipment may provide advisory vertical guidance when the procedure
defines only the LNAV and/or LP line of minima (i.e., procedures without a charted
LNAV/VNAYV and/or LPV line of minima). GPS/SBAS Operational Class 3 equipment may
not provide advisory vertical guidance on instrument approach procedures with an LNAYV line
of minima published with LNAV/VNAYV and/or LPV lines of minima. The reason is due to
potential confusion over advisory versus approved vertical guidance and which line of minima
applies. This human factors issue is even more critical for GPS/SBAS equipment that has a
“fail-down” mode to LNAV minima during the final approach segment.

Note 1: LP approach procedures will never be published
with other lines of minima that contain approved vertical
guidance (i.e., LNAV/VNAV or LPV). LNAV and LP
lines of minima can be published on the same approach
chart; and, it is acceptable to provide advisory vertical
guidance during approach operations using these lines of
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minima.

Note 2: There is no intent to prevent using baro-VNAV
advisory vertical guidance for an LNAYV approach provided
it is selected prior to the final approach fix. See paragraph
17-5 when integrating baro-VNAYV with GPS/SBAS
vertical guidance.

f. TSO-C146(AR) Operational Class 4 (Functional Class Delta) equipment
provides an “ILS look-alike” capability for LPV and LP only. GPS/SBAS Operational Class 4
equipment indicates LP by flagging the vertical guidance indications. It is acceptable for Class
Delta equipment to provide advisory vertical guidance during approach procedures to LP
minimums. However, it is not acceptable for Operational Class 4 equipment to provide
advisory vertical guidance when the equipment “fails-down” from LPV to LNAV minima
during the final approach segment due to potential confusion over advisory versus approved
vertical guidance and which line of minima applies.

Note: Per RTCA/DO-229D it is not appropriate for
GPS/SBAS Operational Class 4 equipment to “fail-down”
from LP to LNAV.

g. Advisory vertical guidance may be provided during very high frequency
omni-directional range (VOR) and non-directional beacon (NDB) instrument approach
operations (including overlays with “or GPS” in the title) and also for older GPS instrument
approach operations titled “GPS RWY XX”.

4-3. Limitations.

a. There are no TSO requirements or MOPS standards regarding advisory vertical
guidance minimum performance or how advisory vertical guidance is generated (see notes).
Positioning and navigation equipment manufacturers can generally use their discretion when
choosing to implement this capability. However, the equipment manufacturers cannot claim
any operational or certification credit for advisory vertical guidance. When implementing
advisory vertical guidance, the equipment manufacturer must provide an equipment limitation
in the installation/instruction manual for inclusion in the airplane flight manual supplement
(AFMS)/rotorcraft flight manual supplement (RFMS) and may also include the information in
the operations manual. The limitation should state the following or be equivalent:

“Advisory vertical guidance deviation information is only an aid to help pilots comply
with altitude restrictions. When using advisory vertical guidance, the pilot must use the
primary barometric altimeter to ensure compliance with all altitude restrictions,
particularly during instrument approach operations.”

Note 1: RTCA/DO-229D, referenced by the GPS/SBAS
TSOs, does provide some cursory requirements related to

advisory vertical guidance.

Note 2: The pilot using the primary barometric altimeter to
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ensure compliance with altitude restrictions is generally
considered the mitigation for misleading or erroneous
advisory vertical guidance information (i.e., 14 CFR
XX.1309 compliance). However, each installation should
be individually evaluated.

b. The AFMS/RFMS and/or installation manual limitation does not preclude
positioning and navigation equipment from outputting advisory vertical guidance deviations to
an autopilot provided applicable autopilot requirements are satisfied. However, demonstrating
autopilot compatibility or compliance is beyond the scope of this AC (see the latest revision of
AC23-17, Systems and Equipment Guide for Certification of Part 23 Airplanes, AC 25.1329-1,
Approval of Flight Guidance Systems, AC27-1, Certification of Normal Category Rotorcraft, or
AC29-2, Certification of Transport Category Rotorcraft, for autopilot guidance information).

c. Positioning and navigation equipment manufacturers should consider providing a
method to differentiate advisory vertical guidance indications from those used for approved
vertical guidance to reduce potential crew confusion. If practical, the vertical deviation
indications for each mode of vertical guidance should be unique and distinct.
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Chapter 5. EQuipment Performance - GNSS.
5-1. Introduction.

a. The TSOs and MOPS for various types of GNSS equipment have been published
over a span of several years. Despite efforts to harmonize all the GNSS documents, there are
differences among the documents because of this publication time gap; particularly for
characterizing the broadband external interference noise environment. The broadband external
interference noise is defined in RTCA/DO-235B, Assessment of Radio Frequency Interference
Relevant to the GNSS L1 Frequency Band, dated March 1, 2008. Table 1 below summarizes
the effective noise density for acquisition, tracking, and re-acquisition that GNSS equipment
manufacturers should use when certifying new equipment. Equipment not meeting the effective
noise density in table 1 (e.g., TSO-C129(AR)) may experience performance degradation as
more GNSS satellites are launched. Equipment intended for use beyond 2020 in applications
such as ADS-B should be qualified using the effective noise density shown in Table 1.

Receiver Function Effective Noise
Density (dBm/Hz)
Initial Acquisition (GPS -172.2
Only)*

GPS Tracking and Re- -171.9
acquisition

SBAS Tracking and Re- -172.8
acquisition

Table 1. Effective Noise Density for All GNSS Sources

b. Itis acceptable to run GPS/SBAS testing separately using a total GNSS noise (Ignss)
of -172.8 dBm/Hz for accuracy verification and/or collection of the GPS/SBAS message loss
rate data.

c. TSO-C145b/c and TSO-C146b/c equipment use a slightly earlier broadband external
interference noise standard that is very close to the Table 1 effective noise density. This
equipment should not experience any difficulty with the increasing noise environment.

However, manufacturers should use the values listed in Table 1 when conducting the test
scenarios described in RTCA/DO-229D.

Note: The respective MOPS and TSOs will be updated
with the latest noise standards during the next revision
cycle. TSO-C196(AR) equipment incorporates the Table 1
effective noise density.

d. TSO-Cl145a/C146a equipment complies with RTCA/DO-229C that uses the
broadband external interference noise characterized by a previous RTCA/DO-235 revision.
TSO-C145a/C146a equipment may experience performance degradation when other GNSS
services are launched because future interference management and prevention will be based on
the RTCA/DO-235B-defined broadband external interference noise environment.

e. TSO-CI129(AR) equipment has no broadband external interference noise
requirements comparable to RTCA/DO-235B. This equipment is more likely to experience
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performance degradation when other GNSS services are launched because future interference
management and prevention will be based on the RTCA/DO-235B-defined environment.

5-2. GPS (TSO-C129(AR) and TSO-C196(AR) receivers).

a. TSO-CI29(AR) and TSO-C196(AR) GPS equipment may be used on RNAV ‘T’
and ‘Q’ routes and for RNAV approaches to LNAV minimums within the contiguous United
States. AC 90-100 (latest revision) contains specific information on performance requirements
for RNAYV routes.

Note: TSO-C129a has been cancelled, but this does not
affect equipment with an existing TSOA/LODA (see
paragraph 3-1.c).

b. Equipment requirements for ‘T’ and ‘Q’ routes in Alaska differ due to infrastructure
and other unique characteristics of Alaskan airspace. Special Federal Aviation Regulation
(SFAR) 97 provides guidance on flying in Alaska. Alaska Q routes require GNSS
(TSO-C129(AR), TSO-C196(AR), TSO-C145(AR) or TSO-C146(AR)) and radar surveillance.
Alaska T routes require TSO-C145(AR) or TSO-C146 (AR). There is an ongoing program to
either revise or delete the SFAR 97 requirements. See enroute charts, Notices to Airman
Publication (NTAP), and Notice to Airmen (NOTAMs) for latest equipment requirements in
Alaska.

5-2.1  Antennas.

a. [Itis recommended that receiver manufacturers seeking antennas for equipment
certified to TSO-C129(AR) and TSO-C196(AR) use antennas compliant with the applicable
antenna TSOs described below (see paragraph 5-5.4 for a complete discussion on antenna
re-use/replacement). However, combinations where both the antenna and receiver were
certified together as a unit under TSO-C129/C129a will need a new certification if antennas
meeting the original TSOA are no longer available. Using a different antenna specification
constitutes a major design change that requires a new TSOA/LODA unless the original
TSOA/LODA contains part numbers for multiple antennas.

(1)  Either passive or active antennas are acceptable for TSO-C129(AR) and
TSO-C196(AR) GPS equipment. The current TSOs for passive and active antennas are listed
below, but antennas previously certified to TSO-C144 are also acceptable (see Table 2).

(2) TSO-Cl44a, Passive Airborne Global Navigation Satellite System (GNSS)
Antenna, that references RTCA/DO-228, Change 1, paragraph 2.2.1, defines an acceptable
passive GPS antenna. A passive antenna is defined as one that does not include a low noise
power amplifier as part of the antenna assembly.

(3) TSO-C190, Active Airborne Global Navigation Satellite System (GNSS)
Antenna, that references RTCA/DO-301, defines an acceptable active GPS antenna. An active
antenna is defined as one that includes a low noise power amplifier as part of the antenna
assembly.
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b. To aid compatibility findings, antenna manufacturers should identify the antenna
minimum DC supply current, and nominal amplifier gain/tolerance for active antennas in the
installation instructions. Receiver manufacturers need this information to define installation
instructions that integrate the antenna and receiver. Additionally, the antenna manufacturer
should identify the antenna minimum radiation pattern gain at 5 degrees and the antenna
minimum gain/equivalent input noise temperature (G/T) ratio in the installation instructions so
that receiver manufacturers can take advantage of performance better than the minimum MOPS
requirement. Documenting the improved performance facilitates the antenna/receiver
installation and integration.

5-2.2  Sensors.

a. TSO-CI29(AR) and TSO-C196(AR) are positioning and navigation systems with
equipment limitations for the aircraft to have other navigation equipment available appropriate
to the operation and for alternate airport flight planning (see paragraph 14-5).

Note 1: TSO-C129(AR) Class A equipment is a
sensor/navigation computer combination.

Note 2: TSO-C129a has been cancelled, but this does not
affect equipment with an existing TSOA/LODA (see
paragraph 3-1.c).

b. TSO-C129(AR) systems will not have an equipment limitation for the aircraft to
have other navigation equipment in oceanic and remote areas provided additional requirements
are met (see appendix 1).

c. TSO-C196(AR) systems will not have an equipment limitation for the aircraft to
have other navigation equipment in oceanic and remote areas provided the operator obtains a
fault detection and exclusion (FDE) prediction program (see paragraph 5-2.3).

d. The intent for TSO-C196(AR) equipment is to take advantage of signal processing
improvements found in RTCA/DO-229D without including the GPS/SBAS requirements.
TSO-C196(AR) equipment is intended as a direct replacement for Class B & C sensors certified
to TSO-C129(AR). Additionally, TSO-C145(AR) equipment can also replace TSO-C129(AR)
Class B & C sensors.

Note 1: Applicants will have to establish sensor/antenna
compatibility when replacing TSO-C129(AR) sensors with
either TSO-C196(AR) or TSO-C145(AR) sensors.

Note 2: GPS/SBAS TSO-C146(AR) Class Gamma
equipment is considered the direct replacement for a Class
A sensor/navigation computer combination certified to
TSO-C129(AR).
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5-2.3  Prediction Program.

a. GPS satellite failures have a non-intuitive impact on operational capability unlike
conventional ground-based navigation aids that have a direct correlation between a facility
outage (VOR fails) and the loss of an operational capability (VOR approach is unavailable).
The operator is responsible for considering the effects of satellite outages during flight
planning. Flight Standards defines the operational requirements to review NOTAMs, review
published aeronautical information, and perform pre-departure receiver autonomous integrity
monitoring (RAIM) or FDE availability checks. Prediction programs and availability
assessments are essential to enabling the operator to fulfill this responsibility. The FAA
currently provides availability service through NOTAMs for GPS/SBAS equipment for
domestic navigation operations, and plans to provide prediction services through the
aeronautical information system. Either the FAA (through NOTAM or aeronautical
information system) or the service provider provides these services for GPS/GBAS equipment
for domestic navigation operations depending upon the specific ground facility status; Federal
or non-Federal. Paragraph 5-2.3 applies to operations that require a prediction program.

b. The following guidelines apply to any prediction program applicable to a particular
model TSO-C129(AR) or TSO-C196(AR) receiver that is intended to assess the operational
impact of satellite outages for flight planning purposes. Some operators are required to have an
approved prediction program. A prediction program with the characteristics described below is
acceptable.

Note: The guidelines also apply to prediction programs for
TSO-C145/C146(AR) if the equipment is intended for
oceanic/remote operations without limitations (see
appendix 1 and paragraph 5-3.2.a.

c. TSO-CI29(AR) equipment may have either a fault detection-only algorithm or an
FDE algorithm. TSO-C196(AR) equipment is required by RTCA/DO-316 to have an FDE
algorithm. The prediction program must include the appropriate capability for the intended
receiver.

d. Operational guidance on predictive RAIM requirements may be found in the
Aeronautical Information Manual (or other FAA guidance). The best performance model most
likely comes from the original GPS equipment manufacturer.

Note: RAIM predictions are available at
www.raimprediction.net. The FAA plans to transition
RAIM prediction to a new website
(http://raimprediction.faa.gov) and intends to include
additional capabilities such as FDE prediction.

e. The prediction program can be provided on any processing platform (in the GPS
equipment or elsewhere).
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f.  The prediction program software should be developed in accordance with at least
RTCA/DO-178B level D guidelines or equivalent.

g. The program should use either an algorithm identical to that used in the airborne
equipment, or an algorithm based on assumptions for RAIM or FDE prediction that give a more
conservative result.

h. The program should calculate RAIM or FDE availability based on the same satellite
mask angle used in the equipment, but not less than 2 degrees for enroute/terminal operations or
5 degrees for approach.

i.  The program should have the capability to manually or automatically designate GPS
satellites which are expected to be out-of-service for the intended flight.

J. The program should allow the user to select the intended route (including declared
alternates) and the time and duration of the flight. The program should identify the maximum
RAIM or FDE outage time, and any predicted navigation capability outages.

(1) For approach operations, the maximum RAIM or FDE outage duration cannot
exceed 5 minutes.

(2) For RNAV 1 and 2 operations, the maximum RAIM or FDE outage duration
cannot exceed 5 minutes when TSO-C129(AR) or TSO-C196(AR) receivers are used as the
only means of RNAV 1 and 2 compliance.

(3) For oceanic/remote operations, the maximum FDE outage duration cannot
exceed 25 minutes for RNP-4 operation, 34 minutes for RNP-10 operation, and 51 minutes for
minimum navigation performance standards (MNPS) operation.

Note: Prediction programs must use FDE for
oceanic/remote operations. See appendix 1.

k. For approach predictions, the program should allow the user to select the destination
and expected time of arrival, and provide a RAIM or FDE availability prediction over an

interval of at least +15 minutes computed in intervals of 5 minutes or less about the estimated
time of arrival.

I.  Prediction programs supporting ADS-B out should meet the requirements in 14 CFR
91.227(c)(1)(1) and 14 CFR 91.227(c)(1)(iii). The program should identify the maximum
RAIM or FDE outage time, and any predicted surveillance capability outages.

5-3. GPS/SBAS (TSO-C145/C146(AR) receivers).
5-3.1 Antenna.

a. This paragraph provides guidance on acceptable GPS/SBAS antennas. See Table 2
for a list of acceptable standard antenna TSOs matched with GPS/SBAS receiver TSO revision
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and operational class.

b. TSO-C190, that references RTCA/DO-301, defines an acceptable GPS/SBAS
antenna.

Note: RTCA/DO-229D, paragraph 2.1.1.10 allows
receiver manufacturers to designate manufacturer-specified
antennas to take advantage of unique antenna performance
rather than using the “minimum standard” antenna defined
by TSO-C190.

