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1. INTRODUCTION AND SCOPE

This documentdescribes human factors issuesthat need to be considered in the implementation
ofplanned enhancements in the Terminal RadarApproach Control (TRACON) environment.
The scope is limited to the air traffic control (ATC) specialist's workstation and specifically
excludes airways facilities and air traffic managementissues. The components comprising the
legacy systems in the TRACONs are the Standard Terminal Automation Replacement System
(STARS), Common AutomatedRadar Terminal System (ARTS), and the ARTS Color Display
(ACD). The planned enhancements discussed in this document were primarily derived from the
description ofpre-planned product improvements (P3Is) presented inthe Federal Aviation
Administration's 1999 National Airspace System (NAS) Architecture. Issues are discussed
within the TRACON environment and between environments, where applicable. This forecast of
integration issues assumes that STARS, Common ARTS, ACD, and all enhancements
(subsystems) are fully functional and perform "as advertised." This document is not intended to
be an evaluation ofSTARS, the ACD, or any ofthe enhancements discussed; nor does it detract
from the necessity to evaluate how the enhancements should be implemented onto the specific
legacy systems - STARS (Full Service Level or Early Display Capability) or Common ARTS
and ACD. The sole intent ofthis document is to pave the way for successful future integration
efforts by identifying issues that need to be considered in the implementation process.

Descriptions of systems werederived frompublished reports and government documents.
Operational experiences weredetermined through publishedreports and interviewswith
controllers, managers, and training personnel at Atlanta, Dallas-Ft. Worth and El Paso
TRACONs.
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TRADITIONAL HUMAN-SYSTEM INTERACTION (HSI)
INTEGRATION ISSUES

System integration inthe NAS has many facets. Subsystems, such as decision support tools,
need to be accepted by the workforce and properly integrated into thecontroller's workstation to
ensure that they are used effectively. Traditionally, work onsystem integration has focused on
the human-system interface (HSI) for thenewand legacy systems andwas limited to within a
workstation or anysetof equipment thatanyoneperson would be expected to use. It is these
traditional issuesthat willbe exploredfirst.

Within ATC environment, there areintegration issues that can beconsidered global or"top-
down." These issues affectthe controllerat the facility or "work culture" level, rather than at the
level of the individual workstation. Globally, integration issues have implications forstaffing
levels, training requirements, controllerroles andresponsibilities and teamwork. Mostofthe
traditional integration issues, however, can bedescribed aslocal or"bottom-up." At the lowest
level, the integration of subsystems into the legacy system directly affects the controllers' tasks
and the design of the controller workstation. How well the subsystems are integrated can affect
controller efficiency, workload, andjob satisfaction issues, as much as the performance of the
individual subsystems. These bottom-up issues deal mostly with helping to ensure that the
controller's information requirements are met for their tasks. They include all aspects of
information presentation and organization, and controls for manipulating information (such as
function keys). Ingeneral, the traditional human factors integration issues that are examined
withina workstation include the following:

• Is the information from the subsystem displayed appropriately so that it displays only
the necessary information as it is needed, and neitherobscures critical information or
is unduly distracting?

• Is the information displayed compatible with other information displayed, or
available, to the controller?

• Are the procedures (e.g., use offunction keys) to beused with the subsystem
compatible with the procedures required by other systems thecontroller uses?

• Are critical failure modes adequately displayed to the controller and propagated
through the relative systems?

Each of these questions will now be discussed.

Is the information from the subsystem displayed appropriately so that it displays only the
necessary information as it is needed, and neither obscures critical information orisunduly
distracting?

