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1. SCOPE:

The objective of this ARP is to provide a set of user-centered design guidelines for the
implementation of data driven electronic aeronautical charts, which dynamically create
charts from a database of individual elements. The data driven chart is intended to provide
information required to navigate, but it is not intended to supplant the aircraft’s primary
navigation display. These guidelines seek to provide a balance between standardization of
equipment with similar intended functions and individual manufacturer innovation.

This ARP provides guidelines for the display of an electronic chart that can replace existing
paper. This document addresses what information is required, when it is required, and how
it should be displayed and controlled. This document does not include all the detailed
specifications required to generate an electronic aeronautical chart. This document
primarily addresses the human factors aspects of electronic chart display, and does not
address the software, hardware or system integrity/availability issues associated with
certification of an electronic chart system.

During the transition to data driven charts, the guidelines of this document should be applied
to interim electronic chart products that may be pre-composed, such as vector or raster
based electronic charts.

This document is designed primarily for IFR Aeronautical Charts. There is a limited
discussion of its applicability to VFR charts.

1.1 Background:

Navigation charts have historically been produced as paper products and carried by the
flight crew from aircraft to aircraft, providing standardization from one aircraft type to
another. Early versions of electronic charts have essentially been electronic
representations of the paper products and because each operator still tends to use a
single supplier, standardization is still provided. It is also vitally important to maintain
consistency among database-driven electronic aeronautical charts.

As electronic charts move toward becoming more integrated into individual flight decks,
the design may become subject to the divergent philosophies of individual manufacturers.
In the past, this has resulted in diverse implementations of Electronic Flight Instrument
Systems and Flight Management Systems. This document provides a set of guidelines to
promote an appropriate level of consistency among manufacturers.
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1.2 Relation of Electronic to Paper Aeronautical Charts:

The current paper chart products have a long history in the aviation community and have
evolved gradually to their current state. Since paper charts and electronic charts will both
be used during the transition, it is important that mixed usage does not cause operational
conflicts. Therefore, electronic charts should draw on the lessons learned in the
development and use of paper charts. Electronic charts should be displayed in a manner
that makes their use compatible with paper charts while taking advantage of the
capabilities of electronic displays. These advantages include clutter reduction, phase of
flight configuration, aircraft position overlay, zoom in/zoom out and layering of other useful
information (e.g., weather radar and other graphically depicted information). Electronic
databases can be rapidly and reliably updated using datalink technology.

1.3 Overview:

Section 2 - REFERENCES: This contains a list of documents that are applicable to the
implementation of these guidelines and other reference publications.

Section 3 - DESIGN PHILOSOPHY: This section describes the user centered design
philosophies used in developing the design guidelines contained in Section 4.

Section 4 - DESIGN GUIDELINES: This section describes information requirements
(temporal and content). It also outlines general rules governing information display and
control to achieve an acceptable level of standardization throughout the industry.

Section 4.1 - Aeronautical Information Display Elements: An electronic aeronautical chart
as described in this document is made up of a set of individual display elements, assumed
to be contained in a unique chart file.

Section 4.2 - Phase of Flight: defines the phases of flight and their relationship to selected
procedures.

Section 4.3 - Display Standards: Provides guidance on information grouping, location and
display formats to create a standardized look between displays without unduly restricting
individual manufacturers’ innovation.

Section 4.4 - Control Standards: Describes the minimum level of standardization required
to achieve a similarity in control between different implementations. This section does not
deal with hardware features.

Section 4.5 - Chart System: References established guidelines such as those in FAA
Advisory Circular 120-76A, for guidance on hardware and software issues.

Section 4.6 - Notice to Airmen: Provides information on issues concerning NOTAM
applicability and display as it pertains to electronic chart information and its display.
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1.3 (Continued):

Section 5 - CHART GENERATION COMPONENTS: This section describes key
components of the overall chart generation process.

Section 5.1 - Common Database: There may be numerous databases that contain all the
detail information common to all electronic charts.

Section 5.2 - Chart File: A unique chart file will define each charted procedure. The chart
file in its simplest form is a listing of every display element that comprises an individual
electronic chart and the various attributes and rules unique to the chart.

Section 5.3 - Display Generation: The display system uses the information in the chart file
to render the electronic chart per the guidelines in this document.

Section 5.4 - Charting Specifications: An electronic chart should comply as closely as
possible with existing paper aeronautical charting specifications modified to take
advantage of the electronic display medium.

Section 6 - NOTES: Document administrative notes.

Appendix A - Abbreviations and Acronyms

Appendix B - Glossary

Appendix C - Electronic Chart Display Group Locations: Provides background on how the
group location guidelines of this document were developed.

Appendix D - Provides background and Aeronautical Information Criticality Matrices:
descriptive information on the criticality matrices. Also includes the detail matrices for
each chart type.

Appendix E - Chart Decluttering Examples: Provides examples of how the decluttering
guidelines of this document may be used.
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2. REFERENCES:
2.1 Applicable Documents:

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

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

ARP5289 Electronic Aeronautical Symbols

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

FAA AC 120-76A  Guidelines for the Certification, Airworthiness, and Operational
Approval of Electronic Flight Bag Computing Devices

2.1.3 ICAO Publications: Available from Document Sales Unit, International Civil Aviation
Organization (ICAO), 999 University Street, Montreal, Quebec, Canada H3C 5H7.