C. A number of “passive” and “active” antennas were authorized under TSO-C144 for
TSO-C145a/C146a compliant GPS/SBAS receivers. These antennas remain acceptable for
those receiver installations according to their original TSOA/LODA. Receiver manufacturers
are encouraged to use a TSO-C190 antenna whenever a replacement becomes necessary for a
TSO-C144 antenna.

d. Major modifications to TSO-C145a/146a receivers that require a new TSOA/LODA
upgrade to TSO revision ‘c’ (for operational class 2, 3, and 4) must use either a TSO-C190 or a
receiver manufacturer-specified antenna that meets current requirements in RTCA/DO-229D
(such as, sensitivity and dynamic range, geostationary orbit satellite (GEO) bias, broadband
interference, and group delay).

5-3.2  Sensor and Sensor/Navigation Computer Configuration.

a. GPS/SBAS equipment has two different TSOs depending on whether the equipment
is designed as a position sensor only, or a sensor/navigation computer combination.
TSO-C145c¢ defines an acceptable standard for GPS/SBAS sensors (Class Beta) while
TSO-C146¢ defines two configurations; a complete sensor/navigation computer (Class Gamma)
and an “ILS look-alike” (Class Delta). Both TSOs reference RTCA/DO-229D for operations
within and outside of the GPS/SBAS service provider coverage area. When outside of a
GPS/SBAS service provider’s coverage area the receivers can revert to using FDE for integrity.
The receiver will use GPS/SBAS integrity or FDE; whichever provides the best protection
level. GPS/SBAS equipment will not have any limitations in oceanic and remote areas
provided the operator obtains an FDE prediction program (see paragraph 5-2.3).

Note: GPS/SBAS equipment may continue using GEO
data and range measurements when outside the GPS/SBAS
service provider’s coverage area per the requirements in
RTCA/DO-229D (RTCA/DO-229C for TSO revision ‘a’
equipment).

b. GPS/SBAS equipment that complies with the standards implemented by
TSO-C145(AR)/C146(AR) does not have an equipment limitation for the aircraft to be
equipped with other navigation systems appropriate to the operation. With GPS/SBAS
equipment it is also acceptable to flight plan an alternate using an RNAV approach to LNAV
minimums at the alternate airport rather than a ground-based approach aid (see paragraph
14-6.1). Additionally, GPS/SBAS equipment may be used on RNAV ‘T’ and ‘Q’ routes within
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the contiguous United States and Alaska. AC 90-100 (latest revision), contains specific
information on performance requirements for RNAV routes. These capabilities should be
clearly indicated in receiver manufacturer’s operating instructions.

Note: Refer to the appropriate operating rules and
operational guidance documents for equipage
requirements.

c. Although GPS/SBAS does not have an equipment limitation for other navigation
systems onboard the aircraft, the receiver manufacturer’s operating instructions should
encourage operators to retain back-up navigation systems to guard against outages or
interference events.

d. GPS/SBAS equipment that complies with the ‘b’ or ‘c’ TSO revision has the
capability to do LP approaches. TSO-C145a/C146a manufacturers may provide LP capability
in their equipment. LP approaches use the horizontal accuracy and integrity values of LPV but
do not provide vertical guidance. The intent is to provide LP approaches only at locations
where some issue prevents implementing LPV vertical guidance, so LP should be the exception
rather than the rule. Therefore, LP is not operationally similar to a localizer-only approach on
an ILS because LP and LPV are mutually exclusive. That is, LP and LPV lines of minima will
never be on the same approach chart.

5-3.3  Navigation Database - Data Conversion for GPS/SBAS LNAV/VNAV
Approaches.

a. For LNAV/VNAYV approaches collocated with LPV approaches, GPS/SBAS
equipment must use the final approach segment (FAS) data block to define the final approach
segment as described in RTCA/DO-229D. But, a FAS data block is not provided for
stand-alone LNAV/VNAYV approaches. The vertical path for such approaches is defined by the
threshold location, threshold crossing height, and glidepath angle. However, the altitude of the
threshold is published as the height above/below mean sea level (MSL), rather than as the
height above/below the WGS-84 ellipsoid. Therefore, the published MSL height (interpreted as
a height above/below the WGS-84 geoid) must be converted to height above/below the
WGS-84 ellipsoid prior to being used. Actual decision altitude (DA) must be based on the
barometric altimeter.

b. The data conversion is not considered alteration of data per RTCA/DO-200A,
Standards for Processing Aeronautical Information, dated September 28, 1998, paragraph
2.4.2, since it changes the reference system but not the actual vertical location.

c. Receiver manufacturers may consider performing the conversion within the
GPS/SBAS equipment or using a database process that provides threshold crossing height
directly as height above/below the WGS-84 ellipsoid for GPS/SBAS approaches. However,
GPS/SBAS integrations with baro-VNAV will need to address the issue of WGS-84 ellipsoid
versus MSL height. This can be done through conversion or storing threshold data as both
WGS-84 ellipsoid and MSL height to use for GPS/SBAS or baro-VNAYV as appropriate.
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5-4. GPS/GBAS (TSO-C161a/C162a receivers).

The GPS/GBAS equipment supports Category I precision approach and, optionally, a
GPS/GBAS differentially corrected positioning service (DCPS). When the GPS/GBAS
avionics supports both levels of service, whether or not the DCPS is available is determined by
the GPS/GBAS ground station. All GPS/GBAS ground stations provide precision approach
service, but not all ground stations are expected to provide DCPS.

5-4,1  Antennas.

a. TSO-C190 that references RTCA/DO-301, defines an acceptable GPS/GBAS
antenna.

b. TSO-Cl162a GPS/GBAS equipment also requires a VHF antenna to receive the
GPS/GBAS ground facility information broadcast. Installed antennas approved for ILS
localizer/VOR can be used to receive the VDB signals. Unlike ILS ground antenna arrays, a
GBAS VHF data broadcast transmitter may be located anywhere on the airport or in its vicinity.
This means the VHF broadcast must be received from any direction. The ILS localizer/VOR
antennas may, or may not, be included under TSO-C162a. See paragraphs 12-1.d, 14-7, and
20-2.b for installation considerations.

Note: RTCA/DO-253C gives GPS/GBAS equipment
manufacturers an option for an antenna/receiver

combination or a receiver only. Both can be certified by
TSO-Cl162a.

5-4.2  VHF Data Broadcast Receiving Equipment (TSO-C162a).

The equipment should comply with the RTCA/DO-253C, section 2 requirements as
modified by TSO-C162a. The equipment receives the GBAS VDB and outputs the VDB
messages to the sensor/navigation computer (see section 5-4.3). TSO-C162a equipment must
be used with TSO-C161a, or equivalent, equipment to provide Category I precision approach
guidance or PVT based on GPS/GBAS.

5-4.3  Sensor/Navigation Computer (TSO-C161a).
a. Category I Precision Approach.

(1) The equipment should comply with the RTCA/DO-253C, section 2
requirements as modified by TSO-C161a. The equipment outputs lateral and vertical
deviations relative to an approach path defined in the VHF data broadcast. The entire precision
approach must be contained within the region defined by the broadcast parameter Dmax.
Outside of Dmax, the avionics may not use the differential corrections and the GPS/GBAS
equipment will not provide deviations.

(2) GPS/GBAS approaches will not have LNAV/VNAYV or LNAV minimums
published with the GBAS landing system (GLS) procedure. There is no fail-down option if
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guidance is lost during a GPS/GBAS final approach.
b. Position Output.

(1) When the GPS/GBAS ground station does not support positioning service,
the GPS/GBAS airborne receiver PVT solution must comply with either TSO-C196(AR) or
TSO-C145/C146(AR) receiver outputs.

(2) When the GPS/GBAS ground station supports positioning service and the
distance (slant range) between the aircraft and the GPS/GBAS reference point is less than or
equal to the maximum GPS/GBAS usable distance, Dmax, the GPS/GBAS airborne receiver
PVT solution should comply with either TSO-C161a, TSO-C196(AR) or TSO-C145/C146(AR)
receiver outputs (i.e., GPS/GBAS-provided PVT possible).

3) When the GPS/GBAS ground station supports positioning service and the
distance (slant range) between the aircraft and the GPS/GBAS reference point is greater than
the maximum GPS/GBAS usable distance, Dmax, the GPS/GBAS airborne receiver PVT
solution should comply with either TSO-C196(AR) or TSO-C145/C146(AR) receiver outputs
(i.e., no GPS/GBAS-provided PVT).

Note 1: The GPS/GBAS positioning service coverage
region is defined by Dmax for GPS/GBAS ground stations
supporting differential positioning service.

Note 2: These paragraphs are consistent with TSO-C161a.
Applicants may use TSO-C129(AR) GPS receivers if the
outputs are shown to be equivalent to TSO-C196(AR).

5-5. GNSS Upgrades.

GNSS equipment installations have become very complex due to compatibility issues
with the wide range of other installed equipment such as displays, flight guidance systems
(FGS), terrain warning systems, etc. GNSS TSOs typically do not include requirements or
standards related to installation compatibility or standardized outputs as part of the design and
production approval. Therefore, it is recommended that, concurrent with their design and
production approvals, equipment manufacturers also pursue an airworthiness approval that
includes detailed installation instructions and equipment compatibility lists. See chapter 3 for
more information regarding design, production and airworthiness approvals and paragraph
14-2.a for guidance on navigation displays during retrofit installations.

Note: GPS and GPS/SBAS equipment airworthiness
approval is not considered novel or unusual per

14 CFR 21.16 and applicants can use designees during the
STC process.

5-5.1  Adding Additional GNSS Equipment.

Compatibility must be established between the existing GNSS equipment and
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whatever new GNSS equipment is added. As an example, some installation applicants may
retain existing TSO-C129(AR) equipment and add GPS/SBAS equipment. In this instance, the
original TSO-C129(AR) installation should not be re-evaluated, except for modifications made
as part of the GPS/SBAS installation. The re-evaluation should be to the affected functions or
performance. For example, if the equipment shares a GNSS antenna there will be additional
signal loss for the original equipment and compliance to the original TSO-C129(AR)
installation instructions should be verified.

5-5.2  Replacing GNSS Equipment.

a. The TSO-C196(AR) sensor is intended as a direct replacement for a TSO-C129(AR)
Class B or C sensor provided the installation applicant or TSOA/LODA holder ensures
compatibility with the display and navigation computer. The complete sensor/navigation
computer/display system will continue to have the limitations noted in paragraphs 5-2.2.a and
14-5.

b. It is also possible to use either a TSO-C145(AR) sensor or a combined
TSO-C145(AR)/C146(AR) Class Delta-4 sensor to replace a TSO-C129(AR) Class B or Class
C sensor provided the installation applicant or TSOA/LODA holder ensures compatibility with
the display and navigation computer. In such a sensor replacement, the aircraft operator can
derive additional benefits and navigation capability such as removing the limitations noted in
paragraphs 5-2.2.a and 14-5. However, the benefits do not automatically extend to enabling
GPS/SBAS-provided LNAV/VNAYV or LP/LPV capability. See paragraph 3-2 for compliance
to TSO-C146¢ and the appropriate sections of RTCA/DO-229D as a complete system in the
aircraft.

c. Using a TSO-C145(AR) or TSO-C196(AR) sensor as a direct replacement for a
TSO-C129(AR) sensor may be advantageous to remove performance or operational limitations
other than those associated with redundant navigation sources onboard the aircraft even though
the complete system retains its original TSO-C129(AR) certification basis. For example, the
sensor processing improvements obviate the need to perform a RAIM prediction check 2 NM
(nautical miles) prior to the final approach fix (FAF) as required by the original TSO-C129(AR)
TSOA.

Note: RTCA/DO-229D and RTCA/DO-316 both have a
fault detection prediction requirement that applicants can
use to perform the prediction check if needed for
integration compatibility. But, the equipment requirement
is there primarily to support an operational requirement for
pre-departure fault detection checks for TSO-C196(AR)
equipment or when flying outside of the GPS/SBAS service
provider’s coverage area for TSO-C145(AR) equipment.

5-5.3  GPS/SBAS Upgrade.
It is possible to upgrade TSO-C196(AR) equipment to TSO-C145¢ compliance.

Receiver manufacturers who provide an upgrade path are encouraged to use an STC-AML to
streamline the installation approvals (see paragraph 2-3).
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Note: It may be difficult to upgrade TSO-C129(AR) or
TSO-C145a/C146a equipment to TSO-C145¢/C146¢
compliance. Proposed upgrades for this equipment to
TSO-C145¢/C146¢ will have to be carefully evaluated.

5-5.4  GNSS Antenna Re-Use/Replacement.

a. There are no re-use or replacement possibilities for antennas certified under
TSO-C129/C129a as part of the receiver TSOA/LODA. For receiver/antenna combinations
certified by this method to use a different antenna design or specification is a major design
change that invalidates the original TSOA/LODA.

b. For a TSO-C129/C129a receiver, it is possible to replace the original antenna if the
antenna was certified to a separate antenna TSO. In this case, a TSO-C190 antenna, or antennas
approved under TSO-C144(AR), can be used as replacements for any class of
TSO-C129/C129a receiver.

c. For TSO-C196(AR) receivers it is possible to re-use or replace both “active” and
“passive” antennas approved under TSO-C144(AR). TSO-C190 “active” antennas can be used
as well.

d. For TSO-C145/C146(AR) operational Class 1 receivers and all classes of
TSO-C145a/C146a receivers (see note below), it is possible to re-use both “passive” and
“active” antennas approved under TSO-C144(AR). TSO-C145/C146(AR) operational Class 1
receivers are limited to enroute through LNAYV approaches.

(1) The standards for equipment previously certified to TSO-C145a/C146a do
permit using either TSO-C144 “passive” or “active” antennas for all receiver operational
classes. However, receiver manufacturers are encouraged to use a TSO-C190 antenna when
replacing the original antenna.

(2) If the receiver manufacturer chooses to not use a TSO-C190 antenna, they
should use a TSO-C144 “active” antenna that complies with the intra-system noise
environment, test procedures/methodologies, and 25 nanosecond differential group delay
requirements found in RTCA/DO-301. Failure to do so may cause performance degradation
due to GEO bias and an increasing broadband interference noise environment.

e. For TSO-C145b/C146b/C145¢c/C146¢ operational Class 2, 3, or 4 receivers,
“passive” TSO-C144(AR) antennas cannot be re-used. TSO-C190 describes the standard
“active” antenna for TSO-C145b/C146b/C145¢/C146¢ operational Class 2, 3, or 4 receivers. It
may be possible to re-use an “active” TSO-C144 antenna for these receivers as a
manufacturer-specified antenna per RTCA/DO-229D, paragraph 2.1.1.10.

f. Inall cases, a TSO approval does not guarantee antenna/receiver installation
compatibility. Installation compatibility must be established by the antenna or receiver
manufacturer and documented in the approved installation instructions. Also, there can be
14 CFR 21.611 issues related to major versus minor alterations. Each project must be evaluated
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according to 14 CFR 21.611 to address the alteration regulatory issues.
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Antenna Type
TSO-C144(AR)
Passive X X X X
TSO-C144
Active X X X X See Note
TSO-C190 X X X X X
TSO-C129 TSOA
Antenna/Receiver X
Combination

Table 2. Acceptable Standard Antennas

Note: An active TSO-C144 antenna may be acceptable for
TSO-C145b/C146b/C145¢/C146¢ Operational Class 2, 3,
and 4 equipment as a receiver, manufacturer-specified
antenna per RTCA/DO-229D, paragraph 2.1.1.10.

5-5.5  Marking.

The marking must be modified to reflect the new configuration and approval when
equipment is upgraded to a new TSO (such as from TSO-C196a to TSO-C145c Operational
Class 1). This marking change can be accomplished by a certificated person in accordance with
the TSOA/LODA holder’s instructions. A certificated person in this context is defined as one
who is authorized under 14 CFR 43.3, persons authorized to perform maintenance, rebuilding,
and alterations.

5-6. Navigation Database.

For all combined sensor/navigator GNSS equipment, the navigation database is an
essential component for the equipment to perform its intended function. Guidelines pertaining
to the navigation database can be found in AC 20-153 (latest revision). Particular attention
should be paid to the specification of the data quality requirements as described in RTCA/DO-
200A, appendix B.

5-6.1 Database Installation Instructions.

The TSOA/LODA installation instructions/manual must contain a limitation
identifying the requirements for the navigation database. This limitation will also be included

29



5/8/12 AC 20-138C
in the AFMS/RFMS.

5-6.2  Database Process.

