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1. SCOPE:

This SAE Aerospace Recommended Practice (ARP) sets forth design and operational
recommendations concerning the human factors issues and criteria for cockpit display of traffic
information systems. The visual and aural characteristics are covered for both the alerting

components and traffic depiction/situation components. The display system may co

ntain 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 recommendatlons contalned in this document address both near and far term technology

directed towarg v vy
focused on nedqr term applications. Slnce thls document provides recommendatlon
provided in thg form of “should” statements as opposed to the “shall” statementsth
standards and|requirements.

The assumptidgns about the system that guided and bounded the recommendations
document inclyde: the system is an airborne (flight deck based) system displaying
information to the flight crew; multiple sources of surveillance data will be used, wh
provide the flight crew with the best available information; the system will have a hy
design based ¢n the “lessons learned” from past systemsjthe system is not intendg
current Traffic JAlert and Collision Avoidance (TCAS) function, but there will be a clg
between the CPDTI and the alerting system since both*use the same sensors, and th
generated alerts and command information is generally considered a CDTI function
in the loop/manual involvement in any flight path:\changes; information will be acceg

appropriate flight crew members; the system.will be based on the English language,

languages may have to be considered; the.system will address all fixed wing airpla
system will be joperational full time in all'airborne flight phases; the display function
alone or part o
will be properly
system may be
this document
even though th

integrated with otherdisplay functions and will not interfere with crit
capable of presenting additional traffic outside the range and capab
will not deal with-the presentation of man made obstructions (e.g., to
ey may be-equipped with an ADS-B transmitter.

gmains primarily
the guidance is
at appear in

contained in this
raffic surveillance
bn available, to
man centered

d to replace the
se relationship

e display of the
there will be pilot
sible by

but other

ne types; the

may be stand

a multi-function display;-initial design will provide for upgradability aphd expansion; it

cal functions; the
ility of TCAS; and
wers or buildings)
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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:

The foIIowingrtJuincations form a part of this document to the extent specified hergin. The latest
issue of SAE publications shall apply. The applicable issue of other publications-shgll be the issue in
effect on the date of the purchase order. In the event of conflict between thetext df this document
and referencep cited herein, the text of this document takes precedence.{Nothing |n this document,
however, supg¢rsedes applicable laws and regulations unless a specific@xemption has been
obtained.
2.1.1 SAE Publicgtions: Available from SAE, 400 Commonwealtih_Drive, Warrendale, PA 15096-0001.
AS264 Instrument and Cockpit lighting for Commercial Transport Aircraft
ARP268 Location and Actuation of Flight Deck(€ontrols for Transport Aircraft
AS425C Nomenclature and Abbreviations for Use on the Flight Deck
ARP571 Flight Deck Controls and DisplayS’for Communication and Navigat{on Equipment for
Transport Aircraft
ARP1068 Flight Deck Instrumentation,Display Criteria and Associated Contfols for Transport
Aircraft
ARP1093 Numeral, Letter, andSymbol Dimensions for Aircraft Instrument Displays
ARP1161 Crew Station Lighting - Commercial Aircraft
ARP1782 Photometric and\€olorimetric 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 Pilgt-System Integration
ARP4101 Core Document, Flight Deck Layout and Facilities
ARP4101/2 —Pitot-¥isibitity-fromtheFlight Beck
ARP4102 Core Document, Flight Deck Panels, Controls and Displays
ARP4102/4  Flight Deck Alerting Systems
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
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2.1.1 (Continued):

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

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

FAA-RD-81138lI Aircraft Alerting System Standardization Study: Volumell| Aircraft Alerting
System Design Guidelines (Berson, et al.,1981)

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

2.2 Regulatory Pyblications:
FAA AC-23.1309-1A  Equipment, Systems, and Installations in Part 23 Airplane

FAA AC-23.1311-1 Installation of Electronic Display lnstrument Systems In Pdrt 23 Airplanes

FAA AC 25-11 Transport Category Airplane Eléctronic Display Systems

FAA Ac-25.1309-1A System Design Analysis

FAR Part 23 Airworthiness Standards:-Normal, Utility, Acrobatic, and Gommuter
Category Airplanes

FAR Part 25/ Airworthiness Standards: Transport Category Airplanes

JAR Part 25

FAR Part 27 Airworthiness/Standards: Transport Category Rotorcraft

TSO-C113 Airborne Multipurpose Electronic Displays
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3. GLOSSARY:

3.1 Acronyms and Abbreviations:

AC
ACAS
ADI
ADS-B
AGL
ARP
ATC
ATM
AV
CDTI
CNS
CPA
EADI
EHSI
FAA
FAR
FMS
GNSS
GPS
HUD
Hz
ICAO
IFR
ILS
IMC
INS
ITC
ITD
JAA
JAR
MASPS
MFD
MHz
MOPS
MSL
NAS
PFD
RA
Rnav
RTCA
RVSM

Advisory Circular

Airborne Collision Avoidance System

Attitude Direction Indicator

Automatic Dependent Surveillance-Broadcast

Above Ground Level

Aerospace Recommended Practice (SAE)
Air Traffic Control

Air Traffic Management

Aircraft/Vehicle

Cockpit Display of Traffic Information
Communications, Navigation and Surveillance
Closest Point of Approach

Electronic Attitude Direction Indicator.
Electronic Horizontal Situation Indi¢ator
Federal Aviation Administration

Federal Aviation Regulation

Flight Management System

Global Navigation Satellite System
Global Positioning System

Head Up Display

Hertz

International Civil Aviation Organization
InstrumentsElight Rules
Instrument'Landing System

Instrument Meteorological Conditions
Inertial Navigation System

InJTrail Climb

In-Trail Descent

Joint Aviation Authority

Joint Aviation Requirements

Minimum Aviation System Performance Standards
Multi-Functional Display

Megahertz

Minimum Operational Performance Standards
Mean Sea Level

National Airspace System

Primary Flight Display

Resolution Advisory

Area Navigation

Radio Technical Commission for Aeronautics
Reduced Vertical Separation Minimum
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3.1 (Continued):

3.2

SAE Society of Automotive Engineers, Inc

TA Traffic Advisory

TCAS Traffic Alert and Collision Avoidance System
TIS Traffic Information Service

UAT Universal Access Terminal

VDL VHF Data Link

VHF Very High Frequency

VFR Visual Flight Rules

VMC Visual Meteorological Conditions

Definition of Terms:

ABSOLUTE ALTITUDE: Aircraft altitude referenced to mean sea level (QNH). Typjcally referred to

as barometric|corrected altitude.

ACCURACY: | A measure of the difference between the reported A/V position as gompared to the

true position. [Accuracy is usually defined in statistical termis of either: (1) a mean|(bias) and a
t the mean as defined by the standard deviation (sigma) or (2) root mean square (rms)

variation abo

value from thg mean. The values given in this document are in terms of the two sigma variation from

an assumed ro mean error.

AIRBORNE

guaranteed. As such, airborne collisions are subsets of airborne conflicts.

LLISION: This occurs when two aircraft that are in flight come into|contact. The
" is not an antonym of the.word “separation”, as separation criteria ar¢ typically defined
to create a significant zone around each aircraft which must not be entered for “separation” to be

AIRBORNE CGONFLICT: This occurs when two aircraft that are in flight come closér together than

specified separation criteria\~An airborne conflict does not necessarily result in a T
collision; howgver, it does(represent a situation considered hazardous, from which
possible withqut sufficient warning for a suitable pilot reaction.

collision may be

AIRCRAFT/VEHICLE (A/V): Either (1) a machine or service capable of atmospherjc flight, or (2) a

vehicle on the ailpuﬁ. strfacemovementares:

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.
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3.2 (Continued):

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
AURAL ALER
AVAILABILIT

BAROMETRI
sea level pres

BAROMETRI(
difference bet

temperature and pressure model with PO.

CAUTION: N
awareness an

CLOSEST PQ
during a close

CLUTTER: C

nformation concerning an event/situation.
T: Discrete tone/sound used for attention getting.
. Is the probability that a function is up and able to perforin were it ¢

C ALTITUDE: Geopotential altitude in the earth’s atmosphere above
sure datum plane, measured by a pressure (barometric) altimeter.

C ALTITUDE ERROR: For a given true barometric pressure, PO, the
veen the transmitted pressure altitude and-the altitude determined u
bn-normal operational or aircraft.system conditions that require imme

d subsequent corrective or compensatory flight crew action.

INT OF APPROACH (CPA): The minimum horizontal distance betw
proximity encountery.also know as miss distance.

utter refers to the hegative impact of poorly organized and crowded

generally res
information o

COCKPIT DI
(CDThisag
aircraft, inclu

Its in reduced.display legibility, and/or in increases in the time neede
the display.

PLAY OF TRAFFIC INFORMATION (CDTI): A Cockpit Display of Ti

alled on.

mean standard

error is the
5ing a standard

diate flight crew

een two aircraft

displays. It
0 to locate

affic Information
n about other

neric dlsplay that prowdes the fllght crew with surveillance mformatlc

n one or multiple

sources (including ADS-B, TCAS and TIS) and it may be used for a variety of purposes. Any means
of communicating the information is acceptable (aural, graphical, head-up, etc.) as long as the

information is conveyed effectively. Requirements for CDTI information will vary based on intended
use of the data (i.e., application).

COLLISION AVOIDANCE: A maneuver taken to avoid a collision.

COLOR VALUE: The attribute of a color that allows it to be classed on a scale from very dark to very
light (brightness is a perception that results from surface luminance and is a property of the object

itself and of th

e light illuminating it).
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3.2 (Continued):

CONFLICT: Any situation involving two or more aircraft, or an aircraft and an airspace, or an aircraft

and ground terrain, in which the applicable separation minima may be violated.

CONFLICT AVOIDANCE: A maneuver taken to resolve a conflict.

CONFLICT DETECTION: The process of projecting an aircraft’s trajectory 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

knowledge ab
etc.

CONFLICT M

CONFLICT Pl
detection.

CONFLICTR
maneuvers th

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

COOPERATI

providing data
for aircraft se
for a specific §
proximity encq
handover pro¢
with RNAV an

CRITICALITY
etc., consideri

pbut the situation, including aircraft capabilities, flight plan, short term'i

ANAGEMENT: Process of detecting and resolving conflicts.

