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1. SCOPE:

This SAE Aerospace Recommended Practice (ARP) sets forth design and operational
recommendations concerning the human factors/crew interface considerations and criteria for vertical
situation awareness displays. This is the first of two recommended practice documents that will
address vertical situation awareness displays (VSAD). This document will focus on the performance/
planning types of display (e.g., the map display) and will be limited to providing recommendations
concerning human factored crew interfaces and will not address architecture issues. This document
focuses on two types of VSAD displays: a coplanar implementation of a profile display (side projection)
and a conventional horizontal map display; and a 3D map display (geometric projection). Itis intended
for head down display applications. However, other formats or presentation methods, such as HUDs,
HMDs and 3D audio presentations may become more feasible in the future. Even though the
relationship of the vertical information and the horizontal map display will be addressed, it is not within
the scope of this document to cover Raster Aeronautical Charting displays, or the presentation of
vertical status information in horizontal map displays (e.g., altitude errors; altitude range arcs). A
second ARP document will be developed to provide recommended practices for the control types of
display (e.g., primary flight display) one of which will be a perspective primary flight display.

In this document, the display and control characteristics are covered for displays that contain vertical
situation components as well as the alerting depiction associated with the VSAD. |t is assumed that
the vertical situation awareness may be provided by one or more crew interface component(s).
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 currently envisioned functionality for a vertical situation awareness
display, namely: stabilization of flight path; aircraft energy management; vertical navigation, as well as
external hazards such as weather, traffic, and terrain. Since this document provides
recommendations, the guidance is provided in the form of “should” statements as opposed to the
“shall” staternents that appear in standards and regulations. When “shall” statements are used, the
requlation or standard is referenced (where applicable).

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

» the systemis an on-board (flight deck based) system displaying vertical situation information to the
flight crew; multiple sources of vertical position data will be used and some of the data may be
transmitted to the airplane from the ground or satellite

* no changes to the existing airspace infrastructure should be required

» there will be pilot-in-the-loop/manual or automatic involvement in all flight path adjustments

* information provided should be accessible by all pilots

* the system will address fixed wing airplane types

* the system will be based on the English language, but other languages may have to be considered

» the system may be operated during all phases of flight

» the system may be operated under different metric conventions (e.q., QFE/QNH or feet/meters)
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1. (Continued):

* the VSAD is not intended to replace any of the alerting system components (EICAS, TAWS, TCAS,
GPWS, Altitude Alert, etc.). There will, however, be a close relationship between the VSAD and
TAWS since both use some of the same sensors, data bases, and address some of the same
issues

* human centered design principles will be applied to the system design

*  ‘“lessons learned” from past implementations will be applied to the design

* the display function may be stand-alone or part of a multi-function display

» the display will meet harmonized certification requirements and it will be designed with the
understanding that if it is in the flight deck the flight crew will use it.

2. REFERENCES:
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

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

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

ARP4033 Pilot-System Integration

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
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(Continued):

ARP4102/7  Electronic Displays

ARP4102/7  Appendix A - Electronic Display Symbology for EADI/PFD
ARP4102/7  Appendix B - Electronic Display Symbology for EHSI/ND
ARP4102/7  Appendix C - Electronic Display Symbology for Engine Displays
ARP4105 Abbreviations and Acronyms for Use on the Flight Deck

ARP4107 Aerospace Glossary for Human Factors Engineers

ARP4153 Human Interface Criteria for Collision Avoidance Systems in Transport Aircraft

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

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

FAA-RD-81-38lI Aircraft Alerting Systerm Standardization Study: Volume Il Aircraft Alerting
System Design Guidelines (Berson, et. al.,1981)
DOT/FAA/PS-89/1 Flight Status Monitor Design Guidelines (Anderson, et. al. 1989)

EUROCAE Publications: Available from EUROCAE, 17 Rue Hamelin, 75783 Paris Cedex 16,
France.

EURQCAE ED76/RTCA DO200A Standards for Processing Aeronautical Data
EURQCAE ED77/RTCA DO201A Industry Requirements for Aeronautical Information

2.2 Related Publications:

The following publications are provided for information purposes only and are not a required part of

this SAE Aerospace Technical Report.