Whenever information isadded to complex displays, such as the controllers' situation display, it
usually adds to the degree ofdisplay "clutter" and has the potential risk of obscuring, or



otherwise detracting from, important information. In this sense, there are potential perceptual
and attentional "costs" to any new information presented. If the new information adds clutter to
the extent that other information is difficult to read (such as with overlapping data blocks), this is
a perceptual price; ifthe new information detracts the users attention from other important
information, then there is an attentional price. Any new information presented on the situation
display must be worth the perceptual and attentional "price" ofdisplaying it. This means that the
controller should be presented with, and only with, information that is useful in performing the
required tasks at the time it is required. Some capabilities (such as with free form text) will
permit the controller to input and place alphanumeric text on the STARS TCW display. While
such a tool may be useful to replace the handwritten notes used during a controllerposition relief
briefing, controllers will need to be given recommendations and cautions for use, to avoid
problems ofdisplay clutter and overlapping text and symbols. Effects on the efficacy ofthe
position reliefbriefing should alsobe explored to determine whetherthecapability is worth the
attentional price.

If the information is suchthat immediate actionis required, or the information is required to
make tactical decisions, (such as aircraft position), then the information needs to be displayed
continuously. Obscuration ofcritical information was an issue with the initial STARS prototype.
The original STARS displayused opaque windows to convey(even the mostmundane)
information. These windows blocked portionsofthe situationdisplayand remained until the
controller responded to them. Consequently, the window could have observed a conflict alert or
other critical inforamtion. With the implementation ofany system or subsystem, care must be
taken so that critical information is not obscured.

If the information is to be used to make strategic decisions (where no immediate action is
required), then the information should be available to the controller, but not continuously
displayed on the situation display. This issue is most critical when it involves Decision Support
Tools (DSTs).

Is the information displayed compatible with other information displayed, or available, to
the controller?

As capabilities to present new information to controllers evolve, care must be taken to ensure
that the new information is at least as good as the old information and either replaces the other
information presented from other sources or is compatible with it. Examples ofthis include
information from different sources regarding weather, aircraft position, and potential conflicts.
In some cases, the controller may be able to select the source ofthe information. If so, the
source of the information must be clear to the controller.

Are the procedures used for data entry and recall (e.g., use of function keys) to be used
with the subsystem compatible with the procedures required by other systems the
controller uses?

It is sometimes the case that when new subsystems are implemented, controllers lose some of the
functionality (e.g., "slew and enter" capabilities) that they have become accustomed to. In
considering the HSI of the integration ofa new capability, it is important to determine that the



same functions (e.g., range selection) are selected in the same way, and that any functionality
that is lost iscompensated for inanacceptable usable way.

Are critical failure modes adequately displayed to the controller and propagated through
the relative systems?

Subtle failures such as adisplay's temporary inability to update need to be displayed to the
controller. Also the ways in which the failure affects other systems need to be conveyed to the
controller. Forexample, ifa radar is temporarily out and no back-up isavailable, the controller
needs to be informed that the radar isout and any decision support tools that rely on radar input
should echo this limitation.
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3. GENERAL DESCRIPTION OF TRACON INTEGRATION ISSUES

The growth ofair traffic, combined with the increased demand for flexibility and elimination of
current restrictions, requires enhancements in the terminal architecture to enable the controller to
maintain safety and increase efficiency. The successful integration ofany subsystem into the
legacy system is necessary for the full realization ofthe expected benefits projected to be
afforded by the subsystem. All system benefits are projected on assumptions ofagiven level of
human performance. This includes correct and efficient data entry, correct interpretation of
displayed data, correct and efficient response input, etc. Systems that are poorly designed or
poorly integrated can induce user errors. Such errors can lead to poor user acceptance, poor
system performance and unrealized system benefits. As subsystems are developed to address
specific operational needs, their development is usually independent ofthe evolution ofthe
legacy system. This means that the issues surrounding the integration ofthe systems are usually
not identified until the first stages ofoperational evaluation.

While general human factors integration issues regarding the implementation ofsubsystems
would be expected to be similar across STARS and ACD, each implementation will need to be
the examined separately in the specific context within which they will be implemented.
Facilities vary widely on many dimensions, ranging from the characteristics of the traffic mix to
ambient light levels at the controller's workstation.1 Consequently, close attention needs to be
paid tointegration issues within each facility.

