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Introduction: Information for Symbolic Coding

ADS-B and TIS-B data provide the opportunity for displaying a very large set of information to pilots on a CDTI, in addition to traditional traffic information (e.g., TCAS).  The FAA intends to provide symbolic coding guidance for a small subset of all information available to the CDTI.  This document describes some of the candidate symbols and their rationale.  The intent is to test these symbols for discriminability through an experiment at the Volpe Center (DOT).  

This document addresses symbolic coding for the following traffic information:

· Traffic Directionality

· Traffic Selected Status

· Traffic Alert Status

· Non-proximate

· Proximate (advisory)

· Caution

· Warning

The suggested symbols for the information above are referred to here as the basic traffic symbol set.  Other information—some of which may be application-specific (e.g., closure rate) or user-customizable—may also be depicted via data tags or possibly through symbol add-ons or slight modifications to the basic set.

The choice of the above information for symbolic coding is influenced in part by what is most important for supporting pilot perceptual processing.  Perceptual tasks include estimating relative positions, noticing movement (trends), and conducting rapid scans for identification of critical information such as alerts.

Considerations for Coding Techniques

While symbolic coding has its advantages, it must be used judiciously.  Two important considerations are: 

Learning/memorization – The symbol set should strive to minimize “complexity” (as perceived by the pilot) by coding a reasonably small amount of information, and doing so in a way that utilizes industry standards and an intuitive coding philosophy.  Doing so places less of a burden on pilot learning and memory/recall, and decreases pilot workload.

Discriminability/Legibility – Symbolic information should be simple enough to be easily legible and discriminable, yet still encode the necessary information.  For example, symbols should not be overly detailed (particularly on low-end displays), and the number of colors used should be reasonably small.  

Core Symbols vs. Modifiers

An important tradeoff is the selection of core symbols (which are the most discriminable) versus their modifications (e.g., colors, borders).  A small number of core symbols can be easier to learn, but adds coding burden on symbol modification techniques, which can result in excessive detail and cause discrimination difficulties.  

Basic Traffic Symbol Set
The suggested basic traffic symbol set (Fig. 1) contains only two core symbols with a modifier philosophy that is both internally consistent, and consistent with other systems such as TCAS.  

CORE SYMBOLS

· Diamond (nondirectional, airborne)

· Chevon (directional, airborne)


MODIFIERS TO CORE SYMBOLS

· Shape Border (traffic selection)

· Circular Border (ASA caution)

Two of the core symbols (diamond and chevron) are chosen primarily from current aircraft traffic systems, since they are well accepted and effective for conveying airborne directionality status.    
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Figure 1  Basic Traffic Symbol Set

Rationale of Basic Traffic Symbol Set

Design Goal 1

In order to minimize complexity, the modifier to the core symbol should allow recognition of the core symbol (i.e., diamond, chevron), yet still provide the necessary discriminability from the core symbol in isolation.  

Solution and Rationale 1
Both the circular border and the “shape border” (the border that follows the core symbol shape) allows easy recognition of the core symbol.  The shape border retains the same shape and is inherently recognizable, while the circular border, if sufficiently large, does not interfere with the core symbol.  For discriminability, the circular border provides a constant shape that is always the outer-most border and therefore easily distinguished from the shape border, which differs by both shape and relative position.  

Design Goal 2
In order to minimize complexity, the shape coding should have an intuitive and attention-getting depiction of “alert” status.  

Solution and Rationale 2
The circular border is effective for alerting because it is an easily recognizable perceptual feature, and as an outermost border is extremely salient—even when the core symbol is small, and across a variety of core symbol shapes.    

Design Goal 3
In order to minimize complexity, the ASA cautions should be consistent with previous traffic alerting systems (TCAS, TAS, TIS), and especially should provide consistency on displays that integrate these systems.

Solution and Rationale 3
The yellow circular shape carries the legacy of other traffic cautions (TCAS, TAS, TIS), all of which use the TCAS standard of a filled yellow circle.  Also, the resulting circular ASA caution symbol is only partially filled, which intuitively appears lower priority than a filled TCAS TA (consistent with the underlying alerting logic).  The degree of fill is also consistent with the TCAS philosophy for non-threat traffic, in which the progression from non-proximate (unfilled) to proximate (filled) reflects the importance (from a distance point-of-view).  The lack of flashing is also consistent with previous systems (e.g., TCAS advisories do not flash), which may be particularly important if ASA cautions exist for more-strategic durations than TCAS.

Design Goal 4
ASA cautions should be distinct from TCAS TAs.  

Solution and Rationale 4
The ASA caution circular border, while providing a consistency with TCAS TAs, remains distinct because it is clearly an unfilled circle.  The degree of fill is a salient attribute, particularly when the core symbol size is not reduced.  Filled TCAS advisories remain the most salient symbols, so that perception should correctly reflect actual alert prioritization logic.  

Design Goal 5
In order to be discriminable on low-end displays, the shape coding should be simple yet distinct.

Solution and Rationale 5
All core symbols and their modifiers are based on simple shapes.  By allowing modifiers to increase the overall size of symbols (i.e., core symbol remains constant size), discriminability can be achieved even under poor viewing conditions (e.g., small symbol sizes on low-resolution displays).  To prevent confusion, size should therefore not be used as a coding variable for other information (e.g., to indicate traffic position uncertainty).  It should be noted that the number of traffic targets that are both alerted and selected should be low, so that the added size of such symbols should not add to clutter, and in fact may decrease clutter by allowing the more common symbols to be small. 

Addressing Surface Symbols

The current position is that color coding is, by itself, an insufficient means for indicating surface vs. airborne status.  For some applications, the airborne/surface distinction is critical, and may warrant a dedicated third core symbol.  

A third core symbol, in the shape of a modified cross, is being considered for nondirectional surface aircraft.  The goal is to provide a clear indication of surface status—easily discriminable from airborne traffic.  One advantage of a cross symbol is that it can be used to provide an airplane-like envelope for positioning on surface maps.  Also, for continuity, a cross-shaped symbol could transition naturally to an airplane symbol, whose swept wings and tail can provide directionality information.  Such transitions between valid and invalid directionality states may occur frequently for surface vehicles, since directionality may be derived from slow surface speeds.  

Feedback

Feedback about this document is encouraged.  Please provide comments and other symbol concepts to:
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