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1. SCOPE:

Following a number of high-visibility collisions between aircraft on the airport surface, overall taxi
operations have been brought under greater scrutiny. In addition, observation of taxi operations and
the results of associated research programs have revealed that the efficiency of taxi operations could
be significantly improved with available technologies and by applying a human centered design
approach. Surface operations displays have been tested in prototype form and a number of
manufacturers are moving toward product definition. This document provides guidance on the design
of elements, which may be part of surface operations displays whose objectives would be to enhance
safety and to improve overall efficiency of aircraft operations on the airport surface. Such efficiency
increases should be realized not only in day-to-day operations, but should also be manifested in
training for surface operations.

This document sets forth functional and design recommendations concerning the human factors
issues and criteria for flight deck display of surface operations information. It is assumed that the
system will have a human centered design based on the “lessons learned” from past systems, with
simple operation, consistent performance, and intuitive use, without negative transfer of information.
The visual and aural characteristics are covered for both the alerting components and surface
operations display components. The display system may contain any one or a combination of these
components. Although the system functionality assumed for this document exemplifies fixed-wing
aircraft implementation, the recommendations do not preclude other aircraft types. The
recommendations contained in this document address both near- and far-term technology directed
toward providing information used during surface operations, although the present version remains
primatily focused on near-term applications. Since this type of document provides only “best practice”
recommendations, the guidance is provided in the form of “should” statements as opposed to the
“shall” statements that appear in standards and requirements types of documents.

The assumptions about the system that guided and bounded the recommendations contained in this
document include:

* The system is a flight-deck-based system displaying surface operations information to the flight
crew in visibility conditions down to and including CAT lllb or under a Surface Movement Guidance
and Control System (SMGCS)

*  \When available, multiple sources of data will be used to provide the flight crew with the best
available information

* The system will be capable of worldwide operation

* At least initially, paper and/or electronic versions of the surface charts will still exist and be
available to the flight crew

*  There will be pilot-in-the-loop/manual involvement in any path changes

* Information will be accessible by approptiate flight crew members
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1. (Continued):
*  The system will be based on the English language, but other languages may be considered
*  The system will be available full time during all ground operations

*  Ground operations are defined as the time from the gate to 1000 feet AGL or the departure end of
the runway on departure and from 1000 feet AGL to the gate on approach.

* The display function may be stand alone or part of a multi-function display
* Initial design will provide for upgradeability and expansion

* The human interface will be integrated with other display functions and will not interfere with any
other flight deck functions

* In-flight planning displays of surface information will be addressed by other standards development
efforts focused on electronic charting

*  Whenever possible, information will be layered according to pre-selected priorities

The figures in this document are derived from ongoing experimental programs and are used as
illustrative samples only.

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 Section 10.

2.1 Applicable Documents:

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

AS425C 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
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2.1.1 (Continued):
ARP4032

ARP4033
ARP4101
ARP4101/2
ARP4102
ARP4102/4
ARP4102/7
ARP4102/7
ARP4102/7
ARP4102/7
ARP4105
ARP4107
ARP4153
ARP4256
ARP4260

ARP35364

AS8034

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

Pilot-System Integration

Core Document, Flight Deck Layout and Facilities

Pilot Visibility from the Flight Deck

Core Document, Flight Deck Panels, Controls and Displays

Flight Deck Alerting Systems

Electronic Displays

Appendix A — Electronic Display Symbology for EADI/PFD

Appendix B — Electronic Display Symbology for EHSI/ND

Appendix C — Electronic Display Symbology for Engine Displays
Abbreviations and Acronyms for Use on the Flight Deck

Aerospace Glossary for Human Factors Engineers

Human Interface Criteria for Collision Avoidance Systems in Transport Aircraft
Design Objectives for Liquid Crystal Displays for Part 25 (Transport) Aircraft
Photometric and Colorimetric Measurement Procedures for Airborne Direct
View Flat Panel Displays (when approved)

Human Factors Considerations in the Design of Multifunction Display Systems
for Civil Aircraft (draft)

