Appendix L– Human Factors Considerations for the Display of General Traffic Surveillance Information

This appendix provides human factors guidance for the display of traffic surveillance information (the physical display for providing such information is often referred to as a “cockpit display of traffic information”, or CDTI).  Human factors guidance that is specific to particular surveillance equipment can be found in other appendices.  General human factors guidance that is not specific to traffic surveillance (e.g., guidance on aircraft displays and controls) still applies, but is not provided in this advisory circular.  

The guidance provided below applies to ADS-B, TIS-B, and/or TIS as the surveillance technologies, and assumes valid data under normal operation, unless stated otherwise.
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1.  Related Guidance Material

Related FAA documentation includes AND-530 122200-IV2 (TESIS), advisory circulars AC 25-11, AC 23-1311, AC 20-131A, AC120-76A; Technical Standard Orders TSO-C113, TSO-C119b, TSO-C147, TSO-C151b; Related RTCA documentation DO-289, DO-263, DO-260, DO-259, DO-257A, DO-243, DO-242A, DO-239; SAE documents includes ARP 4032, ARP 4102, ARP 5365.

2. Traffic Surveillance Information

The following list is intended to illustrate the large amount of information that may be available for display to the flight crew.  It is not a required list, nor a suggested list, nor an exhaustive list.  The traffic surveillance information required for display depends on the intended function of the specific surveillance application, and the specific pilot task within that application.  

· Own-ship symbol

· Traffic relative horizontal position (e.g., range and bearing)

· Display range or scale

· Traffic altitude

· Traffic altitude mode (relative or actual)

· Traffic vertical speed

· Traffic airborne/surface status

· Traffic directionality

· Traffic flight ID

· Traffic horizontal ground speed

· Traffic selected by user

· Traffic alerts

· Traffic decision-aid information (e.g., closure rate)

· Traffic data source

· Traffic aircraft category

· Traffic application capability level 

· Traffic data quality or validity

· Traffic ground tracks

· Database maps (e.g., runways)

· Non-aircraft surface vehicles, objects, and obstructions

The potentially large amount of traffic surveillance information available for display suggests that information display techniques and information management are critical for safety.  Particular attention should be paid to distinguishing required information from other information, and to considering techniques such as symbolic versus alphanumeric coding, and continuous versus part-time display of information.  

A key design choice is the symbol set, since this set has the potential to be complex to the flight crew, and therefore have adverse safety effects.  An acceptable symbol set, which focuses on minimizing symbol complexity, is provided in Table U-1 and Table U-2 at the end of this appendix.

The guidance that follows addresses the above list of information elements, as well as their integration and management.   

3.  Information Complexity, Prioritization, and Decluttering

Notes: “Decluttering” refers to the removal of certain information, to improve the legibility and saliency of more critical information.  

· Traffic display elements should use an information coding scheme that reduces clutter, but the coding scheme should also be intuitive, simple to learn, and consistent with established industry standards when such standards exist.  
Note: To achieve a sufficiently simple coding scheme, the number of different shapes, sizes, colors, etc., of display elements should not be excessive.  Clutter can also be reduced by displaying information on a part-time basis, through manual or automatic selection and filtering.

· Traffic display elements should be distinguishable, legible, and unambiguous under all flight environments.

· Color should not be used as the sole indication of critical traffic information (e.g., altitude, air/ground status), but instead should be used in addition to other coding (e.g., shape, size, border pattern).

Note:  No more than six colors should be presented on a display.

· If information about a currently displayed aircraft or other object is not displayed at a given time, a means of displaying the remaining information should be provided (e.g., through traffic/target selection).

· The display shall have the capability for manual decluttering or filtering of information that is not required for continuous display for the given operational application and task.  Automatic decluttering is also allowable (e.g., coupled with zoom or during alerts) as long as crews are made aware of such display changes.
· It should be possible to accomplish the most critical and/or common declutter function with a single action.