The RNAV multi-sensor equipment manufacturer is usually the last link in the
aeronautical data processing chain, since the format for the data loaded in the final database is
typically proprietary. The applicant for a TSOA/LODA must identify an aeronautical data
process accessible to the equipment users. AC 20-153 (latest revision), Acceptance of Data
Processes and associated Navigation Databases, provides an acceptable method for this
aeronautical data process. The approval of the process is included as part of the TSOA/LODA
for GNSS equipment.

5-7. GNSS Geometric Altitude.

GNSS-provided geometric altitude is not adequate for compliance with air traffic
control altitude requirements in the national airspace system (NAS) or internationally. The
primary barometric altimeter must be used for compliance with all air traffic control altitude
regulations, requirements, instructions, and clearances. GNSS geometric altitude may be used
to increase situation awareness, but must be clearly distinguished from a barometric source.
The label GSL may be used to indicate GNSS sea level.

5-8. Terrain Awareness and Warning System (TAWS).
GNSS equipment is used to provide positioning inputs to TAWS/helicopter terrain

awareness and warning system (HTAWS) equipment. Each type of GNSS equipment described
in chapter 5 is acceptable as an input to TAWS/HTAWS equipment.
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Chapter 6. EqQuipment Performance - RNAV Multi-Sensor Equipment.
6-1. Introduction.

This chapter provides guidance related to the basic functions and performance of a
multi-sensor unit. This chapter identifies issues associated with equipment performance that
applies to all types of equipment. Each individual sensor must meet the navigation
performance and operation criteria contained in the respective TSO and AC applicable to that
type sensor.

6-2. Navigation Database.

For area navigation equipment, the navigation database is an essential component for
the equipment to perform its intended function. Guidelines pertaining to the navigation
database can be found in AC 20-153 (latest revision). Particular attention should be paid to the
specification of the data quality requirements as described in RTCA/DO-200A, appendix B.

6-2.1 Database Installation Instructions.

The TSOA/LODA installation instructions/manual must contain a limitation
identifying the requirements for the navigation database. This limitation will also be included
in the AFMS/RFMS.

6-2.2 Database Process.

The RNAV multi-sensor equipment manufacturer is usually the last link in the
aeronautical data processing chain, as the format for the data loaded in the final database is
typically proprietary. The applicant for a TSOA/LODA must identify an aeronautical data
process accessible to the equipment users. AC 20-153 (latest revision), Acceptance of Data
Processes and associated Navigation Databases, provides an acceptable method for this
aeronautical data process.

6-3. GNSS.

a.  When GNSS is integrated in an RNAV multi-sensor system, the GNSS position
sensor should comply with the acceptable methods as defined by this AC in paragraph 5-2.2 for
GPS not augmented by ground- or space-based systems, paragraph 5-3.2 for GPS/SBAS, and
paragraph 5-4.2 for GPS/GBAS. The GNSS position sensor should be installed in accordance
with guidelines provided in chapters 11 through 15 and 18 through 21.

Note: See paragraphs 14-6.8 and 14-8.16 for GNSS
installation considerations regarding GPWS or TAWS
alerting functions.

b. See paragraph 3-4 for TSO-C115(AR) compliance guidance on RNAV multi-sensor
equipment integrating GPS/SBAS capability. RTCA/DO-229D, section 2, addresses the use of
GPS/SBAS vertical position (referenced to WGS-84 ellipsoid) as used on the final approach
segment of an LNAV/VNAYV or LPV approach procedure or as advisory guidance on an LNAV
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approach procedure. It is acceptable to provide advisory vertical guidance for LP approaches
using the method described in RTCA/DO-229D for LNAYV (see paragraph 4-2.d).

€. See paragraph 3-3 for TSO compliance guidance on RNAV multi-sensor equipment
integrating GPS/GBAS capability.

d. Many RNAV multi-sensor systems have implemented baro-VNAYV for use in all
phases of flight, and baro-VNAV can be used for vertical guidance on an LNAV/VNAV
approach procedure.

(1) The RNAV multi-sensor system manufacturer should address the GPS/SBAS
and/or GPS/GBAS integration issues associated with equipment designs that also include
baro-VNAYV capability. In particular, the RNAV multi-sensor equipment must provide a
smooth guidance transition between baro-VNAV and GPS/SBAS and/or GPS/GBAS vertical
guidance and a clear mode annunciation to the pilot.

(2) Paragraph 17-5 of this AC provides additional guidance for baro-VNAV,
GPS/SBAS, and GPS/GBAS integrations.

6-4. DME/DME.

The FAA is responsible for evaluating DME/DME coverage and availability against a
minimum standard DME/DME RNAYV system for each route and procedure. This paragraph
defines the minimum performance and functions (baseline) for DME/DME RNAYV systems
intended to support RNAV 1 and RNAV 2 routes, as well as RNAV 1 departure procedures
(DPs) and standard terminal arrival routes (STARS).

a. The DME/DME RNAYV system must:
(1) Provide position update within 30 seconds of tuning DME navigation facilities.
(2) Auto-tune multiple DME facilities.
(3) Provide continuous DME/DME position updating.

Note: Given a third DME facility or a second pair has been
available for at least the previous 30 seconds, there must be
no interruption in DME/DME positioning when the RNAV
system switches between DME stations/pairs.

b. The FAA cannot ensure all DME signals within reception distance of United States
airspace meet International Civil Aviation Organization (ICAQO) standards. These could include
non-United States DME facilities, or Department of Defense (DOD) maintained DME facilities
excluded from the NAS database. DME/DME RNAYV procedure design will only use DME
facilities listed in the airport/facility directory (A/FD). Although a procedure design issue,
applicants may mitigate this restriction by:
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(1) Having the DME/DME RNAYV system only use DME facilities listed in the
A/FD.

(2) Requiring exclusion of non-NAS DME facilities from the aircraft’s navigation
database when the RNAYV routes or procedures are within reception range of these non-NAS
DME facilities.

3) Demonstrating to the FAA that their RNAV system performs reasonableness
checks to detect errors from the non-NAS DME facilities and excludes these facilities from the
navigation position solution when appropriate (e.g., using the ARINC 424 coding to preclude
tuning co-channel DME facilities when the signals-in-space overlap). See paragraph 6-4.1 for
guidance on reasonableness check testing.

Cc. When needed to generate a DME/DME position, the DME/DME RNAYV system
(also referred to as a FMS) must use, as a minimum, DMEs with a relative angle between 30°
and 150°. The FMS may use DME pairs outside these angles (for example, 20° to 160°).

d. The RNAYV system may use any receivable DME facility (listed in the A/FD)
regardless of its location. When needed to generate a DME/DME position, as a minimum, the
RNAYV system must use an available and valid low altitude and/or high altitude DME anywhere
within the following region around the DME facility:

(1) Greater than or equal to 3 NM from the facility;

(2) Less than 40 degrees above the horizon when viewed from the DME facility;
and

(3) For facilities with an ARINC 424 figure of merit (FOM), the RNAYV system
may use the FOM value from Table 3 as the acceptable, usable region.

If the ARINC 424 FOM is: The aircraft’s DME/DME RNAYV system must be:
Less than or equal to: And less than:
0 40 NM from the facility 12,000 ft above facility elevation
1 70 NM from the facility 18,000 ft above facility elevation
2 130 NM from the facility --
3 160 NM from the facility

Table 3. DME Usable Range

Note 1: RNAV systems may use additional DME facilities
(for example, a localizer (LOC)/DME facility may be used
but is not required to be used for positioning). RNAV
systems are not required to use the FOM value.

Note 2: RNAYV routes and procedures may include new
FOMs with expanded service volumes.
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(4) A valid DME facility:
(a) Broadcasts an accurate facility identifier signal;
(b) Satisfies the minimum field strength requirements; and

(c) Is protected from other interfering DME signals according to the co-channel
and adjacent channel requirements.

e. There is no requirement to use VOR, LOC, NDB, IRU or attitude heading reference
system (AHRS) during normal operation of the DME/DME RNAYV system.

f.  When the RNAV system is using a minimum of two DME facilities that satisfy the
criteria in paragraph 6-4, and any other valid DME facilities not meeting that criteria, the 95%
position estimation error must be better than or equal to 1.75 NM. A flight technical error
(FTE) contribution not exceeding 1.0 NM (95%) may be assumed for RNAV 2 operations.

Note 1: This performance requirement is met for any
navigation system that uses two DME stations
simultaneously, limits the DME inclusion angle to between
30° and 150° and uses DME sensors that meet the accuracy
requirements of TSO-C66¢. If the RNAV system uses
DME facilities outside the range identified above, the DME
signal-in-space error can be assumed to be 0.1 NM 95%.

Note 2: When using a minimum of two DME facilities
satisfying the criteria above, the 95% position estimation
error must be better than or equal to the following equation:

\/(O'Zl,air + O'zl,sis) + (0'22,air + 0'22,sis)
sin(a)

2000 ove S 2

Single facility reference, where:
osis = 0.05 NM
oair 1S MAX {(0.085 NM, (0.125% of distance)}
@ = inclusion angle (30° to 150°)
g. The RNAYV system must ensure co-channel DME facilities do not cause erroneous
guidance. This could be accomplished by including VOR reasonableness checking when

initially tuning a DME facility, or excluding a DME facility when there is a co-channel DME
within line-of-sight. See paragraph 6-4.1 for guidance on testing reasonableness checks.

34



5/8/12 AC 20-138C

Note: The DME assessment cannot use a DME facility
when there is a co-channel DME facility within
line-of-sight.

h. The RNAV system must use operational DME facilities. DME facilities listed by
NOTAM as unavailable (for example, under test or other maintenance) could still reply to an
airborne interrogation. Therefore, non-operational facilities must not be used. An RNAV
system may exclude non-operational facilities by checking the identification or inhibiting the
use of facilities identified as not operational.

I.  Operational mitigations defined to qualify equipment with this AC will not require
pilot action during critical phases of flight, pilot monitoring of the RNAV system’s navigation
updating source(s), or time intensive programming/blackballing of multiple DME stations prior
to executing a procedure.

(1) Blackballing single facilities listed by NOTAM as out-of-service and/or
programming route/procedure-defined “critical” DME is acceptable when this mitigation
requires no pilot action during a critical phase of flight. A programming requirement also does
not imply the pilot should complete manual entry of DME facilities not in the navigation
database. Instead, this allows RNAYV systems to tune a critical DME, as appropriate to a
specific route or procedure.

(2) The critical phase of flight is normally from the final approach fix on an
approach procedure through missed approach, or from field elevation to 2,500 ft above airport
elevation on a departure.

6-4.1 Reasonableness Checks.

a. Many FMSs perform a reasonableness check to verify valid DME measurements.
Reasonableness checks are very effective against database errors or erroneous system
acquisition (such as co-channel facilities), and typically fall into two classes:

(1) Those the FMS uses after it acquires a new DME. The FMS compares the
aircraft’s position before using the DME to the aircraft’s range to the DME; and

(2) Those the FMS continuously uses, based on redundant information (for
example, extra DME signals or IRU data).

b. The reasonableness checks are intended to prevent navigation aids from being used
for navigation update in areas where the data can lead to radio position fixing errors due to
co-channel interference, multipath, and direct signal screening. In lieu of using radio
navigation aid published service volume, the navigation system should provide checks, which
preclude use of duplicate frequency navigation aids (NAVAIDs) within range, over-the-horizon
NAVAIDs, and use of NAVAIDs with poor geometry.
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c. Under certain conditions, reasonableness checks can be invalid.

(1) Do not assume a DME signal remains valid just because it was valid when
acquired.

(2) Do not assume extra DME signals are available. The intent of this baseline is
to support operations where the infrastructure is minimal (for example, when only two DMEs
are available for parts of the procedure).

d. When an FMS manufacturer uses a reasonableness check to satisfy any criteria in
this AC, they must test the effectiveness of the check under stressing conditions. An example
of this condition is a DME signal that is valid at acquisition and “ramps off” during the test
(similar to what a facility under test might do), when there is only one other supporting DME or
two signals of equal strength. A “ramp off” rate would be significantly higher or slower than
the normal range of groundspeed.

6-4.2  Performance Confirmation.

a. New systems may demonstrate compliance with these criteria as part of the
airworthiness approval. For existing systems, the applicant should determine compliance with
the equipment and aircraft criteria in this chapter.

b. Aircraft manufacturers (TC holders) incorporating FMS and DME/DME positioning
should review the available data for the integrated navigation system, and obtain additional data
as appropriate, to determine compliance with the criteria in this AC.

c. Equipment manufacturers (typically DME and FMS TSOA/LODA holders) need to
consider DME accuracy. DME sensors have been demonstrated to a variety of performance
requirements per TSO-C66. TSO-C66 performance standards have evolved as follows:

(1) TSO-C66: (Aug 1960) RTCA/DO-99.

(2) TSO-Cé6a: (Sep 1965) RTCA/DO-151, accuracy requirement as total error
with 0.1 NM attributed to ground facility, airborne equipment accuracy of 0.5 NM or 3% of
distance, whichever is greater, with a maximum of 3 NM.

(3) TSO-C66b: (Nov 1978) RTCA/DO-151a, accuracy requirement as total error
with 0.1 NM attributed to ground facility, airborne equipment accuracy of 0.5 NM or 1% of
distance, whichever is greater, with a maximum of 3 NM.

(4) TSO-Cé66c: (Sept 1985) RTCA/DO-189, accuracy requirement as total error
for the airborne equipment of 0.17 NM or 0.25% of distance, whichever is greater.

d. The accuracy required by TSO-C66¢ is adequate to support the criteria in this AC.
DME equipment approved under revision ‘c’ does not require further evaluation for RNAV 1
and RNAV 2 operations. Applicants with equipment built to earlier TSO revisions may use the
following process to establish more accurate performance than originally credited to support
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RNAV 1 and RNAYV 2 operations.

(1) Rather than relying on original demonstrated performance, the applicant may
elect to review the original TSO or TC/STC test data to determine the demonstrated accuracy
and/or make any appropriate changes to qualification tests to determine achieved accuracy.

Note: When conducting accuracy analysis, the DME
signal-in-space error can be assumed to be 0.1 NM 95%
(both inside and outside the published service volume). If
demonstrating accuracy under bench or flight test
conditions, the actual accuracy of the bench equipment or
ground facility should be considered.

(2) New testing should be performed under the same conditions used to
demonstrate compliance with the original TSO-C66 standard.

(3) Applicants who have demonstrated more accurate DME performance should
state the demonstrated accuracy in a letter to their customers.

6-4.3  Multi-Sensor System FMS.

a. The FMS or aircraft manufacturer should review the available data for the integrated
navigation system, and obtain additional data as appropriate, to determine compliance with the
criteria in paragraph 6-4. Applicants who have determined compliance should state such in the
operating instructions or AFMS/RFMS, along with any limitations (for example, if the pilot is
expected to manually inhibit the use of facilities that are listed by NOTAM as unavailable).

The applicant’s certification may limit the compliance to specific DME systems, or may
reference any DME qualified to the accuracy requirements of TSO-C66c¢.

b. FMS accuracy is dependent on a number of factors including: latency effects, the
selection of DME facilities, the method of combining information from multiple DMEs, and the
effects of other sensors used to determine a position. For FMSs using two (or more) DMEs at
the same time and limiting the DME include angle to between 30° and 150°, the accuracy
requirement can be met if the DME sensors meet the accuracy requirements of TSO-C66¢. For
FMSs without these characteristics, the accuracy should be evaluated under poor DME
geometry scenarios and should consider the demonstrated DME sensor accuracy. Poor
geometry scenarios may include angles at the limits specified earlier, with or without additional
DME facilities available outside those conditions.

c. Identify those conditions that would result in failure to meet the accuracy
requirement and the means to preclude those identified conditions.