ICAO Annex 4 Aeronautical Charts
ICAO Annex 15 Aeronautical Information Services

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

RTCA DO-257A Minimum Operational Performance Standards for the Depiction of
Navigation Information on Electronic Maps

Documents

Document Sharing Hub

Full document details: SAE ARP5621A


http://www.avadocuments.com/doc/sae-arp5621a
http://www.avadocuments.com/doc/sae-arp5621a

SAE INTERNATIONAL

ARP5621™A 8 OF 98

2.2 Related Publications:

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

2.2.1 SAE Publications: Available from SAE, 400 Commonwealth Drive, Warrendale, PA

15096-0001.
ARP1874

ARP4032A

ARP4102
ARP4102-7

ARP4256

ARPS5364

ARP5898

Paper 975555

Design objectives for CRT Displays for Part 25 Aircraft

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

Flight Deck Panels Controls and Displays
Electronic Displays

Design Obijectives for Liquid Crystal Displays for Part 25 (Transport)
Aircraft

Human Factor Considerations in the Design of Multifunction Display
Systems for Civil Aircraft

Human Interface Criteria for Flight Deck Surface Operations
Displays

Elfriede F. Hofer

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

FAA AC 61-27C

Instrument Flying Handbook

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

RTCA DO-267A

RTCA DO-289

RTCA DO-272

RTCA DO-276

Full document details: SAE ARP5621A

Minimum Aviation System Performance Standards (MASPS) for
Flight Information Services Broadcast (FIS-B) Data Link

Minimum Aviation System Performance Standards (MASPS) for
Aircraft Surveillance Applications

User Requirements for Aerodrome Mapping Information

User Requirements for Terrain and Obstacle Data
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2.2.4 NASA Publications: Available from NASA, Documentation, Marshall Space Flight
Center, AL 35812.

NASA Technical Paper 3561 - Wendell Ricks

2.2.5 VOLPE Publications: Volpe documents are available to the public through the National
Technical Information Service, Springfield, VA 22161.

DOT-VNTSC-FAA-95-9 Research Document for the Design of Electronic Instrument
Approach Procedure Displays

2.3 Definitions:

2.3.1 Terms: Definitions for the various terms used in this document may be found in the
Glossary in Appendix B.

2.3.2 Acronyms and Abbreviations: Definitions for the various acronyms and abbreviations
used in this document may be found in the Appendix A.

3. DESIGN PHILOSOPHY:

This section describes the underlying philosophies that are used to establish the design
guidelines in Section 4. These philosophies are based on generally accepted design criteria
that apply to the task of designing electronic chart displays.

The electronic display of aeronautical information must support the needs of the flight crew.
Display design must take into account pilot requirements in differing phases of flight, which
includes both the planning function and the use of the display in executing procedures.

3.1 Workload/Simplicity:
e The electronic display should limit the number of features and operating modes as
much as possible and yet provide the proper flexibility to accommodate the needs of

the pilot.

e Accessing information on an electronic aeronautical chart should be quicker and
easier than using a conventional paper chart.

3.2 Grouping of Information:
e Information should be organized into meaningful groups of related information. These
groupings will assist the flight crew in developing an efficient framework for working

with the system. Maintaining these consistent groups across all implementations will
enhance the ability to transition from one system to another.
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3.3

3.4

3.5

3.6

Consistent Placement of Information:

Information should be able to be placed in the same location as much as possible.
This applies to the placement of individual pieces of information, as well as the
placement of information groups. Information groups should be placed consistently
from one implementation to another, further enhancing the ability to transition from one
to another.

Clutter:

The information that is required for a particular procedure must be readily available
and presented in a legible and useable fashion on an electronic chart. Electronic
charts offer clutter reduction capabilities not available to paper charts. Display
limitations may require specific clutter reduction algorithms to remain legible and
useable.

Tie to Paper Charts:

When developing the electronic display of aeronautical information, the experience
learned from using paper charts must be considered. Where differences in
presentation do occur, pilots should be able to correlate those differences with a
minimum amount of re-training.

Automation:

Any task that is automated must be able to be overridden by the flight crew.
Automation must always be subservient to the flight crew.

The implementation of automation should attempt to reduce crew workload. The
automated functions should be tested to ensure that it does not increase workload
during those phases of flight when crew workload is highest.

If possible, situational factors, such as phase of flight, should be accounted for
automatically.

The design should facilitate the communication of tasks from one system to another to
avoid duplication of activities for the flight crew. For example, when the flight crew has
programmed a flight plan into the aircraft’s navigation system, the system, if possible,
should communicate this information to the electronic aeronautical chart system to
facilitate correct chart selection.
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3.7 Information Access:

o Critical information and specific crew information requirements must be quickly
accessible.

¢ Information that has been deselected automatically must be reselectable for display by
the flight crew.

e To accommodate unanticipated events, requirements, and usage, charting information
should never be restricted for selection by the flight crew.

e To assist the flight crew in locating important information quickly, items should be
formatted to stand out from other similar information. This may be done by placing it at
the top of a prioritized list, or by highlighting it in some manner.

o Different strategies may need to be provided for flight crew access to information on
an electronic aeronautical chart to accommodate different operational situations.