· Information removed through decluttering should be continuously indicated (e.g., by indicating the altitude filter setting) or obvious (e.g., removal of velocity vectors) to the flight crew.

· If certain information is not available or invalid for certain traffic, the associated symbol shall not be removed by filtering operations that are based on that information.  [e.g., when altitude for an a/v is not available, altitude filter should not remove display of the a/v].   [[Assuming the phrase “a/v” is already introduced in the document.]
· To ensure visibility of the most critical symbols and their associated proximate data, the following prioritization should be followed for information overlapping:

1. Traffic with warnings

2. Traffic with cautions

3. Selected traffic

4. Other traffic

Note: Altitude and other information shall be used for further prioritization, as appropriate for the application.  

4.  Own-ship Symbol

Notes: “Directionality” refers generically to the information describing a vehicle’s orientation (e.g., heading) or track direction.  

· When own-ship is within the traffic display’s field of view, a symbol shall be provided on the traffic display that represents “own-ship.”

· The point on the own-ship symbol that represents the actual aircraft location should be:

· The apex, for chevrons and other similar directional symbols 

· The center, for circles and other non-directional symbols

· The own-ship symbol shall never be completely obstructed from view by other display elements, and always be easily recognized.  

Note:  It is permissible for the own-ship symbol to be slightly larger than traffic symbols.

· If valid directional data is available for own-ship, it shall be depicted as a directional symbol (e.g., chevron or airplane-like).  

· If own-ship directionality is lost or becomes invalid for an unacceptable period of time, the traffic display should be modified as follows:

· The event shall be annunciated

· The display orientation shall change to North-Up, after crew acknowledgement

· The own-ship symbol shall be changed to a non-directional symbol

· The own-ship symbol shall be positioned in the center of the display

· [If CDTI is part of an MFD, all the functions should behave “consistently” with this guidance – or other accepted requirements (reconcile with “shall” here).]
· The shape of the own-ship symbol shall be recognizably different from traffic symbols (e.g., isosceles triangle vs. chevron) [reconcile with second bullet in this section – change 2nd bullet to call out own ship as isosceles triangle instead?]
· The color of the own-ship symbol shall not be the same as traffic symbols.  

Note: Cyan or white are acceptable colors.


5.  Traffic Symbols, General

· The attributes of traffic symbols (e.g., position, direction, size, color,  shape) shall not provide hazardously misleading information about actual traffic states.  

Note:  The criteria for determining if information is “hazardously misleading” may vary, depending on the specific operational application.

· If traffic directionality data is available and valid (the data has sufficient accuracy and integrity for the intended function), the traffic target symbol should indicate directionality.

· Traffic targets for which directionality (i.e., ground track angle or heading) information is not available or invalid shall not be represented on the display with a symbol that conveys directionality.


· If directionality data for a traffic target becomes unavailable or invalid for an unacceptable period of time, the traffic symbol shall revert to a non-directional shape (e.g., diamond) and any other directionality cues (e.g., velocity vector) shall be removed. [Are there cases when heading information is not available, but track is available, that have to be called out explicitly?]
· The point on the traffic symbol that represents the actual aircraft location should be:

· The apex, for chevrons and other directional symbols  [add guidance on selected traffic (the position should be the tip of the solid chevron (rather than the outline that shows the selection, unless good reasons exist for making the tip of the outline the position)]
· The center, for circles, diamonds, and other non-directional symbols

Note: Also, see section on Surface Applications
6.  Traffic Velocity and Ground Track History

Notes: Velocity vectors indicate the current velocity (magnitude and direction).  Ground track histories indicate past position. 

· Data for traffic horizontal velocity vectors and ground track history, when displayed, should be depicted graphically.
· If the velocity vectors or ground track histories are presented for traffic, the same should also be presented for own-ship.   [ok as long as it is a SHOULD. Potentially this adds clutter to the extended track, which possibly already has FMS paths, scale marks, waypoints and traffic of interest.]    