There are also integration issues across environments. Information (e.g., regarding aircraft
position) and conflict resolution advice provided to en route controllers must becompatible with
that provided to the TRACON controllers with whom they coordinate and interact. Similarly,
information provided to tower controllers mustbe compatible withthatprovided to the
TRACON controllers. Finally, for maximally efficient operations, theinformation provided to
controllers in the oceanicsectors should be ofthe same qualityas thatprovided to en route
controllers.

In addition to the integration issues surrounding systems within and between ATC environments,
there are also air-ground issues to be considered. Cockpit systems that command a pilot to
maneuverwill have implicationsfor TRACON controllers. If the information regarding the
position ofpotential threat aircraft that is provided to the pilot is substantially different from the
information provided to the controller, errors and inefficiencies can result. Any cockpit system
(such as the Traffic Alert and Collision Avoidance System - TCAS) that will result in a pilot
maneuvering without a specific ATC instruction to do so will also have implications for ATC.
This includes cockpit systems that support shared-separation responsibility, so that an aircraft
may maneuver without a specific ATC instruction, and collision-avoidance systems that may
require the pilot to maneuver the aircraft before informing ATC ofthe altitude or heading
change. Finally, ATC systems that seek to enhance efficiency will also have implications for the
flight deck. The timing ofpresentation of information such as runway assignments to the cockpit

1Measures ofambient light levels vary widely from facility to facility. Average measurements taken at the
controller workstationvaried from 11.15 fc (at El Paso), 2.7 fc at the AtlantaTRACON, and .09 fc at the Dallas-Ft.
Worth TRACON. See the Appendix for a complete description of these measurements.



has a dramatic effect onpilot workload and may even affect the probability ofa runway
incursion as it affects the timeavailable to anticipate taxi routes and runway crossings.

These integration issues within and across environments will now bediscussed in more detail in
the contextofspecific TRACONenhancements in Section4.



4. SPECIFIC TRACON ENHANCEMENTS ANDASSOCIATED
INTEGRATION CHALLENGES

Significant improvements in basic capabilities have been initiated in the last several years.
These include: improved radar processing capabilities (as provided by Common ARTS and
STARS), display replacement (STARS and ACD), and refinement ofthe conflict alert (CA) and
Minimum Safe Altitude Warning (MSAW) algorithms (Beal, Reid, and Schlimper, 2000). Many
other enhancements are planned to accommodate the changing needs ofthe air traffic
community. These enhancements are at various stages ofmaturity and include: improved
weather information, improved communication equipment, and hew DSTs. In the TRACON
environment, the most significant subsystems proposed are:

•

•

Center TRACON Automation System
- passive Final Approach Spacing Tool (pFAST)
- active FinalApproach Spacing Tool (aFAST)

Controller Automation Spacing Aid(CASA)

Integrated Terminal Weather System (ITWS)

Controller-Pilot Data Link Communications (CPDLC) and Next Generation Air-
Ground Communication System (NEXCOM)

• Enhanced Traffic Management System (ETMS) Upgrade

Some ofthese enhancements are tools that have been developed specifically to increase
efficiency andcapacity. Othersprovide information (regarding weatheror aircraft position) that
is moreprecisethan the information currently available to controllers. Each proposed subsystem
projects benefits based on theoptimal use of this subsystem. However, these benefits canonly
be realized in actual operations if thesubsystem is properly integrated into thecontroller
workstation. Each ofthese will be examinedwith respect to potential integration issues.

4.1 CTAS

4.1.1 System Description

Center TRACON Automation System (CTAS) isasuite oftools designed for use by TRACON
and Air Route Traffic Control Center (ARTCC) controllers. The CTAS tools designed for the
TRACON are passive Final Approach Spacing Tool and active Final Approach Spacing Tool.
PFAST presents the controller with arunway assignment and sequence number in an additional
line to the data block; aFAST would supplement this with heading and speed recommendations.
PFAST has had limited implementation that has resulted in awealth ofoperational experience.
However, the future implementation plan for pFAST and aFAST is unclear. The Free Flight
Phase 2Research Program Plan (November 2001) identifies another DST for the TRACON



known as Expedite Departure Path (EDP). This tool is described as under development by
NASA to provide speed, heading and altitude advisories to controllers to help balance the traffic
over departure fixes, allow for expedited climbs and more efficient routing into the en-route
stream. As the departure counterpart to aFAST, such atool would be expected tohave the same
human factors andoperational issues as pFAST andaFAST.