3.8 Forgiveness:
e The system should be tolerant of flight crew input errors.

e The design should allow for a simple method to revert to default information when the
flight crew has customized the display.

e A means should be provided to cancel an action.
e A means may be provided to undo actions to return to previous or initial states.
3.9 Modes:

e The use of modes should be limited to as few as possible to support the display and
control strategies necessary to quickly and reliably access information.

o If different modes are available, it must be made clear to the flight crew which is the
current operating mode.

e Operational features should be consistent across different modes.
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4. DESIGN GUIDELINES:

This section provides guidelines for determining the information display and control
requirements based on the design philosophies outlined in Section 3. The guidelines are
not meant to be used as strict design specifications. The intent is to provide a set of
guidelines which when followed, will result in an appropriate level of standardization
throughout the industry.

4.1 Aeronautical Information Display Elements:

Each electronic aeronautical chart consists of a set of display elements, which are
assumed to be contained in a unique chart file as described in 5.2. To render and display
an electronic chart as described in this document, each element will have an associated
set of attributes as described below.

4.1.1 Generic Display Element Attributes: Each element has a set of consistent attributes that
may be contained in a database or library separate from the specific chart file.
Examples of generic attributes include:

e Latitude and Longitude of an Element.
e Element Type (e.g., obstacle)
e Element Graphic Symbol
4.1.2 Chart Specific Display Element Attributes: For any given electronic chart, an element
may have a set of attributes that are specific to that chart. These attributes are the key
to allowing a data driven electronic chart to fully leverage display capabilities. A set of
chart specific attributes is described below.
4.1.2.1 Route Applicability: An electronic chart file may contain information for procedures
that have multiple routing options. Each display element should be associated with all
applicable routes.
4.1.2.2 Equipage: Each electronic chart file will typically contain information for varied

equipage. An attribute may indicate that an element only applies to certain equipment
(e.g., VOR, FMS, CAT II).

Documents

Document Sharing Hub

Full document details: SAE ARP5621A


http://www.avadocuments.com/doc/sae-arp5621a
http://www.avadocuments.com/doc/sae-arp5621a

SAE INTERNATIONAL ARP5621™A 13 OF 98

4.1.2.3 Criticality: The term criticality indicates the importance of a given display element with
respect to aircraft operation when using an electronic chart. The level of criticality is
based on functional importance and not frequency of use. Based on an analysis of
each chart type throughout the total flight regime (taxi, takeoff, climb, etc.), changes in
criticality may occur between the following two functions:

o When an electronic chart is being used to brief a procedure.
e When the electronic chart is being used to execute a procedure.

The assessment of criticality for each display element is based on a three-level rating
scale as described below.

4.1.2.3.1 Level 1: Level one items are required display elements that generally cannot be
removed from the electronic chart display. Level one items have the following
characteristics:

¢ Any item that is required to maintain the aircraft on the procedure or defined
route (both horizontal and vertical) and provide information for planning an
appropriate number of future legs.

e Any item required for identifying navigation fixes used on the instrument
procedure. This applies to fixes on the current leg and an appropriate number of
future legs.

e ltems that are required to insure proper identification of the landing airport,
procedure, and runway.

e Any item that has been shown to be critical to safety of flight. This can be either
by analysis or based upon historical precedence.

¢ Any item the chart designer/database supplier determines should not be
removed from the electronic chart display.
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4.1.2.3.2 Level 2. Level two items should initially be presented, but may subsequently be
deselected and reselected by flight crew action. Level two items have the following
characteristics:

¢ Communications information pertinent to the active and appropriate number of
future legs.

o ltems that provide situational awareness with respect to objects that the aircraft
could collide with in the event of navigational error (e.g., terrain or obstacles).

e ltems that alert the crew to a potential hazard (e.g., special use airspace is a
level 2 in SIDs, STARs and Approaches).

o ltems that alert the flight crew to operations that require heightened crew
awareness (e.g., simultaneous parallel approaches, Land and hold Short
Operations on an intersecting runway).

4.1.2.3.3 Level 3. Level three items do not need to be initially presented. Level 3 items may
be selected/deselected by the flight crew. In addition, these items may be
automatically removed from the display by the electronic chart system display
algorithms. Level 3 items have the following characteristics:

e Supplemental information the chart designer/database supplier has determined
can improve operational efficiency.

e Information that has already been viewed but is no longer required when using
the chart.

4.1.2.3.4 Aeronautical Information Matrices: A set of Aeronautical Information Matrices is
presented in Appendix D of this document. These matrices present a set of potential
display elements for a variety of chart types. Each element has an associated
criticality assignment determined by a group of subject matter experts. These
criticality levels are intended as guidelines when developing electronic chart
applications, but are not mandatory.