Note:  It should be clear that velocities are relative to the ground, and not relative to own-ship.  Units should be the same for traffic and own-ship.

· If velocity vectors and ground track histories are available for display, they should be easily distinguishable.  [Any reason why this bullet is a different color?]
· Simple methods (e.g., single button push) for reducing the cluttering effects of velocity vectors or ground track histories should be provided. 


· Velocity vectors and ground track histories shall not interfere with the legibility of data tags.

· The length of the horizontal velocity vector should be pilot selectable, and should represent a distance based on time values appropriate for the application.  

· The time value associated with the length of the horizontal velocity vector shall not change automatically as the display range changes.  

· The time value associated with the length of the horizontal velocity vector should be available to the flight crew.  

· Velocity vectors and ground track histories should not provide a hazardously misleading directional accuracy.

Note: See DO-289 for additional guidance on velocity information

· The display should be capable of showing units of all traffic speed values, for both airborne and surface vehicles.       

Note: The preferred units are knots for horizontal speed, and feet-per-minute for vertical speed. 


· If horizontal speed is displayed in units other than knots, the unit of measure shall be continuously displayed.


7.  Traffic Source, Update Rate, Time-of-Applicability

Notes: “Source” refers to the surveillance system technology (i.e., ADS-B, TIS-B, TIS).  “Update Rate” refers to the frequency at which new traffic information is updated on the display.  “Time-of-applicability” refers to the instant at which traffic information applies, which may vary among traffic due to different sampling/reporting times, information network latency, etc.  The difference between the current time and the time-of-applicability is known as “data age.”

· If multiple surveillance sources are available, it should be possible for these sources to be individually selected by the flight crew. 

· The display shall be capable of updating traffic positions at a rate of at least once per second.  

Note:  Slower display rates may be acceptable for when the traffic source is exclusively TIS

· The display shall be capable of indicating the sources of traffic data that are currently capable of being received, along with the operational status of each .
Notes: 

1. It is not required that traffic be continuously distinguishable based upon data source (e.g., different symbol for ADS-B vs. TIS-B).  An alternative is to allow traffic source data to be available through pilot selection.

2. An explicit indication of normal operation of each system is required, particularly for cases in which no traffic is displayed. [do we really mean “of abnormal operation”? ]
· The display shall show the positions of all traffic targets at the same time-of-applicability.    

· Traffic positions may be extrapolated [within reasonable time limits (or specify a number here) – see guidance below] or estimated in order to, for example, provide higher update rates, reduce jitter, improve continuity of traffic paths, and synchronize the time-of-applicability.

· The continued loss of signal from surveillance sources, or continued loss of valid traffic horizontal position information, shall eventually result in a degraded condition followed by the automatic removal of the target and its associated information from the display.  Related guidance on each of these time values is provided in RTCA DO-239 and DO-289.

· The automatic removal of traffic information due to signal loss or invalid data should be made apparent to the flight crew.  

Note:  In order to avoid unnecessary distractions to the flight crew, exceptions may apply.  Exceptions depend upon the specific application, and traffic criteria such as range, time-to-closest approach, data quality, etc.

· The age of traffic data should be made available to the flight crew upon request

Note:  The age of traffic data may help to provide a better understanding of degraded traffic states, or pending removal of traffic.
[This one might be too “engineering-ish” – are pilots going to request this data (needs a keystroke or two or three) and what decision will they make based on it?  Wouldn’t it be better to remove the traffic after a threshold is exceeded?  I don’t have a serious issue if this is not a “shall.”]
· If an aircraft is displayed, it shall be represented on the display by no more than one symbol (i.e., duplicates are not allowed)

[Exceptions when the automation can’t determine – may be this is implicit in the requirement, but might want to state it.]
· The accuracy of traffic information should be maintained throughout the range of own-ship maneuvers.