Minimum Performance Standards for Airborne Multipurpose Electronic
Displays

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

FAA-RD-81-38ll

DOT/FAA/PS-89/1

Aircraft Alerting System Standardization Study: Volume Il Aircraft Alerting
System Design Guidelines (Berson, et. al.,1981)

Flight Status Monitor Design Guidelines (Anderson, et. al. 1989)

2.1.3 RTCA Publications: Available from RTCA Inc., 1140 Connecticut Avenue, NW, Suite 1020,
Washington, DC 20036.

RTCA/DO-242A

RTCA/DO-247

RTCA/DO-257

RTCA/DO-272

Full document details: SAE ARP5898A

Minimum Aviation System Performance Standards for Automatic Dependent
Surveillance Broadcast (ADS-B), (2002)

The Role of the Global Navigation Satellite System (GNSS) in Supperting
Airport Surface Operations, (1999)

Minimum Operational Performance Standards for the Depiction of Navigation
Information on Electronic Maps

User Requirements for Aerodrome Mapping Information, (2001)
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2.2 Regulatory Publications:

Available from Federal Aviation Administration, 800 Independence Avenue, SW, Washington, DC

20591.

FAA AC-23.1309-1A
FAA AC-23.1311-1
FAA AC 25-11

FAA AC-25.1309-1A
FAR Part 23

FAR Part 25/
JAR Part 25
FAR Part 27
TSO-C113

3. GLOSSARY:

Equipment, Systems, and Installations in Part 23 Airplane

Installation of Electronic Display Instrument Systems In Part 23 Airplanes
Transport Category Airplane Electronic Display Systems

System Design Analysis

Airworthiness Standards: Normal, Utility, Acrobatic, and Commuter
Category Airplanes

Airworthiness Standards: Transport Category Airplanes

Airworthiness Standards: Transport Category Rotorcraft
Airborne Multipurpose Electronic Displays

3.1 Acronyms and Abbreviations:

AC Advisory Circular

ADI Attitude Direction Indicator

ADS-B Automatic Dependent Surveillance-Broadcast
AGL Above Ground Level

ARP Aerospace Recommended Practice (SAE)
ASA Airborne Separation Assurance

ASSA Airport Surface Situational Awareness
ATC Air Traffic Control

ATIS Automated Terminal Information Service
AN Aircraft/\Vehicle

CPDLC Controller Pilot Data Link Communication
EADI Electronic Attitude Direction Indicator
EFB Electronic Flight Bag

EHSI Electronic Horizontal Situation Indicator
EMM Electronic Moving Map

FAA Federal Aviation Administration

FAR Federal Aviation Regulation

FAROA Final Approach and Runway Occupancy Awareness
FIS-B Flight Information Service Broadcast

FMS Flight Management System

FOV Field of View

GIS Graphical Information Service

GNSS Global Navigation Satellite System

GPS Global Positioning System

HDD Head-Down Display

HMI Hurman Machine Interface

HUD Head-Up Display

Full document details: SAE ARP5898A
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3.1 (Continued):

3.2

Hz
ICAO
IFR

ILS
IMC
INS
JAA
JAR
MASPS
MFD
MSL
ND
NOTAM
PANS-OPS
PF

PFD
PNF
PWS
Rnav
RNP
RWS
SA
SMGCS
TAWS
TCAS
TERPS
TIS-B
VFR
VMC

Hertz

International Civil Aviation Organization
Instrument Flight Rules

Instrument Landing System

Instrument Meteorological Conditions

Inertial Navigation System

Joint Aviation Authority

Joint Aviation Requirements

Minimum Aviation System Performance Standards
Multi-Functional Display

Mean Sea Level

Navigation Display

Notice to Airman

Procedures for Air Navigation Services — Aircraft Operations
Pilot Flying

Primary Flight Display

Pilot Not Flying

Predictive Windshear System

Area Navigation

Required Navigation Performance

Reactive Windshear System

Situation(al) Awareness

Surface Movement Guidance and Control System
Terrain Awareness Warning System

Traffic Alert and Collision Avoidance System
Terminal Instrument Approach Procedures

Traffic Information Service Broadcast

Visual Flight Rules

Visual Meteorological Conditions

Definition of Terms:

Absolute Altitude: Aircraft altitude referenced to mean sea level (QNH) - typically referred to as
barometric corrected altitude.