6-5. VOR/DME.

a. Multi-sensor equipment may incorporate VOR/DME updating and must meet the
performance for the route to be flown. However, terminal and enroute RNAV implementation
in the United States does not require using VOR, so any use of VOR must include
reasonableness checking and demonstrate that positional accuracy from an erroneous VOR
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signal-in-space will not exceed 1.75 nm for RNAV 2 and 0.87 nm for RNAV 1 (reference AC
90-100A, appendix 1, paragraph 2.h). This could be accomplished by not using VOR signals
when DME/DME will be available or weighting and/or monitoring the VOR signal with
DME/DME to ensure it does not mislead position results (for example, through reasonableness
checks). See paragraph 6-4.1 for guidance on testing reasonableness checks.

b. For times when the multi-sensor equipment is using data from only a single
collocated VOR/DME (such as during an RNAV (VOR/DME) approach), the total maximum
position fixing error of the airborne multi-sensor equipment must be equal to or less than that
shown in Table 4. To find the cross track (xtk) and along track (atk) error at this point, enter
the Table with the tangent distance in nautical miles and distance along track in nautical miles
from the tangent point.
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Along-Track Distance (NM)

0 5 10 15 20 25 30 35 40 50 60 70 80 90 100 | 110 | 120 | 130

0 xtk 06 | 0.8 | 1.1 | 14 1.7 | 20 | 23 | 26 | 32 | 39 45 | 52| 58 64 | 7.1 7.7 8.4
atk 06 | 06 | 06 | 06 | 07 | 0.7 | 0.8 | 0.8 | 0.9 1.0 1.0 | 1.1 1.2 1.3 1.4 1.5 1.6

5 xtk 0.6 06 | 0.8 | 1.1 | 14 1.7 | 20 | 23 | 26 | 33 3.9 45 | 52| 58 6.4 7.1 7.7 8.4
atk 0.6 06 | 07 | 07| 07 | 0.8 0.8 | 0.8 | 09 | 09 1.0 1.1 1.2 1.3 1.4 1.5 1.6 1.7

10 | xtk 0.6 07 | 09 | 1.1 | 14 1.7 | 20 | 23 | 26 | 33 3.9 45 | 52| 58 6.5 7.1 7.7 8.4
atk 0.8 08 | 080809 ] 09 |09 1.0 | 1.0 | L1 1.2 1.2 1.3 1.4 1.5 1.6 1.7 1.8

15 | xtk 0.6 07 | 09| 11| 14 1.7 | 20 | 23 | 26 | 33 39 45 | 52 | 58 6.5 7.1 7.7 8.4
atk 1.0 1.0 1.0 | 1.1 | L1 1.1 1.2 12 | 1.2 | 13 1.4 14 | 15 1.6 1.7 1.7 1.8 1.9

20 | xtk 0.6 07 |09 |12 14 1.7 | 20 | 23 | 2.7 | 33 39 46 | 52 | 58 6.5 7.1 7.7 8.4
atk 1.3 1.3 13 |13 13 1.4 14 14 | 14 | 15 1.6 1.6 | 1.7 1.8 1.9 1.9 2.0 2.1

25 | xtk 0.7 0.8 1.0 | 1.2 | L5 1.8 | 21 | 24 | 27 | 33 39 46 | 52 | 58 6.5 7.1 7.8 8.4
atk 1.5 1.5 1.6 | 1.6 | 1.6 1.6 1.6 1.7 | 1.7 | 1.7 1.8 19 | 1.9 | 20 | 21 2.1 22 2.3

30 | xtk 0.7 0.8 1.0 | 1.2 | L5 1.8 2.1 24 | 27 | 33 39 46 | 52 | 59 6.5 7.1 7.8 8.4
atk 1.8 1.8 1.8 | 1.8 | 1.9 1.9 1.9 19 | 20 | 20 | 2.1 2.1 | 22 | 22 2.3 24 | 24 2.5

35 | xtk 0.8 0.8 1.0 | 1.3 | L5 1.8 2.1 24 | 27 | 33 | 40 46 | 52 | 59 6.5 7.1 7.8 8.4
atk 2.1 2.1 2.1 | 2.1 | 21 22 | 22 (22|22 23 2.3 24 | 24 | 25 2.5 26 | 2.7 2.7

40 | xtk 0.8 0.9 1.1 | 13| L5 1.8 2.1 24 | 27 | 33 | 40 46 | 52 | 59 6.5 7.1 7.8 8.4
atk 2.4 24 | 24 |24 | 24 | 24 | 24 | 25 | 25| 25| 26 26 | 27 | 27 28 | 29 29 3.0

50 | xtk 0.9 1.0 1.1 | 1.3 | L6 19 | 22 | 25 | 28 | 34 | 40 46 | 53 | 59 6.5 7.2 7.8 8.4
atk 29 29 | 30|30 30| 30 |30 |30] 30| 31 3.1 32 | 32 | 33 33 34 | 34 35

60 | xtk 1.0 1.0 12 | 14| 17 19 | 22 | 25 | 28 | 34 | 40 47 | 53 | 59 6.6 7.2 7.8 8.5
atk 3.5 35 | 35|35 35|36 |36 |36 ]| 36|36 ]| 37 37 | 3.8 | 3.8 38 39 39 4.0

70 | xtk 1.0 1.1 13 | 15| L7 ]20 |23 |26 29| 35] 41 47 | 53 | 6.0 | 6.6 7.2 7.9 8.5
atk 4.1 4.1 4.1 | 4.1 | 4.1 4.1 4.1 | 42 | 42 | 42 | 42 43 | 43 | 44 | 44 | 44 | 45 4.5

80 | xtk 1.1 1.2 14 [ 16 | 1.8 | 2.1 23 126 |29 | 35| 41 47 | 54 | 60 | 6.6 7.3 7.9 8.5
atk 4.6 47 | 47 | 47 | 47 | 47. | 47 | 47 | 47 | 48 | 48 48 | 49 | 49 5.0 50 | 5.0 5.1

90 | xtk 1.2 1.3 14 (16| 19 | 21 24 | 27 | 30| 35| 42 48 | 54| 60 | 6.7 7.3 7.9 8.6
atk 52 52 | 52|52 | 52| 53 53 | 53|53 53 5.4 54 | 54 | 55 5.5 5.5 5.6 5.6

100 | xtk 1.3 1.4 1.5 (17119 |22 (24|27 |30 36| 42 48 | 54 | 6.1 6.7 7.3 7.9 8.6
atk 5.8 58 | 58 |58 | 58 | 58 59 | 595959 ] 59 60 | 6.0 | 6.0 | 6.1 6.1 6.1 6.2

110 | xtk 1.4 1.5 16 | 1.8 20 | 23 25|28 [ 31| 36 | 42 49 | 55 | 6.1 6.7 | 73 8.0 8.6
atk 6.4 64 | 64 | 64| 64 | 64 | 64 | 64 | 65| 65| 65 65 | 6.6 | 66 | 6.6 6.7 6.7 6.7

120 | xtk 1.5 1.6 1.7 | 1.9 | 2.1 2.3 26 | 28 | 3.1 | 3.7 | 43 49 | 55 | 6.1 68 | 74 8.0 8.6
atk 6.9 70 | 70 |70 | 70 | 70 | 7.0 | 7.0 | 7.0 | 7.1 7.1 7.1 | 71 7.2 7.2 7.2 7.3 7.3

130 | xtk 1.6 1.7 1.8 20| 22 |24 |26 |29 |32 37| 43 49 | 56 | 62 68 | 74 8.0 8.7
atk 7.5 75 | 15|76 |76 | 76 | 76 | 76 | 76 | 7.6 | 1.7 77 | 17| 17 7.8 7.8 7.8 7.9

Table 4. 2D Accuracy Requirements for Equipment Using a Single Co-located VOR/DME

Note 1: Equipment error assumes a waypoint input
resolution of 0.01 minute, and output resolution of 0.01
minute for approach and 0.1 minute otherwise.

Note 2: Equipment error assumes the maximum allowable
difference between the displayed cross-track deviation and
the computed cross-track deviation.

Note 3: Multi-sensor equipment accuracy shown in the

above table does not necessarily satisfy accuracy
requirements for operation in certain airspace. For
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example, navigation on published J and V routes requires a
distance along-track from the tangent point to VOR/DME
to be less than approximately 50 NM to meet airway width
criteria.

Note 4: The above table is a result of the root-sum-square
combination of the error elements shown below in Table 5.
The accuracy table is computed assuming the waypoint is
always at the tangent point and the aircraft is at the
along-track distance measured from the same tangent point.
This is important in the test procedures because the
resulting cross-track error from the course setting is a
function of the distance to waypoint.

GROUND EQUIPMENT ERROR AIRBORNE EQUIPMENT ERROR
VOR 1.4 degrees VOR 3.0 degrees
DME 0.1 nm DME 0.2 nm + 1%

Course Setting Error 1.6 degrees

Computation Error 0.5 nm

Table 5. Error Elements
6-6. INS/IRU.

a. An INS/IRU installation is an acceptable lateral positioning source during a
significant portion of the flight provided it meets the requirements described in
14 CFR part 121, appendix G while in inertial mode.

b. Attitude heading reference systems, including an AHRS with inputs from air data
computers, do not qualify as instrument navigation devices similar to an INS/IRU. An AHRS
is not acceptable as an INS/IRU substitute or replacement for operational use under instrument
flight rules on any RNAYV or RNP instrument route or procedure. The foundation for the
airworthiness approval of a gyro as an AHRS is not equivalent to the foundation for the
airworthiness approval of a similar gyro approved as an INS/IRU.

Note: Paragraph 6-6 applies to both “stand-alone” and
loosely coupled inertial integrations.

6-7. INS/IRU — GNSS Integration.

a. The guidance in paragraph 6-7 is applicable for tightly coupled integrations, and is
in addition to the guidance in paragraph 6-6.

b. For GNSS sensors, both RTCA/DO-229D and RTCA/DO-316, appendix R,
provides INS/IRU — GNSS integration requirements (appendix R is the same in both
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documents). The GNSS/inertial hybrid outputs of the INS/IRU must meet the equipment
requirements of appendix R. However, appendix R is not invoked by any TSO. It is acceptable
for tightly coupled INS/IRU — GNSS hybrid sensors meeting appendix R to be integrated with
FMS or multi-mode receivers for operational use under instrument flight rules on RNAV or
RNP instrument routes or procedures.

c. The FAA assumes that GPS/inertial position data is limited to enroute through
LNAYV approach horizontal positioning. Using this position data for operations requiring
higher precision would require other integrity and accuracy enhancements such as GPS/SBAS,
GPS/GBAS, or other integrity/accuracy monitor function. Since hybrid vertical position and
integrity has not been addressed by appendix R, any use should be identified and resolved as
part of the appendix R approval process.

(1) No exclusion is intended for previously certified equipment meeting the
requirements of RTCA/DO-229C, appendix R. It is acceptable to use previously certified
GNSS sensors integrated with INS/IRU systems meeting the requirements specified in
RTCA/DO-229C, appendix R. However, RTCA/DO-229C, appendix R assumed selective
availability was ‘on’, so it may not adequately describe system performance if the applicant
wishes to take credit for selective availability being ‘off.’

(2) Aircraft with GPS/inertial installations approved for LNAV approaches can
also include a baro-VNAYV installation to provide the vertical guidance deviations acceptable
for LNAV/VNAYV approaches. Chapters 10, 17, and 22 describe baro-VNAV performance and
installation considerations.

d. Tightly coupled INS/IRU systems integrated with GNSS sensors outputting PVT
that is the same as GNSS may be demonstrated to be equivalent to either TSO-C145c, or TSO-
C196a and receive a GNSS TSOA/LODA. Any discrepancies should be identified and resolved
as part of the TSO approval, but appendix R will take precedence. It may be necessary to
conduct further evaluation during any follow-on approval since the characteristics and
performance required for the inertial integration are closely linked to aircraft architecture,
integration method, and GNSS failure modes.

(1) TSO-C129a has been cancelled so no new approvals to that standard are
possible.

(2) Tightly coupled INS/IRU systems with an existing TSO-C129(AR)
TSOA/LODA may still be produced and integrated with GNSS sensors that have an existing
TSO-C129(AR) TSOA/LODA.

(3) Applicants requesting a TSO-C196a or TSO-C145¢ TSOA/LODA for their
tightly coupled INS/IRU systems will need to include part number differentiation and
installation instructions limiting integration to GNSS sensors approved to the same TSO.

e. When demonstrating RAIM or RAIM equivalency, the GPS signal-in-space failure
modes to be used for the demonstration should be proposed and agreed upon as part of the TSO
approval. For example, the applicant should address the correlated effects of multiple
erroneous pseudoranges due to ionospheric activity. After exclusion of a faulty satellite, show
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that the position solution is valid and the inertial states/models are not corrupted by the faulty
GPS data prior to its detection and exclusion.

f.  All attitude and heading data output by the integrated system must comply with the
relevant regulations under all foreseeable operating conditions. This includes during GPS
signal-in-space failures (including prior to detection and after exclusion).

g. Inthe absence of any GPS input, the attitude and heading data output by the
integrated system must comply with the relevant regulations, including those conditions
addressed in the aircraft functional hazard assessment (FHA).

Note: It may be necessary to revise the FHA to address
failure conditions unique to the GPS/inertial system.

h. If the system sustains integrity coasting capability, the INS/IRU equipment
manufacturer must document the coasting performance and limitations. That is, document the
coasting time while sustaining performance at the desired navigation performance level,
horizontal alert limit (HAL) or RNP. This documentation must be consistent with the alerting
algorithms for the aircraft (e.g., RNP). The coasting performance should consider factors that
could influence coasting times (e.g., inertial sensor accuracy, gyro misalignment, inertial
parameter calibration accuracy prior to loss of GPS signals, aircraft maneuvers prior to and
during the coasting period, and aircraft speed).

6-8. INS/IRU - DME/DME Integration.

a. Paragraph 6-8 defines a minimum DME/DME/IRU (D/D/I) RNAYV system baseline
performance capable of supporting RNAV 1 and RNAYV 2 routes, as well as RNAV 1 DPs and
STARs. For routes and procedures designed using this performance standard, the FAA will
decide if adequate DME coverage is available using FAA computer modeling and flight
inspection assets. This assessment of DME coverage will also determine if an expanded service
volume is necessary for select DME facilities.

b. The minimum DME/DME requirements of paragraph 6-4 apply and are not repeated
here, except where additional performance is required. The performance confirmation process
in paragraph 6-4.2 also applies to paragraph 6-8.

c. There is no requirement to use VOR, NDB, LOC, or AHRS during normal operation
of the DME/DME/IRU RNAYV system.

d. The 95% position estimation error must be better than or equal to the value obtained
using the equation referenced in paragraph 6-4.f note 2 given any two DME facilities satisfying
the criteria in paragraphs 6-4.b thru 6-4.d, and any combination of other valid DME facilities
not meeting that criteria.

Note: Based on an evaluation of IRU performance, the

growth in position error after reverting to IRU can be
expected to be less than 2 NM per 15 minutes.
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Inertial system performance must satisfy the criteria in paragraph 6-6.
Additional required FMS capabilities are:

(1) Automatic position updating from the DME/DME solution.

Note: Equipment manufacturers or airworthiness
applicants should note in the appropriate documentation for
the flight crew if any inertial coasting annunciation is
suppressed following loss of radio updating.

(2) Accepting a position update immediately prior to takeoff.
(3) Excluding VORs greater than 40 NM from the aircraft.

The total system error (TSE) must be less than or equal to 1.0 NM (95%) throughout

the route. To maximize the amount of IRU coasting allowed, the flight technical error for
D/D/T aircraft on terminal procedures should be limited to 0.5 NM (95%).

Note: The FAA assures that systems meeting the D/D/I
RNAYV minimum performance standard satisfy this
requirement on all identified routes and procedures, and
these RNAYV systems do not require further evaluation.
Systems seeking approval using different RNAV system
characteristics or performance must demonstrate this
performance for each published route or procedure.
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Chapter 7. EQuipment Performance - RNP (General).
7-1. Introduction.

a. The intent of the RNP chapters 7-9 and 16 along with appendix 2 and 3 is to provide
the airworthiness information found in AC 90-101A and AC 90-105 in this AC. The
information is taken directly from AC 90-101A and AC 90-105, but contains some necessary
minor changes due to formatting and grammar considerations. The information from AC
90-101A and AC 90-105 has not changed other than to recognize TSO-C196(AR) equipment
and, in some places, add minor clarification information or correct mistakes. This is a
necessary first step to consolidate all the positioning and navigation equipment airworthiness
guidance and RNP airworthiness guidance into one AC. The plan is for future AC 90-101 and
AC 90-105 revisions to remove the airworthiness guidance. Information on special
characteristics of RNP operations and advantages of GPS/SBAS and GPS/GBAS for RNP
operations incorporating vertical guidance is provided below.

b. Chapter 8 is specific to the equipment performance considerations for RNP
approach procedures, and chapter 9 is specific to the equipment performance considerations for
RNP terminal operations. Airworthiness guidance for RNP AR, including installation
considerations, is addressed in appendix 2 of this AC while appendix 3 of this AC describes
advanced features (radius to fix (RF) leg types) for RNP systems. Chapter 16 describes
installation considerations for RNP. RNP AR and RNP operational approval guidance can be
found in the latest revisions of ACs 90-101 and 90-105, respectively.

