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Executive Summary

This industry survey provides an overview of currently available surface moving map products, as of
March, 2009. This report was conducted in support of the Federal Aviation Administration (FAA) but the
information is intended to be of use to anyone interested in surface moving map displays. Thirteen
manufacturers and six research organizations participated in this industry survey. Each provided a
description of the airport information elements depicted and functions being implemented. For each
product, the manufacturer’s website is provided where more up-to-date information may be found.

This industry survey is divided into three main sections. The first describes the method for the survey and
provides a summary of capabilities offered by manufacturers and research organizations. The second
contains detailed information tables for products currently available or in development by avionics
manufacturers, and the third provides information tables for research organizations. The material in these
sections was gathered through collaboration with the participants and from information provided at
demonstrations or in websites or brochures. A picture of each application is provided, where available.
For manufacturer displays, information on FAA approvals received or in progress is also included.
References to both policy and research documents are listed at the end of this document.
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1 INTRODUCTION

Many manufacturers are developing moving map displays that show ownship position on the airport
surface. The implementation of these displays varies widely in terms of what airport information elements
they depict and what functions they can do. The Federal Aviation Administration (FAA) provides
guidance for the design and approval of the surface moving map application in Technical Standard Order
(TSO)-C165, Electronic Map Display Equipment for Graphical Depiction of Aircraft Position, which was
issued on September 30, 2003 [7]. TSO-C165 defines minimum performance standards for electronic map
displays, and it applies to equipment that is intended to provide ownship position on an electronic map
display, whether it is on the airport surface, in-flight, or vertical situation display. Additional guidance to
streamline the approval process for using a surface moving map application on an Electronic Flight Bag
(EFB) is provided in Advisory Circular (AC) 20-159, Obtaining Design and Production Approval of
Airport Moving Map Display Applications Intended for Electronic Flight Bag Systems, which was issued
on April 30, 2007 [2]. Both TSO-C165 and AC 20-159 reference RTCA DO-257A, Minimum
Operational Performance Standards for the Depiction of Navigational Information on Electronic Maps,
which provides additional guidance for the design and evaluation of surface moving map displays [9].
General display guidance is contained in AC 25-11A, Electronic Flight Deck Displays [3].

This industry survey provides an overview of currently available surface moving map products, as of
March, 2009. This survey updates two earlier efforts: one conducted in 2004 (see [17] for more
information), and a second, which was primarily an informal update, in which manufacturers who
participated in the 2004 survey were contacted in November, 2006, to identify product changes.
Manufacturers and research organizations were identified for this industry survey based on previous
participation, presentations at industry meetings (e.g., RTCA Steering Committee (SC)-186, working
group (WG)-1), and a web search.

In total, 13 manufacturers and 6 research organizations participated in this industry survey. Although all
efforts were made to provide as comprehensive a review as possible, it is important to note that there are
other ongoing efforts that are not included in this document. Some manufacturers declined to participate
or did not respond to the invitation. Manufacturers who only offer a third-party surface moving map are
not explicitly listed here, since the surface moving map software is provided by another vendor. For
example, Avidyne, Garmin, Honeywell, Rockwell Collins, and Universal Avionics have JeppView
available for purchase on their product lines. However, some these companies do not offer their own
surface moving map (in addition to JeppView), so they are not all included in this report.

This industry survey is divided into three sections. The first describes the method for the survey and
summarizes the capabilities offered by manufacturers and research organizations. The second contains
detailed information tables for products currently available or in development by avionics manufacturers,
and the third provides information tables for research organizations. The material in these sections was
gathered through collaboration with the participants and from information provided at demonstrations or
in websites or brochures. A picture of each application is provided. For manufacturer displays,
information on FAA approvals received or in progress is also included. References to both policy and
research documents are included at the end of this document.



2 TECHNICAL APPROACH

2.1 Participants

The manufacturers and research organizations who contributed information on their surface moving map
display efforts are listed in two tables. Table 1 lists participating manufacturers, the product(s) offered,
and a website where more information can be found. Table 2 lists research organizations, the research
display, and a website. Although the surface moving map applications used by research organizations
may not be a product in itself, the results of these efforts are publicly available and manufacturers may
incorporate some of the lessons learned. It is also worth noting that some of the activities conducted by

these research organizations were done in close partnership with industry.

Table 1. Participating manufacturers.

Manufacturer Product Website
Airbus On Board Airport Navigation System www.airbus.com
Toulouse, France (OANS)
AirGator NavAir Approaches 3D www.airgator.com

Mount Kisko, NY

Astronautics Corporation of
America

Milwaukee, Wisconsin

Cockpit Display of Traffic Information
(CDTI)

Universal Cockpit Display of Traffic
Information (UCDTI)

www.astronautics.com

Aviation Communication and
Surveillance Systems (ACSS)

Phoenix, AZ

SafeRoute

www.l-3com.com/acss/

FlightPrep ChartCase Professional, ChartCase www.flightprep.com

Aurora, OR Express

Garmin SafeTaxi Www.garmin.com

Olathe, KS

Honeywell SmartRunway (Runway Awareness www.honeywell.com

Phoenix, AZ and Advisory System - RAAS) Runway Awareness and Advisory
Note: RAAS supports aural alerts. A System (RAAS)
visual component, textual messages,
will be supported beginning in 2009.

Jeppesen Jeppesen Airport Moving Map WWW.jeppesen.com

Denver, CO software and database for EFB Airport Moving Map Overview

systems

JeppView (FliteDeck and MFD)

www.jeppesen.com

Lufthansa Systems
Frankfurt, Germany

Lido Airport Moving Map

www.lhsystems.com

MAPTECH Aeronautical Data
Exeter, NH

GENESYS SMM

www.dacint.com

Rockwell Collins, Inc.
Cedar Rapids, 1A

A moving map implementation
displaying airport surface, ownship,
traffic, and runway related indications
and traffic conflict alerts. Additionally,
taxi route, taxi clearance limit, route
deviation alert and clearance
deviation alert are available (if taxi
route and clearance limit information
is made available).

www.rockwellcollins.com
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Table 1. Participating manufacturers. (continued)

Manufacturer

Product

Website

TerraVision
Petah Tikva, Israel

FollowTheGreen

www.terravision.co.il

Thales
Toulouse, France

Airport Navigation Product Line

www.thalesgroup.com
OANS (Onboard Airport Navigation
System)

Table 2. Participating research organizations.

Research Organization

Research Display

Website

BAE Systems

Technische Universitat
Darmstadt (AMM Developer)

University of Malta
Deep Blue

Airborne Integrated Systems for
Safety Improvement, Flight Hazard
Protection and All Weather
Operations (FLYSAFE)

www.eu-flysafe.org

Delft University of Technology
Delft, The Netherlands

Safe Airport Navigation

o www.synthetic-vision.tudelft.nl/SVat
DelftUofT/SVatDelftUofT.htm

o www.stw.nl/Projecten/D/det/det5844.
htm

MITRE
McLean, VA

MITRE CAASD Cockpit Display of
Traffic Information (CDTI) prototype

www.mitre.org

NASA-Ames Research Center
Moffet Field, CA

Taxiway Navigation and Situation
Awareness (T-NASA) System

¢ NASA-Ames Human Factors:
humansystems.arc.nasa.gov/

e T-NASA:
hsi.arc.nasa.gov/groups/HCSL/
research/tnasa.html

e Research reports:
hsi.arc.nasa.gov/groups/HCSL/
publications.html

NASA-Langley
Hampton, VA

Runway Incursion Prevention System
(RIPS)

¢ www.nasa.gov/centers/langley/ho
me/index.html

e www.nasa.gov/centers/langley/
news/factsheets/RIPS.html

Work conducted under a cooperative

agreement with ERA (see

www.erabeyondradar.com)

Technische Universitat
Darmstadt

Darmstadt, Germany

Airport Moving Map

www.fsr.tu-darmstadt.de/research/
groups/en_cavok.html

2.2 Method

To gather information for this industry survey, the Volpe Center worked with a representative from each
of the participating manufacturers and research organizations. The information collected was intended to
highlight aspects of the interface (e.g., the information depicted and the interactivity provided) rather than
the technical aspects of implementation. Each participant was asked for the following information

regarding their product lines:

e  Product name

e  Website(s) where more information can be found. The text is hyperlinked to the manufacturer’s site.

e Any FAA approvals received or in progress

e A brief overview of the product
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e  Characteristics of the hardware system(s) on which the application can be displayed (i.e., EFB, Flight
Management System (FMS), or Multi-Function Display (MFD))

e Data format: Geo-referenced electronic chart or database driven
e Update rate
e Airport information elements depicted and the method of depiction

e  Functions supported and methods of interaction. Functions of interest included ownship depiction, traffic
depiction, any visual or auditory indications or alerts, and route guidance. Methods for interaction
addressed decluttering, panning, and zooming.

A table containing this information for each participant was initially drafted by the Volpe Center based on
previous information obtained from industry contacts, demonstrations, websites, and brochures. This draft
table was sent to a representative at each participating company or research organization to review and
edit, as needed. This document reflects the results of this collaborative effort.

2.3 Industry Overview

The information collected is summarized in four tables below. Table 3 describes the approval sought or
compliance demonstrated by each surface moving map manufacturer. Table 4 provides information about
the data format of the surface moving map and the industry standards with which the data format
complies. Table 5 describes the information elements shown on the surface moving map applications
included in this industry survey and their method of depiction. In some cases, the method of depiction is
customizable (e.g., by varying the color or the symbol used to represent a display element), so only one
implementation is described. Table 6 lists functions available or planned.

Detailed tables for each manufacturer are provided in Section 3 and for each research organization in
Section 4. Images of the surface moving map implementations are also included in these sections.



Table 3. Summary of approval/compliance for manufacturers.

This table summarizes the approval sought or compliance demonstrated for each surface moving map manufacturer.
Three key areas are highlighted.

= Avionics box type, i.e., whether the surface moving map is hosted on an installed display or on an EFB

= Authority providing the approval: FAA, EASA, Other

= Type of approval/compliance, e.g., TSOs, ACs, STC. Seven documents related to the surface moving map
application or the hardware on which it may be hosted are specifically listed in the table.

TSO C-113, Airborne Multipurpose Electronic Displays, issued on October 27, 1986
TSO-C165, Electronic Map Display Equipment for Graphical Depiction of Aircraft Position, issued on
September 30, 2003

TSO C-166A, Extended Squitter Automatic Dependent Surveillance - Broadcast (ADS-B) and Traffic
Information Service - Broadcast (TIS-B) Equipment Operating on the Radio Frequency of 1090 Megahertz
(MHz), issued on December 21, 2006

AC 20-159, Obtaining Design and Production Approval of Airport Moving Map Display Applications
Intended for Electronic Flight Bag Systems, issued on April 30, 2007

AC 120-76A, Guidelines for the Certification, Airworthiness, and Operational Approval of Electronic
Flight Bag Computing Devices, issued on March 17, 2003

Order 8900.1, Flight Standards Information Management System, Electronic Flight Bag Operational
Authorization Process (Volume 4, Chapter 15)

RTCA DO-178B, Software Considerations in Airborne Systems and Equipment Certification

The status of the approval or compliance is indicated using two symbols: a filled circle (®) indicates that the
approval or compliance has been received, whereas an open circle (o) indicates that the manufacturer is in the
process of seeking approval or demonstrating compliance. Empty cells indicate no approval or compliance.

Note that the table lists manufacturers only; information for research organizations was not included since they
generally do not seek approval/compliance for their surface moving map displays.



Table 3. Summary of approval/compliance for manufacturers. (continued)
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Table 3. Summary of approval/compliance for manufacturers. (continued)
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Table 4. Data format and compliance to database standards.

The surface map may be a geo-referenced electronic raster chart, a vector chart, or a database-driven display. The
first two data formats provide an airport depiction similar to what is shown on a pre-composed paper chart with
some features verified for latitude/longitude accuracy. Raster charts are usually produced by scanning paper charts
(or portions of paper charts) into an image format. The raster chart will be non-interactive if the full chart is scanned
as one image, but groups of display elements may be stored as objects that can be manipulated. On a vector chart,
every symbol is stored as an individual object so that lines and symbols can be redrawn as the pilot zooms in and
out; this can help produce a clearer image. The third data format, a database-driven display, is constructed from a
database that contains positional data describing the location of individual airport attributes. The surface moving
map display is drawn in real time; they can vary in the detail with which the airport surface is depicted from one
manufacturer to another and can support a great deal of interactivity.

Several standards provide assurance on the quality and accuracy of the data used to construct the surface moving
map display; compliance with three standards are specifically listed in the table.

= ARINC Specification 816, Embedded interchange Format for Airport Mapping Database

= RTCA DO-200A, Standards for Processing Aeronautical Data

= RTCA DO-272/ED-99, User Requirements for Aerodrome Mapping Information

A filled circle (o) indicates the data format and compliance for current products; an open circle (©) indicates that the
product is in development or that the manufacturer is in the process of demonstrating compliance.



Table 4. Data format and compliance to database standards. (continued)

Data Format

Compliance to
Database Standards

Raster
chart

Vector
chart
Database

ARINC
816
RTCA DO-
200A
RTCA DO-
272/ED-99

Other

Airbus

On Board Airport Navigation
System (OANS)

AirGator
NavAir Approaches 3D

Astronautics Corporation of
America

Cockpit Display of Traffic
Information (CDTI)

Universal Cockpit Display of
Traffic Information (UCDTI)

ARINC 424

Aviation Communication and
Surveillance Systems (ACSS),

SafeRoute

FlightPrep

ChartCase Professional,
ChartCase Express

Garmin
SafeTaxi

Honeywell
SmartRunway

Jeppesen

Jeppesen Airport Moving Map
software and database for EFB
systems

JeppView (FliteDeck and MFD)

Lufthansa Systems
Lido Airport Moving Map

MAPTECH Aeronautical Data
GENESYS SMM

Rockwell Collins, Inc.
Moving map implementation

TerraVision
FollowTheGreen

Thales
Airport Navigation Product Line

RTCA DO-160D

RTCA DO-254
Level C




Table 5. Display elements. A dash (--) indicates that the information element is not depicted.