Accuracy. A measure of the difference between the reported A/V position as compared to the true
position. Accuracy is usually defined in statistical terms of either: (1) a mean (bias) and a variation
about the mean as defined by the standard deviation (sigma) or a root mean square (rms) value from
the mean. The values given in this document are in terms of the two sigma vatriation from an
assumed zero mean error.

Advisory Alert: Non-normal operational or aircraft system condition that requires flight crew
awareness and may require subsequent corrective or compensatory flight crew action.
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3.2 (Continued):

Aircraft/\ehicle (A/V): Either (1) a machine or service capable of atmospheric flight, or (2) a vehicle
on the airport surface movement area.

Airplane State: The variables required to fully describe the dynamic behavior of an airplane and to
predict this behavior into the future. These variables include, speed, flight path vector, attitude (pitch
and roll), and horizontal track. Aircraft state is often represented as a state vector, which comprises
the minimum number of values required to fully specify the state; from the state vector, related values
such as angle of attack, flight path angle and sideslip can be derived.

Airspace: In the most general sense, airspace refers to the atmosphere in which aircraft operate,
extending upwards from the surface of the earth. However, the term airspace also commonly
denotes the spatial boundaries used to define areas restricted to civilian flight and to subdivide the

airspace into areas controllable by individual air traffic controllers. These airspace boundaries add a
constraint to aircraft operations by limiting acceptable aircraft flight paths.

Alert: A visual, auditory or tactile stimulus presented to attract the flight crew’s attention and convey
some information concerning an event/situation.

Aural Alert: Discrete tone/sound used for attention-getting.
Availability: Is the probability that a function is operational and able to perform were it called on.

Barometric Altitude: Geopotential altitude in the earth’s atmosphere above mean standard sea level
pressure datum plane, measured by a pressure (barometric) altimeter.

Barometric Altitude Error: For a given true barometric pressure, PO, the error is the difference
between the transmitted pressure altitude and the altitude determined using a standard temperature
and pressure model with PO.

Caution: Non-normal operational or aircraft system conditions that require immediate flight crew
awareness and subsequent corrective or compensatory flight crew action.

Certified Reference Point: A point along the longitudinal axis of an aircraft near its centerline located
so that all of the extremities of the aircraft are contained within the smallest possible rectangle. The
certified navigation point will generally be located in the same place on the same type aircraft. The
requirement for a certified navigation center directly suppors the cockpit display (airborne/surface) of
graphical information. Additionally using a certified navigation point and a limited set of aircraft
graphic icons, weight, size, and model information can be accurately displayed.

Closed-Loop Control: Pilot-in-the-loop manual control of the aircraft path.
Clutter: Clutter refers to the negative impact of poorly organized and crowded displays. It generally

results in reduced display legibility, and/or in increases in the time needed to locate information on
the display.
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3.2 (Continued):

Color Value: The attribute of a color that allows it to be classed on a scale from very dark to very
light. Note: Brightness is a perception that results from surface luminance and is a propetrty of the
object itself and of the light illuminating it.

Conflict: Any situation involving two or more aircraft/ground vehicle, or an aircraft and an airspace,
or an aircraft and ground terrain or obstacle, in which the applicable separation minima may be
violated.

Conflict Avoidance: A strategic maneuver taken to preclude a conflict.

Conflict Detection: The process of projecting an aircraft’s trajectory both spatially and temporally to
determine whether it is probable that the applicable separation minimum will not be maintained
between the aircraft and another aircraft or vehicle. The level of uncertainty in the projection is
reduced with increased knowledge about the situation, including aircraft capabilities, flight plan,

short-term intent information, etc.

Conflict Management: Process of detecting and resolving conflicts.

Conflict Probe: An airborne or ground-based system that performs the process of conflict detection.
Conflict Resolution: The process of identifying and or performing a tactical maneuver or a set of
maneuvers that are intended to resolve a conflict or potential conflict between the ownship and either

(1) another aircraft or vehicle, (2) a given airspace, or (3) terrain.