Note: RNP AR was previously named RNP SAAAR. The
name has been changed to RNP AR for international
harmonization.

c. GPS/SBAS and GPS/GBAS sensors can be approved on FMS-equipped aircraft
without baro-VNAYV to provide vertical path guidance for RNP 0.3 operations and RNP AR
operations as low as RNP 0.1 with no change to existing RNP criteria, GPS/SBAS, or
GPS/GBAS performance standards. However, all aircraft and FMS requirements for RNP and
RNP AR operations still apply. Refer to chapters 14 and 16 of this AC (appendix 2 for RNP
AR) for airworthiness guidance, and the latest revisions of AC 90-101, and AC 90-105 for
operational guidance.

Note: TSO-C146(AR) invokes either DO-229 revision ‘C’
or ‘D’, section 2.2 for Class Gamma GPS/SBAS
equipment. The navigation computer requirements in
section 2.2 invoked by TSO-C146(AR) are a specific
method of complying with the RNP requirements in
DO-283A when using GPS/SBAS. Class 2 and Class 3
equipment do not require baro-VNAYV for RNP approaches
with vertical guidance when operating within GPS/SBAS
coverage.

d. GPS/SBAS and GPS/GBAS used for RNP and RNP AR do not require the
baro-VNAYV temperature mitigations; however, the aircraft must be within the service
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provider’s coverage area to use GPS/SBAS or GPS/GBAS for RNP and RNP AR operations.
The following are performance advantages for GPS/SBAS or GPS/GBAS compared to
baro-VNAYV for RNP and RNP AR:

(1) An accurate and repeatable vertical flight path with consistent alignment of the
glide path angle (GPA) with visual landing cues and landing aids (e.g., visual approach slope
indicator (VASI) or precision approach path indicator (PAPT)).

(2) No temperature restrictions on using the procedure.

(3) GPS/SBAS and GPS/GBAS can meet the RNP 0.1 vertical performance
contours without independent system monitoring.

(4)  The flight path is not affected by manual or Automated Traffic Information
System (ATIS) altimeter setting errors.

7-2. Special Characteristics of RNP Instrument Approaches.

a. GPS is the primary navigation system to support RNP approach procedures. The
missed approach segment may be based upon a conventional NAVAID (e.g., VOR, DME,
NDB).

b. Unique Features and Requirements of RNP Approaches.
(1) RNP approaches normally include at least two lines of minima: LNAV and
LNAV/VNAV. The LNAV/VNAV minima are based on using systems meeting the
performance criteria for baro-VNAYV systems in chapter 15.

(2) REF legs are discussed in appendix 3, RNP Advanced Features.

(3) Unless the pilot has in sight the visual references required to continue the
approach, the procedure must be discontinued if any of the following conditions occur:

(a) The navigation display is flagged invalid.
(b) Loss of integrity alerting function.
(¢) The integrity alerting function is activated before passing the FAF.

Note: Discontinuing the procedure may not be necessary
for a GNSS fail-down condition to LNAYV only, or for a
multi-sensor RNP system that includes demonstrated RNP
capability without GPS. Aircraft and/or equipment
manufacturer documentation should be examined against
functional and performance requirements to determine the
extent the system may be used in such a configuration.
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7-3. Special Characteristics of RNP 1 Operations.

a. Operation on RNP obstacle departure procedures (ODPs), standard instrument
departures (SIDs), and STARs.

(1) Pilots are not required to monitor ground-based navigation facilities used in
position updating unless required by the AFMS/RFMS.

(2) The navigation performance needed to fly RNP 1 procedures must be clearly
designated on all appropriate charts.

b. Requirements for Navigation Infrastructure.

(1) If DME is used, the DME navigation infrastructure supporting the design of a
procedure must be assessed and validated by the FAA or an FAA authorized third-party service
provider. This includes a computer model assessment and an analysis by FAA flight inspection
assets. DME coverage may use expanded service volume for select DME facilities so there is
no requirement to use VOR, LOC, NDB, or AHRS during normal operation of the DME/DME
RNP system. Expanded service volume facilities require a satisfactory flight inspection prior to
use.

(2) DME signals must meet signal-in-space accuracy tolerances everywhere the
signals are received in that procedure.

(3) For DME-based RNP operations where reliance is placed upon the
IRU/Inertial Reference System (IRS), some aircraft systems revert to VOR/DME-based
navigation before reverting to inertial coasting. When the VOR 1is within 40 NM from the
procedure and there is insufficient DME/DME navigation infrastructure, the impact of VOR
radial accuracy must be evaluated by the FAA and determined to not affect aircraft position
accuracy.

(4) The FAA must monitor the navigation infrastructure and issue timely warnings
of outages (NOTAM).

(5) All RNP 1 procedures must be flown by aircraft meeting the performance
requirements in this AC using DME/DME/IRU and/or GPS.

(6) Ifany critical DME facilities exist, they must be identified within the relevant

United States Flight Information Publications. All DME ground stations used to define the
availability of these ODPs, SIDs, and STARs must comply with applicable ICAO standards.
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Chapter 8. EQuipment Performance - RNP Approach.
8-1. Introduction.

This chapter provides guidance on the performance and functional requirements for systems
used to conduct RNP approach operations, which are designated under part 97 as RNAV (GPS)
or GPS and categorized as RNP APCH in ICAO. The baro-VNAYV equipment performance
applicable to RNP approaches is specified in chapter 10. Baro-VNAYV systems are optional
capabilities that are not a minimum requirement to fly RNAV (GPS) or GPS approaches using
the LNAV line of minima.

8-2. Aircraft and System Requirements.
The notes below apply to the entire paragraph.

a. Aircraft with approval to conduct RNAV (GPS) or GPS approaches meet the
performance and functional requirements in this AC for RNP instrument approaches without
RF legs.

b. Aircraft with a statement of compliance with the criteria in this AC in their airplane
flight manual (AFM)/rotorcraft flight manual, AFMS/RFMS, pilot operating handbook (POH),
or the operating manual for their avionics meet the performance and functional requirements for
RNP instrument approaches. This presumes compliance with the operational guidance in AC
90-105.

C. Aircraft with a statement from the manufacturer documenting compliance with the
criteria in this AC meet the performance and functional requirements for RNP instrument
approaches. These statements should include the airworthiness basis for compliance.
Compliance with the sensor requirements will have to be determined by the equipment or
aircraft manufacturer while compliance with the functional requirements in this chapter and
chapter 14 may be determined by the manufacturer or by inspection by the operator, but must
presume compliance with operational guidance in AC 90-105.

d. GPS stand-alone systems should be approved in accordance with TSO-C146(AR)
Class 1, 2, or 3 or have an existing TSO-C129(AR) Class A1 approval (see 8-2.f note 2) and
meet the applicable functionality and performance requirements of chapter 5, this chapter, and

chapter 9. These systems should be installed for instrument flight rules (IFR) use in accordance
with this AC.

e. GPS sensors used in multi-sensor system equipment (e.g., FMS) should be approved
in accordance with TSO-C196(AR), or TSO-C145(AR) Class 1, 2, or 3 or have an existing
TSO-C129(AR) Class B1, C1, B3, C3 approval (see 8-2.f note 2) and meet the performance and
functionality requirements of chapter 5, this chapter, and chapter 9. These systems should be
installed for IFR use in accordance with this AC.

f.  Multi-sensor systems should be approved in accordance with TSO-C115b (or later

revision), but may also have incomplete system TSO-C146(AR) Class Gamma approval (see
paragraph 3-2.e) or an existing incomplete system TSO-C129(AR) Class A approval (see note
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2). Those systems using GPS equipment should comply with the applicable GPS equipment
chapters and chapters 6, 11-13, 15, 18-19, and 21 of this AC. These systems should also meet
the performance and functionality requirements in this chapter.

Note 1: GPS equipment approved to TSO-C129(AR) must
meet the system functions specified in this chapter. In
addition, integrity should be provided by RAIM. It is
recommended that GPS receivers include the pseudo-range
step detection and health word checking functions if those
functions were not specifically required for TSO approval
(see appendix 1 for additional information).

Note 2: TSO-C129a has been cancelled so it is not
possible to receive a new incomplete system TSO-C129a
TSOA. But equipment with an existing TSO-C129a TSOA
may still be produced and installed.

Note 3: Multi-sensor systems that use DME/DME or
DME/DME/IRU as the only means of RNP compliance are
not authorized to conduct RNP approaches. However,
operators still retain the option to develop special RNP
approaches using these systems.

8-3. Performance and Functional Requirements for RNP Systems.
a. Accuracy.

(1) The aircraft must comply with RTCA/DO-236B, Minimum Aviation System
Performance Standards: Required Navigation Performance for Area Navigation, dated October
28, 2003, paragraph 2.1.1.

(2) During operations on the initial and intermediate segments and for the missed
approach of a RNP approach procedure, the lateral TSE must be within +1 NM for at least 95
percent of the total flight time. The along-track error must also be within +£1 NM for at least 95
percent of the total flight time.

(3) During operations on the final approach segment, the lateral TSE must be
within £0.3 NM for at least 95 percent of the total flight time. The along-track error must also
be within £0.3 NM for at least 95 percent of the total flight time.

(4) To satisty the accuracy requirement, the FTE should not exceed 0.5 NM on the
initial, intermediate and missed approach segments of an RNP approach procedure. The FTE
should not exceed 0.25 NM on the final approach segment of the approach.

Note 1: This requirement is considered satisfied as long as
the TSE for each segment is not exceeded where the
navigation system provides for RNP performance
monitoring and alerting and where the integration of
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operational modes and configurations account for accuracy
and FTE.

Note 2: Using a deviation indicator with 1 NM full-scale
deflection on the initial, intermediate and missed approach
segments and 0.3 NM full-scale deflection on the final
approach segment is an acceptable means of compliance.

b. Integrity.

Malfunction of the aircraft navigation equipment that causes the TSE to exceed 2
times the RNP value without annunciation is classified as a Major failure condition under
airworthiness regulations (i.e., 10 per hour).

c.  Continuity.

Loss of function is classified as a minor failure condition if the operator can revert to
a different navigation system and safely proceed to a suitable airport.

d. Performance Monitoring and Alerting.

During operations on the initial, intermediate, and the missed approach segments,
the RNP System or the RNP system and pilot in combination must 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”. During operations on the final approach segment, the RNP system or the
RNP system and pilot in combination must 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 107

e.  Signal in Space.

During operations on the initial, intermediate, and missed approach segments, the
aircraft navigation equipment must provide an alert if the probability of signal-in-space errors
causing a lateral position error greater than 2 NM exceeds 107 per hour. During operations on
the final approach segment, the aircraft navigation equipment must provide an alert if the
probability of signal-in-space errors causing a navigation system error greater than 0.6 NM
exceeds 107 per hour.

Note: There are no RNP requirements for the missed
approach if it is based on conventional means (VOR, DME,
and NDB) or on dead reckoning.

f.  Path Definition.

Aircraft performance is evaluated around the path defined by the published
procedure and RTCA/DO-236B, paragraph 3.2.5.4.1.

Note: The guidance in this paragraph provides equivalent
performance to the intent in AC 90-105 for basic RNP
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approach. AC 90-105 references RTCA/DO-236B,
paragraph 3.2.5.4.2, Fixed-Radius Transitions, which is
more closely associated with RNP Advanced Features in
appendix 3.

g. Functional Requirements for Navigation Displays.

(1) The following navigation displays and functions are required, as installed in
accordance with this AC or equivalent system installation advisory material. Navigation data,
including a TO/FROM indication and a failure indicator, must be displayed on a lateral
deviation display (course deviation indicator (CDI), electronic horizontal situation indicator
(EHSI)) and/or a navigation map display. These must be used as primary flight instruments for
aircraft navigation, for maneuver anticipation, and for failure/status/integrity indication.

Note: Unlike traditional, ground-based instrument
procedures, some navigation computers construct RNP
procedures by navigating to each procedure defined
waypoint. This is referred to as “TO/TO navigation”. See
paragraph 8-3.g(2) for guidance on RNP systems with
navigation computers using TO/TO navigation algorithms.

(2) RNP systems using TO/TO navigation algorithms do not require a navigation
display with a TO/FROM indication during RNP instrument procedures. Displays supporting
TO/TO navigation computers can fully comply with all RNP-related requirements in this AC
without a TO/FROM indication. At a minimum, the navigation display supporting a TO/TO
RNP system should display the active waypoint and active waypoint name.

(a) If an aircraft’s sensor suite intends to support traditional navigation using
ground-based navigation aids (such as executing a VOR-DME instrument approach procedure),
then the aircraft and avionics manufacturers must ensure the aircraft installation properly
accommodates these traditional, ground-based instrument flight procedures. A TO/FROM
indication is essential to qualify the aircraft for these traditional procedures because they may
rely on navigation to and from a navigation aid, an ad hoc fix assigned by air traffic control, or
a defined fix.

(b) Additionally, a TO/FROM indication is necessary when the RNP system
uses GNSS substitution for the ground-based navigation aid(s) defining a traditional instrument
procedure.

(3) A non-numeric lateral deviation display (for example, CDI, EHSI), with a
TO/FROM indication and a failure annunciation, used as primary flight instruments for aircraft
navigation, for maneuver anticipation, and for failure/status/integrity indication, should have the
following attributes:

Note: see paragraph 8-3.g(2) for TO/TO navigation
computer displays.
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(a) The displays must be visible to the pilot and located in the primary field of
view.

(b) The lateral deviation display scaling should agree with any alerting and
annunciation limits, if implemented.

(c) The lateral deviation display must have a full-scale deflection suitable for
the current phase of flight and must be based on the TSE requirement. Scaling of = 1 NM for
the initial, intermediate, and missed approach segments and +£0.3 NM for the final segment is
acceptable.

(d) The display scaling may be set automatically by default logic or set to a
value obtained from a navigation database. The full-scale deflection value must be known or
must be available for display to the pilot commensurate with approach values.

(e) The lateral deviation display must be automatically slaved to the RNP
computed path. It is recommended that the course selector of the deviation display be
automatically slewed to the RNP computed path.

Note: This does not apply for installations where an
electronic map display contains a graphical display of the
flight path and path deviation.

(f) As an alternate means, a navigation map display must provide equivalent
functionality to a lateral deviation display with appropriate map scales (scaling may be set
manually by the pilot). To be approved as an alternative means, the navigation map display
must be shown to meet the TSE requirements and be located in the primary field of view.

h.  System Capabilities.
The following system capabilities are required as a minimum:

(1) The capability to continuously display to the pilot flying, on the primary flight
instruments for aircraft navigation (primary navigation display), the RNP computed desired
path and aircraft position relative to the path. For operations where the required minimum
flightcrew is two pilots, a means for the pilot not flying (pilot monitoring) must also be
provided to verify the desired path and the aircraft position relative to the path.

(2) A navigation database, containing current navigation data officially
promulgated for civil aviation, which can be updated in accordance with the aeronautical
information regulation and control (AIRAC) cycle. The stored resolution of the data must be
sufficient to achieve the required track keeping accuracy. The database must be protected
against pilot modification of the stored data.

(3) The means to display the navigation data validity period to the pilot.

(4) The means to retrieve and display data stored in the navigation database
relating to individual waypoints and navigation aids, to enable the pilot to verify the route to be
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flown.
(5) Capability to load from the database into the RNP system the whole approach
to be flown. The approach must be loaded from the database, into the RNP system, by its

name.

(6) The means to display the following items, either in the pilot’s primary field of
view, or on a readily accessible display page:

(a) Distance between flight plan waypoints;
(b) Distance to go to the waypoint selected by the pilot;
(c) Along track distances between waypoints;
(d) Active navigation sensor type;
(e) The identification of the active (To) waypoint;
(f) The ground speed or time to the active (To) waypoint; and
(g) The distance and bearing to the active (To) waypoint.
(7) The capability to execute a “Direct to” function.
(8) The capability for automatic leg sequencing with display to the pilots.

(9) The capability to execute RNP instrument approach procedures extracted from
the onboard database including the capability to execute fly-over and fly-by turns.