It is important to note that the list of display elements for any given chart type is not

necessarily complete, nor will every chart of that type include every element in the
matrix.
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4.1.2.3.5 Assignment of Criticality: The chart file supplier assigns the criticality levels.
Criticality levels for information items that are not contained in a matrix may be
determined by reference to 4.1.2.3 and consideration of the criticality level of similar
items within the matrices. The assignment of criticality levels shall take into account
the source information. If a given item is required to be displayed based on the
government provided source data for a given procedure, it shall be implemented as a
level 1 or 2 requirement, regardless of the rating in the matrices of this document.

To support the dynamic change of criticality levels as new chart information is
distributed, criticality levels shall be established or verified and supplied with
associated new data at the time of database revision.

4.2 Phase of Flight:

An electronic chart is used to either brief (review) a procedure or to execute a procedure.
Which function a particular electronic chart is being used for may be determined by using
the definitions of phase of flight below.

4.2.1 Briefing: Prior to the time that the aircraft is actually flying a given procedure, the
aeronautical information display requirements are defined as the briefing phase of flight.

4.2.2 Taxi: The taxi phase is the navigation of aircraft on the airport surface. It is anytime
prior to the takeoff roll or after the landing. If there is an aborted takeoff, the aircraft is
considered to have returned to the taxi phase.

4.2.3 Departure: If an applicable departure procedure has been selected as the flight plan
procedure, the departure phase begins at the takeoff roll and ends either when the
procedure has been completed or when the procedure is removed from the flight plan.

4.2.4 Enroute: The aircraft is considered to be enroute anytime the aircraft is airborne and no
procedure (e.g., SID, STAR, approach, etc.) has been selected as the planned flight
procedure. The system is also considered to be in the enroute phase when all selected
procedures have been completed. The airplane is considered to be in the enroute
phase if a procedure is selected but not in use.

4.2.5 Arrival: If a STAR has been selected as the flight plan procedure, the arrival phase
begins when the aircraft has crossed the first point of the STAR or is being vectored to
join the arrival. It ends when the procedure has been completed, removed from the flight
plan, or when the approach phase has been started. When points are common on both
the arrival and approach procedures, the approach phase will be initiated when the
aircraft passes over the first common point.
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4.2.6 Approach: When either a Charted Visual Approach Procedure or Instrument Approach
Procedure has been selected as the flight plan procedure, the approach phase begins
when the aircraft has reached the first fix on the approach or is being vectored to
intercept the procedure. It ends when any of the following occurs:

e The missed approach procedure has been activated by positive pilot action.
e The aircraft has landed.

4.2.7 Missed Approach: When an Instrument Approach Procedure has been selected as the
flight plan procedure, the missed approach phase could follow the approach phase. The
information requirements are significantly different during this missed approach phase
versus the approach phase. This phase begins when the missed approach procedure
has been activated by positive pilot action.

4.3 Display Standards:

Once it is determined what information is required and when, it is necessary to develop
the correct level of standardized look to provide a balance between consistency of
applications and product innovation. This section provides guidelines for this purpose.

4.3.1 Information Groups: This section will describe what information groups should comprise
an electronic aeronautical chart. It will also describe where these groups should be
located based on display formats and modes.

The information groups and display locations were strongly influenced by the design of
current paper products. An analysis was done of these existing products and is
presented in Appendix C. This is not meant to imply that an electronic chart should be
rendered to look like a paper chart. Rather it provides for a standard location of charted
information as innovative solutions are developed.

Any piece of aeronautical information should be evaluated for which display group it
should be located in. A given piece of information may be located in more than one
information group.

The information groups are as follows:
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4.3.1.1 Chart Heading: The Heading information group contains labeling type information that
allows the flight crew to determine the proper procedure has been selected. It
includes the following:
o City, State
e Airport
e Airport identifier
e Approach title
e Date

4.3.1.2 Communications: This group includes the communication functions and their
appropriate frequencies. Examples include ATIS, ground control, ramp/apron, ARTCC
and radar.

4.3.1.3 General Notes: Notes of a general nature that apply to the entire procedure should be
included in the notes group. Other notes that are specific to a certain area on the
chart should be placed in that area. As an example, restrictions to circling minimums
should be placed with the circling minimums. The notes group includes such things
as:
e Minimum equipment requirements (radar required, DME required)
e Dual simultaneous approaches
o Altimeter setting source
¢ Pilot controlled lighting (with frequency)
e Procedural data notes
e Precipitous terrain
e Transition altitude/transition level

e HectoPascals setting

e Circling not authorized in certain sectors
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4.3.1.4 Plan View: This view is also known as the birds eye view. This view graphically
depicts the lateral navigation portion of the procedure.

4.3.1.5 Time/Distance Tables: This group may include the descent angles as appropriate and
also includes descent rates in feet per minute. It may also include the distance and
timing to the missed approach point when applicable.

4.3.1.6 Textual Description: When the graphic depiction cannot adequately depict the
procedure, a textual description of the procedure should be included. Text should not
be included when the graphic depiction is adequate. Other textual material may be
included.

4.3.1.7 Profile View: This view is a side view that depicts the airplane desired vertical track
with altitudes and distances. A table of recommended altitudes for DME distances
may appear at the top of the profile view.

4.3.1.8 Missed Approach Text: The missed approach instructions contain the narrative text
that explains the procedure for exercising the missed approach procedure.