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

Full document details: SAE ARP5430A

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
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3. GLOSSARY:
3.1  Acronyms and Abbreviations:
3D Three Dimensional
AC Advisory Circular
ADS-B Automatic Dependent Surveillance-Broadcast
ARP Aerospace Recommended Practice (SAE)
ATC Air Traffic Control
AN Aircraft/\Vehicle
cDu Control Display Unit
CFIT Controlled Flight into Terrain
EADI Electronic Attitude Direction Indicator
EHSI Electronic Horizontal Situation Indicator
FAA Federal Aviation Administration
FAR Federal Aviation Regulation
FMS Flight Management System
FSF Flight Safety Foundation
GPS Global Positioning System
HUD Head Up Display
ILS Instrument Landing System
JAR Joint Aviation Requirements
LNAV Lateral Navigation
LOS Line of Sight
MCP Mode Control Panel
ND Navigation Display
PFD Primary Flight Display
POG Point of Gaze
POI Point of Interest
PPOS Present Position
QFE Field Elevation Pressure
QNE Standard Altimeter Setting
QNH Sea Level Pressure
RNAV Area Navigation
SAE Society of Automotive Engineers, Inc
TA Traffic Advisory
TAWS Terrain Awareness Warning System
TCAS Traffic Alert and Collision Avoidance System
TIS Traffic Information Service
VNAY Vertical Navigation
VSAD Vertical Situation Awareness Display
VPD Vertical Profile Display
WXR VWeather Radar (Airborne)
Documents
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3.2 Definition of Terms;

3D NAVIGATION DISPLAY: An electronic map display format that graphically shows both horizontal
and vertical information within the same image using a three-dimensional perspective or orthogonal
projection on a two-dimensional display medium.

ABSOLUTE ALTITUDE: Height of the aircraft above the terrain

ACCURACY: A measure of the difference between the reported 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 (2) a root mean square (rms) value
from the mean. The values given in this document are in terms of the two sigma variation from an
assumed zero mean error.

AIRCRAFT/NEHICLE (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.

AIR MASS DATA: Air mass data includes all aircraft sensor information which measures or is derived
from the aircraft-local properties of the atmosphere. Direct measurements include air temperature,
pressure, humidity and density; derived measurements include barometric corrected altitude (QNH),
vertical speed and computed airspeed.

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.

AVAILABILITY: Is the probability that a function is up 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.

CAUTION: Non-normal operational or aircraft system conditions that require immediate flight crew
awareness and subsequent corrective or compensatory flight crew action.
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3.2 (Continued):

CLUTTER: Clutter is an attribute 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.

CONTROLLED FLIGHT INTO TERRAIN: 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.

COPLANAR DISPLAYS: Devices whose display surfaces lie in the same two dimensional plane
CRITICALITY: Indication of the hazard safety level associated with a function, hardware, software,
etc., considering abnormal behavior (of this function, hardware, software, etc.) alone, in combination
or in combination with external events.

DEDICATED DISPLAY: A display that has only a single intended function in the flight deck.
EGOCENTRIC: A presentation referenced to the aircraft/pilot, rather than the outside world. The
point of view is “Inside-out”, so for example when the aircraft rolls to the left the display rolls to the
right.

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. (3) A

discrepancy between a measured and a true value.

ESCAPE MANEUVER: Aircraft maneuver performed to resolve a time critical conflict with an
external hazard.

EVENT: An occurrence which has its origin distinct from the aircraft, such as atmospheric conditions
(e.q., wind gusts, icing, lightning strikes), runway conditions, cabin and cargo fires.

EXOCENTRIC: A presentation referenced to a stationary point in the outside world, or to a fixed
position relative to the aircraft (e.g., a tethered “wingman” view). An “outside-in” display.

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

FAULT. An undesired anomaly in a function or system

GUIDELINES: Recommended procedures for complying with regulations

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).
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3.2 (Continued):

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.

LATENCY: The total system time from the time of applicability of the aircraft/vehicle position report
until the information is presented to the flight crew.

LATENCY COMPENSATION: High accuracy applications may correct for system latency introduced
position errors using time synchronized position and velocity information.

LINE OF SIGHT: The vector or line that joins the point of gaze to the point of interest in a 3D display.

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.

MODE: The current selected state of a system that determines which of many possible functions the

system will perform at that specific time. For example, VSAD may present different information or
use different display formats depending on the particular application (mode).

MODE CONTROL PANEL: Input device that permits the crew to select the state of a system

ORTHOGRAPHIC VIEW: Drawing in which the lines of projection are perpendicular to the display
plane.

OWN SHIP: The aircraft in which the display is installed and about which the vertical situation
mental model is being built.