ROBE: An airborne or ground based system that petforms the proce

FSOLUTION: The process of identifying andor performing a maneu
bt are intended to resolve a conflict or patential conflict between the

E SURVEILLANCE: (1) Surveillance in which the target assists by
using on-board equipment._(2) A concept which envisions a transfe
aration from ground based(systems to the air-crew of appropriately ¢
eparation function such.as In-trail merging or separation manageme
unters. It is cooperative in the sense that ground-based ATC is invo
ess, and in the sense that all involved aircraft must be appropriately
d ADS-B capability, to perform such functions.

Indication{of the hazard safety level associated with a function, har

increased
ntent information,

S5s of conflict

Ver or a set of

bwn ship and

fooperatively

I of responsibility
pquipped aircraft,
nt of close

Ived in the
equipped, e.g.,

Hware, software,

hg abnormal behavior (of this function, hardware, software, etc.) alone, in combination
or in combinalion with external events.

CROSS-LINK®

X [H | (P H H 1 H £
A LITUSSTNITIN TS d SPTCULIdAl JUTPUST Udla tralrlsiTinosSIUTT et ralinsimm TUT

exchanging data

between two aircraft—a two-way addressed data link. For example, the TCAS Il system uses a

cross-link with another TCAS Il to coordinate resolution advisories that are generated. A cross-link
may also be used to exchange other information that is not of a general broadcast nature, such as
intent information.

DEDICATED DISPLAY: A display that has only a single intended function in the flight deck.

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.
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3.2 (Continued):

ESCAPE MANEUVER: Aircraft maneuver performed to resolve a time critical conflict with the traffic.

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

EXPOSURE TIME: The period of time between when an item was last known to be operating
properly and when it will be known to be operating properly again.

FAILURE: A

FALSE ALER]
presented an

FAULT: Anu
GUIDELINES

HUE: The do

0ss of function or a malfunction of a system or part thereof.

[: An alert that occurs in a situation for which the system de€sign sho
hlert.

ndesired anomaly in a function or system
Recommended procedures for complying with regulations

minant wavelength category which is deseribed by a color term such

(white, gray, and black are considered achromatic colors, being differentiable but w

hue).

INDEPENDEN
failure of anot
objective eval

INTEGRATIO
gathering a ny

ISOMETRIC
in their actual

IN-TRAIL CLI

NCE: (1) A design concept which ensures that a failure of one item d
her item. (2) Separation of tesponsibilities that assures the accompli
Liation.

N: (1) The act of causing elements of an item to function together. (
mber of separate functions within a single implementation.

uld not have

as red or green
thout perceptible

oes not cause a
shment of

P) The act of

IEW: A method of drawing so that three dimensions are shown not in perspective but

measurements.

VIB- XIn-trail climb (ITC) procedures enable trailing aircraft to climb to 1

hore fuel-efficient

or less turbul

P Ty !
't arttuyuc.

IN-TRAIL DESCENT: In-trail descent (ITD) procedures enable trailing aircraft to descend to more
fuel-efficient or less turbulent altitude.

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 applicability of the aircraft/vehicle position report
until the information is presented to the flight crew.
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3.2 (Continued):

LATENCY COMPENSATION: High accuracy applications may correct for 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 ur&;ency.

MISSED ALE
provide an ale

MODE: The c
system will pe

different display formats depending on the particular application (mode).

NUISANCE A
appropriate in

ORTHOGRAH
projection; a 2

OWN SHIP: T
model is being

PASSING MA
identify an airg
the maneuver
intentions and

PERSPECTIV
position. A pe

RT: The absence of an alert in a situation for which the system-was
rt.

Irrent selected state of a system that determines which of many poss
rform at that specific time. For example, CDTI may-present different i

| ERT: An alert that, while occurring as intended in the system desig
the specific situation for which it occurred:

HIC VIEW: Drawing in which the:depicted lines are perpendicular tg
-D View.

"he aircraft in which the CDTI'is installed and about which the traffic
built.

NEUVERS: Procedures whereby flight crew use: (1) onboard displa
raft they wish t@ pass; (2) traffic display and weather radar to establis
and (3) communication with controllers to positively identify traffic to
report maneuver initiation and completion.

E VIEW: A method of drawing used to show the effect of relative dis
'spective view may be either an “inside-out view” (also known as the

lesigned to

ible functions the
nformation or use

N, was not

the plane of

Situation mental

of traffic to
h a clear path for
be passed, state

tance and
pilot's-eye or

camera view)

il il H H 2 Lol ! [P (B H (TANEE o Y Y
art UULSIUT=IIT VICTVW  (dlISU RIMTUWIT dos d 'OUU S=CyT VITVW ). DUUT LypY

bs 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: Presentation of information in a form other than alpha-numerically.

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.
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3.2 (Continued):

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 a shared
display to traffic information when there is a caution level traffic conflict 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 navigation
and fundamental control of flight.

PROFILE VIE
speed.

REFLECTAN(

RELIABILITY:
under specifie

REQUIREME
an implement

RISK: The fre

SATURATION
represented ir
vivid; desatur
appear muted

SEAMLESS:
perspective of

SEPARATION
velocities are
appropriate fo

W: A sideways-looking display which depicts elevation or altitude.ve

CE: The proportion of incident light reflected by a surfacé:

d conditions, without failure, for a specified perigd of time.

NT: An identifiable element of a specification that can be validated a
htion can be verified.

guency (probability) of occurrence.and the associated level of hazar

. The perception associated with the purity of a color in terms of the
that color. Saturated colofs consist of a narrow band of wavelength
ated colors contain many other wavelengths as well as the dominant

A “chock-to-chock™ continuous and common view of the surveillance
all users.

: (1) Separation exists between two or more aircraft when their posi
n accordance with standards and procedures that have been detern
I the’ operations in which the aircraft are engaged. (2) The maintenar

rsus range or

A number associated with (the probability) that a-ftinction will perfolm as required

hd against which

.

wavelengths
s and appear
wavelength and

Situation from the

ions and
ined to be
ce of

independenc

1 £ 1 H () H 1 + + 1 ! &
Uy TTicalis Ul a pitysital dalticl JClwctlT twuU Tiaruwartc CUTTIPJUTITTILS.

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

STATION-KEEPING: Station-keeping provides the capability for a flight crew to maintain an

aircraft’'s position relative to the designated aircraft. For example, an aircraft taxiing behind another
aircraft can be cleared to follow and maintain separation on a lead aircraft. Station-keeping can be
used to maintain a given (or variable) separation.
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3.2 (Continued):

4. SYSTEM FUNCQ

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.

TRAFFIC SITUATION DISPLAY (TSD): A flight deck display that provides graphical information that
permits the identification of potential conflicts.

VALIDATION:
correct and cd

The determination that the requirements for a function or system ar
mplete.

b sufficiently

VERIFICATION: The evaluation of an implementation to determine that all-applicable requirements

are met.

VISUAL ALER
and transfer s

VOICE ALER]
transfers som

VOICE MESS

WARNING: N
or compensat

The system will
near-term applic
restrictions or ¢
additional functi

Enhanced V

T. Discrete alphanumeric display or light used to.gét the attention of
pbme information about situation urgency.

. Auditory property of voice messages that'gets the attention of the
b information about situation urgency.

AGE: The information content of a¥oice presentation in traffic confli

on-normal operational or aircraft system condition that requires imm

TIONALITY - POTENTIAL FUNCTIONS:

provide the functionality necessary and sufficient to support the follo
ations. A description of these applications can be found in 7.2. Unn
bnstraints-stiould be avoided in order to maintain design flexibility n
pnality_that may be implemented to support future applications.

isual Acquisition

the flight crew

flight crew and

ct situation.

bdiate corrective

pry flight crew action conditional upon maintaining overall airplane safety.

ving potential
ecessary
beded for

Increased C

@000 op

Enhanced Ceeantcin=trat-Ciimb/Descent Procedures
Facilitate Station Keeping in Oceanic, En Route, and Remote Non-Radar Airspace
Enhanced Visual Approach

Facilitate Closely Spaced Parallel Approaches in IMC
Enhanced Departure Spacing

onflict Awareness

In order to support these operational applications, the system operations can be segmented into six
functional areas: Sensing and Estimation, Conflict Detection and Assessment, Crew Alerting,
Transmission/Presentation of Traffic Information, Self-Monitoring, and Recordkeeping. These
functional characteristics will enhance the flight crew’s ability to visually acquire the traffic, to build a
mental model of the traffic situation (both spatial and temporal), to perform flight operations that are
coordinated with the traffic situation, and to resolve traffic conflicts.
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4.1 Sensing and Estimation:

In order to provide information about the traffic situation and to determine if and when a traffic alert is
necessary, the system should have access to information related to the state of the own aircraft and
its relationship to traffic. Generally, as more information is available, the system can be designed to
operate in more complex situations. The following sub-sections describe the types of information that
could be used.

4.1.1 3-D/4-D Position of Own Ship Relative to Traffic: An estimate of the spatial and temporal proximity
of the own ship to the traffic is necessary. This estimate may be obtained from an onboard sensor
directly providing relative range, bearing and track of the traffic. The accuragy.and integrity of this
information should be high enough to enable the performance of the applicationg that have been
implemented and not result in an unacceptable rate of missed, false, nuisance and late alerts by
the alerting function of the system.

4.1.2 Aircraft Statg: In addition to proximity information, additional state information is [required to
determine whether the projected flight path of the own ship @nd’that of the traffic jare in conflict.
This state information includes aircraft speed, attitude, horizontal track, and vertical flight path. The
uncertainty ¢f these state estimates should be controlled-to prevent an unacceptable rate of
nuisance algrts or late alerts.

4.1.3 Aircraft Cappbility/Performance: Information about aircraft performance should bHe available to the
system in order to determine when maneuvers could be issued based on the airplane performance
capability and current state data.

4.1.4 Flight Parameters: The phase of flight (e.g., takeoff, cruise, approach, landing), felationship to the
intended landing runway and permitted separation criteria will affect the protectign thresholds with
which the algrting system operates. The definitions of the phases of flight and the separation
criteria should be specified.