Initially, there was strong praise for pFAST and its development process from both the National
Research Council (Wickens, Mavor, Parasuraman, and McGee, 1998) and the National Air
Traffic Controllers Association (NATCA). Controllers and human factors specialists working
closely with the engineers as ateam as they continued to refine product was regarded as ahighly
successful development and deployment strategy. The initial operational experience was also
regarded as successful. In one study, use ofpFAST resulted in an increase in acceptance rates of
2.5 aircraft per hour at Dallas-Ft. Worth TRACON (Meyer, Post, Blucher, and Fralik, 2000).
The median peak throughput increased from 105 to 109 operations per 30-minute period under
instrument approaches and from 111 to 114 operations when using visual approaches (ibid). Just
as important asthe increase incapacity is the fact that such increases inthroughput were
achieved within acceptable limits forworkload (Lee andSanford, 1998).

In additionto the demonstration of increased capacity, this initial experience also showedthat
many controllers had confidence in the system asdefined by theadvisories being judged as
acceptable by thecontrollers (Davis, Isaacson, Robinson, denBraven, Lee, andSanford, 1997).
This is an importantaccomplishment in the development ofa system,sincecontrollerconfidence
is critical to ensure that the system is used as intended andprojectedbenefits are realized. The
general consensus was that the system "thought" like a controller and provided advisories that
the controllers agreed with. In fact, Dick Swauger, the national technology coordinator for
NATCA at the time said that using the tool was "like having a top controller at your side
whispering in your ear... it does make good controllersbetter" (Perry, 1997,p. 31). Now,
however, the system is not being used. The reasons for this are varied and complex and will now
be explored.

The initial implementation experience ofpFAST was an extremely rich learning experience and
was successful inmany respects. There has been much discussion regarding the lessons to be
learned from this experience. Such lessons can help to identify integration issues thatshould be
considered in the development and implementation offuture decision support tools.

4-l-2 Traditional Human Factors Integration Issues Associated with pFAST

The initial operational experience ofcontrollers using pFAST atthe Dallas-Ft. Worth TRACON
with three primary arrival runways was regarded as highly successful from both an engineering
and human factors perspective. After the field evaluation was complete, the more complex
Metroplex configuration with its fourth arrival runway was implemented. The additional runway
added to the complexity ofthe traffic flows, resulting in more data blocks being displayed in a
given space on the screen. The use ofpFAST increased the amount of information displayed in
the data block as it added another line to the (2-line) data block. Use ofpFAST also increased
the complexity of the air traffic flows; this is necessary to increase efficiency. Thus, the use of
the additional runway resulted in more data blocks being displayed in the immediate vicinity of
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one's own data blocks, and the use ofpFAST resulted in larger data blocks. These two factors
resulted manoticeably larger proportion ofoverlapping and obscured data blocks.