PERSPECTIVE VIEW/DISPLAY: A display in which projection lines extend from a single point in
order to present objects on a 2D surface as they would normally appear to the eye. The projection is
defined by the viewpoint location (or equivalently the point of interest and viewing distance), direction
of view and field of view.

PICTORIAL INFORMATION: Visual presentation of information in a form other than alpha-
numerically.

PLAN VIEW: A drawing which shows a horizontal section using an orthographic projection.
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3.2 (Continued):

POINT OF GAZE: The position of the eye relative to the point of interest in a 3D display. This term
is often referred to as Camera Position.

POINT OF INTEREST: The center of rotation for the map in a 3D display.
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., automatically switching when there

is an alert).

PRIMARY FLIGHT DISPLAY (PFD): An electronic display which provides the basic “T” including
information (attitude, airspeed, altitude, and heading) and other information pertinent to guidance
and fundamental control of flight.

PROFILE VIEW/DISPLAY: A sideways-looking display which depicts elevation or altitude versus
range or speed.

QFE: Field Elevation Pressure above sea level - Altimeter is set to indicate zero when the aircraft is
on the ground.

QNE: Standard Altimeter Setting - Altimeter is referenced to 29.92 inches of mercury or 1013
millibars.

QNH: Altimeter is set to indicate the field elevation when the aircraft is on the ground.
REFLECTANCE: The proportion of incident light reflected by a surface.

RELIABILITY: A number associated with (the probability) that a function will perform as required
under specified conditions, without failure, for a specified period of time.

REQUIREMENT: An identifiable elernent of a specification that can be validated and against which
an implementation can 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.

SEAMLESS: A continuous and common view of the situation from the perspective of all users.

SHARED DISPLAY: A shared display is multi-function and integrates multiple video/sensor inputs
onto a single display.
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3.2 (Continued):

SITUATIONAL AWARENESS: (1) The perception of the elements in the environment within a
volume of time and space, the comprehension of their meaning, and the projection of their status in
the near future. (2) A pilot’s continuous perception of self and aircraft in relation to the dynamic
environment of flight, and the ability to forecast, then execute tasks based on that perception. For
either definition, the following applies: Major components of situational awareness include:
operational environment, navigation, weather, communications, aircraft capability, and spatial
orientation.

STABILIZED APPROACH: Appropriately configured and on path and on speed. According to the
Flight Safety Foundation Approach and Landing Accident Task Force Final Report, the elements of a
stabilized approach include: (1) The aircraft is on the correct flight path; (2) Only small changes in
heading and pitch are required to maintain the path; (3) The aircraft speed is not more than VREF +
20 knots indicated airspeed (KIAS) and not less than VREF; (4) The aircraft is in the proper landing
configuration (approach configuration for small twins); (5) Sink rate is a maximum 1000 feet per
minute; if an approach requires a sink rate greater than 1000 feet per minute, a special briefing
should be performed; (6) Power setting appropriate for configuration and not below the minimum
power for approach as defined by the aircraft operations manual; (7) All briefings and checklists have
been performed; (8) Specific types of approaches are considered stabilized if they also fulfill the
following: instrument landing system (ILS) approaches - must be flown within one dot of the
glideslope or localizer; a Category Il or lll approach must be flown within the expanded localizer
band. Visual approaches - wings must be level on final when the aircraft reaches 500 feet HAT.
Circling approaches - wings must be level on final when aircraft reaches 300 feet HAT; and (9)
Unique approaches such as the “old” Hong Kong Airport and the DCA (Washington, DC) river visual
approach to Runway 18 require a special briefing.

SWATH: Width of the horizontal cross-section that is being depicted by the profile VSAD.
TERRAIN/OBSTACLES: Hard stuff that the aircraft may run into.

TRAFFIC SITUATION DISPLAY (TSD): Aflight deck display that provides graphical information that
permits the identification of potential conflicts with other aircraft.

TRUE ALTITUDE: Height of the aircraft above mean sea level, corrected for errors such as
experienced during non-standard ISA conditions.

VERTICAL PROFILE DISPLAY: A sideways-looking display which depicts elevation or altitude
versus range or speed.

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.