(10) The capability to automatically execute leg transitions and maintain tracks
consistent with the following ARINC 424 path terminators, or their equivalent:

(a) Initial Fix (IF).

(b) Track to Fix (TF).

(c) Direct to Fix (DF).

Note 1. Path terminators are defined in ARINC
Specification 424, and their application is described in
more detail in RTCA/DO-236B and RTCA/ DO-201A,
Standards for Aeronautical Information, dated April 19,

2000.

Note 2: Numeric values for tracks must be automatically
loaded from the RNP system database.
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(11) The capability to display an indication of the RNP system failure in the pilot’s
primary field of view.

(12) The capability to indicate to the crew when the navigation system error (NSE)
alert limit is exceeded (alert provided by the “onboard performance monitoring and alerting
function™).

i.  Flight Director/Autopilot.

It is recommended that the flight director (FD) and/or autopilot remain coupled for
RNP approaches. If the lateral TSE cannot be demonstrated without these systems, then
coupling becomes mandatory. In this instance, operating guidance must indicate that coupling
to the FD and/or automatic pilot from the RNP system is mandatory for approaches.

J.  Database Integrity.

The navigation database suppliers must comply with RTCA/DO-200A. A Type 2
Letter of Acceptance (LOA), issued by the appropriate regulatory authority, demonstrates
compliance with this requirement. Type 2 LOAs issued prior to this AC are considered
compliant.

8-4. System Eligibility and Approval for RNP Operations.
a. Introduction.

The original equipment manufacturer (OEM) or the holder of installation approval
for the aircraft (e.g., STC holder), must demonstrate compliance with the appropriate provisions
of this AC to the FAA and the approval can be documented in manufacturer documentation
(e.g., Service Letters, etc.). AFM/RFM entries are not required provided the FAA accepts the
manufacturer’s documentation.

b.  Eligibility for RNP Instrument Approach Operations.

Systems meeting the requirements in paragraph 8-2 are eligible for RNP instrument
approach operations. Aircraft qualified by any revision of AC 90-101 for RNP AR are
considered qualified for RNP approach operations without further examination.

c.  System Eligibility for RNP Approach Operations.

(1) LNAV line of minima qualification.

(a) Stand-alone systems meeting TSO-C129(AR) Class A1 or TSO-C146(AR)
Class 1, 2, or 3 meet the aircraft qualification requirements for RNP instrument approach
operations using the LNAV line of minima provided the systems and IFR installations were

performed in accordance with this AC.

(b) Multi-sensor systems using TSO-C129(AR) Class B1, B3, C1, or C3
sensors; TSO-C196(AR) sensors; TSO-C145(AR) Class 1, 2, or 3 sensors; or, TSO-C161a
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sensors using GBAS positioning service meet the aircraft qualification requirements for RNP
instrument approach operations using the LNAV line of minima, provided the installations are
in accordance with this AC and the associated FMS complies with TSO-C115b (or later
revision).

Note 1: Multi-sensor systems may also have incomplete
system TSO-C129(AR) Class A or TSO-C146(AR) Class
Gamma approvals (see paragraph 3-2.¢).

Note 2: TSO-C129a has been cancelled so it is not
possible to receive a new incomplete system TSO-C129a
TSOA. But equipment with an existing TSO-C129a TSOA
may still be produced and installed.

(2) LNAV/VNAV line of minima qualification.

(a) Stand-alone TSO-C146(AR) Class 2 or 3 systems meet the aircraft
qualification requirements for RNP instrument approach operations using the LNAV/VNAV
line of minima provided that the installations are in accordance with this AC. Systems meeting
TSO-C129(AR) Class A1 with baro-VNAYV can be used for RNP approaches using the
LNAV/VNAYV line of minima if the criteria in chapters 13 and 15 are met and the systems are
installed in accordance with this AC.

(b) Multi-sensor systems using TSO-C145(AR) Class 2 or 3 sensors meet the
aircraft qualification requirements for RNP instrument approach operations using the
LNAV/VNAYV line of minima provided that the installations are in accordance with this AC and
the associated FMS complies with TSO-C115b (or later revision).

Note 1: Multi-sensor systems may also have incomplete
system TSO-C129(AR) Class A or TSO-C146(AR) Class
Gamma approvals (see paragraph 3-2.e).

Note 2: TSO-C129a has been cancelled so it is not
possible to receive a new incomplete system TSO-C129a
TSOA. But equipment with an existing TSO-C129a TSOA
may still be produced and installed.

(c) Multi-sensor systems using TSO-C129(AR) Class B1, B3, C1, or C3
sensors with baro-VNAV; TSO-C196(AR) sensors with baro-VNAYV; or, TSO-C161a sensors
using the GBAS positioning service with baro-VNAYV can be used for RNP approaches using
the LNAV/VNAV line of minima if the criteria in chapters 13 and 15 are met and the systems
are installed in accordance with this AC. The associated FMS must comply with TSO-C115b
(or later revision).

Note 1: Multi-sensor systems may also have incomplete

system TSO-C129(AR) Class A or TSO-C146(AR) Class
Gamma approvals (see paragraph 3-2.e).
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Note 2: TSO-C129a has been cancelled so it is not
possible to receive a new incomplete system TSO-C129a
TSOA. But equipment with an existing TSO-C129a TSOA
may still be produced and installed.
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Chapter 9. EqQuipment Performance - RNP Terminal.
9-1. Introduction.

This chapter provides guidance on the performance and functional requirements for RNP 1
operations in the terminal area. RNP Terminal terminology is used in the AC 90-105, appendix
2 title, and is synonymous with RNP 1. The equipment can be used to conduct RNP instrument
departure procedures (including RNP ODPs and SIDs) and RNP STARs within the United
States NAS where domestic air traffic control procedures are applied.

9-2. Aircraft and System Requirements for RNP Terminal Operations.

a. Aircraft with a statement of compliance with the criteria in this AC in their
AFM/RFM, AFMS/RFMS, POH, or the operating manual for their avionics meet the
performance and functional requirements for RNP terminal operations. This presumes
compliance with the operational guidance in AC 90-105.

b. Aircraft with a statement from the manufacturer documenting compliance with the
criteria in this AC meet the performance and functional requirements for RNP terminal
operations. These statements should include the airworthiness basis for compliance.
Compliance with the sensor requirements will have to be determined by the equipment or
aircraft manufacturer while compliance with the functional requirements in this chapter may be
determined by the manufacturer or by inspection by the operator, but must presume compliance
with operational guidance in AC 90-105.

c. GPS stand-alone equipment should be approved in accordance with TSO-C146(AR)
Class 1, 2, or 3 or have an existing TSO-C129(AR) Class A1 approval (see 9-2.e note) and meet
the applicable performance and functional requirements of chapter 5 and this chapter. These
systems should be installed for IFR use in accordance with this AC.

d. GPS sensors used in multi-sensor system equipment (e.g., FMS) should be approved
in accordance with TSO-C196(AR), or TSO-C145(AR) Class 1, 2, or 3 or have an existing
TSO-C129(AR) Class B or C approval (see 9-2.e note) and meet the applicable performance
and functional requirements of chapter 5 and this chapter. These systems should be installed
for IFR use in accordance with this AC.

€. Multi-sensor systems should be approved in accordance with TSO-C115b (or later
revision), but may also have incomplete system TSO-C146(AR) Class Gamma approvals (see
paragraph 3-2.e) or an existing incomplete system TSO-C129(AR) Class A approval (see note).
Those systems using GPS equipment should comply with the applicable GPS equipment
chapters and chapters 6, 11-13, 15, 18, 19, and 21 of this AC. These systems should also meet
the performance and functionality requirements in this chapter.

Note: TSO-C129a has been cancelled so it is not possible
to receive a new incomplete system TSO-C129a TSOA.
But equipment with an existing TSO-C129a TSOA may
still be produced and installed.
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f.  Aircraft/equipment with approval under AC 90-100A (or later revision) to use GPS
is approved under this AC for RNP 1 operations.

g. RNP aircraft with P-RNAYV approval based on GPS capability meet the functional
requirements of this AC for RNP 1 operations, such as RNP DPs, RNP SIDs, and RNP STARS.

Note 1: RNP 1 operations are based on GPS positioning
and, if adequate coverage is available, DME/DME/IRU.
Positioning data from other types of navigation sensors
may be integrated with the GPS data provided it does not
cause position errors exceeding the TSE budget.
Otherwise, means should be provided to deselect the other
navigation sensor types.

Note 2: TSO-C145(AR) or TSO-C146(AR) equipment
may also be authorized to conduct RNP operations in
United States airspace where domestic air traffic control
procedures are applied (Class I Navigation operations)
without an airworthiness limitation for other navigation
equipment on the aircraft. This authorization includes

operations outside the navigational service volume of
ICAO standard ground-based NAVAIDs.

9-3. System Performance Monitoring and Alerting.
a. Accuracy.
(1) The aircraft must comply with RTCA/DO-236B, paragraph 2.1.1.

(2) During operations in airspace or on routes designated as RNP 1, the lateral
TSE must be within +1 NM for at least 95 percent of the total flight time. The along-track error
must also be within £1 NM for at least 95 percent of the total flight time. To satisfy the
accuracy requirement, the 95 percent, FTE should not exceed 0.5 NM (see chapter 16).

Note: Using a lateral deviation indicator with 1 NM
full-scale deflection is an acceptable means of compliance.
Using an autopilot or FD is also an acceptable means of
compliance, but roll stabilization systems do not qualify.

b. Integrity.
Malfunction of the aircraft navigation equipment that causes the TSE to exceed 2

times the RNP value without annunciation is classified as a major failure condition under
airworthiness regulations (i.e., 10™ per hour).
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c.  Continuity.

Loss of function is classified as a minor failure condition if the operator can revert to
a different navigation system and proceed to a suitable airport.

d. Performance Monitoring and Alerting.

The RNP system, or the RNP system and pilot in combination, must 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~ for RNP 1 operations.

e.  Path Definition.

RNP systems should provide lateral guidance so aircraft remain within the lateral
boundaries of the fly-by transition area as defined in RTCA/DO-236B, paragraph 3.2.5.4.1.

f.  Signal-in-Space.

If using GPS, the aircraft navigation equipment must provide an alert if the
probability of signal-in-space errors causing a lateral position error greater than 2 NM exceeds
107 per hour for RNP 1 operations.

g. Functional Requirements of Navigation Data Displays.

(1) TIfusing this AC as the means of compliance, then the following navigation
displays and functions are required and must be installed in accordance with this AC.

(2) Navigation data, including a TO/FROM indication and a failure indicator,
must be displayed on a lateral deviation display (CDI, EHSI) and/or a navigation map display.
These must be used as primary flight instruments for aircraft navigation, for maneuver
anticipation, and for failure/status/integrity indication. A non-numeric lateral deviation display
(for example, CDI, EHSI), with a TO/FROM indication and a failure annunciation, used as
primary flight instruments for aircraft navigation, for maneuver anticipation, and for
failure/status/integrity indication, should have the following attributes:

Note: See paragraph 8-3.g(2) for TO/TO navigation
computer displays.

(a) The displays must be visible to the pilot and located in the primary field of
view when looking forward along the flight path.

(b) The lateral deviation display scaling must agree with any alerting and
annunciation limits, if implemented.

(c) The lateral deviation display must have a full-scale deflection suitable for
the current phase of flight and must be based on the required total system accuracy.
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(d) The display scaling may be set automatically by default logic or set to a
value obtained from a navigation database. The full-scale deflection value must be known or
must be available for display to the pilot commensurate with terminal area values.

(e) The lateral deviation display must be automatically slaved to the RNP
computed path. It is recommended that the course selector of the deviation display be
automatically slewed to the RNP computed path.

Note: This does not apply for installations where an
electronic map display contains a graphical display of the
flight path and path deviation.

(f)  As an alternate means, a navigation map display must give equivalent
functionality to a lateral deviation display with appropriate map scales (scaling may be set
manually by the pilot), and giving equivalent functionality to a lateral deviation display. To be
approved as an alternative means, the navigation map display must be shown to meet the TSE
requirements and be located in the primary field of view.

h.  System Capabilities.

The following system capabilities are required as a minimum within any RNP 1
equipment:

(1) The capability to continuously display to the pilot flying, on the primary flight
instruments for navigation of the aircraft (primary navigation display), the RNP computed
desired path and aircraft position relative to the path. For operations where the required
minimum flight crew is two pilots, a means for the pilot not flying must also be provided to
verify the desired path and the aircraft position relative to the path.

(2) A navigation database, containing current navigation data officially
promulgated for civil aviation, which can be updated in accordance with the AIRAC cycle. The
stored resolution of the data must be sufficient to achieve the required track keeping accuracy.
The database must be protected against pilot modification of the stored data.

(3) The means to display the validity period of the navigation data to the pilot.

(4) The means to retrieve and display data stored in the navigation database
relating to individual waypoints and navigation aids, so the pilot can verify the route to be
flown.

(5) Capability to load from the database into the RNP 1 system the entire segment
of the SID, ODP, or STAR to be flown.

Note: Due to variability in systems, this document defines
the segment from the first occurrence of a named waypoint,
track, or course to the last occurrence of a named waypoint,
track, or course. Heading legs prior to the first named
waypoint or after the last named waypoint do not have to
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be loaded from the database.

(6) The means to display the following items, either in the pilot’s primary field of
view, or on a readily accessible display page:

(a) The active navigation sensor type;
(b) The identification of the active (To) waypoint;
(c) The distance and bearing to the active (To) waypoint; and
(d) The ground speed or time to the active (To) waypoint.
(7) The capability to execute a “Direct to” function.
(8) The capability for automatic leg sequencing with display to the pilots.

(9) The capability to execute RNP 1 terminal procedures extracted from the
onboard database including the capability to execute fly-over and fly-by turns.

(10) The system must have the capability to automatically execute leg transitions
and maintain tracks consistent with the following ARINC 424 path terminators, or their
equivalent:

(a) Initial fix (IF);

(b) Course to fix (CF);

(¢) Direct to fix (DF); and
(d) Track to fix (TF).

Note: Path terminators are defined in ARINC
Specification 424, and their application is described in
more detail in RTCA documents DO-236B and DO-201A.

(11) The aircraft must have the capability to automatically execute leg transitions
consistent with heading to altitude (VA), heading to manual (VM) and heading to intercept (VI)
ARINC 424 path terminators. An alternate acceptable method is the capability to manually fly
the aircraft on a heading to intercept a course or to go direct to another fix after reaching a
procedure-specified altitude.

(12) The aircraft must have the capability to automatically execute leg transitions
consistent with course to altitude (CA) and from a fix to manual termination (FM) ARINC 424
path terminators. An alternate acceptable method is the RNP system must permit the pilot to
readily designate a waypoint and select a desired course to or from a designated waypoint.
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(13) The capability to load a RNP 1 procedure from the database, by procedure
name, into the area navigation system.

(14) The capability to display an indication of the RNP 1 system failure in the
pilot’s primary field of view.

I.  Database Integrity.

The navigation database suppliers must comply with RTCA/DO-200A. A Type 2
LOA, issued by the appropriate regulatory authority, demonstrates compliance with this criteria.
Type 2 LOAs issued prior to this AC are considered compliant.

9-4. System Eligibility and Approval for RNP 1 Operations.
a.  Eligibility for RNP Terminal Area Operations.

The following systems meet the criteria defined in this AC. This equipment still
requires evaluation by the manufacturer against all the functional and performance
requirements in this AC.

(1) Aircraft with a TSO-C129(AR) Class A1 system (without deviation from the
functionality in chapter 14) or a TSO-C146(AR) Class 1, 2, or 3 system (without deviation from
the functionality in chapter 14) that are installed for IFR use in accordance with this AC.

(2) Aircraft with TSO-C129(AR) Class B or C sensors, TSO-C196(AR) sensors,
or TSO-C145(AR) Class 1, 2, or 3 sensors installed according to this AC in an FMS that meets
the requirements of TSO-C115b (or later revision).

Note 1: Multi-sensor systems may also have incomplete
system TSO-C129(AR) Class A or TSO-C146(AR) Class
Gamma approvals (see paragraph 3-2.e).

Note 2: TSO-C129a has been cancelled so it is not
possible to receive a new incomplete system TSO-C129a
TSOA. But equipment with an existing TSO-C129a TSOA
may still be produced and installed.

b.  System Eligibility for RNP 1 Operations.