Participants Runways Runway Runway Taxiways Taxiway Taxiway
P Y Centerlines Labels Y Centerlines Labels
Yellow text in
Airbus White White White Grey Yellow black text
boxes
AirGator Black - Black Grey - Black
Light grey White Blue text in black
Astronautics* with white ; text boxes with Grey - Blue
dashed lines
border blue border
ACSS (Aviation i
Comml(mication and Dark grey, White Btlraeclt(et)c(et;tn Dark grey - Blue
) white border | dashed lines
Surveillance Systems) boxes
FlightPrep Black - Black Grey - Black
1) White text in White text in
% | Garmin White Greﬁ/n(i(;tted black text Grey - black text
o boxes boxes
(2]
a Honeywell N/A. SmartRunway (RAAS) does not support ownship display.
Q 3 Blue text in
= eppesen . . blue oval with ;
Light gre White Dark gre - White
& | Airport Moving Map gntarey black arey
g background
< | JeppView Black - Black Grey - Black
. Black . .
Lufthansa Systems Light grey dashed line Black Grey Yellow line White
MAPTECH . . . .
Aeronautical Data Light grey White White Dark grey Yellow White
Black text in White
Rockwell-Collins Grey White white text Grey White characters in
boxes blue text boxes
White text in Yellow text in
TerraVision Light grey White dark grey text Dark grey Yellow
black box
boxes
Thales* White Yes White Grey Yes Yellow text in
black box
BAE Systems,
Technische Universitat White text i Vellow text i
. . ite text in ellow text in
Darmstelldt, Light grey White black text box Dark grey Yellow black text box
University of Malta,
o | Deep Blue
g —— ,
= | Delft University of Black text in White text in
2 | Technology Grey - white text Grey Grey blue text boxes
o boxes
ey
© | MITRE . . . White text in
8 Dark grey White White Light grey -- black text box
(]
[0) -
r | NASA-Ames Black - White Black - White
Research Center
NASA-Langley* Grey White Yellow Brown - Yellow
Technische i . White text in a Yellow text in
Universitat Darmstadt Light grey White black text box Dark grey Yellow black text box

* The method of depiction may vary. Only one implementation is described here.

10




Table 5. Display elements. (continued)

Non-

Universitat Darmstadt

- . Ramp Grassy S Building
Participants Hold Lines | Movement Areas Areas Buildings Labels
Areas
Airbus Red Black Black Black Blue Blue
AirGator - White Grey White Black Black
Brown cross-
Astronautics* - Black Dark grey Black hatched -
pattern
Brown
border with
ACSS Yellow Black Dark grey Black Cross- -
hatched fill
FlightPrep - White Grey White Black Black
>
© | Garmin -- Green Grey Green Black Black text
o
'(Dﬁ Honeywell N/A. SmartRunway (RAAS) does not support ownship display.
9] Dirt and
3 grass areas
Q in black;
Jeppesen ’
"g ) PP . Amber blast pads Dark grey Black Blue White text
= Airport Moving Map and overrun
s areas in light
grey
JeppView - White Grey White Black Black text
Lufthansa Systems Yellow line Black Grey Black Brown White
MAPTECH . .
Aeronautical Data Yellow Black Light grey Green Brown White
Rockwell-Collins Yellow Grey Grey Green Black -
TerraVision Tomato Black Dark grey Black Blue White
Thales* Yes Black Grey Black Blue Bluet;r;)?lack
BAE Systems,
Technische Universitét
Darmstadt, Red Black Dark grey Black Blue -
University of Malta,
o Deep Blue
& . -
o Delft University of Yellow Grey Grey Green Black -
o | Technology
o
< | MITRE - Black Black Black Blue -
o
§ NASA-Ames Red bar
o Research Center sgrrounded Black Black Green Blue -
o y yellow
border
NASA-Langley* - Black Black Green Brown -
Technische Yellow Black Dark grey Black Blue --

* The method of depiction may vary. Only one implementation is described here.
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Table 6. Functionality. A dash (--) indicates that the function is not available.

g
) = = E
. . L - o [ o 2o
Participants Ownship Depiction 0T o & E £ =R
=35 =5 = c E o
= o S .= ) c o =
c9 o> o) < =]
(s xo 0 o N <
. - In In
Airbus . . development | development X X X
Magenta aircraft icon
AirGator ¢ X develg;)ment X X X
Red triangle
Astronautics X X X X X
Magenta triangle outlined
with white border
ACSS ﬂ X - X -- X
Magenta triangle
FlightPrep User customizable - - X X X
Garmin el | X - X X X
Airplane icon
% Honeywell N/A x - X ~ -
=3
2 | Jeppesen 3
&l . . Amber chevron (class 2) - - X X X
~ | Airport Moving Map i
o Isosceles triangle (class 3)
]
3]
i
= ; '
s | JeppView FliteDeck: Green chevron - - - X X
= MFD: Varies depending on
manufacturer
Lufthansa Systems IM - X X X X
Orange chevron
MAPTECH User customizable -- X -- X X
Aeronautical Data
Rockwell-Collins White triangle at high map X X X X X
ranges; white aircraft icon
when map range is 400 m
or less
TerraVision . In In X X X
Green triangle. Green development | development
circle at low speeds or
when heading is unreliable.
Aircraft symbol (typically In
Thales purple or yellow) development X X X X
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Table 6. Functionality. (continued)

Yellow aircraft icon

o
(0] c 5 €
e 22 5 g2 | Eg
Participants Ownship Depiction ®T 2 23 E = g N
Fa x5 5 < 5
- O 8 a N Z
o
BAE Systems,
Technische Universitat
Darmstadt, X X X - X
University of Malta, e
Deep Blue Yellow aircraft icon
Delft University of )r
Technology ﬂ
White triangle at high map X X X X X
ranges; white aircraft icon
when closely zoomed in
2 MITRE
8
o . ) .
= White unfilled triangle
o
§ NASA-Ames Research
§ Center A X X X . X
White triangular symbol
NASA-Langley
X X X - X
White triangle (solid when
on ground; unfilled when
airborne)
Technische Universitét
Darmstadt x X X _ X
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3 MANUFACTURER DISPLAYS

Airbus Location: Toulouse, France
Product(s) OANS (On Board Airport Navigation System)
Website(s) www.airbus.com

Avionics Box Type : [ Installed/MFD [] EFB (Class [1 1 [ 2 [] 3)
Authority: [X] FAA [X] EASA  [] Other

Type of Approval/Compliance

TSO: [Jc113 [] c165 [] c166A [] Other

Approvals / Compliance | AC: [JAC 20-159 [] AC120-76A

XX Tc [ sTC Aircraft: _ A380

Note: Approvals for A320, A330/340 and A350XWB families in progress.

[J Order 8900.1

[XI RTCA DO-178B (Level C)

Product Overview

The OANS (On Board Airport Navigation System) provides the flight crew with information regarding the aircraft’s
localisation on the airport surface. This is realized by displaying an electronic moving airport map, positioned and
oriented relative to an aircraft symbol that represents ownship’s position. Three different display modes are
provided (ARC, ROSE, PLAN), similar to what is available on the navigation display (ND). In addition, the
electronic moving airport map function displays a set of information such as the name of the displayed airport,
taxiways, runways, gates, buildings, and current ground speed. Notched zooming with different level of details
(decluttering function). Manual map displacement (i.e., panning), map annotations and search functions (e.g.,
“taxiway P20”) are also provided. The OANS is certified on A380 and under development for A320, A330/340 and
A350XWB families. Integrated in avionics, it supports other aircraft functions (e.g., Brake to Vacate, Runway
Overrun Protection).

14 : || ARPT SELECTION |/ STAT

A | ADD FLAG 1 | ADD CROSS &

) THY
) STAND RWY :
) OTHER LENGTH :

Copyright AIRBUS S.A.S. Not to be reproduced without permission.

Hardware Platform The OANS is presented on the Navigation Display

- A380 : Display diagonal is 10” / Display resolution is 1024 x 768
Display Size - A320/A330/A340 : Display diagonal is 8.5” / Display resolution is 756 x 756
- A350XWB : Display diagonal is 10” / Display resolution is 990 x 720
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Airbus Location: Toulouse, France
[] Raster [J Vector X Database
Format
XI ARINC Specification 816

Data Format Standards

XI RTCA DO-200A
[0 RTCA DO-272
Other: Varies depending on the avionics and/or display platform

Update Rate

The computed aircraft position is updated and refreshed on the displays at a rate of
15 Hz

Airport Information Elements Depicted

Runways White
Runway centerlines White
Runway labels White text
Taxiways Grey
Taxiway centerlines Yellow

Taxiway labels

Yellow text in black text boxes

Hold lines Red
Non-movement areas Black
Ramp areas Black
Grassy areas Black
Buildings Blue
Building labels Blue

Other

Functions Supported

Ownship Depiction

Ownship is depicted as a magenta aircraft icon

PARIS-RCISSY
C LFPG

ROSE mode
2 NM

Aerogardde fref

=
o]

Copyright AIRBUS S.A.S. Not to be reproduced without permission.
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Airbus

Location: Toulouse, France

Indicators
Conditions

Visual Indicators

Auditory Indicators

Runway proximity is approved. Others are in prototype phase (runway incursion,
take off on taxiway, overspeed on taxiway, taxiway characteristics inadequate for
aircraft...)

Fine tuning underway

Runway proximity indicator is a visual only indicator on the navigation display (ND).
Definition underway for the indications in prototype phase. Visual indicators will be
implemented in accordance with flight deck alarm & colors philosophy

Definition underway for indications in prototype phase. Auditory indicators will be
integrated with cockpit audio warnings

Decluttering

Yes: Increasing the range will declutter the display

Panning

Yes: In all modes and ranges, the crew can displace the map in all directions by
using simultaneously the validation pushbutton and the trackball (analogy with “click
and drag” concept).

In PLAN mode, the map stays at its position when the pushbutton is released.

In ARC and ROSE NAV modes, the map automatically returns to the ARC and
ROSE NAV disposition with respect to A/C, with smooth transition, as soon as the
pushbutton is released.

Traffic Display

In prototype phase

Route Guidance

In prototype phase

Zooming/Autozoom

Zooming is provided via range selection. Available ranges are : 5Nm, 2Nm, 1NM,
0.5Nm and 0.2Nm

Autozoom : prototype / concept evaluation phase
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AirGator Location: Mount Kisco, NY
Product(s) NAVAIr Approaches3D
Website(s) www.airgator.com
Avionics Box Type : [] Installed/MFD [X] EFB (Class [1 1 X 2 [ 3)
Authority: X FAA  [] EASA [ Other
Type of Approval/Compliance
TSO: dc113 Jc1e5 [J C166A [ Other
Approvals / Compliance AC: X AC 20-159 [X] AC120-76A
O T1TC X STC  Aircraft: _AW139 B737

X Order 8900.1 (In progress)
[ 1RTCADO-178B (Level )
Other Notes: Seeking approval per FAA TSO C-165

Product Overview

NAVAiIr Approaches3D provides a viewer for Instrument Approach Procedures and Airport Diagrams. All charts are
geo-referenced, so that WAAS-driven aircraft GPS position and altitude can be shown. NavAir Approaches may be
viewed on a panel-mounted displays, Electronic Flight Bags, desktop, laptop, tablet PC, or personal digital

assistant (PDA).

= Approaches3D  HPN-AIRPORT DIAGRAM

‘ | &Mﬁl
07130 =
’_‘ WHITE PLAINS/ WESTCHESTI INTY (HP N}
AIRPORT DIAGRAM AL-651 [FAA) WHITE PLAINS, NEW YORK
ATIS 1338
WESTCHESTER TOWER *
18.575 2B4.65 HANGAR & '
GND CON U
21625 TEDOWN _ g MANGAR |
€LNC DEL \\ . 2 \
7.3 i 4
FED e GENERAL )
ELEV 0 - AVIATION o
439 |~ A | EE -] PARKING E1
I 41004 M L L L L N
5% s JANUARY 2005
IL: 5
HOLD HOLD HANGAR ¥ ANNUAL RATE OF CHANGE
Lo+ 00

LS ]
oD ¥ ‘HANGARW

v HANGARS
X 02, HANGARS
’
3 _mo

MAIN
TERMINAL

2
Al Q1 _-HANGARS
]

+ %

[ 4104 0N

B00Z TN LE 01 B00Z NI €0 'Z-3N

GENERAL
AVIATION
PARKING

At rvwgzﬁ
fr/

/I' ¥ 29
T sn.D

1
70, D207 STISZ, D11 20

Photo courtesy of AirGator.

Hardware Platform

Class 1, 2 EFBs in both portable and installed configurations, panel mounted
displays. Class 3 EFB installations are possible with appropriate equipment.
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AirGator

Location: Mount Kisco, NY

Display Size

Varies by system. A few examples are listed below.
NAVPad 8 (HDU and SST): 8.4” 800 x 600, 1.7 Ib.
NAVPad 10 (HDU and SST): 10.4” 1024 x 768 2.1 Ib
NAVPad 7 (HDU and SST): 7”800 x480 1.4 Ib
NAVPad 5 (SST): 4.8 800 x 480 0.8 Ib

NAVPad ACD (SST), 6.4” 640x480 Panel Mounted

Data Format

X Raster X Vector X Database

Vector-based and database-driven surface moving map applications are in
development.

Format

[X] ARINC Specification 816
Standards

[] RTCA DO-200A

[0 RTCA DO-272

Update Rate

1 — 10 Hz subject to position sensor rates

Airport Information Elements Depicted

The information listed is based on the current implementation of the surface moving map application using geo-
referenced NACO charts. Future versions using vector-based charts or database-driven formats are in
development; these implementations will allow the user to define the colors and graphics for all airport information

elements.

Runways

Black

Note: The color of runways and runway outlines can be user-customized in the
current implementation.

Runway centerlines

Runway labels Black
Taxiways Grey
Taxiway centerlines -

Taxiway labels Black
Hold lines --

Non-movement areas White
Ramp areas Grey
Grassy areas White
Buildings Black
Building labels Black

Other

Functions Supported

Specify whether the following

functions are supported and if so, how the information is depicted.