VOICE MESSAGE: The information content of a voice presentation in traffic conflict situation.
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4. DESIGN OBJECTIVES:
4.1 Background:

Clearly the primary goal of the Vertical Situation Awareness Display (VSAD) is to enhance flight crew
awareness of the vertical situation. The VSAD is essentially the vertical plane counterpart to the
horizontal map display, improving the crew’s overall spatial awareness and consequently enhancing
flight safety. The VSAD is not intended to be used for attitude control. The display informational
elements should support one or more of the following operational/functional objectives (that are not
hecessarily mutually exclusive):

* enhanced spatial awareness of the aircraft relative to the current and predicted vertical flight
paths;

* better flight path stability awareness - aircraft configuration, intended flight path, airspeed, power
setting, altitude and sink rate are implied,

+ improved airplane energy awareness - to reduce the occurrence of loss-of-control, landing
overruns, and non-stabilized approaches;

+ supetrior vertical navigation capability - basic planning and awareness are both implied;

* enhanced external hazard awareness - primarily terrain and man-made obstacles, but weather
and traffic may be included,;

* enhanced mode awareness for auto-flight - specifically those modes that are related to vertical
path.

4.2 Design Objectives:

The control and display equipment for the vertical situational awareness system should apply the
basic design objectives called out in ARP571, takihg into consideration the functions, their frequency
of use and all aircraft operational and environmental conditions so as to:

+ simplify operations;

+ facilitate error-free operation;

*  maximize crew situation awareness;

* minimize head-down operation;

+ provide consistency of operation for cornmon functions;

* promote timely and accurate operation;

* ensure legibility of legends and displays throughout the wide range of flight deck ambient lighting
conditions;

* ensure that system failures do not degrade the operational capability of other systems with
which they interact;

* ensure intelligibility of computer generated voice messages, if utilized, throughout the wide range
of flight deck ambient noise conditions, concurrent speech messages and other aural signals;

+ provide for information redundancy to assist the crew in verification and error detection;

+ permit conflict analysis.
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4.2 (Continued):

The objectives, though not necessarily presented in order of importance, should aim at keeping
associated flight crew workload at a level compatible with efficient flight crew operation.

Training: The human interface characteristics of the VSAD should be friendly enough to require
minimal training on the display.

5. CANDIDATE GRAPHIC DISPLAY CONCEPTS:

5.1 Profile Display:

In a profile display, the aircraft’s position and vertical flight path is shown using a side projection. The
vertical dimension of the display corresponds to the local vertical direction, and the horizontal
dimension of the display corresponds to either the current track of the aircraft or the planned flight
path.

Advantages:

Retrofit capability

Commonality with existing paper navigation charts

Easy to determine absolute distance between aircraft and other features accurately
Compatible with LNAV and VNAY parttitioning in the FMS, autoflight and ATC

The horizontal and vertical plane presentation are unambiguous, i.e., it is easy to determine
lateral versus vertical deviations

Minimal additional control knob/switch input required

GhON=

o

Disadvantages:

Profile display has a finite swath that may be at best a compromise

Requires mental integration of two displays

Curved paths and approaches may be difficult to depict or interpret

The VSAD can only depict one slice at a time in the horizontal dimension and needs to be
designed so that the selected view is unambiguous

Being co-located with the horizontal display may reduce space available for each

AW =

g
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5.2 Three-Dimensional Navigation Display:

The three-dimensional navigation display provides a depiction of the aircraft and its flight path using
a perspective or orthogonal projection. The center of projection may be variable, both in terms of
azimuth and elevation relative to the aircraft and in terms of field-of-view and distance from the
aircraft. This may allow the display to be configured to provide a conventional plan-view or profile
depiction in addition to a perspective view as seen from the aircraft's position or from a location
relative to the aircraft.

Advantages:

1. Fewer scale changes may be required

2. Vertical and horizontal planes are integrated

3. Curved paths and approaches are more easily depicted and potentially easier to interpret

4. Vertical and horizontal dimensions are not limited by an artificial swath size and hence off-path
and off-track features are easier to depict

5. The integration of vertical and horizontal planes may allow more information to be presented in a
smaller display area

6. The 3D depiction allows for multiple views and perspectives of the same information for
optimizing between different tasks

7. In a perspective view, resolution of information increases as that information moves closer to the

viewpoint. This allows for a natural progression of detail that will generally correspond to the
relevance of information to the current situation

Disadvantages:

1.

2.
3.
4

Perspective depictions are prone to ambiguities in the location of objects in the scene since it is
harder to judge distances parallel to the viewing direction

Overlap of objects in the scene may also be an issue

Higher potential for display clutter

Information may not be depicted because of: inherent resolution limits of the display, occlusions
and clipping planes that are not shown to the pilot

There are a significant number of design parameters that need to be optimized. No one solution
may be appropriate across different tasks. May require the pilot to make additional inputs to
adjust the display

The 3D display is more difficult to retrofit

Has high potential to increase initial training
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