4.1.5 Intended Flight Path:-F41e ability to have access to a Flight Management System| (FMS) flight plan
or other intepded flight'path information may be very useful. In one mode, the sygtem could be
used for fligiht planning/re-planning to examine the crew’s inputs for accuracy and reasonableness
by checking|theintended flight path for traffic conflicts as the plan is being executed. In a second
mode, know i i frgctmit i fven waypoint can
be used to reduce the probability of nuisance alerts that would have been produced without the
intent information. Over reliance on intent information may result in nuisance alerts or late alerts if
the aircraft deviates from the intended flight path.
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4.2 Loss of Separation Detection and Assessment:

4.3

4.4

441

4.4.2

The system should be able to detect a potential loss of required separation with traffic. This detection
is based on the information obtained through the Sensing and Estimation Function: proximity and
closure with traffic, aircraft performance, and estimates of the aircraft’s intentions. The decision that
a situation is a conflict should consider the application and carefully balance safety against nuisance
alerts. The system should not issue an alert when published procedures are being followed. This
can be accomplished by examining a wide variety of traffic encounters, especially when the own

ship, the traffi
are base on p
to provide the

etc.) that havd

Flight Crew A

Once a loss of

include aural
traffic situatio

should be intg

response to a
urgency.

Information T

In addition to
more detailed

Awareness arj

Traffic Awar
to view rele

location (in

crew should

Traffic Avoid : -
information may be needed. This may be in the form of a caution (e.qg.,

L or both are maneuvering. Although the recommendations containgd in this document
oviding information about traffic/moving obstacles, there may be-some benefit defined
capability to present stationary obstructions (e.g., towers, cranes, ngw construction,
been equipped with a position broadcast device.

erting:

separation has been detected, the system should alert the flight crew. Alerting should

Ind visual components. The system should béable to determine theJurgency of a

and alerts should be presented to the flight crew in an unambiguous manner. Alerts
grated and consistent with the flight deckaterting system and philosophy. Appropriate
ny level of alert should prevent the conflict from transitioning to a situation of higher

ansmission:

hn alerting function, the system will have a function that allows the flight crew to obtain
information about the traffic situation. This information can be separated into Traffic
d Traffic Avoidance, categories.

bness: The system could enhance the flight crew’s traffic awareness|by allowing them
ant airspaceftraffic geometry information. In order to accomplish this|, the aircraft's

I dimensions) relative to traffic and it's velocity vectors should be digplayed. The flight
be provided sufficient information to accurately anticipate conflict sithiations.

esolution
"Traffic”), an open-loop

command (e.g., “Climb"), or closed-loop command guidance (e.g., "Flight Director Bars"). The flight

crew should

have a clear idea of what action to perform to resolve the conflict. The system should

indicate when the potential loss of separation alerting situation no longer exists.

13 OF 49
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4.5 Self-Diagnostics:

4.6

5. DESIGN OBJE(

The control and
basic design ob
of use and all ai

J.

K.

@~poooTp

The system should detect and communicate failures in its operation. The system can be designed

without redundant components or to be fail-operational. In either case, any failure should be

detected and communicated to the flight crew. Means should be provided to detect/determine
information quality in order to permit the assessment of the appropriateness of the information for
specific system applications.

Recordkeepi

support the d¢

Simplify op¢g
Facilitate er
Maximize fli
Minimize he
Provide con
Promote tim
Ensure legik
conditions

Ensure that
they interact
Ensure intel
conditions, (
Provide for i

ng:

[

The system should provide a means for post flight analysis of traffic situatiens and

Fcraft operational and environmental conditions so as to:

velopment of a safer more effective use of the airspace.
CTIVES:

display equipment for the cockpit display of traffic information systen
ectives called out in ARP571, taking into consideration the functions

rations

or-free operation

jht crew traffic awareness

ad down time

sistency of operation for cofmmon functions

ely and accurate operation

ility of legends and displays throughout the wide range of flight deck

system failures(do not degrade the operational capability of other sy
igibility ofivoice messages throughout the wide range of flight deck

oncurrent'speech messages and other aural signals
hformation redundancy to assist the flight crew in verification and err,

Minimize nu

Isance alerts

conflicts to

should apply the
their frequency

ambient lighting
stems with which
hmbient noise

DOr detection

Permit confliet=at |a=y:ia

The goal of these objectives, though not necessarily presented in order of importance, is to keep
associated flight crew workload at a level compatible with efficient flight crew operation.
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6.

6.1

6.2

6.3

UTILIZATION PHILOSOPHY:

In order to define what information the flight crew needs and the way in which that information should

be presented, the overall objective of the system should be identified along with its u

tilization

philosophy (that is, how it will accomplish its objectives). The overall objective of the system is to
provide traffic information that will support alerting when required separation is lost or has the potential

of being lost, separation monitoring, enhanced visual acquisition, and resolution evaluation.

In

addition the system is expected to provide the traffic information that supports the operation of TCAS.

Generating Appropriate Response:

The informatign provided by the system should enable the flight crew to perform cd
or respond to [resolution guidance in a timely manner. In support of this/the systen
a sense of confidence in the flight crew that they are seeing all of the traffic relevan

nflict resolutions,
should generate
t to performing

these resolutipn responses, or that the system is considering in-génerating resolufion guidance.
Otherwise, responses may be tentative and delayed, or compgting resolutions may appear better

suited to the

gonflict. Similarly, when the system is used fot\purposes of monitoringy separation, or

enhanced visyal acquisition, the coverage (surveillance) provided by the system should be

consistent and

compatible with flight crews’ mental and\wisual models. As a gener

al statement, the

information prpvided by the system should enable the flight crew to respond in an appropriate

manner and should not promote incorrect or unpraductive response patterns.

Response Urgency:
The urgency
amount of tim
to respond, th
time constrai
The overall ti
very importanf.

that the flight crew fias to respond to the situation. The less time th
more the systemshould help in determining what response should
s have an influence on how the system is used, especially at the md
e budget for.the flight crew/aircraft system to respond to a traffic cof
The system should provide enough information to ensure traffic ay

gf the loss of separation (op a traffic conflict situation is usually determjned by the

e flight crew has
be made. These
st urgent levels.
flict situation is
areness by the
hecessary traffic
gystem should be
irements. The

assumption tha

response timeis

that a portion of the system will have to be executlve in nature (tell the flight crew what response to

make and expect them to make it). The system should be designed to minimize th
situations requiring very short response times.

Informational Alerts, Nuisance Alerts, and False Alarms:

e occurrence of

The number of nuisance alerts and/or false alerts have a direct influence on the usefulness of the
system because they affect the flight crew’s perception of and confidence in the information that the
system presents. The judicious use of informational alerts can have a direct influence on the
usefulness of the system because they can be used to enhance attention to potentially important, but

still developing, traffic situations.
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6.3.1 False alerts and missed alerts should be eliminated.

6.3.2 The effect of nuisance alerts on the flight crew is dependent on the urgency of the alert and the
expected flight crew response to the alert. Nuisance alerts (that is, conflicts caused by or resolved
by normal operations such as leveling at assigned altitudes or circling approaches) that generate
time critical warnings should be minimized. The design criteria to minimize nuisance alerts should
be based on the number of nuisance alerts per flight hours as well as the ratio of nuisance to real

6.3.3

6.3.4

7. CANDIDATE CONCEPTS:

7.1

alerts.

A key paran
system is pr
situations.
time and the
and the traff

The system

system will provide. The navigation and other airplane systéms may be used to

information

Information
method sho
informationa

eter is defining the result of not alerting a real threat. The tensionin
pduced when trying to eliminate the nuisance alerts while alerting.-all
[his is made even more difficult because the system should account
time that the maneuver will take, without having any knowledge of t
c’'s intentions

should use the permitted traffic separation criteria-to. determine the g
o identify the appropriate criteria
brovided by nuisance alerts is at times considered useful by the fligh

Ild be identified to provide this, and other, event driven information, i
| alert that is distinct from alerts designed to signal a non-normal situ

example, th¢
be particula

typically arelaccompanied by little, or.n@, response urgency (and its accompanyi
flight crew). |On the other hand, even_though this information generates situation

the flight cr
for normal

alert). Thergfore, valuable eévent-driven information that does not signal non-nor
(such as that which triggers non-urgent nuisance alerts) should be identified and

distinct info

b information provided by caution [evel alerts, even when they are nui

is more tolerant ofthese types of alerts, evidence indicates that usi
d non-normal situations increases the probability of error (for examj

ational alert.

designing the
the threat

or pilot response
ne flight crew’s

rotection that the
provide positional

crew, and a

n the form of an
ation. For

sance alerts, may

ly valuable. This is due to the fact that such alerts often provide usefull information, but

g stress on the
awareness and

hg the same alert

ble, the altitude
mal operations
associated with a

Candidate Di piay Concepts:

The appropriate display format and information content depends on the intended use and operation
of the CDTI. Each format has benefits and limitations. Further research and testing is advisable
before implementation. For example, the flight crew’s assessment of the traffic situation and their
required actions has been found to be highly dependent upon the type of display; a display showing
a vertical "slice" of the traffic situation typically suggests vertical maneuvers, while a plan view or
"birds eye" display typically suggests horizontal maneuvers.
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7.1.1 Graphic Displays: Graphic displays may be classified in many ways. Among the common ways to
classify graphic displays are: (1) projection technique (i.e., method by which objects in a three
dimensional world are mapped onto the two dimensional coordinates of the image); and (2) by
point of view presented (the location from which a scene is viewed and direction in which it is
viewed). The classification into perspective and isometric projections, and into plan views, profile
views, and off-axis views, is especially relevant to CDTIs. However, the appropriate display format
depends on the intended use and operation of the CDTI and each view has its own benefits and
limitations. For example, a graphic CDTI display could be used to accomplish arrival merging. In

this applicat
turn implies
In addition t
influence wh

the need for a plan view display that depicts the intended horizental

at the intended maneuver is. For example, a flight crew’s @ssessm

on there is a need to maintain orientation relative to fixed earth coord|nates, and this in

stream geometry.

b determining how well a flight crew can fly an intended maneuver, a|CDTI can also

nt of the traffic

situation andl their required actions has been found to be highly depefident upon the type of
5play showing a vertical "slice" of the traffic situation typically sugge
while a plan view or typically suggests horizontal maneuvers. Due to
splay format, research and testing is advisable ©efore settling on an

display; a di
maneuvers,
of graphic d

implementa

7.1.1.1 Graphical

ion.

