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1. SCOPE:

This document sets forth design and operational recommendations concerning the human factors
issues and criteria for airborne terrain separation assurance systems. The visual and aural
characteristics are covered for both the alerting components and terrain depiction/situation
components. The display system may contain any one or a combination of these components.
Although the system functionality assumed for this document exemplifies commercial aircraft
implementation, the recommendations do not exclude other fixed wing aircraft types. Because of their
unique operations with respect to terrain, rotorcraft will be addressed in a separate document.

The assumptions about the system that guided and bounded the recommendations included: the
system will have a human centered design based on the "lessons learned" from past systems; the
system is not intended to replace the Ground Proximity Warning System (GPWS) function; the system
is an on-board system that is not dependent on ground systems (except possibly navigation sensors)
for operation; the system is intended to be used for terrain separation rather than navigation; there will
be pilot in the loop/manual involvement in any flight path changes; information will be accessible by all
flight crew members; the system will be based on the English language, but other languages may
have to be considered; the system will address all fixed wing airplane types; the system will be
operational full time in all flight phases; and the system will meet harmonized certification
requirements.

2. REFERENCES:
The documents listed in 2.1 are referenced for guidance in this document. The documents listed in

2.2 are provided for information purposes only and do not form a part of the recommendations of this
document. A bibliography of literature relevant to this document is presented in Appendix A.
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2.1 Applicable Documents:

The following publications form a part of this document to the extent specified herein. The latest
issue of SAE publications shall apply. The applicable issue of other publications shall be the issue in
effect on the date of the purchase order. In the event of conflict between the text of this document
and references cited herein, the text of this document takes precedence. Nothing in this document,
however, supersedes applicable laws and regulations unless a specific exemption has been

obtained.
2.1.1  SAE Publications: Available from SAE, 400 Commonwealth Drive, Warrendale, PA 15096-0001.

AS264 Instrument and Cockpit Lighting for Commercial Transport Aircraft

ARP268 Location and Actuation of Flight Deck Controls for Transport Aircraft

AS425 Nomenclature and Abbreviations for Use on the Flight Deck

ARP571 Flight Deck Controls and Displays for Communication and Navigation Equipment for
Transport Aircraft

ARP1068 Flight Deck Instrumentation, Display Criteria and Associated Controls for Transport
Aircraft

ARP1093 Numeral, Letter, and Symbol Dimensions for Aircraft Instrument Displays

ARP1161 Crew Station Lighting - Commercial Aircraft

ARP1782 Photometric and Colorimetric Measurement Procedures for Direct View CRT
Displays

ARP1874 Design Objectives for CRT Displays for Part 25 (Transport) Aircraft

ARP4032 Human Engineering Considerations in the Application of Color to Electronic Aircraft
Displays

ARP4101 Core Document, Flight Deck Layout and Facilities

ARP4101/2  Pilot Visibility from the Flight Deck

ARP4102 Core Document, Flight Deck Panels, Controls and Displays

ARP4102/4  Flight Deck Alerting Systems

ARP4107 Aerospace Glossary for Human Factors Engineers

ARP4256 Design Objectives for Liquid Crystal Displays for Part 25 (Transport) Aircraft

ARP4260 Photometric and Colorimetric Measurement Procedures for Airborne Direct View
Flat Panel Displays (when approved)

AS8034 Minimum Performance Standards for Airborne Multipurpose Electronic Displays
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2.1.2 FAA Publications: Available from Federal Aviation Administration, 800 Independence Avenue,
SW, Washington, DC 20591.

FAA-RD-81-38lI Aircraft Alerting System Standardization Study: Volume |1 Aircraft Alerting
System Design Guidelines (Berson, etc. al., 1981)

DOT/FAA/PS-89/1 Flight Status Monitor Design Guidelines (Anderson et al., 1989)

FAA AC-23.1309-1A  Equipment, Systems, and Installations in Part 23 Airplane

FAA AC-23.1311-1 Installation of Electronic Display Instrument Systems in Part 23 Airplanes
FAA AC 25-11 Transport Category Airplane Electronic Display Systems

FAA AC-25.1309-1A  System Design Analysis

2.1.3 FAR Publications: Available from Federal Aviation Administration, 800 Independence Avenue,
SW, Washington, DC 20591.

FAR Part 23 Airworthiness Standards: Normal, Utility, Acrobatic, and Commuter
Category Airplanes
FAR Pat 25/JAR Part 25 Airworthiness Standards: Transport Category Airplanes
FAR Part 27 Airworthiness Standards: Transport Category Rotorcraft
T3SO-C113 Airborne Multipurpose Electronic Displays
3. GLOSSARY:

AIRPLANE STATE: Conditions of the airplane that include speed, flight path vector, attitude (pitch and
roll), and horizontal track.

AIRSPACE: The atmosphere in which aircraft operate, extending upwards from the surface of the
earth.

AIRWORTHY' In a condition suitable for safe flight

ALERT: Avisual, auditory or tactile stimulus presented to attract the crew's attention and convey some
information concerning an event/situation.