This part ofthe pFAST experience points to two mainstream human factors issues associated
with the integration ofnew subsystems on the legibility ofdata blocks. First, subsystems that
mcrease the efficiency ofoperations by filling gaps between aircraft, increase the complexity of
operations (as timing ofindividual maneuvers becomes more critical) and decrease the space
between data blocks; this adds to the display clutter. Increased complexity makes it more
difficult to search for aparticular aircraft under one controller's jurisdiction when they are
necessarily displayed among many others that can only be differentiated by aposition symbol
and aircraft ID. Increased traffic complexity is also awell-known cause ofoperational errors.
Second, the increase in the number ofaircraft in the immediate vicinity also causes more data
blocks to overlap and become partially or totally obscured. There are many information display
techniques that could be used to help alleviate this problem. For example, it is clear that
controllers need a way ofdifferentiating their own data blocks from others' that ismore effective
than the current cue (i.e., the position symbol). One way todo this would be tocolor code the
position symbol (or another portion ofthe data block). Color coding the entire data block (as is
currently employed in ACD) maynotbe recommended because there is anecdotal evidence to
suggest that thiscouldincrease theprobability that a controller will fail to detect a conflict
between an aircraft under their control, i.e., in"their color," and an aircraft inanother color (see
Cardosi and Hannon, 1999). Second, controllers need tobeable tomake anadjustment totheir
datablocks to makethem legible when theyare superimposed on another controllers' datablock.
One intuitive solution to this is togive controllers the ability to differentially control the
brightness (intensity) of theirdatablocks. Controllers using the ACD currently have this
capability. However, onceagain, controllers need to be cautioned that this display technique
should only be used as needed to increase the legibility of the data blocks; displaying one's own
traffic at a higher intensity than the other aircraft on the display increases the probability that the
lower intensity aircraft might unintentionally be ignored. The degree ofdifference in intensity
(brightness) that could affect the controller's ability to detectpotential conflicts needs to be
empirically determined. Research is needed to evaluate different techniquesto help the
controller identify"their" datablocks without increasing theprobability that the controller would
fail to detect a potential conflict between an aircraft under their control andan aircraft notunder
their control.

4.1.3 Other Integration Issues Associated with pFAST

In addition to the traditional types ofHSI integration issues that surfaced as a result of the
facilities' experience with pFAST, other critical integration issues also emerged. It is well
known that the level ofcontroller confidence in atool is pivotal in the tool's success or failure.
This confidence is largely determined by how accurate and reliable the tool is perceived to be.
This is in turn, largely dependent on how well the system is adapted to the specific site and its
operations. Site adaptation is almost always more extensive than originally anticipated, but is the
determining factor in the success or failure ofadecision support tool, and cannot be short
changed due to scheduling or other artificial constraints.
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The operational experience with pFAST was complex and changed over time. With full
implementation, the additional runway in use, and more controllers using the system, controller
confidence in pFAST was varied. The degree ofconfidence that an individual controller had in
pFAST seemed to be afunction ofhow well pFAST worked in that particular sector/area.
Another key point is that pFAST was originally conceived, and presented to controllers, as an
advisory system (which usually means that itcan be used or not as the controller sees fit).
However, the system works best when all controllers use the runway assignments offered; in
fact, system performance is severely degraded when alarge number ofthe advisories presented
are not used. Requiring controllers to use the advisories isonly acceptable as long as the
advisories are onesthat thecontrollers would be inclined to use,thatis,onesthat thecontrollers
consider to be good recommendations (or at least workable solutions that do not substantially
increase workload). If, however, the controllers think that the advisories are problematic and are
"forced" touse them anyway, then aprimary rule ofthe proper allocation offunction between
the user and the automation is violated. No automated systemcan be expectedto have the
wealthand breadthofinformation that the controller does. Nor can anyDST be expectedto be
able toexhibit the same degree offlexibility indecision making amid rapidly changing
information that thecontroller does routinely. Thecontroller mustremain in theposition of
being theultimate decision-maker and should never bea slave to the automation.

In order to be able to evaluate the pFASTadvisories, it is necessaryto observethe system with
all of the advisories implemented. To this end,theDallas-Ft.Worth TRACON instituted a trial
periodduring which controllers were instructednot to change a (pFASTsuggested) runway
assignment without supervisory approval. This did not help to endear pFAST to the controllers
that worked sectors in which pFAST runway assignmentsproblematic (for reasons specific to the
sector operations, such as satellite operations). In hindsight, it would have been better to
continueto refine the site adaptation (to help ensurethe operability in all sectors) before
implementing it in the new, more complex runwayconfiguration.