Ownship Depiction

dﬁ Yes, the method of depiction (e.g., icon, color) is user-definable. It is shown
as a red triangle in the figure above. Ownship position data is provided from
WAAS or other onboard position sensors.
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AirGator Location: Mount Kisco, NY
Ability to graphically designate clearance including taxi route, holds, and destination
runways. Holds are depicted with yellow lines across taxi/runway crossings per
image below. Potential runway incursion is depicted by drawing red cross-hatches
along the runways.
Jy< j g 450 P\{D % v HANbAHb
- \ 15 95:____‘_ G C ‘2 I
Indicators d HANGAR /
% - 4 d
conRoL T 9
TOWER
525 .
FBO f
/' l .\
U 5 FBO -
CUSTOMS \
\
HANL__“f_L‘_' '/ I | HANGABK
- . CENEERT i
Photo courtesy of AirGator.
Conditions Aircraft position, runway location and pilot or automatic-clearance entry

Visual Indicators

Runway crossings for the destination runway may be designated with a solid yellow
line at the runway-taxiway threshold. The depicted distance from the line to the
runway does not reflect the actual distance from the hold line to the runway; rather,
it is a user-defined threshold whose default value is based on the FAA specified
distance for painting hold lines on taxiways with respect to runways.

The method for distinguishing the assigned runway from other runways may be
customized by the user. Currently, the assigned runway is highlighted with a green
line pattern, as shown in the image below. If the airport has more than one runway,
the runway(s) that are not relevant to the current route may be designated with a
red line pattern overlay composed of dashes and dots.
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Photo courtesy of AirGator.
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AirGator

Location: Mount Kisco, NY

Auditory Indicators

User defined or system standard alerts may be activated for threshold crossings
and arrival at designated destination runway. The form of the auditory indication is
user-customizable and can range from a tone to a pre-recorded voice message.

Decluttering

Decluttering limited to alerts (on vs. off) and traffic (on vs. off)

Panning

Yes. Touchscreen or EFB/MFD bezel controls used to pan and jump to specific
portions on the diagram

Traffic Display

Traffic is displayed from a variety of sources includes TCAS, ADS-B, Mode S and
portable traffic alert devices with compatible output

Route Guidance

This function is currently in development. Pilot may designate taxi route by tapping
on/selecting taxiway segments, intersections, and the destination runway.
Automated taxi clearance depiction will be activated when automated clearance
information is available. If the aircraft has been cleared to cross the runway, a
yellow bar appears at the runway-taxiway threshold. If the aircraft has not yet been
cleared, a line pattern of red x’s is drawn at the runway-taxiway threshold.

Zooming/Autozoom

Zooming from 25% - 800% is supported in user defined increments. Autozoom is
implemented for threshold crossings and designated problem areas.
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Astronautics Corporation of America Location: Milwaukee, Wisconsin

Universal Cockpit Display of Traffic Information (UCDT]I)

Product(s) Cockpit Display of Traffic Information (CDTI)

Website(s) www.astronautics.com

Avionics Box Type : [] Installed/MFD [X] EFB (Class [1 1 [ 2 X 3)
Authority: [X] FAA [] EASA [] Other

Type of Approval/Compliance

TSO: [ c113 [ c165 [] c166A [] Other

AC: [0 AC 20-159 [X] AC120-76A

[OJT1TC [X STC Aircraft: _UPS Boeing 757/767

] Order 8900.1

X RTCA DO-178B (Level B )

CDTI
Approvals / Compliance

Avionics Box Type : [] Installed/MFD [X] EFB (Class [1 1 X 2 [X 3)
Authority: [X] FAA [] EASA [] Other

Type of Approval/Compliance

TSO: [dc113 X C165 (in process) [ c166A [] other
AC: X] AC 20-159 [X] AC120-76A

[JT1TC [ SsTC Aircraft;

] Order 8900.1

[XI RTCA DO-178B (Level B )

UCDTI
Approvals / Compliance

Product Overview

CDTI and UCDTI are software applications that present ownship position on an airport surface map and the
position of surrounding traffic. They were developed under an alliance between Astronautics Corporation of
America and ACSS.

CDTI was designed specifically for the Boeing/Astronautics Class-3 EFB to support the ACSS SafeRoute
applications of Surface Area Movement Management (SAMM), Runway Awareness, CDTI Assisted Visual
Separation (CAVS) and Merging and Spacing (M&S). UCDTI is designed to provide similar functions as the CDTI
application but it can be hosted on a variety of platforms and operating systems including any Class-3 and Class-2
Electronic Flight Bags (EFBs) running Windows or Linux operating systems or other compatible cockpit displays.
UCDTI functions and interface are configurable to support different customer needs. For example, it can be
operated independently, but it can also show airport traffic information when connected to an ADS-B surveillance
processor, and it can be expanded to support the ACSS SafeRoute applications noted above when connected to
an ACSS Surveillance processor.

ARPORT PLAN: KDVT

SHOW MENLU

TFC INFO

CDTI UCDTI Airport Plan View (north-up)
Photos provided courtesy of Astronautics Corporation of America.
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Astronautics Corporation of America

Location: Milwaukee, Wisconsin

Hardware Platform

The CDTI application is designed to run on the Boeing/Astronautics Class 3 EFB.

The UCDTI application can be hosted on a wide variety of platforms including any
Class of EFB or other display systems running Windows or Linux operating
systems. The UCDTI can be configured to use existing EFB bezel buttons including
alpha-numeric keyboards, and is operable through touch screen or any other
standard cursor control device.

Display Size

CDTI application is shown on a 6” x 8” portrait display with a resolution of 768 x
1024 pixels.

UCDTI is configurable to support different display sizes (including rectangular and
square displays, and portrait or landscape orientations). A resolution of at least 768
x 1024 pixels is recommended.

Data Format

[] Raster [0 Vector X Database
Format

[XI ARINC Specification 816

Standards

] RTCA DO-200A
] RTCA DO-272

Other: CDTI application also uses an ARINC-424 database for depiction of
navigation fixes in conjunction with the Merging and Spacing function.

Update Rate

30 Hz; however the actual update rate is dependent on the hardware platform and
other applications that may be sharing the same resources. A minimum of 15 Hz is
allowed by the application before a safety monitor function reports loss of service.

Airport Information Elements Depicted

The information below reflects what is shown in the CDTI application. The information elements depicted and
method of depiction for the UCDTI application will vary depending on the hardware graphics capabilities.

Runways

Light grey with white borders outlining the runway edges

Runway centerlines

White dashed lines

Runway labels

Blue text in a black text box. The text box is surrounded by a blue border

Taxiways Grey
Taxiway centerlines -
Taxiway labels Blue
Hold lines Yellow
Non-movement areas Black
Ramp areas Dark grey
Grassy areas Black

Buildings

Brown cross-hatched pattern

Building labels

Other

The UCDTI application may be configured to present any element in the ARINC-816
database including closed taxiways and runways, helipads, water, etc.

Functions Supported

Own ship Depiction

Magenta triangle, outlined with a white border.

Own ship position is presented in a track-up orientation. The UCDTI
application also provides a north-up orientation.

22



Astronautics Corporation of America Location: Milwaukee, Wisconsin

Indicators

Conditions

Visual Indicators

Aural Indicators

¢ SAMM and Runway Awareness (the implementation of this function varies
depending on the level of approval of the system on which it is hosted)

e CDTI Assisted Visual Separation (CAVS) — Distance and differential ground
speed to a coupled target during any phase of flight (CDTI only)

e Merging and Spacing (M&S) — provide the flight crew with an M&S Command
Speed target to achieve and maintain spacing at a selected time interval
behind a designated traffic-to follow (TTF) during the en route, descent, and
arrival phases of flight. (CDTI only)

Runway Indications — The tolerances for determining whether the own ship is
aligned with a non-selected runway are configurable. (Growth provision, subject to
FAA approval)

CAVS - User may specify a range alerting distance. When the coupled target is

within the selected range alerting distance, a RANGE ALERT message is displayed.

M&S — User enters traffic to follow, desired spacing interval, merge waypoint, final
approach speed, and range alerting distance.

Runway Indications — With runway indication, the UCDTI application highlights the
selected runway, and will highlight a non-selected runway when the aircraft is
oriented to a runway that is not selected. In addition to the highlighting, a “CHECK
RUNWAY” message will be displayed. (Growth provision, subject to FAA approval)
CAVS - RANGE ALERT message presented when coupled target is within the
selected range alerting distance.

M&S — Command speed is annunciated along with graphical fast/slow indicator.
Correct spacing position is also indicated graphically on the traffic portion of the
display.

Coupled Target
_ (TTF)
Merge Point
Indciator
M&S Speed
Fast/Slow "
Indicator Spacing
Pasition
Indicator
Speed Bug
s e
Command [ ymbo
Speed
CMD SPD 295
' ) ADJUST SPEED
TTF Flight ID
M&S
TFC INFO
MES Menu TTF Ground TTF Aircraft "
Button Speed Category TTF Distance

Photo provided courtesy of Astronautics Corporation of America.
None
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Astronautics Corporation of America Location: Milwaukee, Wisconsin

Decluttering

Ground Traffic, Airborne Traffic, or all Traffic can independently be removed from
the display. Filtering of traffic based on altitude is also supported. Traffic Flight IDs
and position vectors can also be independently selected for display.

The airport map detail is also modified based on zoom setting, with more detail
visible at higher resolution zoom settings.

Panning

Panning is available in the north-up plan-style view. Panning is accomplished using
arrow controls on the EFB bezel.

Traffic Display

Surrounding traffic is depicted using TCAS, ADS-B airborne and ground, and TIS-B
airborne targets when connected to an ARINC-735B surveillance processor. Traffic
may be depicted with flight ID, relative or absolute altitude, altitude trend, and
position vector.

Route Guidance

UCDTI is expandable to also include route indication.

Zooming/Autozoom

Zoom functionality is supported; the settings are configurable. The CDTI application
provides 11 settings: 750 FT, 1500 FT, 3000 FT, 1 NM, 2.5 NM, 5 NM, 12.5 NM, 25
NM, 50 NM, 100 NM, and 150 NM.
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ACSS Location: Phoenix, AZ

Product(s) SafeRoute™ / CDTI

. www.acss.com

Website(s
() e www.acssonboard.com/products/saferoute/

Avionics Box Type : [] Installed/MFD [X] EFB (Class [1 1 X 2 [X 3)
Authority: [XI FAA [] EASA (soon) [] Other

Type of Approval/Compliance

TSO: [Jc113 X1 Cc165 X] C166A with deviation [] Other
AC: X] AC 20-159 [X] AC120-76A

Approvals / Compliance [J]TC [X STC Aircraft: _B757, B767

[J Order 8900.1

XI RTCA DO-178B (Level C for Class Ill EFB, Level D for Class Il EFB)

e FAA Operational Approval of the use of SAMM displayed information by flight
crew during surface operations

e Pending FAA approval on a Class 2 EFB for the display of own ship and traffic
on an airport surface moving map per AC20-159

Product Overview

SafeRoute™ is a portfolio of airborne and ground surveillance applications. SafeRoute surface applications include
Surface Area Movement Management (SAMM) and Runway Awareness. The SAMM function is designed to
support operations on the airport surface or near a runway surface up to 1,500 feet above ground level (AGL).
SAMM shows ownship’s position and surrounding traffic, including position, identity, intent, and other data (aircraft
and vehicles). SAMM is intended to supplement the crew’s out-the-window scan and provide real-time cockpit
information during taxi, takeoff, and approach to landing. SAMM was developed in accordance with safety
recommendations issued by the Runway Joint Safety Implementation Team (JSIT) and Commercial Aviation
Safety Team (CAST). SafeRoute airborne applications include Merging & Spacing (M&S) and CDTI Assisted
Visual Separation (CAVS). M&S is intended to help maintain spacing between aircraft pairs based on a selected
time interval. CAVS provides a means of ensuring separation using distance and differential ground speed from
designated traffic.

The CDTI application, developed under an alliance with Astronautics Corporation of America, displays ownship
and traffic information provided by SAMM on an airport surface moving map, with the intent of providing flight crew
situational awareness to potentially hazardous situations. The CDTI provides traffic when installed with the ACSS
SAMM function. Without SAMM, the CDTI will provide a surface moving map, including ownship position when
integrated with onboard GPS.

CDTI

TRK | 166 |TRU

mcoeent
15 5 I~
~ gl . o

SHOW MENU Photo courtesy of @
TFC INFO .
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ACSS

Location: Phoenix, AZ

Hardware Platform

The SAMM function resides on the ACSS TCAS Surveillance Processor, or can be
adapted to reside on other avionics platforms. The CDTI may operate on a Class 2
or 3 EFB and can be adopted to operate on an Electronic Flight Instrument System
(EFIS), Navigation Display (ND), or Multiple Function Display (MFD).

Display Size

Varies depending on the display platform

Data Format

[] Raster ] Vector Xl Database
Format

X] ARINC Specification 816

Standards

X] RTCA DO-200A
[X] RTCA DO-272: supplier of AMMD to comply
Other: Varies depending on the avionics and/or display platform

Update Rate

Varies depending on the hardware platform

Airport Information Elements Depicted

Runways

Dark grey with a white border

Runway centerlines

White dashed lines

Runway labels

Blue text in black text boxes

Taxiways Dark grey
Taxiway centerlines --
Taxiway labels Blue
Hold lines Yellow
Non-movement areas Black
Ramp areas Dark grey
Grassy areas Black

Buildings

Brown border with cross-hatched fill

Building labels

Other

Functions Supported

Ownship Depiction

Yes, Ownship is supported and presented by both SAMM and the CDTI. ltis
depicted as a magenta triangle.

Ownship aircraft provides the flight crew a graphical representation of own aircraft
position relative to position of surrounding traffic within the display range. Ownship
aircraft symbol is displayed in the middle of the screen when the full compass mode
and on the bottom third of the screen when in the arc mode.

Indicators

Conditions

Prioritization of SAMM-related information with other cockpit information will be
evaluated during the upcoming development program.
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ACSS

Location: Phoenix, AZ

Visual Indicators

Auditory Indicators

Traffic awareness indicators: Visual Indicator in the primary field of view (ADS-B
Guidance Display red “TFC” (Traffic) annunciator) as required,

and the CDTI depiction of the traffic and airport moving map). In the image below,
different categories of traffic are highlighted in yellow and red.