Display Formats: Common to all displayeoncepts, the presentation

s vertical
he strong impact
specific

of aircraft position

on the display aids the pilot in determining proximity to other traffic and assists|in tactical

operation
Table 1 lig

s potential display viewpoint and projection characteristics. Figures

and strategic planning. Other infofthation elements may be presented as needed.

,2,and 3

illustrate spme of characteristics of thesewiewpoints and projection techniguesifor the depiction

of two buildings, where each has a different height and shape. These viewpoint

are discusg
display tyq

and projections

sed in more detail below, with the advantages and disadvantages of the respective

way to rela provide "situation
awareness at a glance" by bU|Id|ng from a famlllar representatlon The heading and pitch scales
should be consistent with the scene depiction. A perspective display may have an “inside-out”
view or an “outside-in” view. The outside-in view is referenced from an outside perspective and
may cover the complete field including behind the aircraft; the inside-out view depicts traffic
comparable to an actual outside the window visual view. Symbology can be used to represent
detailed information such as distance, direction, closure rate, flight ID, and altitude. Because of
the amount of information that may be closely located on this display, a means of decluttering the
display should be provided. A perspective display may be used in coordination with -- or the flight
crew may select between -- a plan view display to provide longer-term information or more
precise assessment of the horizontal position of the aircraft.
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TABLE 1 - Description of Display Formats With Respect
to Type of Projection and Type of View

VIEW TYPE OF PROJECTION
ISOMETRIC PERSPECTIVE
(ENGINEERING DRAWING (PHOTOGRAPHIC
DEPICTION) DEPICTION)
* ALL DISPLAYED AND * DISPLAYED AND TRUE
CORRRESPONDING SEPARATONS
TRUE SEPARATIONS RELATED BY:
ARE PROPORTIONAL PERSPECTIVE
* PICTORIAL 2-D (IMAGE PROJECTION
HAS NO PERSPECTIVE * PICTORIAL 3- (IMAGE
DEPTH COMPONENT) HAS PERSPECQTIVE
DEPTH COMPPONENT)
PLAN VIEV * GOOD DISPLAY OF ALL ¢ GOOD/FAIR DISPLAY OF
 VERTICAL VIEWING HORIZONTAL ALL HORIZONTJAL
AXIS SEPARATION SEPARATION
» BEST DISPLAYS * VERTICAL SEPARATION * MINIMAL VERTICAL
HORIZONTAL (X-Y) NOT DISPLAYED SEPARATION
POSITIOQN, TRACK, * NO DISPLAY OF;3-D PERSPECTIVE
AZIMUTHANDRANGE SEPARATION * MINIMAL PER$PECTIVE
OF TRAFFIC 3-D SEPARATION
SIDE-ON VIEW *» GOOD DBISPLAY OF *+ GOOD/FAIR DISPLAY OF

* HORIZONTAL
VIEWING AXIS
 BEST DISPLAYS

AZIMUTH,

ELEVAT|ON,
ALTITUDE, AND
CLIMB/ DPESCENT
OF TRAFFIC

VERTICAL SEPARATION
AND LATERAL
HORIZONTAL
SEPARATION

DEPTH ALIGNED
HORIZONTAL
SEPARATION NOT
DISPLAYED

NO DISPLAY OF 3-D
SEPARATION

VERTICAL SERARATION

AND LATERAL

HORIZONTAL
SEPARATION

MINIMAL DEPTH
ALIGNED HORIZONTAL

SEPARATION
PERSPECTIV

MINIMAL PER$PECTIVE

3-D SEPARATI

N

OFF-AXIS VIEW

« VIEWING AXIS
NEITHER
HORIZONTAL NOR
VERTICAL

« PERSPECTIVE
PROJECTION BEST
DISPLAYS
RELATIVE 3-D
(X-Y-Z) POSITION

PSEUDO-PERSPECTIVE
GENERATES
MISLEADING
HORIZONTAL AND
VERTICAL SEPARATION
CUES
PSEUDO-PERSPECTIVE
GENERATES
MISLEADING 3-D
SEPARATION CUES

FAIR PERSPECTIVE

DISPLAY OF
HORIZONTAL,

VERTICAL, AND 3-D

SEPARATION
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FIGURE 1 - Plan view with isometric projection (left) and\perspective projection (right).
Nofe that due to a viewpoint from above the cross shaped building, no depth is
indicated for it while depth is shown forithe square building.

FIQURE 2 - Side view with isometric projection (top) and perspective projection
(ba - j j j jection- ective
projection still yields only minimal depth cues to shape of cross shaped building.
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FIGURE 3 - Off-axis view with isometric projection (top) and perspective grojection
(bottpm). Note that apparent depth separations within the isometric projection are
attenuated relative to those shown'in the perspective projection.

7.1.1.1 (Continued):

Isometric Projection: Isometric prejection, or orthonormal mapping, totally igndres depth. As a
result, displayed separations are-strictly proportional to separations measured parallel to the
image plane. This makes isometric projection very valuable for the display of tivo-dimensional
separatior], when the two dimensions are particularly significant (e.g., the horizpntal dimensions
of the groyind). On the ether hand, when the selected dimensions are unfamiliar or ambiguous,
this type of projection'can yield ambiguous or illusory interpretations. The most gommon example
of an isomietric projection is a map, where the elevation of the depicted terrain does not influence
the displayed separation between locations. Another example of this type of projection is found
in enginedring;drawings. Traffic information on an isometric display shows a 3-p view where the
same medgsure is used foreground to background. An isometric display shows relative and
absolute and vertical path of own ship and Other aircraft. Anisometric display relies on a method
to show reference to the ground plane and as a result a method to reduce display clutter should
be provided. Reference lines have the potential to be confusing since they would not be
depicted in perspective.

Display Point of View: Graphical displays can, of course, present many different points of view,
and these may be classified in several manners. The classification into plan views, profile views,
and off-axis views is especially relevant to CDTls.
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7.1.1.1 (Continued):

Plan View: Plan views, such as TCAS displays and NAV displays, are top down views (often
called God's Eye views), and are the most familiar views to pilots. Plan views are projections of
traffic information onto a horizontal slice through the airspace, and may be presented in a track-
up, heading-up, or north-up format. Plan views may display traffic flying at all altitudes, or just
some subset of altitudes (e.g., TCAS defaults to presenting aircraft within 2900 ft of own ship).
Plan views may also be presented as relative to own ship (i.e., moving map, such as used in
TCAS), or as fixed. Additionally, relative vertical information should be shown alphanumerically

and/or symbolically. Depending on the use for which the format is intended, a;)n
the range pf the display should be shown, and a variety of display rangesdiay
selectable}] The isometric rendering in Figure XX illustrates how a planview fo

nethod of viewing
heed to be
mat can provide

good horigontal (x-y) separation information, but lacks all vertical separation infprmation. On the

other hand, the perspective rendering of a plan view does provide some vertical separation
information (the vertical development of the smaller building is evident). Howeyer, the
perspectivial transformations shift the rendered x-y locations-a€cording to the rdles of
perspectivie, and this may make the horizontal separationdnfarmation less usalble.

Side-On
airspace
Side-On v
are many
Profile vie
Profile vie
ship’s pos
forward in

iew: The Side-On view is a projection of information on a vertical slic
nd have been recommended as a meansfor giving altitude informatic
ews display traffic flying in some specific region of airspace around ¢
botential Side-On views, but two (Rfofile and Window) are particularl
v, is generated by viewing the own ship from the side (an outside-in
v, traffic altitude and distance forward from the own ship are shown r
tion and vertical flight path.(In the profile view the own ship predicted
a straight-line, a curved path following a projected turn, or an FMS fl
forward pqsition of traffic on the display are typically measured in this same plane; however, the
distance of traffic to the side-ofithe intended flight is not inherently shown on this display. Issues
remain with methods of displaying the relative horizontal position and horizontgl closure rate of
the traffic.| Different scaling will be required for the vertical (altitude) and horizontal (forward
distance) axes. Otherfeatures may include the display of vertical movement or|closure rate of
the other aircraft. The Window View, is a Side-On view that does not include the own ship, but
displays the window-like view of the airspace in front of the own ship (an insidg-out view). The
isometric enderlng in Figure YY |IIustrates how a Side-On V|ew format can pro ide good vertical
separatio lane transecting
the viewing direction. However this view lacks range information (except that provided by known
size cues). The perspectival rendering of the profile view in Figure YY illustrates that this view
can provide some relative range information (e.g., the wings of the cross shaped building are
now visible as being farther away than the front of the building). However, as with the plan view,
this comes at the price of perspective transformations that may make the vertical separation
information less usable (e.g., the relative height of the two buildings is not as sharply delineated).

e through the

n to flight crews.
wn ship. There
/ interesting. The
View). In the
blative to the own
path may project
ght plan. The
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7.1.1.1 (Continued):

7.1.1.2

7.1.1.3

Off-Axis View: Plan views and Side-On views are typically based upon easily understood, or
intuitive, lines of sight, and are selected to highlight vertical or horizontal separation. As such
they always tend to collapse out one dimension of separation, i.e., vertical separation in the plan
view or one of the two dimensions of horizontal separation information in the Side-On view. An
off-axis view results in the representation of horizontal and vertical separation information within
the same image. Off-axis perspective views have been recommended as a means for giving
flight crews 3-D information. The off-axis view is a projection of information on a slice through
the airspage that is neither horizontal nor vertical. In the off-axis view the aircraft’s predicted path
is not inhefrently associated with any of the three display axes (left-right, up<doyn, in-out). The
forward pqsition of the Other aircraft on the display are typically measured in thHis same plane;
however, fhe distance of the Other aircraft to the side of the intended{light is npt inherently
shown on this display. Issues remain with methods of displaying therelative horizontal position
and horizgntal closure rate of the Other aircraft. Different scaling will be requirg¢d for the vertical
(altitude) and horizontal (forward distance) axes. Other featutés may include the display of
vertical mpvement or closure rate of the Other aircraft

Mode of Information Coding: Flight Displays can showinformation using a method depiction
ranging frgm literal to abstract. Functions of the CRTI system should be analyzed to identify the
specific information which must pass from the system to the flight crew (display) and that which
must flow from the flight crew to the system (¢ontrol). This analysis should make it possible to
decide hoyv to organize and present information to the flight crew (e.g., analog jversus digital,
literal vergus abstract, continuous versus:demand driven).