4.3.1.9 Missed Approach Icons: All or part of the missed approach procedure can be
displayed graphically with the use of icons.

4.3.1.10 Landing Minimums: The minimums section includes the landing minimums expressed
as minimum altitudes and visibility distances that are used under various
circumstances.

4.3.1.11 Other Minimums: This group contains the other minimums such as alternate
minimums, takeoff minimums, radar minimums, and obstacle departures.

4.3.2 Group Locations: Information groups should be displayed in consistent locations in
order to enhance the ability of the flight crew to find information within and across
platforms. Rather than defining absolute locations, a set of relative locations are
defined. In addition, the relative location of a given information group can vary based on
the display format (see 4.3.4). Table 1 defines the relative locations for each display
group.
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TABLE 1 - Display Group Locations

Approach
Charts Fixed Chart Format Moving Chart Format
Heading Top of display. Top of display.

Communications

Below the heading and generally
above the plan view. As an
alternative, the communication
information may be located on a
separate display.

Below the heading and generally
above the plan view. As an
alternative, the communication
information may be located on a
separate display.

Missed approach
text

Generally after communications
and prior to general notes.

When displayed, generally after
communications and prior to
general notes.

General Notes

Below communications and
heading and generally above the
plan view. General notes may be
placed in more prominent
locations if deemed necessary by
the chart designer.

When displayed, below
communications and generally
above the plan view. General
notes may be placed in more
prominent locations if deemed
necessary by the chart designer.

Plan View The plan view is the most The plan view is the most
prominent feature on the display prominent feature on the display
and other groups are in relation to | and other groups are in relation to
this group. this group.

Profile View Below Plan View Below Plan View

Missed approach The use of icons is optional, and Missed approach icons, when

icons is intended to provide tactical displayed, will be in a prominent
information for the initial portion of | location. It is acceptable to be on
the missed approach. When a separate display in the pilot's
included, they should be primary field of view.
prominently displayed.

Landing Generally below the profile view. Only the relevant minimums

minimums should be displayed.

433

Information Groups for Charts: For each type of chart (e.g., airport diagram, enroute,
etc.), the information groups described above may or may not be applicable. Table 2
shows which charts generally use which information groups. Certain information groups
may not be required under some circumstances, such as the time distance table may not
be required based on aircraft equipage.

(Table 2 does not necessarily address all the current chart types.)

Documents

Document Sharing Hub

Full document details: SAE ARP5621A


http://www.avadocuments.com/doc/sae-arp5621a
http://www.avadocuments.com/doc/sae-arp5621a

SAE INTERNATIONAL

ARP5621™A

20 OF 98

TABLE 2 - Chart Display Group Requirements

Chart and Procedure Types
Information Airport | Departure | Enroute Arrival Precision | Non-Precision
Groups Diagram | Procedure Chart Procedure | Approach Approach

Heading R R 0] R R R
Communications R R R R R R
Notes R R R R R R
Textual Description R R R R NA NA, except

O for visual
Plan View R R R R R R
Profile View 0] 0] NA (0] R R
Landing Minimums NA NA NA NA R R
Missed Approach NA NA NA NA R R
Time/Distance/Climb NA R NA NA 0] @)
Rate Table
Airport Sketch NA NA 0] NA o O
Takeoff Minimums 0] 0] NA NA NA NA
Alternate Minimums 0] NA NA NA 0] @)
Radar Minimums NA NA NA NA O (0]

Note: If an information group is shown as required “R” but no information is applicable for a specific
chart, the R is not applicable.

Legend:

R = Required to be included

O = Optional
NA = Not applicable
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4.3.4 Display Formats: While paper charts come in basically one format, electronic charts
may offer the ability to utilize different display formats to meet the multiple needs of the
flight crew. To maintain the simplest system, it is recommended that the number of
display formats be limited as follows:

4.3.4.1 Fixed Chart Format: The fixed display format is designed to provide information in a
format that is similar to existing paper charts. The fixed chart has the following
characteristics:

o Displays information for one chart at a time.

e The plan view is a fixed geographical area that shows all the plan information in a
north up orientation. This area should be initially centered on the display so as to
present the entire procedure, and may be panned, scrolled or zoomed as
described in 4.4 4.

e The display location of the information groups should comply with the requirements
of 4.3.2.

This format is designed to best support the following flight crew tasks:
e Perform a flight crew briefing of any given instrument procedure.

e Provide a display from which information can be quickly accessed to accommodate
changing requirements.

While not necessarily the optimum format for a moving map display, the fixed chart
format also provides all necessary information required for the flight crew during the
tactical phase of executing an instrument procedure.

All electronic aeronautical chart display systems shall include a fixed chart format. Itis
acceptable to implement only a fixed chart format and meet the requirements of an
electronic aeronautical chart display. If the designer can show that the requirements
of the fixed chart and fixed full chart formats, including the requirement to initially
display all the chart file information, can be accomplished using only a moving chart
format as described in 4.3.4.2, the fixed chart format may not be required.