SHOW MENU

—— TFC INFO —

TBD

Decluttering

Yes, a decluttering function is provided
e  ALL button turns off; TRAFFIC FID, NAV and VECTORS
e UNSELECT TGT button cancels the selection (highlight) of the currently active

aircraft. No traffic will be selected and the traffic information block in the lower
right corner of the CDTI will be blank. Coupled traffic is unaffected.

e NO GND TFC button removes the display of all ground traffic (when below 1500
ft RA).

e ALL GND TFC button displays all ground traffic (when below 1500 ft RA).

ALL

UNSELECT
TGT

NO GND TFC

ALL GND TFC

EXIT MENU
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ACSS

Location:

Phoenix, AZ

Panning

No panning functionality provided

Traffic Display

SafeRoute™ utilizes Automatic Dependent Surveillance — Broadcast (ADS-B),
Traffic Information Service — Broadcast (TIS-B), and Cockpit Display of Traffic

Information (CDTI) technology.

Traffic is represented on the CDTI using colors and symbols (icons).
Note: Figure shows the entire symbol set that was reviewed with the FAA.
The color philosophy used for the traffic symbols is defined as follows:

e Magenta — Ownship symbol
e  Cyan — Airborne traffic
e  Green — Coupled traffic (and related text)

e Amber — Category 1 Traffic indicates a potentially hazardous situation
e Red - Category 2 Traffic indicates a high risk of a hazardous situation

e Light Brown/Tan — Ground traffic

e  Grey — Circular background to a traffic symbol to indicate selected traffic

In general the symbol or icon indicates the performance characteristics of the ADS-B

data being reported by the corresponding traffic.

SafeRoute Symbols

Normal (Situational
Awareness) Category 1

TCAS Trafiic O ’

(Active Tracks Only)
Other Traffic | Proximate Traffic

lcon Type

Airborne non-directional

(Active Tracks Only ADS-B)

Airborne Directional
High Accuracy

Airborne Directional
High Accuracy
Selected

Airborne Directional
High Accuracy
Coupled

Airborne Directional
Low Accuracy
(ADS-B)

Airborne Directional
Low Accuracy
(ADS-B)
Selected

Ground
Non-Directional

Ground Directional
High Accuracy

Ground Directional
High Accuracy
Selected

Ground Directional
Low Accuracy

Ground Directional
Low Accuracy
Selected

Category 2

Surface
indication is
Release 2
functionality
.The
symbols |
shown are |
for |
information |
only. They |
arenot |
used in I
Release 1. |
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ACSS

Location: Phoenix, AZ

Route Guidance

Runway Awareness Application

The Runway Awareness application is designed to provide the flight crew with take-
off or landing runway situational awareness relative to ownship position. The flight
crew will be able to enter the runway identifier into the EFB or other crew interface
device resulting in colored highlights of the desired runway. See picture below.

SHOW MENU

—— TFC INFO —

Zooming/Autozoom

Yes, zooming capability is provided, not autozoom
The + and — Zoom Keys increase and decrease the CDTIl zoom level.

29



FlightPrep

Location: Aurora, OR

Product(s)

ChartCase Professional, ChartCase Express

Website(s)

www.flightprep.com

Approvals / Compliance

Avionics Box Type : [ Installed/MFD [X] EFB (Class X 1 X 2 [] 3)
Authority: X FAA  [] EASA [ Other

Type of Approval/Compliance

TSO: c113 ] c165 ] C166A [ Other

AC: ] AC 20-159 [X] AC120-76A

[ TC [ sTC Aircraft:

[] Order 8900.1

[J RTCADO-178B (Level )

Other Notes: EFB software compliant with AC 91-78, FAA Notice N8900.17

Product Overview

ChartCase Professional™ is moving map software that provides a surface application using geo-referenced
electronic charts. Ownship position from GPS data can be presented on these charts. In addition to the airport
diagrams, ChartCase Professional™ includes all Sectional Charts, WAC Charts, High/Low Enroute Charts,
Instrument Procedures, Airport Diagrams, TAC and vector charts for the U.S. The software can be used on most

Windows-based computers.

Qi
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—
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Photo courtesy of FlightPrep.

Hardware Platform

EFB/Tablet PC Class 1 & 2

Display Size

From 7" WVGA (640 X 480) to 60” monitor and beyond
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FlightPrep Location: Aurora, OR
Xl Raster X Vector [] Database
Format

Data Format [J ARINC Specification 816
Standards

] RTCA DO-200A
] RTCA DO-272

Update Rate

Determined by hardware and GPS. Usually 1 — 3 times per sec.

Airport Information Elements Depicted
Runways Black
Runway centerlines -
Runway labels Black
Taxiways Grey
Taxiway centerlines -
Taxiway labels Black
Hold lines -
Non-movement areas White
Ramp areas Grey
Grassy areas White
Buildings Black
Building labels Black

Other

Functions Supported

Ownship Depiction

Yes, there are a variety of different icons available to depict position. There is also
the ability to adjust the transparency of the icon and to make it completely invisible
for a moving map without own ship position.

b

Indicators
Conditions
Visual Indicators

Auditory Indicators

Indicators provided in the software are for alerting that GPS signal has been lost or
if the system is engaged in a Simulator Mode

No GPS Connected, Simulator Mode

Red Message block for loss of GPS Signal, Yellow message block for Simulator
Mode

None

Decluttering

Not Available on Raster Charts, Available on Vector based charts

Panning Yes
Traffic Display No
Route Guidance No
Zooming/Autozoom Zoom
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Garmin Location: Olathe, KS

Product(s) SafeTaxi
Website(s) www.garmin.com

Avionics Box Type : [X] Installed/MFD [ EFB (Class [1 1 [ 2 [ 3)
Authority: XI FAA [X] EASA [ Other

Type of Approval/Compliance

TSO: X C113 (and EASA equivalent) []C165 []C166A [ Other
Approvals / Compliance AC: ] AC 20-159 [] AC120-76A

[ TC [ sTC Aircraft:

[] Order 8900.1

XI RTCA DO-178B (Level _D )

Other Notes SafeTaxi is available on portable devices (GPS 696)

Product Overview

SafeTaxi provides ownship position on database-driven airport diagrams. SafeTaxi is offered as a function on
Garmin’s portable 496 and their integrated glass cockpit systems (e.g., G600, G900X and G1000). Two electronic
chart functions are also offered. ChartView provides access to geo-referenced airport charts and instrument
approach plates provided by Jeppesen. FliteCharts provides an electronic version of National Aeronautical Chart
Office (NACO) approach charts and airport diagrams, Departure Procedures (DP), and Standard Terminal Arrival
Routes (STARs); these charts are not geo-referenced and therefore can not show ownship position.

119.100 « [121.875/com
124.558 CoH2

OIL PSI 781

-

TIT °F 1545
= L] d

Photo courtesy of Garmin.

Integrated system (G1000, G600, G900X, G1000 for King Air C90)
Hardware Platform Panel mount (GMX 200)
Portable (GPSMAP 495 & 496)

Display Size Varies depending on the hardware system

[] Raster [ Vector X Database
Format

] ARINC Specification 816

Standards

X RTCA DO-200A

] RTCA DO-272

Data Format
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Garmin

Location:

Olathe, KS

Update Rate

5Hz

Airport Information Elements Depicted

Runways

White

Runway centerlines

Grey dotted lines

Runway labels

White text in black text boxes

Taxiways

Grey

Taxiway centerlines

Taxiway labels

White text in black text boxes

Hold lines -
Non-movement areas Green
Ramp areas Grey
Grassy areas Green
Buildings Black
Building labels Black text

Other

Functions Supported

Ownship Depiction

Yes. Ownship is depicted with an airplane icon.: ¥

Indicators
Conditions
Visual Indicators
Auditory Indicators

Hot spots embedded; circled in magenta

Decluttering

Yes; Decluttering is tied to map range/scale so that features are removed as the

map is zoomed out and added as the map is zoomed in

Panning

Yes
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Garmin

Location:

Olathe, KS

Traffic Display

SafeTaxi supports display of ADS-B, TIS-B, and TCAS traffic using the following

symbols:
Garmin G1000-Series Traffic (TFC) Symbols

(TIS, TAS, ADS-B)

Nen-Directional Traffic Symbols Directional Traffic Symbols

(ADS-B)

Traffic Advisory (TA),
inside display range

Traffic Advisory (TA),
inside display range

Traffic Advisory Traffic Advisory
(TA), outside display (TA), outside display
range range

Proximate Advisory

Proximate Advisory (PA)

Positional Accuracy eor
Degraded Integrity
(Note 1, Note 2)

(PA)
Other Traffic Other Traffic
(Note 1) (Note 1)
Degraded Degraded

Positional Accuracy or
Degraded Integrity
(Note 2)

Non-Directional
TFC on Ground

Directional
TFC on Ground

Ground Vehicle

mIEl 4L 4 ][@,

BV VIV @Y

Ground Vehicle

Note 1: For possible future use.

Note 2: For all current Garmin implementations, a degraded target is valid only for Traffic
Situational Awareness and as an aid to visual acquisition of the traffic. The “degraded” status,
based on an assessment of inadequate accuracy or integrity, indicates that this target may not
be selected and may not be used for other applications.

Garmin MX 20, GMX 200 Traffic (TFC) Symbols

Non-Directional Traffic

Directional Traffic

Non-Directional Directional
Caution TFC Caution TFC

Non-Threat TFC

Caution TFC Caution TFC
Qutside Display Qutside Display
Range Range

Non-Directional Directional

|

Non-Threat TFC

Non-Directional
Non-Threat TFC

Non-Threat TFC,
Degraded Pos. or
Integrity
(See Note)

Non-Directional Directional
TFC on Ground TFC on Ground

B OO O @O

Ground Vehicle I:] Ground Vehicle
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Garmin

Location: Olathe, KS

Selected Traffic

Non-Directional
Selected TFC

Directional
Selected TFC

MC

Note: For all current Garmin implementations, a degraded target is valid only for Traffic
Situational Awareness and as an aid to visual acquisition of the traffic. The “degraded” status,
based on an assessment of inadequate accuracy or integrity, indicates that this target may not
be selected and may not be used for any other applications.

Garmin GNS 400 Series and GNS 500 Series TIS Traffic Symbols

Directional
Caution TIS TFC

Directional
Proximate TIS
TFC

Directional Other
TIS TFC

Tl

Note: The GNS400- and GNS500-series displays currently do not fully support ADS-B. If
connected to a TIS-capable Mode S transponder, the symbols for TIS targets resemble TCAS
symbols, augmented with lines pointing in the approximate direction of motion of the traffic (as
given in the TIS uplink from the SSR radar on the ground).

Route Guidance

Zooming/Autozoom

Zoom
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Honeywell

Location: Phoenix, Arizona

SmartRunway
Product(s) SmartRunway is the new name for Runway Awareness and Advisory System
(RAAS). SmartRunway supports aural and visual alerts and advisories.
. .h Il.
Website(s) e www.honeywell.com

e Runway Awareness and Advisory System (RAAS)

Approvals / Compliance

Avionics Box Type : [X Installed/MFD [] EFB (Class [1 1 [12 [] 3)
Authority: X FAA  [] EASA [ Other

Type of Approval/Compliance

TSO: 1c113 [1c165 ] C166A X] Other (TSO-C151)
AC: ] AC 20-159 [] AC120-76A

O T1c [0 sTC Aircraft:

[] Order 8900.1

[J RTCADO-178B (Level )

Other Notes: RAAS is contained within the EGPWS which is TSO’d to TSO-C151

Product Overview

SmartRunway (Runway Awareness and Advisory System — RAAS) is a low cost solution which is intended to help
mitigate the risk of runway incursion accidents and incidents. It utilizes GPS and the world-wide database of
airports and runways within the EGPWS. This runway-based detection and alerting capability is the foundation for
new surface moving map and alerting products currently in the pipeline. SmartRunway supports aural and visual

alerts and advisories.

Hardware Platform

SmartRunway (RAAS) is a software application that is hosted within the MK V and
MK VII EGPWS and the Primus Epic integrated avionics systems.

Display Size Various
[] Raster ] Vector X Database
Format

Data Format [ ARINC Specification 816
Standards

[ ] RTCA DO-200A
[ ] RTCA DO-272

Update Rate

Functions Supported

Ownship Depiction

SmartRunway (RAAS) does not support an ownship display.

Indicators

Auditory Indicators

SmartRunway (Runway Awareness and Advisory System — RAAS) utilizes aural
and visual alerts and advisories. Visual messages are displayed on existing displays
in the same space where terrain is displayed (e.g. Navigation Display, Weather
Radar Indicator)

Approaching runway — in air advisory

e  “Approaching” followed by the runway identifier, e.g., “Approaching Two-Five-
Right”.

e Threshold for presentation: aircraft is between 750 feet and 300 feet above the
airport elevation (AFE); aircraft is within approximately 3 nautical miles of the
runway; aircraft track is aligned with the runway within 20 degrees; and aircraft
position is within approximately 200 feet, plus runway width, of the runway
centerline.

e Advisory suppressed between 550 feet and 450 feet above runway elevation
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Honeywell

Location: Phoenix, Arizona

Approaching runway — on ground advisory

“Approaching” followed by the runway identifier, e.g., “Approaching Three-Four-
Left”.

Threshold for presentation: aircraft ground speed is less than 40 knots; and
aircraft is within a specified distance from the runway. (Distance is a function of
aircraft ground speed and closure angle with the runway, such that a higher
ground speed would require an earlier advisory).

Distance Remaining — Landing And Roll-Out Advisory

For systems using feet as the unit of length, the advisories are generated at
whole thousand-foot intervals, with the last possible advisory at 500 feet. For
example, a RAAS equipped aircraft landing on a 9000 foot runway, with the
Distance Remaining advisory issued starting at 2000 feet from the runway end,
would generate the following advisories: “Two-Thousand Remaining”, “One-
Thousand Remaining”, and “Five-Hundred Remaining”.

For systems using meters as the unit of length, the advisories are generated at
multiples of 300-metre intervals, with the last possible advisory occurs at 100
meters. For example, a RAAS equipped aircraft landing on a 3000 meter
runway, with the Distance Remaining advisory issued starting at 900 meters
from the runway end, would generate the following advisories: “Nine-Hundred

Remaining”, “Six-Hundred Remaining”, “Three-Hundred Remaining”, and “One-
Hundred Remaining”.