The intent ofpFAST is toincrease capacity byhelping controllers toincrease the efficiency of
their operations. With more attention to site adaptation and a continuous cadre ofoperational,
human factors and engineering support, pFAST has potential for being re-engineered as a viable
DST that could enhance efficiency and safety. This will be anecessary prerequisite for any
progress toward the implementation ofactive FAST. aFAST proposes to enhance this capability
by providing the controller with recommended speed and heading adjustments. The most
important issue to be resolved with aFAST isoperational confidence in these advisories. The
strong consensus amongst controllers was that there was no confidence in the sequence numbers
assigned by pFAST. Ifthe system could not be "trusted" to give reliable sequence numbers it
seems unlikely that it would offer usable speed and heading adjustments. IfaFAST is to be'
viable, it will need to be demonstrated to be highly accurate and reliable under all operational
conditions (e.g., in different wind and weather conditions, with aircraft in holding patterns
increases mspacing requirements, satellite operations) before initial implementation This will
require iterative stages of interactive testing with controllers, system developers, and human
factors specialists.

r^nTPr°?K Viab,f' ^iSSU6S associated with how the information is to be displayed to thecontroller must be explored. For example, arecommended heading adjustment coZd be
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displayed as achange (e.g., turn 30 degrees to the right) or as new heading (heading 230).
Where tiie information is displayed on the controllers screen isanother integration issue. One
possibility is thatthespeed and heading would time-share with thecurrent third line onthedata
block; this would make the original pFAST information ofrunway assignment and sequence
available only half the time. Another possibility isthat itwould occupy a fourth line on the data
block; this would further add to display clutter. Display options will need to be systematically
evaluated so as to successfully integrate aFAST into the controller's workstation.

4.1.4 pFAST Integration Issues Across Environments

IfpFAST could be improved tofunction "as advertised" under all operational conditions, use of
pFAST would be ofgreat benefit to pilots. Knowing the arrival runway early in the approach
allows pilots to perform the necessary programming ofcockpit systems and conduct the pre-
arrival planning (e.g., approach briefing) early in the arrival process. Thinking about the
possible taxi routes from the arrival runway and the potential for incursions (e.g., deterrnining
whether there isa runway between the arrival runway and the gate) isacritical step inhelping to
prevent runway incursions. Conducting these activities asearly aspossible, preferably prior to
descent, is an effective workload management strategy thatallows forthepilots' full attention to
be focused on the tasksof stabilizing theapproach, landing, rolling out, andtaxiing off the
runway. Conversely, last minute runway changes can be very disruptiveand increase pilot
workload dramatically. In addition to the natural disruption ofa "last minute" change ofplans,
the aircraft's flight management system may require reprogramming to capture the localizer or
selectedapproach to the newly assignedrunway (particularly ifthe runwayassignment has
changed more than once). Having the runwayassignmentprior to descent and not subjectto
change (as is often thecase at some airports) could be a substantial benefit to pilots andcould
helpreduce the number ofrunway incursions.

There are other integration issues associated with pFAST that go beyond the boundaries ofthe
TRACON environment. One ofthese is the effectofthe use ofpFAST on toweroperations.
Informal interviews with DFW tower controllers revealed that theperiod of "mandated" pFAST
use was not only noticed, but welcomed. Use ofpFAST resulted in more evenly distributed
arrival flows and aperception that capacity could be increased without aconcomitant increase in
workload.

Amore subtle integration issue that crosses operational environments is the interoperabihty of
CTAS and User Request Evaluation Tools (URET). The algorithms for aircraft trajectory
modeling used by the terminal functions ofCTAS and the en route URET are fundamentally
different (Ryan, Kazunas, Paglione, and Cale, 1997). While it is not necessary for the two tools
to provide the same "advice," it would not be acceptable for the tools to provide radically
different information about the same aircraft to two different users (e.g., aTRACON controller
coordinating with an en route controller). Also, the use ofone tool in one environment
(TRACON or ARTCC) should not adversely affect either the use of the other tool in the other
environment.
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4.2 CONTROLLER AUTOMATION SPACING AID (CASA)

4.2.1 System Description

Converging Runway Display Aid (CRDA) is the first implementation ofController Automation
Spacing Aid) CASA. Like CTAS, such tools are also designed to increase capacity by making
operations more efficient. By helping controllers to visualize the spacing between aircraft on
converging approaches in terminal airspace, spacing between aircraft can be strategically
reduced. CRDA helps controllers sequence traffic for arrival on converging runways during
instrument meteorological conditions. CRDA shows the aircraft on the approach paths to both
runways - the aircraft on approach and a"ghost" image ofthe aircraft on approach to the other
runway. This image helps the controller to judge the separation more effectively so that tighter
spacing can be maintained even in periods oflow visibility. Note that the intent ofthis system is
not to provide decisions to controllers, but rather to provide information to controllers that
enhance theirability to makedecisions regarding spacing.