4.3.4.1.1 Fixed Full Chart Format Display: The Fixed Full Chart format provides a means of
showing all the information the issuing authority, procedure developer and chart
designer determined was necessary for the pilot to completely understand the
particular chart or procedure. The Fixed Full Chart shall initially display all of the
information contained in the chart file, to ensure that the flight crew reviews the entire
chart. In its basic form, this could be a replica of a paper chart.
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4.3.4.1.1 (Continued):

Information that clearly will not be used for a given operation need not be initially
displayed. Some examples are:

e Approach category minimums lower than that required for the aircraft (e.g.,
Category A or B minimums for a Category C aircraft) do not need to be initially
displayed. Category D minimums must be retained because they may be used at
the operators’ discretion.

o Category Il weather information may be removed when the equipment and/or
operator is limited to Category | or Il flight operations.

e For SIDs and STARs, only the applicable information relative to the planned
route of flight is required to be shown when the chart is initially displayed.

When the fixed full format does not initially display all the information contained in
the chart file, a means shall be provided to access and view the other information.

4.3.4.1.2 Fixed Chart Decluttered Display: The Fixed Chart may be decluttered by removing
and adding information within the limitations and parameters described in 4.4.3. This
decluttering may be done by the flight crew or automatically by the chart display
system. Some examples are:

o Removing the DME arc transition when the procedure turn is to be flown.
¢ Displaying only the appropriate minimums for the approach to be flown.

4.3.4.2 Moving Chart Format: The moving chart format is intended to provide tactical charted
information required for the task of executing an instrument or visual procedure. As
described here, the moving chart is not a substitute for a primary navigation display.
The Moving Chart has the following characteristics:

o Displays applicable information from selected charts in a seamless (to-scale)
fashion for the intended route of flight. As an example, the last leg of a STAR and
the first leg of the approach may be displayed simultaneously.

o The plan view is a dynamic geographical area that can be selected in either a north
up or heading/track up orientation. The geographical area displayed on the plan
view may be changed by panning and changing the range within the limits
described in 4.4 4.

e The display location of the information groups should comply with the requirements
of 4.3.2.
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4.3.4.2 (Continued):

While the fixed chart format allows the flight crew to access any given procedure at
any time, the moving chart is intended to show only the information that is relevant to
the procedure(s) in use. This format should take maximum advantage of the various
decluttering methods and use of graphics.

4.3.4.2.1 Moving Chart Information Decluttering: The Moving Chart format is intended to show
only the applicable information relative to the procedure or chart currently in use.
For example, any route information that is not intended to be flown (e.g., DME arc if
the routing is vectors to intercept the final) should not be shown on the moving chart
display. Section 4.4.3 provides further detail on chart decluttering.

4.3.4.2.2 Moving Chart Format Additional Requirements: To provide proper situational
awareness, attributes of a moving map may need to be incorporated into the moving
chart display. Reference “Minimum Operational Performance Standards for the
Depiction of Navigational Information on Electronic Maps”, RTCA document DO-
257A.

4.3.4.2.3 Seamless Transition on Moving Chart: Whereas the fixed format displays one
procedure at a time (much like classical paper charts), the moving chart depiction is
meant to display aeronautical information in a continuous stream as appropriate at
any given time. The following requirements are necessary for the proper flow of this
information:

e Present Position - Aircraft positional information must be supplied to the
electronic chart system.

o Phase of Flight - As defined in 4.2, the phase of flight should be used to
determine the proper time for display of aeronautical information.

e Overlapping Procedures - When two procedures overlap, a means shall be
provided to insure that the proper information is presented to the flight crew. The
electronic chart display system may need to alert the flight crew that there are
overlapping procedures. A means shall be provided for the flight crew to select
the appropriate procedure if necessary. It is the pilot’s responsibility to ensure
the appropriate information is displayed.

e Fixed Chart Access - The ability to quickly switch to the fixed chart format for a
given procedure shall be provided.

o Sequencing of the Display of Information not in the Plan or Profile Display -
Information such as communication information, approach minimums, etc.,
should be displayed as appropriate, based on phase of flight. Some of this
information may need to be displayed prior to sequencing from one procedure to
another, in order to be presented to the flight crew when required.
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4.3.5 Display Features: Except as noted, the following set of display features apply to both
the fixed and moving chart formats.

4.3.5.1 Aircraft Overlay: When aircraft present position is available, an aircraft symbol may be
overlaid on the plan and/or vertical profile portions of the electronic chart display. The
aircraft symbol should be drawn such that it is easily recognized by the flight crew, and
should be directional such that it can be oriented to properly represent aircraft
heading/track.

The aircraft position overlay should be prohibited if the chart display is not to scale. If
the aircraft position subsequently becomes unreliable or invalid, the aircraft overlay
shall be removed and that failure indicated to the flight crew.

4.3.5.2 FMS/GPS Flight Plan Overlay: If available, the FMS/GPS flight plan may be overlaid
on the electronic chart provided it is clearly distinguishable from the electronic chart.
Where the FMS/GPS flight plan legs match the charted procedure legs, the symbols
for the electronic chart should be retained.

4.3.6 Scaling:

4.3.6.1 Rendering to Scale: Display elements that have an associated latitude and longitude
should be rendered in the actual geographic location whenever possible. Routes,
courses, tracks, etc. associated with elements that have specified latitude and
longitude should be rendered in their actual position.