Threshold for presentation:

- Aircraft is within 100 feet of the ground, over the last half of the runway or
a specified distance from the runway end; or
- Aircraft is on the ground, on the last half of the runway (default) or a
specified distance from the runway end; and aircraft ground speed is
above 40 knots
Advisories are inhibited once the aircraft climbs above 100 feet Radio Altitude
or aircraft climb rate is greater than 450 fpm.

Runway End Advisory

“One-Hundred Remaining” for units of feet and “Thirty Remaining” for units of
meters.

Threshold for presentation: aircraft is on a runway and aligned within 20
degrees of runway heading; aircraft approaches within 100 feet of the runway
end; and aircraft ground speed is below 40 Knots.

Approaching Short Runway — In Air Advisory

The Approaching Runway Advisory is appended with available runway length
information, e.g., “Approaching Two-Five-Left, Three-Thousand-Eight-Hundred-
Available”.

All conditions for approaching In-Air Advisory are satisfied; and the aligned
runway is shorter than a nominal runway length.

Insufficient runway length — on-ground advisory

Runway length remaining information is appended to the routine “On Runway”
advisory, e.g., “On Runway Three-Four-Left, Two-Thousand Remaining”. The
source for the runway distance remaining is the EGPWS runway database to

the nearest 100 feet (100 meters).

Threshold for presentation: all conditions for a routine On-Runway Advisory are
satisfied; and available distance for takeoff is less than the defined nominal
runway length.
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Honeywell

Location: Phoenix, Arizona

Extended holding on runway advisory

e After a specified time period, an aural advisory consisting of the message “On
Runway” followed by the runway identifier is generated and annunciated twice
for each time interval. For example, if an aircraft is cleared to line-up-and-wait
on runway 22 and, after waiting in position for an extended period, the system
will annunciate “On Runway Two-Two, On Runway Two-Two”.

e Threshold for presentation: aircraft enters a runway; aircraft heading is within
20 degrees of runway heading; and aircraft along-track distance does not
change more than 100 ft in a period of time considered to be an extended
holding period (the time period can be configured for 60, 90, 120, 180, 240, or
300 seconds).

Taxiway take-off advisory
e “On Taxiway! On Taxiway!”

e Threshold for presentation: Ground speed of the aircraft exceeds 40 knots; and
aircraft is on a surface other than a runway.

Distance remaining — rejected take-off advisory

e For systems using feet as the unit of length, the advisories are generated at
whole thousand-foot intervals, with the last possible advisory occurring at 500
feet. For example, a RAAS equipped aircraft aborting a takeoff on a 9000 foot
runway, with the Distance Remaining advisory issued starting at 2000 feet,
would generate the following advisories: “Two-Thousand Remaining”, “One-
Thousand Remaining”, and “Five-Hundred Remaining”.

e For systems using meters as the unit of length, the advisories are generated at
multiples of 300-metre intervals, with the last possible advisory occurring at 100
meters. For example, a RAAS equipped aircraft aborting a takeoff on a 3000
meter runway, with the Distance Remaining advisory issued starting at 600
meters, would generate the following advisories: “Six-Hundred Remaining”,
“Three-Hundred Remaining”, and “One- Hundred Remaining”.

o Threshold for presentation: Aircraft is on a runway; ground speed is greater
than 40 knots; aircraft ground speed during the take-off roll decreases by 7
knots from its maximum; and aircraft is on the last half of the runway (default)
or a specified distance from the runway end.

e Advisories terminate when the ground speed decreases below 40 knots.

Taxiway Landing Alert
e  “Caution Taxiway! Caution Taxiway!”

e Threshold for presentation: Aircraft is airborne and within the vertical limits, and
the aircraft is not aligned with a runway

Decluttering

Decluttering of audio and visual alerts is performed internal to the EGPWS.

Panning

N/A

Traffic Display

All EGPWS visuals can be overlayed by Traffic displays.

Route Guidance

Route guidance is not provided, although SmartRunway (RAAS) can be used to
confirm the route along the way.

Zooming/Autozoom

N/A
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Jeppesen Product 1 of 2 (Airport Moving Map for EFB) Location:  Englewood, CO

Product(s) Jeppesen Airport Moving Map software and database for EFB systems

e Www.jeppesen.com
e http://www.jeppesen.com/wics/index.jsp?section=ca&content=efb_mm.jsp

Website(s)

Avionics Box Type : [] Installed/MFD [X] EFB (Class [1 1 X 2 [X 3)

Authority: [X] FAA [] EASA [ Other

Type of Approval/Compliance

TSO: []1c113 X c165 []1C166A [ Other

AC: XI AC 20-159 [X] AC120-76A

JTc [ sTC Aircraft:

Approvals / Compliance XI Order 8900.1

X RTCA DO-178B (Level D )

Other Notes:

¢ Airport Moving Map for Jeppesen Class 2 EFB systems: Awarded FAA TSO
Authorization March, 2008 according to AC 20-159, 120-76A, TSO C-165

¢ Airport Moving Map for Boeing Class 3 EFB systems: Approved and in use
since October, 2003 according to AC 120-76A (Type C)

Product Overview

Jeppesen Airport Moving Map (AMM) for EFB renders high-resolution Jeppesen airport database maps, including
runways, taxiways, ramps, structures, and movement control features. With GPS, the application depicts ownship
position in both north-up and track-up (moving map) orientation. AMM entered service on Boeing Class 3 EFB in
2003. In 2008, Jeppesen was granted FAA TSO Authorization for use on Class 2 EFBs. The Class 2 software is
designed to work on Windows-based EFBs that meet reasonable minimum system requirements. Jeppesen
provides airport databases through subscription. Airport Moving Map is part of a suite of Jeppesen applications
offered for EFBs.

Note: Jeppesen Airport Moving Map is designed to provide supplemental position awareness during taxi
operations. It is a supplement to Jeppesen electronic charting solutions available for EFB. For a full description of
Jeppesen EFB charting solutions, refer to the Volpe Industry Review for EFB.

L: Jeppesen Airport Moving Map (AMM) on Class 2 EFB.
Shown by permission from Jeppesen

AMM is a software and database solution designed to run on Class 2 and 3

Hardware Platform EFB hardware platforms that meet minimum system requirements.

AMM operates on displays of various sizes and resolutions, in both portrait and

Display Size landscape orientations.
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Jeppesen Product 1 of 2 (Airport Moving Map for EFB) Location:  Englewood, CO
[] Raster [ Vector [X] Database
Format
[J ARINC Specification 816
Standards

Database Format

X RTCA DO-200A (for Accuracy, Integrity, Resolution, Traceability,
Timeliness, Completeness, and Format)
X] RTCA DO-272

Other: FAA Letter of Acceptance (LoA), February, 2009. Overall accuracy is
guaranteed 5 meters or better.

Update Rate

N/A. This is a software and database product.

Airport Information Elements Depicted

Runways

Light grey
All runway markings visible from the satellite are depicted in white to match
real-world paint markings.

Runway centerlines

White runway paint markings, including runway centerlines, are depicted as
seen in the real world.

Runway labels

Blue text in blue oval with black background. For runways visible in the view,
the runway labels are always displayed at view edge, regardless of zoom and
pan setting.

Closed Runways are labeled with Amber text in Amber oval with black
background. An Amber X marks the runways and runway labels.

Closed Displaced Runway Threshold: Same fill color as the runway, but with
Amber outline and Amber X marks on both ends of the Displaced Threshold.

Taxiways

Dark grey

Taxiway centerlines

Not shown.

Taxiway labels

White characters

Hold lines

Amber

Non-movement areas

Dirt and grass areas shown in black. Blast pads and overrun areas shown in
light grey.

Ramp areas Dark grey
Grassy areas Black
Buildings Blue
Building labels White text

Other

Closed Ramp, Taxiway, Parking Stand areas: Black fill with red outline.
Areas Under Construction: Bounded by a red border.

Other vertical structures such as trees are shown in blue just like buildings.
Airport Beacons are shown as a green star within a green circle on black
background.

Functions Supported

Ownship Depiction

-
Ownship is indicated (amber chevron Class 2, isosceles triangle Class 3).

Indicators

Airport Moving Map is designed to provide supplemental position information
on EFBs.
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Jeppesen Product 1 of 2 (Airport Moving Map for EFB) Location:  Englewood, CO

Conditions
Visual Indicators

Auditory Indicators

N/A

Constant ownship position updating while on the ground at an airport in the
database, as long as healthy position data is received from the system.

N/A

Decluttering

Labels are always presented in read-right manner and are automatically de-
cluttered to prevent label collisions and overprints. Appropriate label detail is
provided at each zoom level, for example runway identifiers and key taxiway
identifiers are always shown. As the AMM is zoomed in, additional labels are
added, showing more detail such as concourse and gate identifiers.

Panning

Panning is supported when displaying the map in north-up orientation.

Traffic Display

Other traffic is not displayed.

Route Guidance

Route guidance is not displayed.

Zooming/Autozoom

Zooming function is provided in both north-up and track-up orientations.
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Jeppesen Product 2 of 2 (JeppView) Location: Englewood, CO

Product(s) JeppView (FliteDeck and MFD)
Website(s) WWW.jeppesen.com
Approvals Responsibility of the end user.

Product Overview

JeppView is a suite of applications that provide electronic aeronautical charts for both ground-based and in flight
use. The JeppView charts provide the same coverage as Jeppesen’s Airway Manuals. JeppView can be used on
desktop, laptop, and tablet computers. JeppView FliteDeck is the Jeppesen software adapted for use in flight.
JeppView MFD is a chart solution designed for integration into avionics-built multi-function displays, using software
developed by the MFD provider. Ownship position can be depicted on the geo-referenced Jeppesen charts, if the
aircraft is equipped with a GPS signal that is integrated into the display device. Jeppesen does not provide the
actual physical displays; this is a software product and database service.

Note: This product family utilizes standard Jeppesen airport diagrams from the chart database for the surface
moving map function. Database source, resolution and functionality are not the same as EFB Airport Moving Map
(AMM), described in Jeppesen product 1 of 2.

—— 7 M|

[ERGENCY TEXT CHART SETUP ENROUTE NAV TERMINAL PLAN

L: JeppView FliteDeck for generic PC platforms. R: JeppView MFD Example (shown: Avidyne EX5000)
Shown by permission from Jeppesen.

JeppView FliteDeck: Desktop, laptop, tablet computers that meet minimum
system requirements.

JeppView MFD for avionics systems: Various MFDs from Avidyne (EX500,
EX5000, ADX210, ADX212, Entegra Release 9), Garmin (G1000, G900X, G600,
GMX200, MX20), Honeywell (Primus Epic Inav), Rockwell Collins (Proline), and
Universal Avionics (UCD).

Hardware Platform

JeppView FliteDeck: Displays of various sizes, orientations, and resolutions in
both portrait and landscape orientations.

JeppView MFD: Displays of various sizes, orientations, and resolutions as
developed by the avionics manufacturers.

Display Size

[] Raster X Vector ] Database
Format

[J ARINC Specification 816

Standards

Data Format
[] RTCA DO-200A

] RTCA DO-272

Other: The diagrams are static and pre-composed, so read-right text only
supports North up mode.

Update Rate N/A. This is a software and database product.
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Jeppesen Product 2 of 2 (JeppView) Location:  Englewood, CO

Airport Information Elements Depicted

Runways Black
Runway centerlines N/A
Runway labels Black
Taxiways Grey
Taxiway centerlines N/A
Taxiway labels Black
Hold lines N/A
Non-movement areas White
Ramp areas Grey
Grassy areas White
Buildings Black
Building labels Black text

Other

Various additional airport diagram markings and procedural notes.

Functions Supported

Ownship Depiction

JeppView FliteDeck: Green chevron (shown).
JeppView MFD: Varies depending on the manufacturer.

Indicators
Conditions

Visual Indicators

Auditory Indicators

N/A

N/A

Constant ownship position updating while on the ground at an airport in the
database, as long as healthy position data is received from the system.

N/A

Decluttering

N/A, charts are pre-composed static north-up images.

Panning Yes
Traffic Display N/A
Route Guidance N/A
Zooming/Autozoom Yes
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Lufthansa Systems

Location: Frankfurt, Germany

Product(s)

Lido Airport Moving Map

Website(s)

www.lhsystems.com

Approvals / Compliance

Avionics Box Type : [] Installed/MFD [X] EFB (Class [1 1 X 2 [X 3)
Authority: X FAA [XI EASA [ Other

Type of Approval/Compliance — In progress

TSO: [1c113 Xl c165 [] C166A [] Other

AC: X1 AC 20-159 [X] AC120-76A

[1]TC [ SsTC Aircraft:

[X] Order 8900.1
XI RTCA DO-178B (Level D)

Product Overview

Lido Airport Moving Map is intended to act as a runway incursion prevention system as well as airport information
system. It replaces the (paper/static) ground chart and shows a dynamic ground chart using the Lido RouteManual
charting standard. Own-ship position (north up or track up) is superimposed on the chart; the application is fully
integrated into the Lido eRouteManual electronic charting solution.
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Photo provided courtesy of Lido. Research Display Only.

Hardware Platform

EFB Class 1-3 (Class 1 without own-ship position)

Display Size

Any

Data Format

[] Raster ] Vector XI Database
Standards

X ARINC Specification 816

X] RTCA DO-200A

X RTCA DO-272

Other: Lido proprietary format

Update Rate

Acc. RTCA DO-272

44


http://www.lhsystems.com/

Lufthansa Systems Location: Frankfurt, Germany

Airport Information Elements Depicted

The method of depiction shown in the photo and described below reflects the night mode implementation,
according to the Lido RouteManual charting standard.

Runways

Light grey

Runway centerlines

Black dashed line

Runway labels

Deconflicted black text aligned to runway

Taxiways

Grey shape

Taxiway centerlines

Yellow line

Taxiway labels

Deconflicted white horizontal text

Hold lines Yellow line
Non-movement areas --

Ramp areas Grey
Grassy areas -
Buildings Brown

Building labels

Deconflicted white horizontal text

Other

According Lido RouteManual charting standard

Functions Supported

Ownship Depiction

Yes, orange chevron (look/color subject to change)

Indicators
Conditions

Visual Indicators

Auditory Indicators

Runway ahead warning; graphical NOTAM integration
N/A

Runway ahead warning by overlay message with red outline and adding red outline

to runway (color/style subject to change).

Screenshot in day mode.
N/A

Decluttering

Yes, zooming in further shows more detail, like taxiway lines, labels, etc.