8.  Databases

Notes: As an alternative to (or in addition to) an external data source, the onboard surveillance system may use an internal database to store relevant information such as airport surface maps, ground surveillance, and coverage areas.  Databases shall be validated and updated according to existing guidance, such as that in DO-257A, and should be consistent with existing paper symbol equivalents and established industry standards, such as described in SAE ARP5289.

9.  Selected Traffic

Notes:  Traffic that is selected by the flight crew is assumed to be only for the display of additional information (e.g., in data block).  Future guidance will address the selection of traffic for advanced applications such as those involving automation coupling.

· If additional information related to traffic is desired, the flight crew should be able to select any target on the display to display additional information.  

· Only one traffic target shall be selected at any time.

· Selected traffic should [shall] be salient and distinguishable from other traffic.  

· Any selected traffic target shall have a clear association with its data fields.  

· If traffic is selectable on the display, selected traffic that lies outside the configured display range should be positioned at the appropriate relative bearing, and at the configured display maximum range (i.e., edge of display), and with a symbol shape modification that indicates off-scale.       

Note: A half symbol at the display edge is acceptable
[This situation is possible when traffic is selected and then the display scale is changed, or when the dynamics of the vehicles results in the selected traffic moving outside the display area.]
10.  Traffic Data Fields and Information Grouping

Notes:  “Data Field” refers generically to two common approaches: data blocks and data tags.  Data blocks reside in a fixed location on the display, independent of the target symbol location.  Data tags are located near the target symbol.  
· When Flight ID is available, the Flight ID area of the data tag and data block should be capable of displaying 8 alphanumeric characters.


· Data fields should be clearly associated with each traffic symbol. 

· Data tags for airborne traffic shall always contain altitude and vertical rate (when valid and available).  [Vertical rate is displayed only when it exceeds a threshold, so this could be seen as somewhat confusing by the designers – rephrase?.]
· Data fields for airborne and surface traffic shall have the capability to display identification of flight or vehicle (when valid and available), based on selection by the flight crew. 

· If a data block is used to provide additional information about selected traffic, it should appear in a consistent location on the display.

· If data tags are used, they shall be positioned near the associated traffic symbol such that the association is clear.  The positioning of data tags shall not obscure own-ship or traffic symbols and therefore may need to be automatically (re)positioned.  

Note: Altitude information is constrained to be positioned “above” or “below” the associated symbol..  See “Traffic Altitude”.

· Users should be given the ability to hide/display optional elements of the data tags as part of de-cluttering.

· Any data field information that is not available or is invalid shall replace its numerical value by a series of dashes (e.g., “- - -“).  Each dash shall replace one alphabet/digit.

11. Alerting Traffic

Notes:  The guidance here is a supplement to general alerting guidance (i.e., guidance not specific to traffic surveillance) as well as more specific alerting guidance (e.g., ADS-B/TCAS integration as described in Appendix G).

· Alerts shall be integrated with other flight deck systems, and shall follow a prioritization scheme that is consistent with the flight deck alerting philosophy.  [The “shall” and the “soft” requirements of flight deck alerting “philosophy” may not be demonstrable to the same satisfaction by tests then the hard requirements.]
· Traffic alerts shall indicate whether or not an immediate response is required. 

· Warnings pertaining to a loss of separation should be communicated both visually and aurally.

Note:  It may be beneficial to accompany warnings with automatic decluttering.

· The color red shall be used exclusively for warnings (immediate pilot response possibly required), and the colors yellow or amber shall be used exclusively for cautions (future pilot response possibly required).  Visual coding other than color, and/or aural coding may also be used.  

· Traffic that triggers an alert shall be indicated on the display, with coding that attracts attention, is distinguishable, and understood.  [The “understood” part is subjective – hard to write a test for!]
· Symbology and required data tag information associated with alerting targets shall not be removed by any de-clutter/filter function.