Method of|Presentation: A CDTI may be implemented on a heads-down display, such as an
independgnt display or an integrated primary flight display. It may also be implemented on a
HUD. When combined on aHUD with “look-here” symbology this type of display has the
potential tp aid visual acquisition for both collision avoidance and procedural pyrposes. The
method of|presentation.within the cockpit must be appropriate to the pilot’s primary scan, CDTI
application and flightyphase workload. Certain procedures, such as in-trail following on final, may
require traffic information to be presented on a HUD. With current HUD system, features will be
typically be limited to green wire frame objects, and the field-of-view is limited. An inherent
concern wjtheuse of current HUD systems is that the pilot can visually fixate on the HUD and as a
result co f f fe f Tew: ; ology emerges it
is expected that HUD design will employ multi-color, permit shaded objects, and cover a greater
section of the pilots’ field-of-view.
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7.1.2 Alerting and Command Displays: Visual displays may also serve to provide the flight crew with
alerts, which serve to direct the crew’s attention to some element of the traffic situation, and with
commanded avoidance maneuvers or actions to resolve a traffic conflict. These alerts and
commanded actions would be generated by an automatic system working in coordination with the

CDTI.

The alerting and command displays may be integrated with a spatial presentation of the traffic. For

example, with a plan view CDTI format, the specific aircraft involved in generatin

g the alert or

commandeo
highlighted ¢

displayed difectly on the screen.
The alertingland command displays may also be displayed on a separate sectio
as one form|of the current TCAS display which combines command information i
the display, pnd spatial traffic presentation in the center of the display.

7.1.3 Aural Displays: Candidate CDTI concepts may use an aural (voice or tonal) disp

may replace

equipment. [Displays with fine gradations of tone or modulation to provide a "3-D|
require spedialized audio equipment.

actions may be highlighted, the projected point of closest approach
n the display, and commanded maneuvers or "non-transgression.zog

may be

nes" may be

of a CDTI, such

h the outer rim of

ay. This display

or supplement graphical displays. Both basic state information abotit other aircraft
and warnings/alerts may be provided. It is possible:to‘present aural displays with current aircraft

' effect typically

7.1.4 Tactile Displpys: System designs should beflexible enough to support tactical parameters;

however, it is not required to provide theé parameters in all implementations.

7.2 Conceptual Near Term Uses of CDTI:

For near-term

facilitate enhancements towisual acquisition, enhanced operations in the oceanic 4
domains, and|increased:gonflict awareness. A brief description of these applicatior
below (see Miindra, gt.al. for in-depth discussion of the concepts).

7.2.1 Enhanced Misual Acquisition: A primary task for pilots is to maintain awareness o

CDTI design guidance, emphasis is being placed on developing recommendations to

ind terminal

s is provided

f nearby air traffic

5ss the threat

by maintaini

4 P ! L b £l o - . () H PR -y
Iy a turistarit visudl stall. 11 iraltiv 15 SIyritcuy, i Prnut TTust 1Mot aAss

posed by the intruder aircraft then, if necessary, maneuver to avoid the other aircraft. This strategy
for collision avoidance is termed “see-and-avoid.” The effectiveness of see-and-avoid depends on
the ability of a pilot to visually acquire the intruder aircraft early enough in the encounter to enable

threat asses

sment and avoidance.

Previous work has found the CDTI could assist pilots in this visual acquisition task by providing a
display of nearby traffic (Andrews, 1984; Andrews, 1991). From the pilot’s viewpoint this function
could be considered an automatic version of the VFR traffic advisory service provided by ATC, but
the CDTI would be available in areas outside of radar coverage, where traffic advisories cannot be

provided.
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7.2.2 Enhanced Oceanic In-Trail Climb/Descent Procedures: The CDTI would enhance the In-Trail
Climb (ITC) and In-Trail Descent (ITD) procedures that have been certified on a trial basis for
certain portions of U.S. air traffic service provided oceanic airspace (Cieplak et al., 1995). The
current procedures authorize the use of the TCAS Il traffic display for climbs or descents through
the altitude of same direction traffic at separations considerably lower than standard non-radar
separations, when certain display adequacy requirements are satisfied and the required training
has been accomplished.

7.2.3

7.2.4

The procedd
rate by the t
cumbersom
procedures.
the traffic an
nmi would b
benefit by p
currently reg
requirement
knots closur
separation r
inadequate

Facilitate St
keeping is tf
established.
maintain a
information

distance. In
and not reqy

res require positive identification of the lead aircraft and an establish
railing aircraft. These requirements are currently accomplished-in.a
b manner through voice communications and the use of trangponder
The CDTI could significantly enhance these procedures by providin
d the closure rate on the traffic display. A minimum receftion and di

oportionately increasing the applicability of the precedure. The rang
uired to be accurate to within a mile, and therefore’the CDTI must al

The procedure is sensitive to the value of the.elosure rate, allowing
b between the two aircraft to initiate the climb.”Finally, the procedure
psponsibilities, and incorporates certainidistance safety buffers due
hvailability characteristics of the current traffic display.

ment of closure
somewhat
squawk-standby
j the identity of
splay range of 20

E required, but longer reception ranges of up to 120,nmi‘'would provigle increasing

e readout is

50 meet that

a maximum of 20
Litilizes traditional
artly to the

htion Keeping in Oceanic, En Route, and Remote Non-Radar Airspa
e monitoring of longitudinal and/or lateral distance once a desired in

tial implementations-of this concept may be procedurally based, simil
ire any change(in Separation responsibility.

Enhanced Misual Approaches: Visual approaches are the backbone of operation

airports in th
advisories
approach cl
is more wor

e U.S._and in certain other parts of the world. During visual approa
e issued to pilots, and once the pilot confirms visual acquisition of tr

ce: Station
erval has been

During station keeping in.non-radar airspace, ATC could instruct the flight crew to
pecific distance from a lead aircraft (say 20 nmi). The flight crew wopld then use
jerived from the CDTI to judge maneuvering of own aircraft to maintgin the specified

r to the ITC/ITD,

s at major
hes, traffic
affic, a visual

arance is issued. The process of issuing traffic advisories and waitin

g for confirmation
sver this increase

in workload is accepted because of significant capacity gains (Lebron, 1987). The CDTI could help
to enhance visual approach operations in one of several ways including:

oo oW

Reliably

Improved visual traffic acquisition (Andrews, 1984)
Aid to positive identification
Enhance pilot judgments of closure and encounter geometries (Olmos, et al., 1998)

conduct visual operations to established weather minima
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7.2.5 Facilitate Closely Spaced Parallel Approach in IMC: The Closely Spaced Parallel Approaches
(IMC) application is an alternative for providing the safety required to conduct parallel ILS
approaches to the current minimum spacing for wake turbulence independence, 2500 ft, or
potentially even closer runway spacings. After standard separations are lost during the respective
“turn ons” to the final approach courses, separation could be provided procedurally through
navigation on the localizers. The CDTI could be used to assist flight crews in maintaining tight
stagger position control throughout such approaches (Sorenson, et al., 1991). Conflict resolution
logic would be used as a backup to prevent a collision hazard in the event of an error or navigation

blunder.
7.2.6 Enhanced O
standard rac
diverge by 1
reduce depa

eparture Spacing: In today’s environment, successive departures af
ar criteria during IMC. The distance can be reduced to 1 mil€ if dep
5° or more. This requirement equates to several minutes/delay and
rture capacity causing delays at the departure airport_By observing

departure o
aircraft's alt
begin to inc
clear the sp¢
preceding a
the departur
7.2.7 Increased C
onto the bag
automated §

FLIGHT DECK

Addition of the f
cockpit display

factors. These i
integration, info
requirements ar
related areas of

[
}ease, the pilot would inform the appropriate controlling ATC facility, \

the CDTI, a pilot could depart behind another airetaft as soon as th
ude begin to increase. Upon seeing the altitudé’readout of the prec

beified aircraft for takeoff. The pilot would ther maintain a specified d
rcraft using the CDTI. By using this technigque to reduce departure sg
e capacity should increase (Sorenson) et al., 1991).

onflict Awareness: The inclusion of Traffic Advisories (TAs) within th
ic traffic awareness function pfthe traffic alerting capability. This wo
id (e.g., aural, visual) to the_pilot for detection of potential threats.

NTEGRATION:

ight crew interface (controls and displays) and processing unit comp
pf traffic information (CDTI) system into the flight deck should consid
hclude: integrated design versus dedicated design, design consisten
mation ‘requirements, interaction with other aircraft systems, mission
d future growth requirements. Also, the CDTI system interaction with

e separated by
prture courses
can significantly
a previous

b departing
bding aircraft
vho then would

jstance from the

bparation in IMC,

e CDTI builds
uld give an

onents of a

er a number of
Ly, pilot/vehicle
and operational
the flight crew-

workload, situation awareness, training and procedures must be adg

ressed to satisfy

(existing and p
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ted multifunction

or layered displays, issues may arise such as problems with flight crew awareness of the current
display mode or status. Testing of these display concepts before implementation is highly
recommended. For example, on any particular display space, traffic information may not be the only or
primary feature. Several other things can be shown, including: various alerting information, weather,
terrain, flight path, nav. data, airspace, and representations of aircraft state. This combining of
functions on a single display may be a function of display-space limitations, or it may instead be
convenient for the flight crew, allowing simultaneous consideration of related information.
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8.1 Design Consistency:

8.1.1 Overall CDTI System Design Consistency: The CDTI system should be consistent with the rest of
the flight deck in terms of color, standardization, automation, symbology, interaction techniques
and operating philosophy Reference AC 25-11.