Panning

Yes (Plan Mode)

Traffic Display

No

Route Guidance

Colored line along taxi route. Route entered graphically or textually. Route could

also be loaded from file (company routes) or any interface. NOTAMSs to be
interpreted and displayed, e.g. as restriction or closed taxiway.

Zooming/Autozoom

Yes
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MAPTECH Aeronautical Data Location: Exeter, NH

Product(s)

GENESYS SMM

Website(s)

e www.maptechaero.com
e Distributed by DAC International www.dacint.com

Approvals / Compliance

Avionics Box Type : [] Installed/MFD [X] EFB (Class [1 1 X 2 [X 3)
Authority: [X] FAA [] EASA  [] Other
Type of Approval/Compliance
TSO: X c113 Xl Cc165 Xl C166A [] Other
Notes: e FAA TSO C165 in process for August 2009.
o FAA TSO C166A in process for September 2009.
AC: X AC 20-159 [X] AC120-76A

1 T1Cc [ STC Aircraft: CRJ, ERJ, DHC-8, B767, C130, L382, DC-8, B737,
B777, Hawker/Beechcraft

Xl Order 8900.1
X RTCA DO-178B (Level _C )

Product Overview

The GENESYS SMM is a software application available as an add-on to the MAPTECH GENESYS suite

ORIG: KATL - ATLANTA, GA - AIRPORT DIAGRAM 09/25/2008 - 10/23/2008

& Moving Map

e s

A2l Moving Ship__ll,_,

A 322
Static Map sy

' Highlt Back Main

Photo courtesy of DAC.

Hardware Platform

GENESYS SMM is designed for use on a Class 2 or Class 3 EFB or Multi-function
Flight Information Display Unit (MFIDU).

Display Size

8.4",10.4",12.1”
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MAPTECH Aeronautical Data Location: Exeter, NH
[X] Raster X Vector X Database
Format
] ARINC Specification 816
Standards

Data Format

X] RTCA DO-200A
X RTCA DO-272

Other: Both raster and vector technologies are utilized to maximize the benefits of
each format. Submeter accuracy satellite imagery is used to meet or exceed the
accuracy requirements of RTCA DO-272.

Update Rate

Installation Specific, approximately 1-10 Hz dependent on source inputs

Airport Information Elements Depicted

Runways Light gray
Runway centerlines White
Runway labels White
Taxiways Dark gray
Taxiway centerlines Yellow
Taxiway labels White
Hold lines Yellow
Non-movement areas Black
Ramp areas Light gray
Grassy areas Green
Buildings Brown
Building labels White

Other

Functions Supported

Ownship Depiction

Administrator selectable icons/colors
A green triangle is depicted in the image.

Indicators
Conditions

Visual Indicators

Active runway marking

Pilots enter runway information during preflight of the EFB, and this information is
picked up by the surface moving map application

A magenta box is drawn around the active runway

Auditory Indicators None
Decluttering None
Panning Yes
Traffic Display None

Route Guidance

Manual taxi highlighting available

Zooming/Autozoom

Yes
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Rockwell-Collins, Inc. Location: Cedar Rapids, IA

A moving map implementation displaying airport surface, ownship, traffic, and
runway related indications and traffic conflict alerts, supporting A-SMGCS
Product(s) (Advanced Surface Movement Guidance and Control System). Additionally, taxi
route, taxi clearance limit, route deviation alert and clearance deviation alert are
available (if taxi route and clearance limit information is made available).

Website(s) www.rockwellcollins.com

Avionics Box Type : [] Installed/MFD [X] EFB (Class [1 1 X 2 [] 3)
Authority: [] FAA [] EASA  [X] Other (Swedish CAA)

Type of Approval/Compliance

TSO: dc113 Jc1e5 ] C166A ] Other

AC: [J AC 20-159 [] AC120-76A

[JTC [X STC Aircraft: __Boeing 737NG

[] Order 8900.1

[ RTCA DO-178B (Level D )

Note: The software is designed to meet the requirements of RTCA DO-178B but it is
not approved.

Approvals / Compliance

Product Overview

Rockwell Collins worked with LFV, SAS, Avtech, Boeing, Delft University, and EUROCONTROL to research,
develop, and evaluate a surface moving map implementation of advanced concepts for all aircraft categories. This
work was performed for the Northern European ADS-B Network Update-Program Il+. The implementation shows
current Rockwell Collins capability and provides a platform and framework for future development. The system
behaves as a basic Cockpit Display of Traffic Information (CDTI), displaying ownship and ADS-B traffic information
graphically, on the ground and in the air. The system has the capability to receive data-linked taxi route
instructions (including clearance information), display them graphically on the airport surface map, and provide
clearance and route conformance monitoring. The system is installed on SAS Boeing 737NG aircraft for
operational evaluation on commercial revenue flights. The taxi route data link provision was implemented
specifically for Arlanda airport, Stockholm, Sweden.

Rockwell Collins also provides a surface map application based on electronic airport diagrams using a Jeppesen
airport surface database for aircraft Adaptive Flight Displays (AFD). The IFIS product (not shown here) currently
provides airport moving map with ownship position on a forward display.

Photo courtesy of Rockwell Collins.

The application is currently running on the NavAero t-Pad 1000 with a touchscreen,
Hardware Platform but it was originally built for the BF Goodrich EFB with bezel keys. It can be hosted
on similar EFBs (either class 2 or class 3).

The NavAero t-Pad 1000 is a 10.4” TFT LCD display with touchscreen used in

Display Size portrait mode with a resolution of 768x1024.
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Rockwell-Collins, Inc.

Location: Cedar Rapids, IA

Data Format

[] Raster [ Vector X Database
Format

[J ARINC Specification 816

Standards

[J] RTCA DO-200A

[0 RTCA DO-272

Other: Using custom airport database for rending airport layout, but extensible to
any available standard database format. The graphical taxi route is provided using a
protocol that has been developed specifically for this application, since there is no
current standard available for this of information.

Update Rate

Approximately once per second. Depending on hardware, complexity of database
and features to be drawn. display rendering is updated at between 15 and 60 Hz.

Airport Information Elements Depicted

Runways Grey

Runway centerlines White

Runway labels Black text in white text boxes
Taxiways Grey

Taxiway centerlines White

Taxiway labels White characters in blue text boxes
Hold lines Yellow

Non-movement areas Grey

Ramp areas Grey

Grassy areas Green

Buildings Black

Building labels --

Other Gates (black)

Functions Supported

Ownship Depiction

Ownship is depicted as a white triangle at high map ranges (i.e., greater than 400
m) and a white aircraft icon at close map ranges. The symbol changes color due to
alert conditions.

Indicators
Conditions

Visual Indicators

Runway incursion alerting, hold violation, and route deviation alerting

Runway incursion alerting for traffic conflict: The runway is depicted in red when
there is a conflict, and a text message is presented at the bottom of the display to
provide the pilot with information about the conflict. Additionally, ownship color
changes to red. Color and symbol optimization is currently in work.

Hold violation alerting: When crossing the hold line between the cleared part of the
taxi route and the non-cleared part of the taxi, the ownship symbol turns red and a
text message is presented at the bottom of the display.

Route deviation alerting: When the aircraft is deviating a certain distance from the
route, the ownship symbol will turn red and a text message is presented at the
bottom of the display.
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Rockwell-Collins, Inc.

Location: Cedar Rapids, IA

Auditory Indicators

[TAXI|| HDG || ARC|

rd N \
i R \ I
DELHALERT ROUTE DEVIATION

« |<t » <t|| |IN

£ |2 »

The application will provide an alert sound in the event of a runway incursion, hold
violation, or route deviation. The alert can be integrated into the flight deck. The
audible part of the alert can either be a tone or voice alerting.

Decluttering

Decluttering of traffic symbology uses 4 layers:
0 = No traffic

1 = Traffic Symbol only

2 = Traffic Symbol + vector

3 = Traffic Symbol + vector + label

Panning

Panning is possible by stepping through the waypoints of the taxiroute.

Traffic Display

ADS-B and TIS-B are the main sources for the application, but TCAS information
can also be presented. Symbology used is depicted below (these can be changed
to any required standard symbols).

H Aircraft on ground (cyan arrow shape with dot)

Aircraft in air (cyan arrow shape)

Selected traffic (aircraft) (highlighted traffic symbol)

x Vehicle (hexagon with dot —here represented with optional speed vector)

Additional information about the selected traffic is displayed in the top left corner. If
the selected traffic moves outside of the current zoom level, a cyan dotted line is
displayed from ownship in the direction of the selected traffic.
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Rockwell-Collins, Inc.

Location: Cedar Rapids, IA

|TAXIH HDGH ARCY | DECL]

Gl D06 | mac

Route Guidance

The taxi route is graphically overlaid on top of the airport map. The taxi route is
received by data link and also contains clearance information. The cleared part of
the taxi route is visualized with a magenta line and the remaining part after the
(virtual) hold is a yellow line. Any update to the route or clearance information has to
be acknowledged/accepted by the pilot using the interface of the EFB.

Taxi route information is completely independent of the airport database that is
depicted. Taxi route information is generated by the controller at the airport. The
generator of the taxi route should be aware of construction and/or other events that
impact taxi instructions. NOTAMS are not depicted in this implementation.

Zooming/Autozoom

Range settings in ground mode have 5 levels from 400 ft to 6400 ft for the radius of
the inner range circle (manually selectable). No autozoom.
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TerraVision Ltd. Location:

Petah Tikva, Israel

Product(s) FollowTheGreen

Website(s) www.terravision.co.il

Type of Approval/Compliance

TSO: [1cC113 X c165 []1 C166A
AC: ] AC 20-159 [] AC120-76A

O T1c [0 sTC Aircraft:

[] Order 8900.1

XI RTCA DO-178B (Level _D )

Approvals / Compliance

Avionics Box Type : [ Installed/MFD [X] EFB (Class X 1 X 2 [] 3)
Authority: [XI FAA [ EASA XI Other (CAA)

[] Other

Product Overview

FTG+>is an AMMD (Aerodrome Moving Map Display) software application that incorporates all standard
requirements per RTCA DO-257A with overlay data management capabilities. FTG % is a database driven
application compliant with RTCA DO-272A. FTG - utilizes a graphics engine designed and developed specifically
for the AMMD application by TerraVision. FTG > is structured using flexible architecture and can be adapted to

any EFB Class 1 and Class 2 hardware systems.

CIR OFF

RECALL

Photo courtesy of TerraVision Ltd.

Hardware Platform EFB class 2 (Installed) and class 1 (Laptop )

Display Size FTG#% can be adapted to any size of display and resolution
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TerraVision Ltd. Location: Petah Tikva, Israel
[] Raster [ Vector X Database
Format
Xl ARINC Specification 816
Standards

Data Format

X] RTCA DO-200A
X RTCA DO-272

(TerraVision also provides AMDBs (Aerodrome Map Data Bases) with better than
medium accuracy and routine integrity as specified in RTCA DO-272A.

Other: The structure of the database allows continuous updates and modifications.

Update Rate

When connected to avionics data the frame rate is at least 10 Hz to meet data
transfer rates. While panning the frame rate is 50 Hz.

Airport Information Elements Depicted
Runways Light Grey
Runway centerlines White

Runway labels

White text in dark grey text boxes

Taxiways

Dark grey

Taxiway centerlines

Yellow

Taxiway labels

Yellow text in black text boxes

Hold lines Tomato
Non-movement areas Black
Apron areas Dark grey
Grassy areas Black
Buildings Blue
Building labels White

Other

Runway markings: white

Closed RWY/Taxi: brown outline
Service roads: dark grey

Stand guidance line: yellow
Parking stand location: white
Runway exit line: white

Runway shoulders: brown

Functions Supported

Ownship Depiction

Ownship is presented and depicted as a green triangle. At low speeds when
heading information is unreliable, ownship is depicted as a green circle.

o P -

Indicators

Conditions

Runway Incursion alert
Selected parking stand
Runway incursion indication thresholds are based on distance between ownship to

Runway, the A/C speed and the geometric between the aircraft vector (Heading)
and the runway.

Parking stand indication is based on user selection.
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TerraVision Ltd.

Location: Petah Tikva, Israel

Visual Indicators

A runway incursion is indicated by changing the map background color, and
showing a text message in the designated messages area at the lower left corner of
the display. The message text identifies the runway (e.g., “Entering RWY 07L-
25R"); the color of the message is yellow. (See figure below)

RT1 = Rey [

The selected parking stand is highlighted in orange and cyan.

B B B ! [ - |

B |/ E

Auditory Indicators

No auditory information is available (at this stage)

Decluttering

Map layers (i.e., geometric elements such as taxi element, runway markings and
such) are decluttered according to zoom level automatically for cartographic
readability.

Information layers are divided into sub-categories, each sub-category may further
divided into sub-layers, each sub-layer display is user selectable.

Panning

Yes

Traffic Display

Under development. Traffic is not currently depicted, although the system’s
infrastructure is built to support it.

Route Guidance

Under development. Taxi information is not currently depicted, although the
system’s infrastructure is built to support it.

Zooming/Autozoom

Zoom in, Zoom out, and Zooming to initial Zoom and zoom to selected area are
provided.

There are 10 levels of zoom ranging from 50% to 500%.
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THALES Location: Toulouse, France

Product(s) Airport Navigation Product Line

e www.thalesgroup.com
e OANS (Onboard Airport Navigation System)

Website(s)

Avionics Box Type : [X Installed/MFD [] EFB (Class [1 1 [12 [] 3)
Authority: X FAA [XI EASA [ Other

Type of Approval/Compliance

TSO: [Jc113 [ Cc165 ] c166A [] Other

AC: [J AC 20-159 [] AC120-76A

X TC [ STC Aircraft: __A380

[] Order 8900.1

[ RTCA DO-178B (Level C )

Approvals / Compliance

Product Overview

For over a decade, Thales has been involved in defining future airport surface functions through several internal,
national and European Research and Development programs. Some of the results of this research have been
implemented in the Airport Navigation Product Line, which is intended to provide the flight crew with information
to enhance situation awareness to support safety and efficiency during airport surface operations for all regional,
business and air transport aircraft. Ownship position is displayed dynamically on the aircraft’s Navigation Displays,
using a high-resolution geo-referenced airport moving map, by using an Airport Mapping Database (AMDB).
During flight operations, pilots can access information through a cursor control device to consult the airport map
and to prepare routing on the selected airport. On the ground, pilots are presented with information to support
taxiing operations from and to the gate, including alerting functions, such as Approaching Runway and Runway
Overrun, to help the flight crew avoid potential runway incursions or excursions. Other functions under
development for the Airport Navigation Systems solution are intended to support upcoming airport surface
operations enhancements through information sharing with ATC and other avionics components (such as traffic
display and taxi route uplinks). These functions introduce the potential for additional advisories and alerts, e.g.,
surface traffic conflict detection and alerting, potential route deviations, exit guidance.