CRDAis similar in function to the Precisionl RunwayMonitor (PRM), a dedicated display and
control position designed to enable closely spaced parallel approaches in poor visibility. This
position resides in the TRACON, but can override the tower frequencies, ifnecessary. At this
position, the controller issues correction instructions tokeep pilots out ofthe "No Transgression
Zone" (NTZ) between thetwo runways. If a pilot does enter the NTZ, theaircraft onthe parallel
approach (i.e., the non-transgressor) is sent around to avoid a conflict. Since PRM is a dedicated
position, there areno integration issues for the TRACON per se. However, sincethe impact of
the positionresides in the tower, integration issues with the towershould be revisited. For
example, should the position physically reside in the tower? Is there a way to have the minor
adjustment control instructions issued that may be less intrusive to tower operations than
overriding the frequency?

4.2.2 Integration Issues to be Considered

Since CRDA isa sequencing tool, it will need to becompatible with pFAST or similar DSTs
used in the TRACON environment. CRDA helps controllers judge the spacing between aircraft
on converging runways more effectively than isotherwise possible in periods oflow visibility. It
is still incumbent upon the controller to adjust the spacing between aircraft. This task becomes
more challenging as the descent speeds ofthe two aircraft diverge. IfCRDA evolves from a
visualization tool to amore proactive DST, it may be useful to consider incorporating an
additional algorithm, similar to the Descent Advisor (DA) designed for the en route environment,
which would take the aircraft descent speeds into account as it provides guidance on maintaining'
the desired spacing.
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4.3 INTEGRATED TERMINAL WEATHERSYSTEM(ITWS)

4.3.1 System Description

The Integrated Terminal Weather System will provide higher quality weather information (in
graphic and text format) to TRACON controllers than is currently available. Significant human
factors effort has been expended to determine the best way topresent this information on
STARS. (Allendoerfer, Bacon, Bonne, and Freitag, 2001). Amulti-disciplinary working group,
made upof representatives from user groups (the National AirTraffic Controllers Association
and the Professional Airway System Specialists [PASS]), FAA operations, requirements,
acquisition, and human factors specialists was conveined. The working group developed a
prototype presentation format for ITWS that combined the color and format ofthe presentation
of traffic in STARS with the ITWS presentation format. Presentation ofITWS on the ACD will
need similar consideration.

Currently, STARS and ACD use different combinations ofcolors and levels ofdensity of texture
patterns (known as"stipple patterns") to create six levels of precipitation. STARS uses two
colors (dark gray-blue andmustard) and three levels of stipple (none, sparse and dense); ACD
uses three colors (gray, orange and red) and two levels of stipple. (ITWS willpresent
precipitation information in these formats. However, ITWS is capable of presenting a
considerably higher level ofdetail ofweather information that includes storm cells, microbursts,
and gusts fronts. ITWS also presents several alerts (such as for microbursts). This detailed
information would require the additional presentation ofmore combination ofhues and
intensities.

4.3.2 Integration Issues to be Considered

Weather information is important to controllers; however, thedetailof weather information
presented must bedetermined byoperational requirements. Any information presented onthe
situation display must bedirectly operationally relevant and immediately useful. While the
source of the information must be as accurate as possible, it is counterproductive to present more
detailed information than is necessary. Theweatherinformation that is capable of being
presented on ITWS ismuch more complex than what iscurrently displayed. Such complex
information hasa cost in terms ofpotential distraction or obscuration of more important
information. While tremendous effort has gone into determining thebest way topresent ITWS
information onSTARS, nothing could befound to document a similar effort todetermine the
operational requirements for all ofthe information that ITWS provides. Ifno formal task
analysis has been conducted to determine the specifics ofthe type and detail ofweather
information that TRACON controllers need, andhowthis information would be used to make
specific decisions, it cannot yet be determined whether the ITWS information will be worth the
perceptual and attentional costs ofdisplaying it. It may be the case that such detailed
information is best presented to Traffic Management Units (TMUs) and to shared ETMS
displays.