· Alerting traffic that lies outside the configured display range should be positioned at the measured relative bearing, and at the configured display maximum range (i.e., edge of display), and with a symbol shape modification that indicates off-scale.       
Note: A half symbol at the display edge is one acceptable means.


· Aural alerts (e.g., tones, messages) should be mutually distinguishable, and also distinguishable from other flight deck alerts.       

Note:  The tones and messages should be audible (including amplitude, frequency, phraseology) in all expected flight deck ambient noise conditions.                                         

· Presentation of an aural alert should not interfere with crew communication or other activities required to address the situation. [What do we really mean?  Is there an example when it has interfered with crew communication?  The system can’t know when crew of planning to talk to each other.]
· Flashing and other attention-getting features should be used sparingly, so that their efficacy is maintained.

Note:  Consideration should be given to integration with other displays in the flight deck

· False and nuisance alerts shall be sufficiently infrequent so that the flight crew maintains trust and reliance on the surveillance alerting systems.  [In the current RTCA model of systems/functions, the alert comes from ASSAP to CDTI and CDTI just displays it, so this is really a requirement on ASSAP, though it can remain here in this AC.  Since it is a “shall”, how would the designer demonstrate compliance?]
12.  Display Manipulation: Panning, zooming, rotating

Notes: “Panning” refers to the horizontal translation of the display field-of-view.  “Zooming” refers to changing the scale of the display field-of-view.  “Rotating” refers to changing the orientation mode of the display field-of-view (e.g., Heading-up, North-up) .  For related guidance, see also DO-257A, 2.2.4 Display Operating Characteristics and Status Indications.  
· The traffic surveillance display should provide the capability for manual panning, and rotating.

· When zooming, the display range should be adjustable to values suitable for the intended function of the surveillance application.            

Note:  The choice of minimum range (i.e., max zoom) should consider traffic and own-ship representation (e.g., symbol position, shape, and size) in order to prevent hazardously misleading information.      

· The current display range should be continuously displayed, including the numerical value and its units (e.g., 10 NM).   [give exception to “units” if they are displayed in nm by default?]
 Notes: 

1. It must also be clear what this number is associated with on the display  (e.g.,  ring radius, screen width).

2. If multiple range rings are present, the inner ring should always have a label indicating the range value

· The range markings shall have a unique shape that is readily discernable from other symbology used on the display. 

· Manual panning, zooming, and rotating shall be independently controlled (not coupled).  

Note:  Automatic changes to decluttering and/or to the level of detail may be coupled with panning and zooming, when appropriate.



· The display should provide a simple means to revert to a saved or default setting after panning or zooming.
 

· Changes to traffic position and orientation due to map manipulation (pan, zoom, rotate) should not cause the pilot to lose track of traffic identity.



· If the display can be panned/zoomed such that own-ship is no longer in view, the display should indicate the own-ship position relative to the current field-of-view.

· All data simultaneously presented on the traffic surveillance display shall be based upon the same display configuration (zoom level, pan position, orientation, and level of detail).      

Note: For MFDs with separate configuration controls, one control should affect the setting for the multiple functions when they are simultaneously active.



· The range markings and range annunciation should be displayed in the same color as the own-ship unless the traffic display is integrated with an existing display that already provides range markings.



13.  Traffic Altitude and Vertical Speed

Notes: For further guidance on the display of altitude and vertical speed, see TCAS II guidance (RTCA DO-185A, AC 20-131A).  

· Altitude filtering shall apply to all traffic symbols, independent of their source.  

Note:  If altitude is not available for an aircraft, the associated symbol shall not be removed by operations based on altitude.  

· Relative altitude shall be displayed as a 2-digit number representing hundreds of feet indicating altitude difference from own-ship in hundreds of feet.  For example, “+70” would represent 7,000 ft above own-ship.