8.1.2 Alerting System Design Consistency: The standardization fundamentals recommended in the
FAA Aircraft Alerting System Standardization Guidelines (ref: Berson, et al.) should be applied to
the CDTI digplays and controls to promote a consistent implementation philosoplhy on the flight

deck . Fort

hose flight decks that utilize an integrated alerting system, the €DTI should be

integrated iffto that system. For retrofit applications, the guidelines set forth’in thelabove document

should be u

8.2 Display Integration:

existing avignics system, but instead requires either one of.two separate display

sed.

. Significant

8.2.1 Dedicated DTI Design: The dedicated CDTI concept requires minimal or no inigration with the

constraints
placement
This type of
avionics arc

shown in Figure 4.

re that available space in the flight deck must be available to accommodate the

a dedicated display, and any single display be viewable by both the pilot and co-pilot.
approach will typically be used on flight decks with analog avionics of with a federated
hitecture. The stand-alone approachfor these aircraft could use a separate display as

FIGURE 4 - Dedicated System Placement
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8.2.2 Shared Displays: As the amount of information available to the flight crew increases, methods of
displaying and manipulating that information should be made available. Conventional and hybrid
flight decks may require the CDTI display to be shared. Display sharing may be done either by
space (e.g., split display) or time. Strategies to allow the flight crew to manipulate the shared
display of information should be provided. The use of time-shared displays tend to be useful for
independent functions and procedures. Space-shared displays tend to be useful for related or
same functions where the need to provide complementary information exists. Display clutter and
symbology size can be an issue for shared displays. The use of time-shared displays may require

8.2.3

8.3

8.3.1

8.3.2

an alerting f
displayed.

Integrated M
growth. The
integrating n
current avio
and/or aural
images. Inte
CDTI systen
implementin

Interaction Wi

CDTI may oftg
benefit, or lac
coordination v

Alerting and
system, the
required for
for monitorir
traffic conflic

Care should

inction to indicate any change of information on the system(s) not ey

ultifunciton CDTI Design: The glass cockpit provides the potential f
glass cockpit is capable of displaying multiple imageson’the same
hultiple video/sensor input sources. The integrated CDDI approach w

information to be displayed separately or on th€/same surface as ot
rface control shall provide the needed selections to the flight crew to
N. The glass cockpit permits an integrated design; it does not precludg
g a dedicated system.

th Related Flight Deck Systems:

kN be used in coordination with*other systems, driven by closeness o
of display space. This se€tion lists some of the systems which may
ith a CDTI.

CDTI provides alerts and command information related to maintainin
the current application. CDTI may be used in coordination with an a
g for confliets and/or generating suggested or commanded actions to
ts.

be.taken that: the alerts appear justified by the presentation of the C

rrently being

r functional
surface by
ould require the

nics system to be equipped with a device that would<allow the CDTI graphical, textual

ner existing
manipulate the
 the possibility of

f function, mutual
be used in

Separation Assurance Systems: When used in conjunction with a cgllision avoidance

g the separation
Itomatic system
resolve potential

DTI; the nuisance

alerts be mi
information.

rimtzed and-that-the aimﬁllg systemrattempts—to iIIbUIpUIatU ait-theother integrated

Autoflight and Flight Management Systems: Current and conceivable future implementations of
CDTI may incorporate information concerning the Autoflight and Flight Management Systems.

These systems may contribute information to the CDTI to present information about the intentions
and future trajectory of the own aircraft directly on the CDTI. Some implementations of CDTI may
be integrated with the navigation display, requiring the simultaneous presentation of trajectory
selections and traffic information. With such an integration, longer-range implementations can be
envisioned in which such a combined display may be used as an input device to the autoflight
system; for example, a pointing device may be used to determine and select a deviation around
other traffic.
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8.3.3

8.3.4

8.3.5

Data Communication Systems: Forms of datalink and/or broadcast data (ex. VDL mode 4, UAT,
and Mode S) will most likely become the principal information sources for CDTI implementations
which could provide information elements such as the future trajectory of other aircraft. As flight
crew involvement in decision making about traffic separation and traffic flow increases, the data
communication systems will become increasingly linked with the CDTI. For example, ATC or other
flight crews may request or suggest traffic deviations for the own aircraft and for themselves, which
could then be presented on the CDTI. Additionally, in future systems, CDTI may serve not just as

a display but as input device for specifying trajectories, and for negotiating trajectories with ATC
and/or with other aircraft.

Due to the p
compensato
addressed @
elements of

Existing Col
on any collig
aircraft whic
Collision Av
installing CL

ersistence of its presentation of information, CDTI may also seryé’ag
ry mechanism for “Party Line Information” loss due to a transition to
atalink communications; such a benefit will only be fully acheived, hg
Party Line Information which require presentation are available on th

ision Avoidance Systems: Any implementation of-CDTI must also c¢
ion alerting and avoidance systems presently if_thé own aircraft, ang
h interact with the own aircraft. Such systemswould primarily be the

a possible
discretely-
wever, if all
e CDTI.

nsider its impact
| also in other
Traffic Alert and

pbidance System (TCAS Il), updated versions.of TCAS, and TCAD; mjlitary aircraft

Tl for use in civilian airspace may also meed to consider current stat

formation flying systems.

In all cases,
systems. T
not fundame
pilot conforn
symbology 4§
components
a potential ¢

CDTI implementation must not interfere with the operation of the col
this end, CDTI must not proyide conflicting information to the alertin
ntally change the presentation of information specified as being requ
nance to avoidance maneuver commands, should consider the impa
ind display format changes from those currently used by the system’
, and must not detract or distract the pilot’'s attention from the avoida
ollision is projected to occur.

avoidance s
considered
of CDTI fun

CDTI has thE

potential:to-support the occasional immediate information needs of

onkeeping and

ision avoidance
g system, should
ired for proper

ot of CDTI

5 CDTI

nce system when

the collision
enefits should be

stem in.addition to the possible functions described in 7.2. These b

tions with TCAS collision avoidance functions may require specific i

nd_tested in the design of new CDTI functions for additional applica:lions.

Integration
formation

requiremen

1 .
arlidalyolo.

Flight Management System (FMS): Flight crew interface with the CDTI System may be different
for FMS equipped aircraft. For aircraft equipped with FMS functions in the current avionics, a

logical design approach would be the integrated approach. As a result flight crew interaction with
the CDTI may be through the FMS. For aircraft that are not equipped with a FMS system, then a
separate navigation source and flight crew interface needs to be retrofitted to supply the necessary
navigation information and crew control. For CDTI display, own-ship position and velocity data
should be consistent, i.e., use the same reference system, as displayed target data.
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8.3.6 Aircraft System Integration: When the CDTI is integrated with other aircraft systems, the design
should ensure that all data displayed is referenced in the same way and is displayed at the same
scale. For example, heading-up oriented data should not be displayed simultaneously with track-
up oriented data. One should be converted prior to display. For a second example, if a CDTI
display is also displaying weather radar information, the design should not allow the range-scale of
the weather data displayed to be different from the range-scale of the traffic data that is
simultaneously displayed. If there are separate range controls for different functions such as radar
and traffic, one control should affect the range setting for both functions when they are both active.

Caution andLWarning System: Priority of warnings, cautions and alerts shall.-give

8.3.7 high priority to
safety of flight including collision avoidance, visual acquisition, terrain avgidance]| and hazardous
weather megsages and lower priority to procedural and efficiency of flight messapes.

8.3.8 Autopilot/Autothrottle/Flight Director: Hardware and/or software,inferfaces may he required to

provide the flight crew with guidance-based information and centrol if the CDTI system is
integrated wfith the autoflight system.

8.4 Integration with Mission and Operational Requirements:

8.4.1 Operator Tasks: New or different flight crew tasksiassociated with the use and/of operation of the
should not adversely affect performance of existing tasks.

8.4.2

8.4.3

8.5

Flight Crew pnd Controller Coordination; , Presentation of traffic information in the
increases thie capability of the flight creiwto be more actively involved in traffic se
traffic management, requires a method for managing the information and proced
flight deck, and changes the rolesthey are willing to accept in relation to the air tra
and other aifcraft. Therefore,the addition of increased information content in thg

flight deck
paration and air
ires new to the
ffic controllers
flight deck

through impfoved CDTI functions should examine the need for changes in flight cilew and controller

coordination proceduress.and should take into account changes in flight crew ang
communications that may arise in real operations as the air traffic management
more obseryable hythe pilot.

| controller
rocess becomes

e roles and

Allocation of Responsibilities and Functions: CDTI has the potential to change tf
responsibilit f - f f

mated systems.

The CDTI implementation should support coordination between the flight deck and ATC. Allocation
of responsibilities among flight crew, controllers and automation should not adversely affect

performance of existing tasks.

Information Requirements:

8.5.1 Data Sources for CDTI: Information for presentation on the CDTI system may be from single or
multiple sources. These sources include but are not limited to ADS-B, TIS, navigation flight
management system, on-board wx/terrain and TCAS. A means should be provided to obtain a

figure of merit of the data and to control the data source.
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8.5.2 Sensor/Data Fusion: Sensor/data fusion is the integration or merging of data from multiple
sensors to enhance sensor viewing resolution and accuracy. Sensor fusion should be used to
assist human decision making by integrating large amounts of sensor data into adequate

information.

8.5.3

Datalink Fusion: Datalink fusion is the integration or merging of data from multiple datalinks.

Fusion of data from multiple datalinks may have temporal as well as identification considerations
as datalinks may not all have the same transmission or update rates.

9. FLIGHT CREW

Decisions about

should be base

and the availabl

compliment will
control compon
reach envelope

In general, traffi
(or combination
the information
the flight crew’s
information.

9.1 Visual Display

Visual display|

generally pref
with graphical

dependent. In

1987):

a. Rate-of-ch

b. Estimatio
C.