AURAL ALERT: Discrete tone/sound used for attention getting.

CAUTION: Non-normal operational or aircraft system conditions that require immediate crew aware-
ness and subsequent corrective or compensatory crew action.

CFIT: Accidents in which an aircraft, under control of a flight crew, is flown into terrain, obstacles, or
water without prior awareness on the part of the flight crew in sufficient time to prevent the accident.
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3. (Continued):
CFTT: Incidents in which an aircraft under control of a flight crew is unintentionally flown toward ter-
rain, obstacles, or water with awareness on the part of the flight crew coming in sufficient time to pre-
vent an accident.

CULTURAL FEATURES: Man made features of the terrain.

ESCAPE MANEUVER: Aircraft maneuver performed to resolve a time critical conflict with the terrain
and to ensure safe separation.

FALSE ALARM: An alert that occurs in a situation for which the system design should not have pre-
sented an alert.

LATE ALERT: An alert that does not provide the crew with sufficient time to respond successfully.

MISSED ALERT: The absence of an alert in a situation for which the system was designed to provide
an alert.

PICTORIAL INFORMATION: Presentation of information in a form other than alphanumerically.
POP-UP MODE: The mode of a shared display that automatically changes the information that is
being displayed in response to a specified set of conditions {(e.g., switching a shared display to terrain

information when there is a caution level terrain conflict alert).

PRIMARY FLIGHT DISPLAY (PFD): An electronic display which provides the basic "T" including infor-
mation and warnings pertinent to navigation and fundamental control of flight.

NUISANCE ALERT: An alert that, while occurring as intended in the system design, was not appropri-
ate in the specific situation for which it occurred.

TERRAIN: Stationary obstacles including both ground and cultural features.

TERRAIN DATABASE: Computer storage of a representation of terrain.

TIME-CRITICAL WARNING: Non-normal operational or aircraft system conditions that require uncon-
ditionally immediate corrective or compensatory crew action usually involving the flight path of the air-
plane.

VISUAL ALERT: Discrete alphanumeric/light used for attention getting.

VOICE ALERT: Auditory property of voice messages that get the attention of the flight crew.

VOICE MESSAGE: The information content of a voice presentation in terrain conflict situation.

WARNING: Non-normal operational or aircraft system condition that requires immediate corrective or
compensatory crew action after considering ensuring the required flight path.
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4. SYSTEM FUNCTIONALITY - POTENTIAL FUNCTIONS:

The system's operation can be segmented into five functional areas: Sensing and Estimation, Conflict
Detection, Crew Alerting, Information Transmission, Self-Diagnostics and Conflict Analysis.

4.1 Sensing and Estimation:

In order to determine whether a terrain alert is necessary, the system should have access to
information related to the state of the aircraft and its proximity to terrain and the intended landing
runway. Generally, as more information is available, the system can be designed to operate in more
complex situations. The following is an outline of the types of information that could be used.

41.1 3D Position of Aircraft Relative to Terrain: An estimate of the spatial proximity of the aircraft to the
terrain is necessary. This estimate may be obtained from an onboard sensor directly providing
relative range to terrain and/or from a correlation between aircraft position and a terrain database.
The accuracy of the position estimate should be high enough relative to the terrain database
resolution that the uncertainty in terrain proximity does not result in an unacceptable rate of
huisance alerts or late alerts.

4.1.2 Aircraft State: |n addition to proximity information, additional state information is required to
determine whether the projected flight path may impact terrain. This state information includes
aircraft speed, attitude, horizontal track, and vertical flight path. The uncertainty of these state
estimates should be controlled to prevent an unacceptable rate of nuisance alerts or late alerts.

4.1.3 Aircraft Capability/Performance: Information about aircraft performance should be available to the
system in order to determine when an alert or escape maneuver should be issued based on the
airplane performance capability and current state data.

4.1.4 Aircraft Configuration: The ability to sense flap and gear status should be provided both to aid in
estimating aircraft performance and as a means by which phase of flight and intended flight path
may be inferred.

4.1.5 Flight Parameters. The phase of flight (e.g., takeoff, cruise, approach, landing), relationship to the
intended landing runway and permitted separation criteria will affect the protection thresholds with
which the alerting system operates. The definitions of the phases of flight, relationship to the
runway and the permitted separation criteria (e.g., arrival segment - 1000 ft, intermediate segment
- 300 ft, and final approach segment - 250 ft) should be specified.

4.1.6 Intended Flight Path: The ability to have access to a Flight Management System (FMS) flight plan
or other intended flight path information may be very useful. In one mode, the system could be
used for flight planning/re-planning to examine the crew's inputs for accuracy and reasonableness
by checking the entire intended flight path for terrain obstacles before the plan is executed. Ina
second mode, knowledge that the aircraft will be turning, climbing, and descending at a given
waypoint can be used to reduce the probability of nuisance alerts that would have been produced
without the intent information. Overreliance on intent information may result in nuisance alerts or
late alerts if the aircraft deviates from the intended flight path.
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