Notes: 

1. If a valid altitude is not reported, the two digits should be replaced by dashes: “- -“.  [Do we want to say “NO ALT” instead?  Can – be interpreted as “below (negative)”?]  

2. The relative altitude for traffic that is located at the same altitude as the own-ship should be displayed as the digits “00”, and positioned above the traffic symbol if the other aircraft closed from above, and vice versa.


· The relative altitude value of traffic aircraft located above the own-ship shall be preceded by a “+” sign AND displayed above the traffic symbol.  Conversely, relative altitude value of aircraft located below the own-ship shall be preceded by a “-“ sign AND displayed below the traffic symbol.

· The display should provide the flight crew with the option to select the display of traffic’s actual barometric altitude (referred to here as “Actual Altitude”) in place of relative altitude.

· All altitudes displayed shall be of the same reference: all "relative" or all "actual.”  

· Actual altitude, if shown, shall be displayed as a 3-digit number representing hundreds of feet above MSL.  For example, “070” would represent 7,000 ft MSL.  Negative flight levels [interesting!] shall be preceeded by a minus sign.  The altitude shall be positioned above or below the traffic symbol in a manner consistent with relative altitude data. 

Notes:

1. If a valid altitude is not reported, the three digits should be replaced by dashes: “- - -“. [same comment as above on relative altitude]
2. When in Actual Altitude mode, it is possible for traffic altitude to be positioned above the symbol, yet still be preceeded by a minus sign.

· When in Actual Altitude mode, the barometric altitude of the own-ship should also be displayed on the traffic display. 

Note:  The own-ship altitude is not required to be displayed immediately adjacent to the own-ship symbol. 

· An explicit and unambiguous indication must be provided on the display that the actual altitude mode has been selected.

· Vertical rate should be indicated in the data tag with an upward or downward arrow adjacent to the altitude field   . 

Note: 500 feet per minute is an acceptable threshold value for the display of the vertical rate arrow.
· A means should be available to optionally filter out airborne targets above 1000 feet AGL when own-ship is on the surface. 

14.  Multifunction Display Integration

Notes:  A multifunction display (MFD) uses the same display hardware to present multiple applications.

· All data simultaneously presented on the shared display shall be based upon the same display configuration (zoom level, pan position, orientation, and level of detail).      

Note: For MFDs with separate configuration controls, one control should affect the setting for all active functions when more than one function is active.
· Where information on the shared display is inconsistent, the inconsistency shall not be hazardously misleading.  For example, the location on the symbol that represents the location of the depicted aircraft may vary among symbol types, and this variability should not confuse the flight crew about actual traffic positions.

· Symbols, colors, and other coding that have a certain meaning in one application should not have a different meaning in another application.  For example, a red traffic symbol and red terrain should both imply that immediate pilot response may be required. 

· Colors in one information set should not conflict with colors on another information set, when both information sets are simultaneously displayed.  For example, a yellow traffic symbol should not be presented within a yellow terrain background without the appropriate modifications to maintain distinguishability. 

· When integrated with other traffic surveillance functions, any display configuration or filter shall apply to all traffic symbols, independent of their source.  

· The current display modes should be clearly and continuously indicated.  If two display modes are incompatible, the system should automatically disable one when the user selects the other.

· If a display provides multiple functions, alerts from any of the functions should be displayed regardless of the current function.  



15.  Surface Applications

Notes:  For additional guidance on surface moving map and map database, see DO-257A, 2.3 Equipment Performance Requirements – Standard Conditions (Aerodrome Moving Map Display), and DO-257A, 2.2.5  Database.

· Airborne traffic and surface aircraft traffic shall be easily distinguishable from each other.

Note:  Color shall not be the sole means of distinguishing airborne traffic from surface traffic.

· Own-ship and traffic symbology and horizontal accuracy should be sufficient to place the target within the runway and taxiway widths documented in AC 150/5300-13.  They also should be sufficient to indicate whether any part of own-ship, traffic aircraft, or other vehicles intrude upon a runway.  Further guidance is provided in DO-257A and DO-289.