The OANS version is already available and used on Airbus A380, and will be progressively deployed on

A320/A330/A340 families then A350. Development of other versions on other aircraft types is also under way.

Photo Credit: Jack Burlot, Airbus Industrie.

The Surface Moving Map application is presented on existing aircraft Navigation
Displays (ND). It can be displayed simultaneously on each of the two NDs, with
each showing a potentially different airport, range or display mode (ARC, ROSE, or
PLAN).

Airport Navigation application is either installed on a dedicated stand-alone LRU or
integrated into an avionics suite or in the Navigation Displays.

Airport Navigation Research and Development programs have examined the use of
Class 2 EFBs, which may be appropriate for some basic functions. However,
advanced functions would need to be presented on installed avionics since several
other systems would be needed for achieving the function (e.g. Flight Warning
Computer, FMS, Braking Units, Communication Units, etc). The use of a Head-Up
Display (HUD) is also being considered.

Hardware Platform
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THALES

Location: Toulouse, France

Display Size

Varies depending on the ND on which the application is hosted

Data Format

[] Raster ] Vector X Database
Format

[J ARINC Specification 816

Standards

[ ] RTCA DO-200A
X] RTCA DO-272
Other: RTCA DO-160D, RTCA DO-254 Level C

Update Rate

Function of the aircraft installation: typically in the 10 - 15 Hz range

Airport Information Elements Depicted

The details may vary from one installation to another or from one research prototype to another. The description
provided in this section corresponds to the depiction shown in the images above.

Runways White
Runway centerlines Yes
Runway labels White
Taxiways Grey
Taxiway centerlines Yes

Taxiway labels

Yellow text in black box

Hold lines Yes
Non-movement areas Black
Ramp areas Grey
Grassy areas Black
Buildings Blue

Building labels

Blue in black box

Other

Functions Supported

Ownship Depiction

Ownship is presented using an aircraft symbol. Color depends on aircraft
installation. (typically purple or yellow)

Indicators

Visual Indicators

Several alert types (shown on ND, with potential specific message displayed on
PFD and potential aural messages)

Varies depending on aircraft installations. Note that some of the functions listed
below are still under study.

Runway Alerting

e Selected Runway advisory: the runway outline is highlighted on the SMM. The
color of the highlighting varies depending on the installation. Highlighting is
performed permanently as soon as the selected runway is designated by the
crew. No text message is shown.

e  Approaching Runway alert (on-ground) : the runway outline is highlighted and
flashing on the SMM with a text label superimposed on the SMM (typically
“Approaching Runway” or display of Runway extremity labels) as soon as the
aircraft is approaching a runway from a taxiway

e Approaching Runway advisory (in-flight): the runway outline is highlighted on
the SMM with no text label superimposed on the SMM as soon as the aircraft is
approaching a runway.

e  Approaching occupied runway, with or without clearance (on-ground and in-
flight)
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THALES

Location: Toulouse, France

Auditory Indicators

Braking Guidance

e Braking cues: dedicated lines are overlaid on the runway on the SMM

e Runway Overrun : a dedicated symbol is overlaid on the SMM, with a specific
message displayed on the PFDs. Implementation may also include a potential
aural alert

Other Alerts and Indications

e Surface traffic conflict detection and alerting

e Taxi Alerting, e.g., wrong direction, weight not compatible, etc.

e  Steering guidance indications

e Exit Guidance indications

Decluttering

Decluttering is function of display range.

Panning

Yes (with the use of the Control Cursor Device)

Traffic Display

In development: traffic will be received from the Traffic Computer (e.g., TCAS, ADS-
B).

Route Guidance

Varies depending on aircraft installations.

Taxi route could be manually entered through an interactive means, a predefined
route could be selected from taxi route database, or the route could be uplinked
from ATC (e.g., through CPDLC). The color used to depict the route also varies
depending on the installation.

Zooming/Autozoom

Different selectable ranges. No Autozoom.

Other Functions

e Airport Database Uplinks for updates or NOTAMS
e Taxi assistance with line deviation indication
e Automated guidance
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4 RESEARCH DISPLAYS

BAE Systems, Technische Universitat Darmstadt

(AMM Developer), University of Malta, Deep Blue Location:

Product(s) Airborne Integrated Systems for Safety Improvement, Flight Hazard Protection and
All Weather Operations (FLYSAFE)

Website(s) www.eu-flysafe.org

Approvals Research display - No approvals from certification authorities

Product Overview

FLYSAFE is an integrated project, sponsored by the European Commission, to research and design a Next
Generation Integrated Surveillance System (NG ISS). As part of this effort, FLYSAFE is developing systems and
functions intended to improve situation awareness and provide advanced warning for potential threats (e.g., traffic
collision, ground collision, and weather). One of the systems is a surface moving map, which is intended to provide
enhanced traffic situational awareness on the airport surface (ATSA-SURF). Taxi route, runway clearances, and
traffic alerting functions are included.

JKK126

Photo courtesy of FLYSAFE research consortium.

Hardware Platform Navigation Display
Display Size Intended for a standard glass-cockpit Navigation Display
Data Format Database-driven — ED-99 / ED-99A

Varying with the number of objects / complexity of textures and hardware. Currently

Update Rate at least 20 fps are achieved.

Airport Information Elements Depicted

Light grey

Closed runways indicated with red x’s along the runway

Runways Active runway: white x’s superimposed over the runway indicate closure for takeoff
and landings

The FMS Runway is highlighted with a white boarder.

Runway centerlines White
Runway labels White text in black text box
The label is “dimmed” (white text in grey text box) to indicate non-active runway
Taxiways Dark grey
Taxiway centerlines Yellow
Taxiway labels Yellow text in black text box
Hold lines Red
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BAE Systems, Technische Universitat Darmstadt

. . Location:
(AMM Developer), University of Malta, Deep Blue
Non-movement areas Black
Ramp areas Dark grey
Grassy areas Black
Buildings Blue
Building labels -
Other
Functions Supported
Ownship Depiction
Yellow aircraft icon «
o o <[ © 2
- =27 ) o T 2 3 ©
5 £ T 8 %8 S gl 3w
£ c 3 38 o 7 2 2 & <
= Q @ > i
~ < E = g I= % =}
R . . '\?B PFD’I RUNWAY PFD: “RWY INCURSION” Y
unway incursion » Ural | |NCURSION | ND: *RUNWAY INCURSION” €S
alert
(Intruder either on final | 3DPFD, | L e
approach or taking off) | ND, aural | \oproach | ND: “APPROACHING Yes
alert TRAFFIC”
'33 PA'l:.I?a’I GROUND PFD: “GROUND TRAFFIC” Yes
Indicators Ground traffic on alort TRAFFIC | ND: “GROUND TRAFFIC”
taxiway
3D PFD, GROUND | PFD: “GROUND TRAFFIC” Y
ND TRAFFIC ND: “GROUND TRAFFIC” £
ND, aural | RUNWAY | PFD: “RWY INCURSION" v
alert INCURSION | ND: “RUNWAY INCURSION” €
ND, aural | RUNWAY | PFD:“RWY INCURSION” v
alert INCURSION | ND:*RUNWAY INCURSION” es
. . PFD: “APPROACHING
Runway Incursion SB PFD'I TRAFFIC ON | TRAFFIC” v
» 8ural | AppPROACH | ND: *APPROACHING £S
alert TRAFFIC”
3D PFD, PFD: “APPROACHING
ND, aural | TRAFFIC ON [ carder Yes
2 APPROACH [ ND: “APPROACHING
alert TRAFFIC”
Traffic alerts are based on spatial proximity between aircraft and closure rates.
Conditions Alerting thresholds are currently subject of further refinement for the main task

evaluation.
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BAE Systems, Technische Universitat Darmstadt
(AMM Developer), University of Malta, Deep Blue

Location:

Visual Indicators

Auditory Indicators

Traffic Alerts: conflict traffic is drawn in amber

Runway incursion alerts: runway is highlighted in red for a warning, conflict aircraft
on the runway (and data tag) is also drawn in red

Traffic Alert Runway Incursion Alert
See “Indicators”

Decluttering

Manual decluttering is provided:
Airport — everything except runways on/off
Traffic — Labels on/off

Automatic Traffic decluttering: All traffic on the airport disappears if the selected
range does not enable to distinguish the different traffic elements.

Panning

Traffic Display

Yes, white chevrons

Part of the FLYSAFE NG-ISS is the Traffic Data Fusion System which access ADS-
B, TIS-B, TCAS and other sources to provide traffic information to other
subsystems. More detail on its structure is provided in “The European Research
Project FLYSAFE: Evaluation of Novel Traffic Functionalities for Future Airliners”,
presented at the Council of the European Aerospace Societies (CEAS) 2007 by N.
Barraci; C. Vernaleken; C. Urvoy; K. Koch; A. Andreas, Sindlinger, DE; G.
Heidelmeyer; and U. Klingauf.

Route Guidance

Yes, green line

Zooming/Autozoom

Zooming is provided, no auto-zoom.
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Delft University of Technology Location: Delft, The Netherlands

Product(s) Safe Airport Navigation

o  http://www.synthetic-vision.tudelft.nl/SVatDelftUofT/SVatDelftUofT.htm
e  www.stw.nl/Projecten/D/det/det5844.htm

Website(s)

Approvals N/A. Research only.

Product Overview

Delft University of Technology developed a surface guidance system for research purposes through the “Safe
Airport Navigation” project, sponsored by the Dutch Technology Foundation. The goal of the program is to
examine whether it is possible to compensate for reduced visibility conditions through the presentation of
navigation and communication on a surface map display, e.g., by providing route information and taxi instructions.
The Surface Movement Guidance system consists of two components: a plan view navigation display to support
global awareness of ownship position on the airport surface, and a taxi guidance display to support local
awareness for route-following.

The figure on the left shows an implementation in the plan-view mode on a BFGoodrich EFB. The figure on the
right shows the implementation adapted for a touchscreen display using a NavAero EFB.

Photos courtesy of E. Theunissen, Delft University of Technology.

Class 3 EFB (simulation). Platforms used: Panasonic Toughbook, BFGoodrich EFB,

Hardware Platform NavAero EFB.

Display Size 768 x 1024 pixels (125 x 170 mm)

Database-driven, internal proprietary format. The primary source for the database is

Data Format information from airport surveys conducted by the FAA Safe Flight 21 program.

Update Rate >10 Hz

Airport Information Elements Depicted

Runways Grey

Runway centerlines --

Runway labels Black text in white text boxes
Taxiways Grey

Taxiway centerlines Grey

Taxiway labels White characters in blue text boxes
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Delft University of Technology Location: Delft, The Netherlands

Hold lines Yellow
Non-movement areas Grey
Ramp areas Grey
Grassy areas Green
Buildings Black

Building labels

Other

Functions Supported

Ownship Depiction

Yes. White triangle ﬂ
Icon chanies to a white aircraft icon when closely zoomed in (forward range set to

400 m).

Indicators

Conditions

Visual Indicators

Route deviations
Hold short violations
Runway incursions

The evaluations so far used a static threshold for route deviation alerting. In case
cross track error is greater than 15 meters, a route deviation is declared. In case the
computed forward point of the aircraft has crossed an active hold position, a hold
violation is declared. The most recent version of the EFB uses predictive alerting.
The algorithm uses a combination of cross track error, track angle error and velocity
to determine whether a future violation of the position constraint is likely, resulting in
a dynamic threshold for the cross track error.

Route deviation or hold-short violation: ownship is colored red
Runway incursion: Runway is colored red and the conflict aircraft shown in yellow.

Route deviation
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Delft University of Technology Location: Delft, The Netherlands

Auditory Indicators

Hold short violation
Photos courtesy of E. Theunissen, Delft University of Technology.
Only an attenson ping to attract the pilot’s attention for route deviations, hold short

violation, or potential runway incursion. There is no specific verbal warning or
alerting.

Decluttering

3-level declutter scheme for traffic symbols and taxiway labels (symbol only, symbol
+ vector, symbol + vector + labels).

Panning

No free panning. User can step through taxi route waypoints while display will
center around active waypoint.

Traffic Display

TCAS traffic: non-directional symbol (diamond) 4 ]
ADS-B traffic : white unfilled chevron; velocity vector can be added By

Route Guidance

Yes. The route is depicted graphically and listed textually at the bottom of the
display. Cleared route information is drawn in magenta and pending is drawn in
yellow. The textual route information lists ownship’s current taxiway/runway and the
next four taxiways/runways.

Photos courtesy of E. Theunissen, Delft University of Technology.

Zooming/Autozoom

Five zoom levels (400 m, 800 m, 1600 m, 3200 m, 6400 m range from ownship) no
autozoom.
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Location: McLean, Virginia

MITRE
Product(s) MITRE CAASD Cockpit Display of Traffic Information (CDTI) prototype
Website(s) www.mitre.org
N/A. Research only. The research is intended to support requirements development
Approvals of RTCA special committee 186, Working Group 1 for cockpit based runway safety
indications and alerting.

Product Overview

MITRE is conducting research

national and international stan

concerning indications for normal and non-normal conditions on the airport surface.

The capabilities assume the use of surveillance capabilities on board the aircraft such as ADS-B. The research
prototypes depicted are intended to allow human-in-the-loop concept validations to support the development of

dards.
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Photo courtesy of MITRE.

Hardware Platform

Research display. Class 2 or 3 EFB

Display Size

Diagonal display is 11 inches, resolution is 1024 x 768.

Data Format

Database-driven display

Update Rate

The display has a one second update rate.