Conformal: The displaying of symbology (usually on HUDs) that corresponds to the actual spatial
position of objects in the forward visual scene.

Criticality: Indication of the hazard safety level associated with a function.

Dedicated Display: A display that has only a single intended function in the flight deck.

Display: Visual, auditory and tactile elements of a system that present information to the operator.
Electronic Flight Bag (EFB). A system comprised of electronic computing and/or communications
equipment or systems designed primarily for use in the cockpit/flight deck, and used to display a
variety of aviation data or perform a variety of aviation functions. In the past some of these functions
were traditionally accomplished using paper references. The scope of EFB system functionality may
include various information management applications including datalink and/or databus connectivity.
EFB systems may be portable electronic devices, installed systems, or a combination thereof. The

physical EFB display(s) may use various technologies, formats, and forms of communication.

Ellipsoid Height (Geodetic Height): The height related to the reference ellipsoid, measured along the
ellipsoidal outer normal through the point in question. [[CAC Annex 14]
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3.2 (Continued):

Error: (1) An occurrence arising as a result of an incorrect action or decision by personnel operating
or maintaining a system. (2) A mistake in specification, design, or implementation.

Event. An occurrence which has its origin distinct from normal aircraft operations, such as
atmospheric conditions (e.g. wind gusts, icing, lightning strikes), runway conditions, and non-normal
operational or system conditions.

Failure: A loss of function or a malfunction of a system or part thereof.

False Alert: An alert that occurs in a situation for which the system design should not have
presented an alert.

Fault: An undesired anomaly in a function or system.

Geoid: The equipotential surface in the gravity field of the Earth which coincides with the
undisturbed mean sea level (MSL) extended continuously through the continents. Note: the geoid is
irregular in shape because of local gravitational disturbances (wind tides, salinity, current, etc.) and
the direction of gravity is perpendicular to the geoid at every point. [ICAO Annex 14]

Guidance: (1)Tactical control task of maneuvering the aircraft along a course or route; (2)
information presented to the flight crew which directs them in maneuvering the aircraft along a

specific course or route.

Guidelines: Recormmendations for complying with regulations and design requirements and
objectives.

Hue: The dominant wavelength category which is described by a color term such as red or green
(white, gray and black are considered achromatic colors, being differentiable but without perceptible
hue).

Independence: (1) A design concept which ensures that a failure of one item does not cause a
failure of another item. (2) Separation of responsibilities that assures the accomplishment of
objective evaluation.

Integration: (1) The act of causing elements of an item to function together. (2) The act of gathering
a number of separate functions within a single implementation.

Isometric View: A method of drawing so that three dimensions are shown not in perspective but in
their actual measurements.

Late Alert: An alert that does not provide the flight crew with sufficient time to respond successfully.

Latency: The total system time from the time of sensing information until the information is
presented to the flight crew.
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3.2 (Continued):

Latency Compensation: Correction of system latency introduced position errors using time
synchronized position and velocity information.

Luminance: An objective measure of the effective intensity of light emitted from (or reflected by) a
surface. Perceived luminance can also be affected by contrast from adjacent or surrounding colors.

Master Visual Alert: Discrete annunciator used for attention-getting and providing indication of
situation urgency.

Missed Alert: From a system operation perspective (i.e., hot a human operator perspective) the
absence of an alert in a situation for which the system was designed to provide an alert.

Mode: The current selected state of a system that determines which of many possible functions the
system will perform at that specific time.

Movement Area: That part of an airport/aerodrome to be used for the take-off, landing and taxiing of
aircraft, consisting of the maneuvering area and the apron(s).

Multi-function Display: A display capable of presenting multiple information or control functions.

Navigation: Planning task (short or long term) which involves positional awareness relative to other
airport features for the purpose of moving the aircraft from current position to a destination.

Nuisance Alert: An alert that, while occurring as intended in the system design, was not appropriate
in the specific situation for which it occurred.

Obstacle: All fixed (whether temporary or permanent) and mobile objects, or pars thereof, that are
located on an area intended for the surface movement of aircraft or that extend above a defined
surface intended to protect aircraft in flight. [ICAQO Annex 14]

Obstruction: Any object that penetrates an obstruction identification surface. Note that this is
considered to be a subset of the “Obstacle” definition. [FAA Doc. 405]

Orthographic View: Drawing in which the depicted lines are perpendicular to the plane of projection;
a 2D View.