· The own-ship symbol should remain the same whether airborne or on the airport surface.  

Note:  Minor modifications (e.g., to size) may be allowed to better integrate the own-ship symbol with symbols representing surface A/Vs.

· The orientations Track-up or Heading-up, as well as North-up, shall be available for airport surface operations, each with a 360-degree view.
 [Is north up a “shall” requirement?  Are there significant benefits to it?
· If an airport map is displayed, there should be an easily selectable (e.g., one button push) capability to declutter portions of the map. 

· The point on the traffic symbol that represents the actual aircraft location should not cause confusion due to positioning differences across different symbol shapes (e.g., directional vs. nondirectional symbols). 

16.  Acceptable Traffic Surveillance Symbols

The purpose of providing traffic surveillance symbols in this AC is to provide standardization and consistency among the many technologies, manufacturers, and applications.  The emphasis here is on retaining standards and tradition (e.g., TCAS), where appropriate, yet still allowing new information coding that supports safe and effective traffic surveillance in all applications considered in this document.  

The symbol sets below are relatively simple, and may not encode all the information necessary for all traffic surveillance applications.  Depending on the intended function of the traffic surveillance display, additional information may also be symbolically coded.  However, any modifications to the acceptable symbol sets shall be demonstrated to be safe, and to not interfere with their legibility, interpretation, attention-getting properties, and overall efficacy.  

AIRBORNE AND SURFACE TRAFFIC SYMBOLS

Acceptable traffic surveillance symbols for airborne and surface-only applications are provided in Table U-1 and Table U-2, respectively.  Table 2 provides surface traffic symbols for applications that do not simultaneously display both airborne and surface traffic, and therefore do not need to be mutually distinguished.  All traffic symbol shapes, sizes, and colors in the tables below are illustrative.  Precise attributes shall be based upon existing standards and regulations. [The flashing cautions can be annoying – esp if there is an audio alert with the caution, why flash them?  Same holds for warnings, but I think most people will accept flashing for warnings.  Again, I don’t see a need for flashing if there is an audio with it.  Another argument is that flashing “removes” the target, even if for a short duration.  Is this a good thing?]
Table U-1 provides symbols for airborne traffic, and includes symbols for TCAS traffic.  TCAS traffic symbols are addressed here to account for displays that integrate TCAS traffic with traffic tracked and correlated by surveillance systems such as ASA (see Appendix G).  
If a display is not integrated with TCAS, only the second ,third, and fourth columns apply; the first column (unfilled symbol) is only used to distinguish TCAS non-threat aircraft from TCAS proximate and advisory traffic.  Since TCAS is inoperable on and near the surface, the equivalent symbols are not applicable in Table U-2.

Table U-1  Acceptable Airborne Traffic Symbol Set   

	
	TCAS Non-Proximate
	No Alert, or TCAS Proximate
	Caution
	Warning
	TCAS TA
	TCAS RA

	Airborne AND Non-directional
	

	
	flashing 
	 flashing
	
	

	Airborne AND Directional
	

	
	flashing
	flashing 
	
	


Table U-2     Acceptable Surface Traffic Symbol Set (no simultaneous display with airborne traffic)

	
	TCAS Non-Proximate
	No Alert, or TCAS Proximate
	Caution
	Warning
	TCAS TA
	TCAS RA

	Surface AND Non-directional
	N/A
	
	flashing 
	 flashing
	N/A
	N/A

	Surface AND Directional
	N/A
	
	flashing
	flashing 
	N/A
	N/A


Additional coding beyond color is used for traffic alerts.  Rather than introduce a new symbol shape, the redundant coding for non-TCAS alerts is provided through flashing.  It is assumed that these alerts will remain infrequent, such that the efficacy of flashing traffic alerts is maintained over time.