(1) Standalone TSO-C129(AR) Class A1l or A2 systems (without deviation from
the functionality in chapter 14), or TSO-C146(AR) Class 1, 2, or 3 systems (without deviation
from the functionality in chapter 14) meet the aircraft qualification requirements for RNP 1
operations. GPS systems must be installed in accordance with this AC.

(2) Multi-sensor systems using (without deviation from the functionality in
chapter 14) TSO-C129(AR) Class B or Class C sensors, TSO-C196(AR) sensors, or TSO-
C145(AR) Class 1, 2, or 3 sensors meet the aircraft qualification requirements for RNP 1
operations provided that the installations comply with the criteria in this AC. RNP systems
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must be installed in accordance with this AC and the associated FMS must comply with TSO-
C115b (or later revision).

Note 1: Multi-sensor systems may also have incomplete
system TSO-C129(AR) Class A or TSO-C146(AR) Class
Gamma approvals (see paragraph 3-2.¢).

Note 2: TSO-C129a has been cancelled so it is not
possible to receive a new incomplete system TSO-C129a
TSOA. But equipment with an existing TSO-C129a TSOA
may still be produced and installed.

(3) Multi-sensor systems that rely on ground-based NAVAIDS. Multi-sensor
systems that require the use of ground-based NAVAIDS, such as DME/DME, can be used to
conduct RNP 1 operations provided that the AFM/RFM or AFMS/RFMS shows the aircraft is
approved for RNP instrument flight operations, the aircraft meets the functional and
performance criteria in this chapter (e.g., RNP performance monitoring and alerting), and the
criteria of chapter 6 appropriate to the ground-based NAVAIDS and/or inertial systems used.
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Chapter 10. Equipment Performance - Baro-VNAV.
10-1.  General Limitations for Operations under IFR.

a. A baro-VNAV system may be approved for enroute, terminal, and approach use
within the contiguous United States, Alaska, and Hawaii. However, unless compensated for
temperature, baro-VNAYV equipment can only be used within the limitations for temperature
published on approach procedure charts.

b.  Systems providing temperature compensation to the baro-VNAYV guidance must
comply with RTCA/DO-236B, appendix H.2. This enables baro-VNAYV operations outside of
the temperature limits published on approach procedure charts.

(1) Equipment manufacturers may include compensation for temperatures above
and below the limits published on approach charts.

Note: Any equipment limitations must be documented in
the installation manual.

(2) Temperature compensation may be provided on segments outside of the final
approach segment if the equipment includes a method for the flightcrew to inhibit the
compensation function.

Note: Aviation authorities in different countries may or
may not authorize temperature compensation outside the
final approach segment.

Cc. Baro-VNAYV equipment may also be used to provide advisory vertical guidance to
aid in more efficient and precise operation of the aircraft for enroute, terminal, and/or approach
operations (see chapter 4). The primary barometric altimeter will be the primary altitude
reference for all flight operations.

d. Baro-VNAV performance has not been shown to be adequate for vertical guidance
on LPV or GLS approaches.

10-2.  Baro-VNAYV Equipment Performance for Operations under IFR.

a. The initial certification of a baro-VNAYV system requires an engineering evaluation
because of the need to verify performance, failure indications, environmental qualifications, etc.
Subsequent installations of the same baro-VNAYV equipment system in other aircraft may
require additional engineering evaluation, depending upon the degree of integration with other
aircraft systems, in particular autopilot and FD systems.

b.  For enroute, terminal, and approach IFR operations, the airborne baro-VNAV

system must have TSE components in the vertical direction that are less than those shown in
Table 6 below, 99.7 % of the flying time (reference RTCA/DO-236B, paragraph 2.1.2).
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Note: GPS/SBAS Class 2 and 3 as well as GPS/GBAS
vertical positioning performance exceeds the accuracy
requirements of a barometric sensor used for final approach
VNAYV. The GPS/SBAS 50m Vertical Alert Limit (VAL)
used for LNAV/VNAYV is consistent with baro-VNAYV and
may also be used to comply with RNP approach.

Altitude Region Level Flight Segments & Climb/Descent Flight Along Specified
(MSL) Intercept of Clearance Altitudes Vertical Profile

At or below 5000 150 ft. 160 ft.
5000 ft. to 10000 200 ft. 210 ft.

10000 ft. to 200 ft. 210 ft.

29,000 ft

Above 29,000 ft 200 ft. 260 ft.

to 41,000 ft (See Note 2)

Table 6. Vertical Path Performance Limit for Baro-VNAV

Note 1: These requirements are based upon airborne
altimetry and avionics systems that provide performance
consistent with reduced vertical separation minimums
(RVSM) requirements. Aircraft meeting reduced vertical
separation minimums (RVSM) requirements may apply the
altimetry system error data developed during the RVSM
qualification toward the vertical total system error for the
above 29,000 ft to 41,000 ft row in table 6. However, the
altimetry system error cannot be extrapolated to the other
altitude blocks.

Note 2: For aircraft type designs prior to January 1, 1997,
the value is 200 ft. in the cruise flight envelope and is not
to exceed 250 ft. over the full aircraft operating envelope.
Basic height-keeping parameters for 1000 ft. vertical
separation minimum between flight levels 290 and 410 are
in ICAO Document 9574, Manual on Implementation of
1000 ft. Vertical Separation Minimum between

FL 290-FL410 Inclusive.

Note 3: Baro-VNAYV equipment error includes all errors
resulting from the vertical guidance equipment installation.
This includes errors of the altimeter system and along-track
or horizontal coupling error.
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Note 4: Table 6 does not address altitudes above FL 410
because current altimetry and baro-VNAYV systems are
adequate for the 2,000 ft. air traffic control vertical
separation criteria.

c.  Flightcrew Inputs.

(1) The altitude associated with the active waypoint should be to the nearest 100
feet for enroute and terminal flight phases, and nearest 10 feet for the approach phase. If
provided, waypoint horizontal position should be in increments not greater than 0.1 nautical
miles.

(2) The ascent or decent angle should be to at least the nearest 0.1 degree for
equipment that specifies gradient angles.

(3) The station elevation, if necessary for equipment employing slant range error
correction, should be at least to the nearest 1,000 feet for enroute and terminal flight phases,
and to the nearest 100 feet for the approach phase.

(4) For terminal and approach operations, the ability to enter the altitude
associated with at least eight (for TO-FROM equipment) or nine (for TO-TO equipment)

successive waypoints.

(5) A means to confirm input data correctness prior to the system using the new
data.

d. System Displays.
(1) The system displays should give no operationally misleading information.

(2) There should be a continuous display of vertical path deviation with the
performance indicated in Table 7 below.

Enroute/Terminal (feet)

Approach (feet)

Minimum Full-Scale > 500 > 150 (see note)
Deflection

Readability <100 <30

Minimum Discernable <10 <5

Movement

Table 7. Vertical Path Deviations

Note: Smaller values of minimum full-scale deflection for
approach may be acceptable provided the proposed value is

found satisfactory by an engineering evaluation.
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(3) The vertical guidance presentation should be compatible with the aircraft’s
flight instrumentation such that the pilot is continuously furnished the aircraft’s vertical
deviation with respect to the pre-programmed ascent/descent or level flight profile.

e.  Alert Indications.

Alert indications for the system should be located on or near the vertical path
deviation indicator and should provide a readily discernible annunciation to the pilot(s) for any
of the following:

(1) Inadequate or invalid navigation signals or sources;

(2) Absence of primary power;

(3) Inadequate or invalid navigation displays or output sources; and
(4) Equipment failures.

Note: These failure/status indications must occur
independently of any operator action. Power or navigation
equipment failures may be indicated in a common manner.
In the approach mode, the lack of adequate navigation
signals or sources will be annunciated by means of a flag
displayed on the primary vertical navigation display. In
other modes, an appropriately located annunciator may be
used.

f. Additional Constraints.

(1) The baro-VNAYV equipment should indicate the aircraft vertical path position
to the accuracy specified in paragraph 10-2.b within five seconds after any maneuvering or
changes in attitude encountered in normal operations.

(2) The system should be capable of providing navigation guidance to the
accuracy specified in paragraph 10-2.b within 20 seconds after input of the desired vertical
track information (assuming sensor outputs are available).

(3) Navigation guidance should be available within five seconds of waypoint data
input.

(4) The equipment should have the capability to meet the criteria outlined in
paragraph 10-2 throughout the range of environmental conditions that will be encountered in
actual service. Exposing the equipment to the environmental test conditions of TSO-C115b (or
later revision) may be used to demonstrate this capability. The environmental test conditions
contained in RTCA/DO-160F may be used to demonstrate this ability for baro-VNAV systems
certified independent of a multi-sensor RNAV system.
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Note: Previously certified baro-VNAYV systems may have
used an earlier RTCA/DO-160 revision. This equipment
may still be installed within the provisions of its original
certification.

(5) The equipment should provide a means for the flightcrew to determine system
status prior to flight.

(6) The equipment should provide the navigation accuracy specified in paragraph
10-2.b for all groundspeeds up to a maximum value, and for all ascent (if applicable) and
descent rates up to a maximum value to be set by the applicant.

(7) The equipment should provide a means to alert the flightcrew prior to arrival at
a waypoint for anticipating necessary vertical maneuvering. This indicator should be located on
or near the vertical path indicator. A procedural means based on a continuous and properly
located distance to waypoint display may be used for vertical maneuver anticipation for
baro-VNAYV equipment that is not coupled to a FD or autopilot.

(a) Systems that provide steering signals for FDs or autopilots should provide
automatic vertical maneuver anticipation and a waypoint alert that occurs prior to the initiation
of the vertical maneuver. Systems that are coupled to the automatic guidance/control system(s)
should not cause the aircraft to depart an assigned altitude until the impending altitude change
is indicated to the crew within the pilot’s primary field of view, then acknowledged by timely
crew action.

(b) Acceptance of the acknowledgment should not precede the indication if this
acknowledgement is stored by the equipment. The acknowledgement timing of an impending
vertical path change depends on operational procedures and aircraft/equipment design;
however, past practice has shown that this acknowledgment should not occur more than five
minutes prior to the impending vertical path change.

(8) If parallel offset track capability is provided, waypoint alerting and vertical
maneuver anticipation should be provided prior to arrival at the point where the offset track
intersects the angle bisector of the parent track. These functions should operate as described
above in paragraph 10-2.d(7).

(9) The equipment should be capable of providing correct vertical path guidance
when interfaced with lateral navigation equipment providing turn anticipation. The
baro-VNAYV equipment should recognize the angle bisector of the lateral track change as the
“zero distance to waypoint” location.

g. The software should be verified and validated to at least level C as defined in
RTCA/DO-178B for baro-VNAYV equipment that uses a digital computer.
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Chapter 11. General Installation Considerations.

11-1.  Introduction.
The following information applies to the installation of all positioning and navigation
equipment intended for IFR use.

11-2.  Failure Classification.

a.  From enroute through Category I precision approach, the loss of navigation
function is typically considered to be a major failure condition for the aircraft (see AC
25.1309-1, AC 23.1309-1, AC 27-1, or AC 29-2 as applicable). Other aircraft navigation
systems should be considered when determining GNSS loss of navigation, which could be
major (no other navigation systems) or minor (other applicable navigation systems).
Navigation data is considered to be misleading when un-annunciated position errors exist. For
enroute, terminal, LNAV, and LNAV/VNAYV approaches, presenting misleading information to
the flight crew is considered to be a major failure condition for the aircraft. For LP/LPV and
GNSS Category I approaches, presenting misleading information to the flight crew is

considered to be a hazardous failure condition. These failure classifications are summarized in
Table 8.

Advisory Enroute/ Nonprecision LP/LPV GNSS
Vertical Terminal Area/ Approach Approach Precision
Guidance Nonprecision with Vertical Approach
Approach Guidance (Cat. 1)
(LNAV or RNP | (LNAV/VNAYV)
0.3)
Loss of No Effect Major Major Major Major
Navigation
Misleading Minor Major Major Hazardous | Hazardous
Information

Table 8. Typical Hazard Classifications

Note: For RNP values less than 0.3, losing RNP capability

constitutes loss of navigation. Refer to appendix 2 for

further RNP AR airworthiness information and AC 90-101
(latest revision) for complete guidance on RNP AR

operations.

b.  The applicant must conduct a safety assessment of the positioning/navigation
equipment installation to verify that design errors and failure modes meet the probability
requirements for that failure class. AC 23.1309-1, AC 25.1309-1, AC 27-1, or AC 29-2, per the
latest revision levels, provide an acceptable means for showing that the hardware complies with
pertinent airworthiness requirements. See paragraph 14-2.a for GPS/SBAS and GPS/GBAS
retrofit installation guidance related to navigation displays previously approved for ILS.

C.  Any probable failure of the positioning/navigation equipment must not degrade or
adversely affect the normal operation and performance of other required equipment or create a
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flight hazard. The interfaces with other aircraft equipment must be designed such that normal
or abnormal positioning/navigation equipment operation must not adversely affect the operation
of other equipment nor must operation of other equipment adversely affect the
positioning/navigation equipment operation.

11-3.  Software Considerations.

a. AC 20-115B Radio Technical Commission for Aeronautics, Inc. Document
RTCA/DO-178B, defines an acceptable means of qualifying software. In December 2011,
RTCA published RTCA/DO-178C, Software Considerations in Airborne Systems and
Equipment Certification. The FAA plans to update AC 20-115B to recognize RTCA/DO-178C
as an acceptable means of qualifying software, but there currently is no AC or TSO recognition
for RTCA/DO-178C. In the interim, applicants may choose to use RTCA/DO-178C instead of
RTCA/DO-178B provided they declare their intention to the applicable aircraft certification
office for the project. However, doing so will most likely require submitting a deviation
request, particularly if a TSO that invokes RTCA/DO-178B is involved.

b. The applicant is encouraged to submit the Plan for Software Aspects of Certification
(PSAC) early in the software development process. Early submittal will allow timely resolution
of issues such as partitioning and determining software levels. Software certification is
normally addressed during the design approval for positioning/navigation equipment, but
should be confirmed at installation to ensure the certification level is appropriate for the
installation intended function.

Note: It may be possible to obtain approval for navigation
functions that have hazardous level effects with FMS
software developed to DO-178B level C criteria. AC 20-
174, Development of Civil Aircraft and Systems provides an
acceptable method for establishing design assurance levels.
This guidance may be helpful for navigation architectures
containing independent functions.

11-4. Hardware Considerations.

AC 20-152 (latest revision) RTCA, Inc., Document RTCA/DO-254, Design Assurance
Guidance for Airborne Electronic Hardware, defines an acceptable means of qualifying
complex electronic hardware devices. The applicant is encouraged to submit the Plan for
Hardware Aspects of Certification (PHAC) early in the development process. Hardware
certification is normally addressed during the design approval for positioning/navigation
equipment; but, should be confirmed at installation to ensure the certification level is
appropriate for the installation intended function.

11-5.  Installed Equipment Compatibility.
There is no one, single, standardized interface for positioning and navigation equipment
to other equipment on-board the aircraft such as displays, autopilots, terrain warning, etc.

Positioning and navigation equipment manufacturer’s installation manuals/instructions should
define what other equipment is compatible with the positioning and navigation system.
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Equipment manufacturers are encouraged to develop compatible equipment lists and/or detailed
interface requirements for their installation manuals/instructions. The installer must ensure that
other on-board equipment interfaced with the positioning and navigation systems is compatible,
and the airworthiness approval holder is ultimately responsible for defining the installation. But
the installation burden is greatly eased when equipment manufacturers define compatible
systems in their installation manual/instructions, including software version and/or part number
if necessary.

11-6. Installation Instructions.

a. The equipment must be installed in accordance with the instructions and limitations
provided by the positioning and navigation equipment manufacturer. The airworthiness
approval will address any additional installation specifics.

b.  Equipment should be installed with separation between wires of redundant
equipment (see AC 43.13-1 latest revision). Wire separation will mitigate the possibility of loss
of navigation due to a single event. During installation approval of the system, when wire
separation cannot be achieved, the following questions must be evaluated and the potential for
single event upsets minimized:

(1) Isitpossible for a cable harness to be exposed to wire chafing in a manner that
both channels fail simultaneously?

(2) Is the cable harness located near flight control cables, high electrical capacity
lines or fuel lines?