Orthometric Height (or Elevation). Height of a point related to the geoid, generally presented as an
MSL elevation. [ICAO Annex 14]

Ownship: The aircraft in which the system is installed and about which the situation mental model is
being built.
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3.2 (Continued):

Perspective View: A method of drawing used to show the effect of relative distance and position. A
perspective view may be either an “inside-out view” (also known as the pilot's-eye or egocentric
view) or an “outside-in view" (also known as —an exocentric view). Both types of perspective
drawings assume a given viewing angle, viewing distance, display field of view and point of
convergence. In an outside-in view two additional parameters must be assumed: the elevation-
viewing angle and the azimuth viewing angle. Manipulation of any of these parameters changes the
viewers perception of the display.

Pictorial Information: The presentation of information in a way that creates a graphical and symbolic
representation of the entity it is representing.

Plan View. A drawing which shows a horizontal section; drawing plane is shown perpendicular to the
line of sight between the eye and the object.

Primary Field of View: (1) head-down — a region that is within 15 degrees of a line running from the
pilot's eye-reference point to the center of the PFD/EADI/ADI; (2) head-up — a region that is within 15
degrees of a line that runs out the window from the pilot's eye-reference point parallel to the aircraft
centerline and 10 degrees down from horizontal.

Primary Flight Display (PFD). An electronic display which provides the basic “T" information (i.e.,
attitude, airspeed, altitude, and heading) and other information pertinent to navigation and primary
control of flight.

Profile View: A display presenting a side-view which depicts elevation or altitude versus range or
speed.

Reflectance: The proportion of incident light reflected by a surface.

Reliability. The frequency (probability) that a function will perform as required under specified
conditions, without failure, for a specified period of time.

Requirement: An identifiable element of a specification that can be validated and against which an
implementation must be verified.

Risk: The frequency (probability) of occurrence and the associated level of hazard.

Saturation: The perception associated with the purity of a color in terms of the wavelengths
represented in that color. Saturated colors consist of a narrow band of wavelengths and appear
vivid; desaturated colors contain many other wavelengths as well as the dominant wavelength and
appear muted.

Separation: (1) Separation exists between two or more aircraft and/or other external hazards when
their positions and velocities are in accordance with standards and procedures that have been

determined to be appropriate for the operations in which the aircraft are engaged. (2) The
maintenance of independence by means of a physical barrier between two hardware components.
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3.2 (Continued):

Shared Display: A shared display is multi-function and integrates multiple inputs onto a single
display (see MFD). Alternate definition is a display used by more than one crew person.

Situation(al) Awareness: A multidimensional construct that encompasses “the perception of
elements in the environment, the comprehension of their meaning, and the projection of their status
into the near future” [Endsley, 1990]. For example, for pilots, the multidimensional awareness
elements of the environment include, but are not limited to, crew awareness, cabin awareness,
aircraft systems awareness, time awareness, spatial awareness, weather/environmental awareness,
traffic awareness, and awareness of ATC constraints. Any specific task that the pilot performs will
require the application of one or more (usually not all) of these awareness elements.

Sub-System Latency: The various sub-elements that contribute to total system latency. These may
include data communication, data processing, control-display latency, graphics rendering, and so on.

Time-Critical Warning: Non-normal operational or aircraft system conditions that require
unconditionally immediate corrective or compensatory flight crew action usually involving the flight
path of the airplane.

Validation: The determination that the requirements for a function or system are sufficiently correct
and complete.

Verification: The evaluation of an implementation to determine that all applicable requirements are
met.

Visual Alert: Discrete alphanumeric display or light used to get the attention of the flight crew and
transfer some information about situation urgency.

Voice Alert: Auditory property of voice messages that gets the attention of the flight crew and
transfers some information about situation urgency.

Voice Message: The information content of a voice alert.

Warning: Non-normal operational or aircraft system condition that requires immediate corrective or
compensatory flight crew action conditional upon achieving and maintaining overall airplane safety.
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