INTERFACE CHARACTERISTICS:
the type, number, and location of the displays for effectivednformati

not only on how the system will be used, but also on thé/geometry
technology. Such variables as flight crew coordination, operationa

C information can take a variety of forms:from situation information to

s presented. Normal traffic informdtion should not use the alerting s
attention. Alert urgency should-be part of the information contained

Characteristics:

5 can present traffigiinformation in two ways: graphical or textual. W
br a graphical (i(ey, analog) display, cognizance and performance is 1
representations. That is, performance with either display format apq
general,-adqraphical format is favored under the following conditions

ange information needs to be perceived.

dictate the number of displays and have an effect-an the design of th
bnts. Displays and controls should be located within appropriate vistu
5 and so that there is no sight line interference-from the design eye r¢

5 of information). The urgency of the information to the flight crew sh

DN presentation
pf the flight deck
procedures, and
e display and

al angles and
pference point.

ime-critical alerts
ould dictate how
ystem to attract

n the alert

hile users

ot always better
ears to be task
(Helander,

) P HPWA | Lol 1 H HT| ) H
S Ul'U1IT variavic S TTaylimuutc daiT TITTUTuU WriciT It 1s Tapiuly tialriygiing

The deviation of the variable from a prescribed limit needs to be determined at a glance.

In addition, the graphical display of information is favored when the information is inherently spatial
and multiple spatial relationships need to be determined at a glance. Both information mediums can
be displayed within a stand alone or shared traffic display. Many of the recommendations listed
below are applicable to all display types (e.qg., location, size, and resolution), however, if a guideline
is specific to a display type, it will be so stated.
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9.1.1 General Dis

play Recommendations (stand alone and shared):

9.1.1.1 Display Location: CDTIs and their associated controls should be co-located to the maximum
extent possible to facilitate parameter adjustment and monitoring function selection. During the
normal operation of associated controls, or when the flight crew is engaged in normal cockpit
window monitoring, all areas of the CDTI shall be visible to the crew from the design eye
positions, assuming binocular vision. If a third crew member is required to monitor the CDTI, it
should be visible and legible from the seated position with the (shoulder) harness condition

specified f

9.1.1.2 Display Si

resolution

application.

9.1.1.3 Brightnesy

maximum

pr the phase of flight
ve, Addressability, and Resolution: The CDTI should be of sufficient

and addressability to provide visual resolution adequate to(perform

. The display brightness should be sufficient to previde a usable dis
ambient illumination level appropriate for the location of the display.

control cap be automatic or manual. If a manual controlis provided, it should all

to adjust t
appropriat
maintain u
9.1.1.4 Color: Sin
informatio
can also b
traffic sym
assessme

General: T

a. Color §
(espea

b. Adjace

e brightness to obtain usable display conditions under all illuminatio
b for the location of the display. If automatic brightness control is pra
sable display brightness appropriate t@ the display location.

ce color does not require focal attention it is highly useful for “at a gl
n. In particular, it can be used as a cue that “pops out” (e.g., alerts,
e used for more global figufe-ground segregation and grouping (e.g.
bology from surface or terrain symbology). Thus it supports immedid
nt on a display (Reynolds & Metcalf, 1992).

he following aré general observations on the use of color in displays

btereopsis-causes reds to appear to advance towards the viewer and
ially when‘viewed against a black background).

size, physical
he intended

blay under the
The brightness
ow the flight crew
n levels

vided, it should

hnce” retrieval of
ighlighting) and
distinguishing
ite situation

blues to recede

nt.colors should not be equal in luminance when discrimination of ed

ges or detail is

import

and thus borders between colors of equal luminance appear blurry.

Tl H L L L ol Ll H L H
ant—tstshecatsetnehuman cyeusesarrerencesiumnmance t0 detect edges,

The human eye is more sensitive to colors in the middle of the spectrum (greens and yellows)

than at the ends (reds and blues). Consequently, greens and yellows appear to be brighter
than reds and blues, with lowest subjective brightness for blue.

d. Color choice standardization with the rest of the flight deck should be considered.
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9.1.1.4 (Continued):

e. Colors associated with traffic alerts should be consistent with previously adopted standards
(see TCAS MOPS and ARP4102/4). In particular, red should be used for situations that
require immediate action, and yellow/amber should be used to signal situations that require
immediate awareness and possible subsequent action. If the meaning of the color is
important it should be redundantly coded with another visual cue (e.g, shape, size).

Backgrounds: High saturation backgrounds should be avoided as they tend to produce color
illusions vjtlen color is layered onto them and make it difficult to emphasize forgground

informatiop. Care should be used because selecting black as a background befause it causes
colors to gppear to “float” at different depths. Mid-luminance background ‘colorg are
recommerjded over black as they improve color perception, color disgfimination and depth of
field. They render the display visible with higher levels of ambient illumination than do displays
with black|backgrounds. When background detail is being depicted; shape coding is preferable to
color codiaTg. This is because details depicted in unsaturated.€olors may be di]:ficult to
discriminate, especially if the background is colored. A rafig€ of grays can be lised for this
purpose.

Alphanumgrics: Because of issues with contrast and discriminability of fine defail in color,
achromatig colors (black, white, and shades of gray) are especially suitable for|text and
numerals.[In particular, black text offers a high/contrast against many colors of pbackgrounds.

Visual Fat|gue: Highly saturated reds.and blues are not suitable for text or small symbols

because they have a tendency to be.Seen on different visual planes, and thus flesult in focusing
problems and visual fatigue. Thusthighly saturated colors should be reserved for alert purposes
only, whene information must be relatively intently focused for relatively short pgriods. Because
achromati¢ colors are also vistally restful, and because too many colors on a d|splay can lead to
fatigue angl confusion, shadges of gray are good choices for lines and symbols.
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9.1.1.5 Declutter Interface: Methods for alleviating clutter are recommended because of the potential
amount of information to be displayed on a CDTI. Two main methods for clutter alleviation are
suppression/removal of information and more effective display organization. In addition the
following observations on clutter alleviation apply:

a. The effects of clutter may be alleviated by manipulation of conspicuity. Brighter (more
luminous) features tend to be more conspicuous (attract attention), and therefore limit search
time. In addition, when a number of identical features are coded using two equally

conspi
attenti

b. The ef
Group
of item
mentig
spatial
counts

c. The pg

cuous colors, the features in the color that appears least often will at
DN.

fects of clutter may also be alleviated by the grouping of information
ng assists a user to focus attention on subsets of items, and this may
s examined when searching for a targeted item. Grouping using the
ned above (hue, value, and saturation) is very effective, as is groupi

r-productive to organizing information.

tentially large number of surface aircraftinrclose proximity during tak

ract the most

hnd symbology.
limit the number
color properties

ng based upon

proximity. However, a large number of colors of_ brightness levels may actually be

e-offs and

landinggs may create substantial display clutter.” Therefore, methods, such as allowing

remov
and la

d. Grouping and separating information is also a function of the context, shap

identity

e. Transy

overwliting data tags){ For more information on how to achieve transparend

and M

f. Critical
is una
with a

bl of all surface traffic, shall be provided to alleviate the display clutte
ndings.

and presentation (in respect to timing) of the colored area.

arency is helpful forsreducing or eliminating the problems of overwrit
btcalf (1992).and Birren (1981, pp. 99-103).

informatien must not become unavailable, or become so obscured t

vare ‘of its presence, due to clutter. Therefore, the flight crew must al
means of selectively removing data or relocating information to a diff

¢ during take-offs

b size, and

ng (e.g.,
y see Reynolds

nat the flight crew
lvays be provided
brent area on the

display-te-g-bymovingordraggingaminformationtag-toanunciuttered-pat

by “bringing it up” in a dedicated information box).

of the screen, or

g. Decluttering options should not lead to loss of information required for aircraft operation. To
this end, “automatic” decluttering (e.qg., deleting/relocating information without user input)
should be avoided whenever possible, and symbology indicating cautionary or above alert
levels should be protected from removal.
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9.1.1.6 Mode Annunciation: The system may operate in different “modes” in which the information
provided to the crew is dependent on the functions being performed. The mode of the system at
any one time may be automatically determined or selected by the crew. The operating mode of
the system should be clearly indicated. All mode changes should be highlighted to aid the flight
crew in determining that a mode change has occurred.

9.1.1.7 Status Annunciation: Failure, degradation, and level of performance of the CDTI or other

componen

t of the system should be clearly indicated.

9.1.2 Graphical Information:

9.1.2.1 Traffic Sy
majority of
should be

CDTI are those which depict traffic and own ship. These symbols have some ¢

following
properties
associateq
about airc

hbology: The symbology and associated text on a graphicaldisplay
consistent with currently utilized symbols. The most important symbq
roperties: size, shape, hue, saturation, brightness,”orientation. For e

textual tags. Dynamic changes to aircraft symbology should not lea
aft identity.

ye: Traffic symbols must be large gfibugh to be easily seen and reco
lead to undue clutter.
different sizes (ICAO, 1993).

possible, brightnesscontrast rather than size should be used to adju
e.

r sized syfmbols may need to be solid (filled) in order to be adequate
hckground'information.

should be an easily perceived location on the symbol that most clos

fepresents the

CDTI specific information. Unless there is a demonstrable improvement, symbology

Is on a graphical
r all of the
ach of these

there may or may not be associated meaning.: In addition, each symbol may have

1 to confusion

jnized, but not so

hol size is to be used for discrete coding purposes then it should be limited to two

5t symbol

y discriminable

bly approximates

Symbol Si
large as ta
a. If syml
widely
b. When
salieng
c. Smallg
from b
d. There
the lo

4 £l ! HY (I £b /[ ) + £ H 1 H £+
aAaliurm uruic ucyivicu aifiliait (C.4., Ui LCCTICT Ul a Littulal aittrart SyItl

a wedge symbol).

ol or the apex of

e. In general, small symbols will need a greater luminance contrast than linear features if they
are to be of equal conspicuity. Colors for lines should be relatively unsaturated with just
enough luminance difference to ensure good visibility without being intrusive. Luminance
varies with line thickness. If lines of different thickness are to be of the same conspicuity, the
thinner lines must have added luminance.

Symbol Shape: The complexity of the symbol shape may have an impact on usability.


https://saenorm.com/api/?name=27f81109971d4a0b588b342011e32281

SAE INTERNATIONAL

ARP5365™A

35 OF 49

9.1.2.1 (Continued):

Symbol Orientation: Symbol orientation can be an important characteristic since aircraft have
direction, and pilots may intuitively encode this information. Symbols such as chevrons, or
circles with predictor lines are potential examples. It takes much longer to visually “read”
complexly coded shapes unless these shapes have highly intuitive meaning. In addition, for any
fixed symbol size, higher resolution displays are required to adequately render more complexly
articulated shapes. Thus more complex shapes must generally be larger, and therefore more

cluttering.