The symbol shapes presented here do not imply a particular surveillance source, other than during TCAS advisories.  There are two fundamental shapes—diamonds and chevrons—which distinguish two levels of traffic directionality accuracy (these levels may be application-specific).  Hence, even within a TCAS/ADS-B system, for example, a diamond does not necessarily imply that the target is tracked by TCAS; it only means that the directionality accuracy is not valid for the application.  Therefore, the symbology presented here does not address how to indicate TCAS equipage other than during TCAS advisories.  If necessary, TCAS equipage may be indicated through minor modifications to the non-advisory symbols presented here, or through information in the data tag.  

The TCAS correlated symbols in Table U-1 allow deviation from TCAS standards (e.g., DO-185A) in the following ways:

1. Non-advisory traffic may be in the shape of chevron

2. Non-advisory traffic may be amber or red (i.e., not cyan or white)

3. TA traffic may include a velocity vector to indicate directionality

TCAS traffic that is not tracked and correlated by other surveillance systems shall use standard TCAS symbology.

17.  Experimental Traffic Surveillance Symbols

This section will not necessarily be included in the final AC.

Further research is needed to define an acceptable set of symbols that encode additional information, beyond the acceptable symbol sets presented in Tables U-1 and U-2.  This section proposes symbols that are not proven, but may be explored through human factors experiments.  Two additional information elements are proposed here: indication of surface (versus airborne) status, and indication of traffic selection.  

INDICATION OF SURFACE STATUS

Table U-3 presents symbols for surface traffic, in which both surface and airborne traffic need to be readily discernable; that is, on displays that simultaneously present both.  The rationale is also to maintain a symbol set that is relatively simple to learn, and which integrates with the airborne symbols presented in Table U-1.  

Table U-3    Experimental Surface Traffic Symbol Set (for simultaneous display with airborne traffic)

	
	TCAS Non-Proximate
	No Alert, or TCAS Proximate
	Caution
	Warning
	TCAS TA
	TCAS RA

	Surface AND Non-directional
	N/A
	

	flashing 
	flashing 
	N/A
	N/A

	Surface AND Directional
	N/A
	

	flashing 
	flashing 
	N/A
	N/A


The symbols in Table U-3 follow a similar coding logic as the symbols in Tables U-1 and U-2.  The shapes of surface symbols were chosen to provide a readily discernable symbol (circle border) in order to quickly distinguish airborne from surface targets, yet still retain the directionality and alert level coding philosophy (red/amber, flashing).  The use of reverse-fill within a circular border allows for such a balance (a circular border provides a common, easily discernable non-directional envelope within which directionality can be indicated.  One concern about this strategy is the potential for confusion between cautions on the surface and TCAS TA’s, both of which are amber with a circular envelope.  However, the context of operation should be considered: TCAS is disabled on and near the surface, and, conversely, traffic surveillance alerts are disabled during TCAS advisories (see Appendix G).  Future experiments should address these and other issues.

Non-aircraft surface traffic and other surface obstructions are not addressed here.  Such symbols shall not be confused with other symbols, and should follow a similar coding philosophy for surface status and alerting.  Square shapes should be avoided, even as an outside border, in order to prevent flight crew desensitization to TCAS RA symbols.  Circles may remain as a border shape for non-aircraft surface objects, as long as the inner shape is legible and distinguishable from surface aircraft symbols.  

INDICATION OF SELECTION

The second information element proposed for experimentation is the indication of selected traffic for the purpose of displaying additional information.  Selected targets may be indicated by a bright green  border separated by a small gap (example shown at right).  Corresponding text in the data block shall also be bright green, which provides an additional means for associating the data with the selected symbol.  The green outline and associated data block information applies to all symbols presented in Tables U-1, U-2, and U-3, except both TCAS advisory symbols.  During a TCAS TA or RA, all selection features and capabilities (i.e., green border and additional information from selection) for such traffic should be removed.    
example of Selection