4.3.6.2 Rendering Not-to-Scale: For the purposes of this document, a display is considered
not-to-scale if a display element with an associated latitude and longitude is rendered
in other than its actual position.

4.3.6.2.1 Indicating Not-to Scale Depictions: Symbols with an associated latitude and
longitude may be rendered in other than their actual position provided they are
clearly indicated as not-to-scale.

4.3.6.2.2 Schematic Renderings: Symbols which depict an airspace procedure (e.g., holding,
procedure) may be displayed schematically and are not required to be drawn to
scale, or labeled as not-to-scale.

Other certification requirements will need to be considered if an aircraft symbol is
overlaid on a not to scale schematic rendering.

4.3.6.2.3 Insets: An inset may depict a different geographic area than the rest of the plan or
profile view (e.g., the depiction of the missed approach holding fix on the fixed chart
format). These areas shall be clearly indicated. The aircraft position overlay may be
displayed again, once the aircraft is within those geographic boundaries.
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4.3.6.2.4 Moving Chart Format: Display elements should be rendered in their actual position
on a moving chart format. Items may be rendered in other than their actual position
as long as they are clearly indicated as not to scale and do not impact situational
awareness.

4.3.7 Symbology: Symbols used for electronic charts should conform to the standards defined
in ARP5289. As new requirements for charting symbology are defined, ARP5289 may
not be current in addressing the new requirements. The chart designer/database
supplier should research other industry standards or industry committees that may be
addressing the same need. The generation of a new symbol should be done with
industry, government and other international standards cooperation as much as
possible.

4.3.8 Color: There is no single set of standards that can define appropriate color usage for
electronic charts. However, there is historical color usage in existing aeronautical paper
charts and aircraft electronic displays. The design of any electronic chart display should
develop a color philosophy that takes into account the currently used electronic display
color philosophy and balance that against historical usage of color on paper charts. The
following are some guidelines to assist in developing a color philosophy for electronic
charts.

Further guidance on color standards is available from material published by other
organizations (e.g., SAE, RTCA, FAA, ISO, EASA, ICAO).

4.3.8.1 General Color Use: The principal use of color is to add contrast and to aid in an
overall search task. The following rules should be followed when assigning colors:

e Color should not be the sole means of differentiating objects.

e Symbols that need to be differentiated by group should not have the same color
(e.g., NDBs and VORs).

e Color change may be used as an additional means of indicating a change in
condition. This may include alerts, NOTAMs, proximity to restricted airspace, etc.

e The number of colors used to differentiate between major groups of aeronautical
information such as VORs, NDBs, airport symbols, etc., should be limited. For
additional information, such as shading, accents, boundaries, etc., the number of
colors used may be greatly expanded.

o Different shades of the same color may be used to aid in distinguishing different
aspects of like information. For example, different shades (intensities) of brown
may be used to show different levels of terrain. Shading may be used to
distinguish different aspects of information, but any such implementation should be
tested in all lighting conditions. Small differences in shading may not be
perceptible.
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4.3.8.2 Use of Red, Amber and Yellow: Electronic aeronautical chart displays should limit the
use of the colors red, amber and yellow to conform to the standard use for warnings
and cautions. These colors are used to highlight information that meets the following
definitions:

e Red - Any item displayed in red should indicate a serious problem that if not
corrected (or taken into account) immediately, can cause serious injury or loss of
life.

e Amber - Any item that is displayed in amber indicates a problem that if not
corrected or taken into account properly in the near future, may cause injury.
Examples include use of an out of date chart, or for a dual system, when the left
and right displays are not synchronized.

e Yellow - The use of yellow should be limited because it may be interpreted by the
flight crew in the same manner as amber.

There may be some overriding considerations when applying the use of red and yellow
in an electronic chart display, which may need to be considered. The following are
some examples:

¢ Yellow has been an historic color for city patterns on VFR aeronautical charts.
When used in an integrated electronic system, this could be confused with weather
radar returns and/or terrain warnings.

e In some cases, the color yellow may be desirable to represent real world
conditions, such as taxiway strip colors.

o The various warning and caution notes that may appear on a chart should not be
displayed in amber, yellow or red. It may, however, be applicable to use red,
amber or yellow to alert the flight crew if the conditions in the warning/caution are
about to be violated.

4.3.8.3 Color Use on Stand Alone and Integrated Systems: For stand-alone electronic chart
systems, a consistent color philosophy should be developed and followed. The use of
red and amber/yellow may be able to be used in a manner more consistent than with
aeronautical paper charts. For an electronic chart system that is integrated with other
flight deck displays, the color philosophy should match the color philosophy of the
entire flight deck as much as practical.

4.3.9 Electronic Chart Interpretation Requirements: An electronic chart shall be functionally
equivalent to paper charts in terms of interpretability. This shall be accomplished from
the normal pilot positions, with minimal display manipulation (e.g., zooming, manual
decluttering, etc.) required.
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4.3.9.1 Information Density: Although the amount of information for any given electronic chart
may be quite large, the display of this information shall meet the requirement of 4.3.9.
Sections 4.4.3 and 4.4.5 discuss methods of reducing the amount of information that
may be required at any given time.