Trend Information: Studies of CDTI usage have shown that Graphical trend/syr
desirable for some functions (Jago and Palmer, 1980; Lester and Palmer,)1983

Baty, and
expected
In either c
next "X"
although ¢
associated

Predic
of tren
underl
traffic

relativg

a.

Groun
groung
are us

Own s
respeg
These
will ca

'Connor, 1980). Graphical predictors may show a predicted path th
o take, or a position that an aircraft is predicted to occupy’at some p
hse predictors may either be time-based (extended outialong the pred
inutes) or distance-based (extend out along the predicted path for th
onflict prediction requires time based predictions? "Different predictor|

with different functions or usage.

for reference frame: Generally, one of two.reference frames are usec
0 vectors: ground referenced, which presents predicted movements
ying ground plane; and own ship referenced, which presents predictg
vith respect to own ship. Own ship referenced predictors may also 4
b trend predictors.

J referenced predictors tepresent predicted movements over a stable
plane. These predictors may predict either traffic or own ship path

hip (relative)referenced predictors represent predicted movements g
t to own ship-(e.g., predictors from which own ship motion has been
predictors’have been shown to reduce reaction times for the task of

bful for monitoring-and maintaining spacing intervals between aircraff.

Ise_aconflict, even in high traffic densities (Lester and Palmer, 1983]).

hbology may be
; Palmer, Jago,
at an aircraft is
pint in the future.
icted path for the
e next "X" miles),
types have been

in the depiction
pver a stable

d movements of
e referred to as

b underlying
hnd position, and

f traffic with
subtracted).
dentifying who

If own
result i

n confusion.

:Iip arch gluulluI referenced plcdh,tma are-mixed;care-shoutdbetaken that it not

When the paths of a large number of aircraft are being predicted, methods for reducing the

cluttering effects of presenting large number of predicted paths should be instituted.

If predictor indicators are to be useful at a variety of ranges, then they must be able to be

adjusted to different lengths (e.g., a five mile predictor is too large if the display range is five

miles,

but may be too small if the display range is 160 miles).

of the aircraft, then they should be based on a time criteria.

If the predictor indicators are designed to aid in extrapolating the 4-D (space and time) path
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9.1.2.1 (Continued):

9.1.2.2

9.1.2.3

A significant number of studies have examined various ground referenced predictor concepts
(Hart and Wempe, 1979; Palmer, et al. 1980; Sorensen, 1983; Sorensen and Goka, 1983;

Sorensen, et al. 1990; Williams, 1983; Williams and Wells, 1986). A summary
recommendations based on these findings are as follows:

of the

a. Distance spacing criteria are of limited use for decelerating situations, which are typically
found in terminal area approach operations. The results of these studies indicate that

distan¢e spacing criteria should only be used for constant-speed operation
suitable for terminal area station keeping.

5 and is not

It was plso noted that it was difficult for the pilots to detect a change-in the $pacing interval
and that once spacing became too close, it could not be regainéd. In this rggard, a
decelgration cue for the leading aircraft was found to be mor&important thgn sensor
accurgcy. Both groundspeed information of the leading air¢raft and a relatiie predictor of the

leading aircraft’s position have been found to be beneficial in providing this
information.

b. An airorne time-based queue may be used toqneet an ATC distance spac

deceleration

ng requirement.

To support this capability, the desired Final Approach Fix crossing separation, R¢oss, and the
crossing speed, Voss, Must be known. Bath of these variables may be proyided by ATC or
may be part of a standardized clearance for use in this type of operation. With both R,oss and
V¢ross KNown, the time constant Tp yvalue to be used for all of the time-based criteriais Tp =

Reross I Veross: FOr example, to obtain a 3 nmi separation with a 150 kt FAF
would fequire a 72 s separation_ interval (Williams 1983).

Traffic Up:ﬂate Rate: Trafficcupdate rate should be sufficient to support the inte
In betwee

the maximal extent possible, all aircraft on the display should show equivalent
motion.

Symbol Pé¢rsistence: For information or symbology in boundary conditions, cy(
conditions|should be prevented. Three examples of such cycling are

crossing speed

nded application.

updates, traffi¢ should be extrapolated in order to maintain smoothrjess of motion. To

smoothness of

ling between the

a. Altitude tag fluctuation, such as cycling between +10 and +11 when target
own ship.

is 1050 ft above

b. Traffic symbol fluctuation, such as cycling between a displayed and a non-displayed state

when target is flying right at the limit of the display filter.

c. Alert level fluctuation, such as cycling between higher and lower alerts whe
boundaries.

n at alert level
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9.1.2.4 Reference Frame: The 2-D Plan View Display can function with a heading-up/track-up or north-
updisplay viewpoint. In general, the north-up display has been found to facilitate the formation of
a “cognitive map” (Aretz, 1991). However, the costs of mental map rotation associated with the
north-up format have been well documented (Aretz & Wickens, 1992; Olmos, Liang, & Wickens,
1997). As a result, whenever possible, a heading-up format should be the default view for the

Plan View Display with a north-up option available to the operator. If both formats are available,
provisions should be provided to allow the operator to switch from a heading-up to a north-up

orientation with a single action.

9.1.3 Textual Infoymation (dedicated and shared graphical displays):

9.1.3.1 Target Flig
To minimi3
filters, etc,
with a sing

9.1.3.2

Altitude in
encoded t

a.

Altitudge information should allow the flight crew to discriminate altitude to at

100 ft.
For te
relativeé
altitudg
When
exclus
format

When

Climbg

ht ID: Target Flight ID’s should be available for all cooperating aircra

may be provided and/or provisions may be made to allow the remo
le action.

ormation should be available for all cooperating aircraft on the displ3
bxtually or graphically.

tual data, altitude information may be coded in terms of absolute alti
b to own ship or both. ProviSions should be made to allow the operat
e indications.

altitude is displayed'solely in textual format, relative and absolute fo

ve options (thefewill be no mixed presentations with some aircraft u
and other aircraft using absolute formats).

/descents should be indicated when above 500 ft/min (e.g., up and g

ft on the display.

re display clutter when presenting Flight ID’s, display filtefs(e.g., altitude filters, range

val of Flight ID’s

y and can be

least the nearest

ude or in altitude
Dr to switch

rmats should be
sing relative

pltitude filters are being used, a means should be available to ascertain the filter value.

own arrows per

NAADC

TCAS

AN
VIVUT o).
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9.1.3.3 Abbreviations: Since display clutter is an important CDTI issue, abbreviation will be an important
technique. Moses & Ehrenreich (1981) found that the most important principle is to employ
consistent rules of abbreviation. Norman (1981) states that abbreviated terms should be as
logical and meaningful to the user as possible. In any case, the operational context must be
such as to resolve any ambiguity in an abbreviation. In addition, the following has been found or

9.1.3.4

proposed

a. Word combinations should be abbreviated by using the individual abbreviations separated by

a spage.

b. Avoid
than F

c. Use sl

FLIGHT DIRECTOR).

d. Upper
for me

e. Normgn (1981) suggests that minimum relatively uniform abbreviating pring

emplo

f. Mosegq & Ehrenreich (1981) found thattruncated abbreviations are process

contra

Data Tag:

specific trgffic symbol. Datatags are important elements within graphical display

present in

a. Atam
traffic
tag (e.

Ising periods and use hyphens only to improve understanding,(e.qg.,
PLN).

hshes to indicate dual or alternate functions (e.g., AP/ED = AUTOPIL

case letters are used except where lower casg)letters are standard f
reury).

ed (i.e., all abbreviations of commaon length).

cted abbreviations.

A CDTI data tag may be defined as one or more text strings describ

nimum,\the data tags should include target altitudes (relative or MSL
bn a 2‘D Plan View Display. Other information may also be included
g flight ID, ground speed, altitude rate).

F-PLN rather

OT and/or

ractice (e.g., Hg

iples should be

Pd better than

ng attributes of a
s, since they can

ormation that cannot be depicted graphically. In general, the following applies to the
use and fdrmatting of data tags

when presenting
within the data

b. Since data tags are usually much larger than the associated traffic symbology, they can
significantly contribute to clutter by overwriting or obscuring the graphical symbology and
each other. Therefore, the size of text used in data tags should be the smallest size
necessary.

c. To minimize scanning costs, data tags should be located in close proximity to the target
symbols with which they are associated. In displays where close proximity is not possible,
the user should be provided with an intuitive means of associating the data tag with the traffic
symbol (e.g., lines connecting the tag and target symbol, color-coding the data tag and traffic

symbo

).
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9.1.3.4

9.1.3.5

9.1.3.6

9.1.3.7

9.2 Aural Display

a.

(Continued):

d. Since reading time and accuracy may degrade with non-canonical text orientations
(particularly for longer text strings), any use of rotated text should be tested prior to
implementation.

e. Data tags interfere with at-a-glance extraction of information from the CDTI because they
must be read individually. Integrated graphic symbology may eliminate or reduce the need
for reading data tags. Adding color to graphic symbols can provide an additional means of
labeling or attaching information without resorting to alphanumerics. Data,tags interfere with
“at a glance” extraction of information from a CDTI because they must.be read individually.
Integrated graphic symbology may eliminate, or reduce, the need for feadirg data tags.
Adding color to graphic symbols can provide an additional means©flabeling or attaching
information without resorting to alphanumerics.

Text Chanjge Indication:

Information Storage:

Font: Figyres and letters should subtend not less:than the following vertical angles at the design

eye positign of the flight crew member who normally uses the instruments:

a. Primarny data: 6 milliradians

b. Non-egsential and secondary data; 4 milliradians

c. Minor gescriptive legends: 3 milliradians

The requined resolution (pixel density) for any font needs to be sufficient to avojd distracting

staircasing or other aliasingceffects. Lower resolutions may be supplemented with anti-aliasing

techniques (e.g., font “hinting”) in order to achieve this aim.
Characteristics:

Aural alerts should be integrated and consistent with the flight deck alerting syptem and alerting

philosophy.

Time critical and urgent alert characteristics should be standardized.

Alerts should be prioritized.
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