Airport Information Elements Depicted
Runways Dark Grey
Runway centerlines White
Runway labels White
Taxiways Light grey

Taxiway centerlines
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MITRE

Location: McLean, Virginia

Taxiway labels

White characters in black text box

Hold lines --
Non-movement areas Black
Ramp areas Black
Grassy areas Black
Buildings Blue

Building labels

Other

Functions Supported

Ownship Depiction

Yes. White unfilled triangle A

Indicators

Conditions

Visual Indicators

Traffic display with ownship position and runway safety indicators and alerts

Runway Safety Indications identify runway and traffic status as relevant to own-ship
operations. Traffic, as viewed from ownship’s current state is considered “relevant” if
that traffic position, orientation, and movement could potentially lead to a runway
incursion or collision within a foreseeable period of time. Indications are intended to
identify normal operational conditions to the flight crew that are generally relevant
for runway safety and could be a precursor to a runway safety hazard. Indications
are not intended to attract pilot awareness.

Primary indications are provided if ownship’s runway is not usable for taxi, takeoff or
landing by ownship. Secondary indications are provided if the runway is currently
usable by ownship but there could be a potential collision hazard in the immediate
future. Indications are generally provided as a function of ownship position in
relation to the runway.

In contrast to indications, runway safety alerts are intended to help prevent potential
collisions between two aircraft. Alerts are intended to attract pilot awareness. Alerts
are provided as a function of position and closure rate between ownship and conflict
traffic. Caution alerts are intended to provide_immediate flight crew awareness for
subsequent flight crew response. Warnings are intended to facilitate immediate
flight crew awareness for immediate response. Specific alerting behavior depends
on the scenarios and both levels of alerts may not be triggered in all situations.

Blue-white outlined runway: indicates occupied
runway with traffic that is relevant to ownship; the
traffic aircraft is converging onto a common
intersection

Enlarged, filled-in chevron: indicates relevant traffic
currently on a runway

Flight identifier and ground speed: provides
additional information about relevant traffic on a
runway.

Runway status box: provides textual information
regarding runway occupancy, e.g., “[Runway
number] occupied”

29 OCCUPIED
17L OCCUPIED
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MITRE

Location: MecLean, Virginia

Auditory Indicators

CAUTION TRAFFIC ON 17R

For Cautions: Occupied runway and (;flict traffic aircraft are drawn in yellow;
yellow text in the runway status box provides alert message (“CAUTION TRAFFIC
ON [Runway number]”)

For Alerts: Occupied runway and conflict traffic aircraft are drawn in red; red text in
the runway status box provides alert message (“WARNING TRAFFIC ON [Runway
number]”)

Indications: For situations when ownship is taxiing toward a runway entrance and
traffic is approaching that intersection at high speed, an auditory message is
presented such as: “Traffic Ahead”

Caution and warning alerts are presented with an auditory message, for example:
“Traffic Ahead”

Decluttering

Does not allow decluttering.

Panning

Does not allow panning.

Traffic Display

ADS-B ground and airborne traffic is depicted on the display. Ground traffic is
indicated as brown chevron with a dot in the center. Airborne traffic is depicted as
blue chevron and altitude difference to ownship.

Route Guidance

The research prototype does not provide route guidance.

Zooming/Autozoom

The research prototype only provides manual zooming. No automated zooming is
provided.
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NASA-Ames Research Center Location: Moffett Field, CA

Product(s) Taxiway Navigation and Situation Awareness (T-NASA) System

o NASA-Ames Human Factors: humansystems.arc.nasa.gov
Website(s) e T-NASA: hsi.arc.nasa.gov/groups/HCSL/research/tnasa.html

o Research reports: hsi.arc.nasa.gov/groups/HCSL/publications.html
Approvals N/A

Product Overview

The Taxiway Navigation and Situation Awareness (T-NASA) System is a suite of research displays to aid pilot
navigation on the airport surface. One of the components is a surface moving map that presents routing, guidance,
and surveillance information. The map is considered to be a secondary display, since it is integrated with a head-
up display that is intended to be the primary source for navigation. NASA-Ames is no longer actively working on

T NASA, although research to improve the efficiency and safety of taxi operations continues using variants of the
display suite.

UAL45/BT37

TALdG! BT37
fls

101LRILR

[Range: 1 3X2K1X OVRAT|

Gate C4-->/A-->Hold short A17

* cleared to cross A17-->B-->D6-->RWY14R *
Photo courtesy of NASA-Ames.

Installed: the surface moving map application is located on the multifunction display

Hardware Platform RO X
used to show navigation information.

Display Size

6 x 6 in (Navigation Display)

Data Format

Database-driven

Update Rate

60Hz

Airport Information Elements Depicted

Some aspects of the design of this research display, in its current form, may preclude certification, based on
guidance in regulatory documents. For example, the color red is used inappropriately to highlight the current zoom
level. Regulatory documents (e.g., 14 CFR §§ 23.1322, 25.1322, 27.1322, 29.1322 and RTCA DO-257A) limit the
use of red for indicating a hazard that may require immediate corrective action.

Runways

Black. Red lines across intersections indicate occupancy.

Runway centerlines

Runway labels

White
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NASA-Ames Research Center Location: Moffett Field, CA
Taxiways Black

Taxiway centerlines -

Taxiway labels White

Hold lines Red bar surrounded by yellow border

Non-movement areas Black

Ramp areas Black

Grassy areas Green

Buildings Blue

Building labels

Other

Functions Supported

Ownship Depiction

White triangular symbol indicating position and directionality

Indicators

Conditions

Visual Indicators

Auditory Indicators

e Runway occupancy
e Traffic incursion
e ATC Hold bars for ownship and other aircraft

e Cardinal ordinate positions are shown on edge (e.g., E = East; SW =
Southwest) and move as appropriate

e Forward "visual cone" reference to highlight approximate forward view and
forward distance indication (800m Distance)

Hold bars based on ATC clearances

e Runway occupancy: Indicated with red bars outlining the runway, simulating
AMASS-like technology.

e Traffic incursions: three stage color-coding scheme (white, yellow, red), similar
to TCAS.

e  Ownship taxi clearance provided in text via datalink at bottom of display

e  Traffic incursions: Direction tone + “Traffic — Traffic”

e Hold Short crossing: Non-directional tone + “Hold Short” issued when ownship
crosses an active hold bar (i.e., violates an ATC hold clearance)

e Route deviations: Non-directional tone + “Off Route” when ownship deviates
from the cleared taxi route

Decluttering

Yes. Can show all traffic or only traffic within a specified radius from the ownship.

Panning

No

Traffic Display

White aircraft icon, when accurate directional information is available. Otherwise, a
solid circle is used with optional ID (aircraft type and call sign)

A

To indicate the likelihood of an incursion with other traffic, the color of the conflict
aircraft changes from white to yellow and then to red.

s B

Route Guidance

Taxi route is depicted as a thick magenta strip for cleared routes. Hold short
directives are incorporated by depicting yellow flashing hold bars for ownship and
traffic. The cleared route, pending the hold, is shown in yellow and pending routes
are shown in flashing white. A text display of the taxi route is provided below the
display.

Zooming/Autozoom

Zooming provided over four levels (all perspective views), plus one overview (plan
view). No autozoom capability.
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NASA-Langley

Location: Hampton, VA

Product(s) Runway Incursion Prevention System (RIPS)
o NASA-Langley: www.nasa.gov/centers/langley/home/index.html
Website(s) ¢ www.nasa.gov/centers/langley/news/factsheets/RIPS.html
e  Work conducted under a cooperative agreement with ERA (see
www.erabeyondradar.com)
Approvals N/A

Product Overview

NASA-Langley’s RIPS effort was built on NASA-Ames’ Taxiway Navigation and Situation Awareness (T-NASA)
System. In RIPS, incursion alerts are presented visually on the surface map and are accompanied by an auditory
warning. These alerts are generated by the Runway Safety Monitor (RSM) conflict detection algorithm developed
for NASA by Lockheed Martin. A second runway conflict detection algorithm, PathProx™ , has also been
developed by ERA Corporation, under a cooperative agreement with NASA-Langley.

CN2T4
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ER
I
H L AA A%Q

K s

Photo courtesy of NASA-Langley.

Hardware Platform

Simulation. Class 3 EFB, Navigation Display

Display Size

10.” Diagonal, 1280 x 1024 pixel resolution

Data Format

Database-driven

Update Rate

Adjustable

Airport Information Elements Depicted

Information provided reflects

implementation on a plan-view display

Runways Grey
Runway centerlines White
Runway labels Yellow
Taxiways Brown
Taxiway centerlines -
Taxiway labels Yellow
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NASA-Langley Location: Hampton, VA
Hold lines --

Non-movement areas Black

Ramp areas Black

Grassy areas Green

Buildings Brown

Building labels

Other

Functions Supported

Ownship Depiction

Yes. White triangle. Solid when on ground, open when airborne.

Indicators

Conditions

Visual Indicators

Auditory Indicators

Runway incursion / conflict alerts, hold short violation alerts, deviation from assigned
taxi route alerts

RSM uses a generic approach for detecting and generating incursion alerts and
monitors traffic that enters a three-dimensional virtual protection zone around the
runway that is being used by the ownship. Incursion detection is based on the
operational state of the ownship and traffic, as well as other criteria (separation and
closure rate). Identification, position, and altitude data is used to track the traffic in
the protection zone.

PathProx™ uses a scenario based algorithm for detecting conflicts. The algorithm
incorporates scenarios that capture all potential runway incursion conflicts. Cautions
and warnings are generated based on aircraft states and separation (distance and
time).

Alert phrases provide information regarding location of incurring traffic, e.g.,
“Warning Traffic Departing 25”, “Caution, Traffic 34 R. Text information is presented
in yellow for cautions and red for warnings. The traffic symbol for the incurring
aircraft is highlighted by a designator box and drawn at a larger size and different
color (yellow for cautions and red for warnings). If the incurring traffic is not on the
display, a symbol at the edge of the display in the direction of the traffic aircraft’'s
location is shown.

Auditory alerts present audible annunciation of the visual text conflict alerts. Audible
alerts are also given for hold short violations and deviation from assigned taxi route.

Decluttering ves. - .

ATC messages, traffic information tag
Panning No

Yes

Traffic Display

Ground traffic displayed as dark blue chevrons; airborne traffic displayed as cyan
chevrons.

Traffic sources include simulated traffic, ADS-B, TIS-B.

A

Route Guidance

The taxi route is shown in magenta and provided in text form in a pop-up window.
Hold short locations are depicted as a red bar outlined in yellow.

Zooming/Autozoom

Multiple zoom levels (0.5 nm, 1 nm, 1.5 nm, 2 nm, 2.5 nm, 5 nm, 10 nm, 20 nm, 40
nm, 60 nm, 80 nm, 160 nm)

No autozoom.

70



Technische Universitat Darmstadt Location: Darmstadt, Germany

Product(s) Airport Moving Map
Website(s) www.fsr.tu-darmstadt.de/research/groups/en_cavok.html
Approvals Research display - No approvals from certification authorities

Product Overview

The Airport Moving Map developed in TUDs Research Flight Deck Displays aims at improving the flight crew’s
situational awareness. The first step is the display of ownship on the airport moving map to help gain positional
awareness. Awareness of surrounding traffic is enabled by the display of traffic data on this same map.
Operational and Clearance awareness are obtained by displaying on the map information coming from the
Preflight Information Bulletin (Runway Closures, Taxiway Closures, etc.) and clearance information in case CPDLC
is available.

Photos provided courtesy of Technische Universitat Darmstadt.

Hardware Platform Navigation Display
Display Size Intended for a standard glass-cockpit Navigation Display
Data Format Database-driven — ED-99 / ED-99A

Varying with the number of objects / complexity of textures and hardware. Currently

Update Rate at least 20 fps are achieved.

Airport Information Elements Depicted

Runways Light grey
Closed runways indicated with red x’s along the runway

Active runway: white x’s superimposed over the runway indicate closure for takeoff
and landings

The FMS Runway is highlighted with a white boarder.

Runway centerlines White

Runway labels White text in black text box
The label is “dimmed” (white text in grey text box) to indicate non-active runway

Taxiways Dark grey
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Technische Universitat Darmstadt

Location: Darmstadt, Germany

Taxiway centerlines

Yellow

Taxiway labels

Yellow text in black text box

Hold lines

Yellow. If information regarding ATC clearances is available, then the hold line
corresponding to the end of ownship’s clearance is highlighted in red.

Non-movement areas

Black

Ramp areas Dark grey
Grassy areas Black
Buildings Blue

Building labels

Other

Functions Supported

Ownship Depiction

Yellow aircraft icon

Indicators

Conditions

Visual Indicators

Auditory Indicators

Indications were developed through a joint research effort with the FLYSAFE
research consortium (see also the entry for BAE Systems, Technische Universitat
Darmstadt, University of Malta, and Deep Blue in this review). The concepts below
are described in C. Vernalaken, C. Urvoy, and U. Klingauf, Runway incursion
prevention by enhanced onboard surveillance: Concept for a surface movement
awareness and alerting system. Presented at Enhanced Solutions for Aircraft and
Vehicle Surveillance (ESAVS 2007), March 2007, Bonn.
e Preventative surface moving indications, e.g.,

- Entering runway

- Takeoff or landing on a runway that is not part of the FMS flight plan

- Takeoff on a runway that is shorter than the minimum runway length

required for the aircraft or takeoff on a taxiway

- Approach to a closed runway

- Unauthorized runway entry, e.g., takeoff without clearance
e Traffic alerts
e Runway incursion indications, e.g., traffic on runway
Preventative surface movement indications are based on extrapolated aircraft
nosewheel position with respect to the runway protection zone. The runway

protection zone consists of the runway and the part of the taxiway extending beyond
the runway hold short position.

Runway incursion indications are based on spatial proximity between the traffic
aircraft and the runway protection zone.

Traffic alerts are based on the spatial proximity between the traffic aircraft and
ownship.

Runway incursion warning: runway is highlighted in red, conflict aircraft on the
runway (and data tag) is drawn in red.

Decluttering

Manual decluttering is provided:
e Airport — everything except runways on/off

e Automatic Traffic decluttering: All traffic on the airport disappears if the selected
range does not enable to distinguish the different traffic elements.

Panning

No
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Technische Universitat Darmstadt

Location:

Darmstadt, Germany

Yes, white chevrons

Traffic Display

Yes, green line

Route Guidance

Zooming/Autozoom Zooming is provided, no auto-zoom.
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