(3) Is the cable harness located in a protected area of the aircraft (isolated from
engine rotor burst)?

(4) Is any electromagnetic interference (EMI) between systems caused by cable
routing?

11-7. Environmental Considerations.

a. Most equipment will have been tested by the equipment manufacturer to the
environmental categories described in RTCA/DO-160 (applicable revision), with results
described in an environmental qualification form. The airworthiness approval applicant must
ensure the environmental categories (or criteria) to which the equipment has been tested are
compatible with the aircraft environment in which the positioning and navigation equipment is
installed. See AC 21-16F (or later revision) RTCA Document DO-160 versions D, E, and F,
Environmental Conditions and Test Procedures for Airborne Equipment, for guidance on
differences among RTCA/DO-160 versions D, E, and F.

b. For equipment that has not been tested to the environmental categories described in
RTCA/DO-160 (applicable revision), either the equipment manufacturer or airworthiness
applicant must thoroughly define the intended aircraft environment and conduct comparable
normal and abnormal environment testing.
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11-8.  General Human Factors Considerations.
a. Control Accessibility.

(1) Controls installed for in-flight operation should be readily accessible from the
flight crew’s seated position. Only single-hand operation should be required, the controls
should be readily identifiable, and the use of controls should not obscure pertinent displays.

(2) The equipment should be designed so that controls intended for use during
flight cannot be operated in any position, combination, or sequence that would result in a
condition detrimental to the operation of the aircraft or the reliability of the equipment.

(3) Controls should provide feedback (e.g., tactile, visual) when operated.

(4) Control operating force should be appropriate for its intended function.

Note: Low forces might provide insufficient feedback,
while high forces might impede intentional rapid use.

(5) Controls should be resistant to inadvertent activation. Common and acceptable
means of reducing the likelihood of inadvertent operation through design include the following:

(a) Placing fences between closely spaced adjacent controls.

(b) Concave upper surface of keys to reduce slippage.

(c) Size of control surface sufficient to provide for accurate selection.
(d) Placing guards over controls.

(e) Providing appropriate sensory feedback, or explicit confirmation of
activation.

(6) The function for each control should be indicated, unless obvious. Pilots
should be able to quickly and accurately determine the function of the control with minimal
experience or training. If a control can be used for multiple functions, the current and inactive
functions should be distinguishable.

(7) Controls/input devices should be organized according to the following
principles, when feasible:

(a) Controls should be organized in logical groups according to function and
frequency of use.

(b) Controls should be easily associated with the related elements (e.g., displays

and labels) that identify their function. For example, line select function keys should align with
adjacent text.
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(c) Controls used most frequently should be the most accessible.
(d) Dedicated controls should be used for frequently used functions.
(e) Line select function keys should align with adjacent text.

(8) Use of two or more controls simultaneously (e.g., pushing two buttons at once)
in flight should not be required to perform a function.

(9) Controls that do not require adjustment by the flight crew (e.g., maintenance
functions) should not be readily accessible to the flight crew.

(10) Controls and their labels should be identifiable during all normally expected
ambient light conditions, including direct sunlight and nighttime.

(11) Control identifiers and other information should not be obstructed by the
control input devices.

b. Display Visibility.

(1) Each display element, used as a primary flight instrument in the guidance and
control of the aircraft, should be located where it is clearly visible to the pilot with the least
practicable deviation from the pilot’s normal position and line of vision when looking forward
along the flight path.

Note 1: CDI displays contained in the Control Display
Unit (CDU) will most likely not be acceptable for IFR
operations.

Note 2: FTE can be reduced when numeric display
information is integrated with the non-numeric display or is
located within the pilot’s primary field of view. Both
digital cross-track and track angle error have been shown to
reduce FTE. This information should be displayed together
(either within the CDU or remotely displayed near the
non-numeric display) for better tracking performance.
Using non-numeric cross track data integrated with non-
numeric track angle error data into one display may provide
the optimum situation and control information for the best
overall tracking performance.

(2) The appropriate flight crew member(s) should have an unobstructed view of
displayed data when in the seated position.

(3) Connection to external displays (CDI, horizontal situation indicator (HSI),

moving map, annunciator panel, etc.) should be consistent with the equipment installation
instructions.
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(4) The horizontal (and vertical) deviation(s), display(s), and failure annunciations
should be located within the pilot's primary field of view, as should any indication requiring
immediate aircrew action.

(5) Compliance with limitations in the equipment installation instructions for
display readability should be verified.

c. Lighting Conditions.

(1) All displays, controls, and annunciators must be easily readable under all
normal cockpit conditions and expected ambient light conditions (total darkness to bright,
reflected sunlight).

(2) Night lighting provisions must be compatible with other cockpit lighting,
particularly if night vision goggle compatibility is desired.

11-9.  Magnetic Variation Data and Onboard Database.

a. Avionics typically convert true heading references to magnetic heading references
by using worldwide magnetic variation data contained in an on-board magnetic variation
database and a set of software algorithms. The algorithms convert the data into a specific
magnetic heading reference for a specific geographic reference point. However, since the
Earth’s magnetic fields constantly change, magnetic variation databases need periodic updates
to provide accurate magnetic heading references. The National Oceanic and Atmospheric
Administration (NOAA) offers a World Magnetic Model available at
http://www.ngdc.noaa.gov/geomag/geomag.shtml, and this product is an acceptable source for
updating an aircraft magnetic variation database. NOAA updates the model on a five-year
cycle, and magnetic variation databases should be updated consistent with this cycle.

Note: If the magnetic variation database is not kept
current, the navigation systems no longer support their
intended functions for use during flights conducted under
IFR. Failure to maintain and update the magnetic variation
database can result in presentation of misleading magnetic
heading references that can result in placing the aircraft
outside the terrain and obstacle protection provided in
instrument procedure and route designs.

b. Equipment design approval holders should identify any operating limitations in their
equipment associated with application of the magnetic variation data (e.g., operations using
magnetic heading references may only be valid between 82° north latitude and 82° south
latitude) to ensure accurate magnetic heading references are presented and used in the aircraft.
The equipment design approval holders should also define a continuing airworthiness
requirement to update the magnetic variation database and, if applicable, conversion algorithms
or hardware when the periodic updates become available. This requirement should also define
the maintenance procedures necessary to update the on-board magnetic variation database for
their avionics.
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Chapter 12. General Installation Considerations - Antennas.
12-1.  Antenna placement.
Paragraphs (a) through (f) below are specific to GNSS antennas.

a. Typically, a GNSS antenna is located forward or aft of the wings on the top of the
fuselage.

b. GNSS antennas must be installed to provide the widest, unobstructed field of view
to the satellites. The antenna installation instructions should provide information on how to
determine a location that minimizes the potential for signal blockage by any portion of the
aircraft. Shadowing by aircraft structure (and in some cases by rotorcraft blades) can
adversely affect the operation of the GNSS equipment.

C. The antenna placement on the airframe should be optimized to ensure the receiver
can take full advantage of a 5 degree mask angle (or lower if the receiver installation
instructions identify the equipment is certified to a lower mask angle). This includes
consideration of antenna location with respect to blockage from airframe components, airframe
structures, engine components, or other antennas with the aircraft at typical level cruising
attitude. The antenna should also be located to minimize the effects of aircraft shadowing
during typical maneuvers.

d. The antenna should be separated as much as practical from transmitting antennas
(e.g., VHF and high frequency radio, satellite communications (SATCOM), DME, direction
finder, emergency locator transmitter, and traffic and collision alerting system). For small
aircraft, the antenna should also be separated as much as practical from the windscreen to
prevent case-to-antenna coupling.

e. The VDB antenna should be installed so that the maximum received power from any
on-board transmitter does not exceed the desensitization levels of the VDB receiver specified in

RTCA/DO-253C, paragraph 2.2.9.1.

f.  The GNSS multi-path error model specified in RTCA/DO-229D and
RTCA/DO-253C was developed and validated using flight test data collected on a variety of
large, fixed-wing aircraft. Further validation was done using computer modeling of large,
fixed-wing aircraft. For installations on rotorcraft, antenna location should consider the
compatibility of the resulting multi-path errors with this model. This may require additional
equipment functional flight evaluation or analytical evaluation to confirm the antenna location
is suitable.

g. For installations on rotorcraft, the effects of the rotor blades on antenna performance

should be considered. This may require additional equipment functional flight evaluation or
analytical evaluation to confirm the antenna location is suitable.
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h. For multiple-sensor installations, the installer should reduce the likelihood that a
single lightning strike affects all the sensors (i.e., do not place them in a straight line from the
front to the rear of the fuselage).

12-2.  Anti-lce Protection.

If the aircraft is approved for flight into known icing conditions, the antenna must not be
susceptible to ice buildup (i.e., is installed in a non-icing location on the aircraft, or is of a
sufficiently low profile that ice does not accumulate on the antenna). Alternatively, the
equipment can be shown to operate satisfactorily when the antenna is subject to icing if there
are no harmful effects of the ice build-up, such as possibly ingesting accumulated ice into the
engine or degradation in aerodynamic performance. The effects of ice accumulation on the
antenna, if any, can be found in the equipment manufacturer's installation manual/instructions.
See the latest revisions of ACs 23.1419-2 and AC 25.1419-1 for additional fixed-wing aircraft
guidance. For additional rotorcraft guidance, AC 27.1419 is contained in the latest revision of
AC 27-1 and AC 29.1419 is contained in the latest revision of AC 29-2.

12-3.  Antenna Cables.
Double shielded cables should be used to prevent interference coupling into the cable.
12-4.  Structure.

Any modifications to the aircraft to install a new antenna need to be evaluated as part of
the airworthiness approval for their impact on aircraft structure. Examples are evaluating and
testing antenna installations for buffet and vibration (compliance with 14 CFR part XX.251), or
when modifying pressurized structures (compliance with 14 CFR part XX.841 and XX.843).
For specific guidance relating to modifications in the fuselage structure, see AC 43.13-2 (latest
revision). Additional guidance information related to structures can be found in the latest
revisions of ACs 20-107, 23-13, and 25.1529-1.
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Chapter 13. General Installation Considerations - Sensors.
13-1.  Introduction.

This chapter provides guidance related to positioning/navigation sensor installation. This
chapter also applies to stand-alone navigation equipment installation, since that equipment has
an embedded sensor. This guidance applies to all installations, but is only expected to be
specifically evaluated as part of the initial airworthiness approval (i.e., initial airworthiness
approval may provide sufficient substantiation for follow-on installations).

13-2.  Positioning and Navigation Configuration Strapping.

Often, positioning and navigation equipment uses software configuration straps or
installation set parameters entered either manually by the installer or by using an aircraft
personality module. These software configuration straps or parameters disable/enable
functionality; configure the input/output formats; determine the displayed units of measure; etc.
The software configuration programming documentation must become a part of the installation
package and should be included in the master drawing list. When using an STC-AML (see
paragraph 2-3), approved multiple configurations may be specified.

13-3.  Navigation Source Selection.

a. For installations where positioning and navigation outputs can drive a display that is
shared with other navigation equipment (e.g., VOR/DME, ILS, GPS/SBAS, baro-VNAYV), the
pilot must be able to select the source of guidance, and the selected source must be clearly
annunciated to the flightcrew on or near the affected display.

b. There are many possible navigation source and service level combinations and
permutations given the variety of sensors and capabilities that can be integrated into the aircraft.
Some of the capabilities are very similar, but have subtle differences that are very significant.
The aircrew must have a clear, unambiguous annunciation of what capability is being provided
by the navigation system. This can either be accomplished by multiple annunciation indicators,
or by removing some navigation capabilities when others are added to reduce the annunciator
complexity.

€. GNSS-based navigation (GPS, GPS/SBAS, GPS/GBAS) might not require
differentiation unless integration complexity requires it for clear, unambiguous indication of
selected capability to the flightcrew. For example, oceanic, enroute, or terminal RNAV modes
or LNAV-only approach capability may not require differentiation.

d. When applicable, annunciation of the selected source should be driven by the same
relay switch to preclude erroneous information in case of switch failure.

e. Autopilot navigation modes related to the navigation source should be inhibited if
the displayed source is not the same as the source driving the autopilot. This is particularly
critical for approach operations (i.e., autopilot in approach mode). One possible method is to
consider integrations that do not permit separate display source and autopilot source navigation
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selection.

f.  Navigation source annunciations included in the optimum primary field of view do
not also have to be shown on a heads-up display.

13-4.  Dual Positioning and Navigation Installations.

a. Paragraph 13-4 describes guidelines for synchronizing dual positioning and
navigation equipment installations. Synchronization refers to the ability for control inputs to
one positioning and navigation equipment set to automatically update the other equipment set.
Dual installations should be synchronized whenever possible to reduce crew workload and
prevent confusion over which system/flight plan is driving the navigation data. If the functional
hazard assessment requires dual positioning and navigation equipment or is operationally
required, then synchronization is required.

b. If the navigation equipment is not synchronized, then the following issues should be
evaluated:

(1) The pilot and co-pilot (if applicable) should be able to view and enter data in
the offside equipment. This must not interfere with throttle levers, flap handle, etc.

(2) The workload associated with manually updating both equipment sets to
maintain consistency between them should not be too burdensome.

(3) There should be no possible confusion as to which equipment is driving the
autopilot and navigation displays.

(4) Controls, displays and annunciations must not result in misleading
information, pilot confusion or unacceptable workload due to possible inconsistencies from
differences in the equipment (e.g., different flight plans making one unit go into approach mode
while the other does not). Evaluations for these types of inconsistencies are of particular
concern when the cockpit architecture enables cross coupling (e.g., GNSS-2 switched to drive
side 1 displays).

13-5.  Intermixing RNAV equipment.

a. Where multiple RNAYV systems are intended to be used simultaneously (typically in
two-pilot aircraft), installing area navigation equipment with different crew interfaces can be
very confusing and could lead to problems since they may have conflicting methods of
operation and conflicting display formats. There can be problems even when intermixing
different versions of the same equipment.

b. At a minimum, consideration should be given to the following potential

incompatibilities, particularly when the cockpit architecture allows for cross coupling (e.g.,
RNAV-2 switched to drive side 1 displays):
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(1) Data entry.

The two units must have consistent methods of data entry and similar pilot
procedures for accomplishing common tasks. Workload should be acceptable, and it should be
easy for pilots to identify and recover from data entry mistakes.

(2) CDI scaling.

CDI scaling sensitivity must be consistent across different equipment or labeled.

(3) Display symbology and mode annunciations.

There must be no conflicting symbols or annunciations (e.g., a common symbol
used for two different purposes), and differences should be specifically highlighted during the
evaluation for any potential confusion they may cause.

(4) Mode logic.

The modes internal to the equipment and interfaced to the rest of the aircraft should
be consistent across RNAV units.

(5) Equipment failure.

The effect of failure of one RNAYV unit must not result in misleading information or
failures in the other unit.

(6) Displayed data.

The display of primary navigation parameters must use consistent units and a
consistent notation across multiple RNAV units. Industry standard labels and nomenclature
should be used.

(7) Database differences.

Intermixed RNAV units must use the same navigation database to prevent
conflicting information among the equipment.

13-6. Interface to FGS.

a. Paragraph 13-6 describes guidelines for interfacing the positioning and navigation
equipment with a FGS. When used in paragraph 13-6, the word “consistent” means the
installation does not alter the positioning and navigation equipment’s intended function, nor
does it alter the cockpit design philosophy.

b. Connection to the autopilot must be consistent with the autopilot installation

instructions and the positioning and navigation installation instructions. The positioning and
navigation system manufacturer should provide instructions on connection with specific
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autopilots to which they have shown compatibility.

c. Operational compatibility should be verified between the positioning and navigation
equipment and the FGS. Protection should exist in the positioning and navigation equipment or
the FGS to keep the aircraft within the approved operational envelope (e.g., roll, pitch, speed,
and altitude). See the relevant guidelines for the particular aircraft (e.g., the latest revision of
AC 23-17, AC 25.1329-1, AC 27.1329 contained in AC 27-1, and AC 29.1329 contained in AC
29-2).

d. A continuous and unambiguous indication must be provided of the FGS modes
actually in operation, as well as those that are armed for engagement. This includes a clear
indication whenever the mode has been armed either manually by the flight crew, or
automatically by the system.

e. The positioning and navigation equipment must be compatible with the FGS modes
of operation. For example, the arm, engage, and disengag