4.3.9.2 Visual Conflicts: Elements rendered on an electronic display may visually conflict with
each other. These visual conflicts shall be resolved to the extent required to meet the
requirements of 4.3.9. Section 4.3.10 discusses methods of visual conflict resolution.

4.3.9.3 Display Format: The fixed and moving display formats (see 4.3.4.1 and 4.3.4.2) are
designed for different flight crew requirements and have different readability
requirements.

4.3.9.3.1 Fixed Chart Format: The fixed chart format shall meet the readability requirements
of 4.3.9.

4.3.9.3.2 Moving Chart Format: Due to the dynamic nature of the moving chart format, it may
be difficult to keep information from overlapping at all times. At a minimum, a means
shall be provided to allow the crew to access and correctly interpret the tactical
information.
4.3.9.4 Display Characteristics: The following display characteristics must be considered
when designing an electronic chart. Numerous documents exist that provide guidance
in these areas.
e Text Font/Size
e Line Specification
e Luminance
e Contrast
o Display Size
e Resolution
4.3.10 Visual Conflict Resolution: Experience with electronic moving map displays has shown
that the use of simple graphic placement algorithms that do not attempt to resolve visual
conflicts between display elements will result in overlapping data on the map display.
Use of these same algorithms for an electronic chart will normally produce a display that

does not meet the requirements of 4.3.9.

This section discusses two conceptual methods for resolving visual conflicts, which may
be used individually or in concert.
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4.3.10.1 Composition Parameters: Composition parameters define how a particular display
element or set of elements may be rendered. These parameters may be defined in a
variety of methods, including the following:

o A set of default locations, sizes and priorities for the placement of display elements
(e.g., the label for a VOR symbol should be located at the 2 o’clock position).

¢ Arange of locations for a display element (e.g., the label for a VOR symbol should
be located between the 12 o’clock and 6 o’clock position within 0.25 inches of the
symbol).

o A set of specific instructions on display element location, size, and/or priority (e.g.,
the label for the XYZ VOR must be located at the 4 o’clock position, 0.125 inches
from the center of the symbol).

4.3.10.2 Display Algorithms: Algorithms used to render display elements on an electronic chart
display should strive to detect and resolve visual conflicts, including those described
below.

4.3.10.2.1 Overlapping Attributes: Display elements such as VORs, runways, etc., are located
at their respective geographic locations. The attributes associated with these
symbols (e.g., labels, pointers, etc.), may be positioned as required to avoid
overlapping with other attributes.

4.3.10.2.2 Prioritization of Symbology: If display elements end up overlapping, the more
important display element should not be covered up by the less important element.
The importance of each display element may change depending on the phase of
flight.

4.3.10.3 Relationship of Composition Parameters to Display Algorithms: While it may be
possible to produce an electronic chart that meets the requirements of 4.3.9 using only
composition parameters or display algorithms, generally the two will have to be used
together. A hypothetical process for the fixed chart format is described below:

e The display algorithms initially render the display elements within the limits set by
the composition parameters.

o The display is evaluated for interpretability against the requirements of 4.3.9.

e If required, specialized composition parameters are developed to place and size
specific display elements in a manner to resolve visual conflicts not resolved by the
display algorithms.
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4.3.11 Display Device Locations: The electronic chart may be displayed on a variety of devices
in the flight deck. Guidance on acceptable display locations may be found in the
Electronic Flight Bag Advisory Circular 120-76A.

4.3.12 Relation to Navigation Display: The electronic chart display as defined in this document,
is not intended to replace the primary navigation display on the flight deck. While the
electronic chart information provides much of the information required to execute an
instrument procedure, it does not provide the information required for navigation course
guidance.

4.3.13 Chart Projection: Since the use of the electronic chart is different from the paper
aeronautical chart, there is no need to establish a standard aeronautical chart projection
for electronic charts. The electronic chart manufacturer should choose a projection (or
set of projections) that provides a uniform scale throughout the display.

4.4 Control Standards:

This section will present a set of guidelines that lead to a human interface providing an
appropriate level of consistency for the flight crew from one manufacturer’s
implementation to another. It will not require any specific type of control, but will provide
standards that should apply to all types of control devices, including discreet controls,
graphical interface and voice control. Unlike the display of charting information, electronic
display controls have little equivalent in paper charts to use as a historical guide.

4.4.1 Chart Indexing:

4.4.1.1 Airport Organization: A pilot selects terminal procedures based on the airport.
Consequently, procedures should be indexed and retrieved by airport. In order to
reduce the potential for selecting a chart for an incorrect airport, a listing of electronic
charts should be available from only one airport at a time.

4.4.1.2 Electronic Chart Index: For each airport, electronic charts should be organized into
the following indices:

4.41.2.1 Airport: Includes any chart that contains information on airport layout, taxi
procedures, or other airport information. Takeoff and alternate minimums should be
included as a sub-index under the airport index.

4.4.1.2.2 Departure: Includes textual and graphically charted departure procedures.

4.4.1.2.3 Engine Out Departure: The Engine Out Departure index may be included as a part
of the Departure index.
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