Another planned enhancement to terminal weather is the "Integrated Turbulence Forecast
Algorithm" (IFTA). Currently, controllers depend on pilot reports for identifying areas of
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turbulence. IFTA will display "areas of turbulence withdifferent colors which represent
different forecast intensities" (Jones, 2001, p.125). Again, whilethisinformation is potentially
useful to controllers, it is not clearthat it is information that shouldbe continuously displayed on
the situation display.

4.4 CONTROLLER-PILOT DATA LINK COMMUNICATIONS (CPDLC) AND
NEXT GENERATION DIGITAL AIR-GROUND VOICE COMMUNICATIONS
(NEXCOM)

The TRACON environment presents serious challenges in handling the anticipated volume of
voice communications. In a 1996 studyof TRACON voicecommunications, therewas an
average of4.5 controller transmissions perminute perfrequency, containing anaverage of 3.3
clearances perminute (Cardosi, Brett, and Han, 1996). This can becontrasted with a similar
study ofen route communications thatshowed anaverage of 1.8 controller transmissions per
minute, containing an average of 1.3clearances per minute (Cardosi, 1993). Because ofthis
high volume, there is a relatively highnumber of communication errors perhour, eventhough
the overall communication rate is very low. With one percent ofthe controllers' instructions
resulting in a readbackerror, and 60 percent ofthese readback errors corrected, there was an
averageofone uncorrected readback error every 1Vi hours on TRACON frequencies (Cardosi,
Brett, and Han, 1996). By contrast, the average in the en route environment was one uncorrected
readback error every 13 hours (Cardosi, 1993). Frequency congestion and associated problems
(such as blocked or "stepped on" transmissions) in the TRACON environment could threaten the
realizationofexpected benefits from other subsystems that are dependent upon effective voice
communications.

4.4.1 System Description

Controller-Pilot DataLinkCommunications provides a sorelyneeded alternative to voice
communication between pilots and controllers. It affords the capability to "uplink" information
(instructions, frequency changes [transfer ofcommunication], etc.) to the cockpit and
"downlink" information (requests, acknowledgements, etc.) to the controller. It also allows some
routine transmissions, namely frequency changes, to be automated with the handoff. CPDLC is
scheduled to be implemented in the TRACON environment after full implementation in the en
route environment. NEXCOM purports to increase the efficiency and capacity ofair-ground
voice communication, in part by providing digital modulation. The first implementation of
NEXCOM is expected to use the VHF Digital Link (VDL) Mode 3protocol and has the potential
for multiplying the number ofavailable voice channels up to four (Kabaservice, 1998).
NEXCOM will operate in parallel with the present analog voice system and is expected to be
implemented in high and ultra-high altitude sectors by 2008. Selected high density terminal
sectors are scheduled to transition to digital NEXCOM by 2015. (NAS Architecture, 1999.)

4.4.2 Integration Issues to be Considered

The first implementation ofNEXCOM will use VDL Mode 3that integrates voice and data.
Aircraft and ATC facilities in Europe and other parts ofthe world are planning to implement
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VDL Mode 2(data only). Since CPDLC will be used to downlink information, such as aircraft
position, route information, etc., to controllers, as well as uplink information to the cockpit,
integration issues associated with aircraft downlinking information with Mode 2and trying to
receive information transmitted via Mode 3should be anticipated.

Within the NAS, many ofthe lessons learned from the implementation ofCPDLC and
NEXCOM in the en route environment will transfer to the terminal environment. For example,
the symbols used to indicate that an aircraft is data-link equipped, the methods available to select
an aircraft for transmission, and the methods available to select or compose the message to be
sent that prove successful in the en route environment, should also be appropriate for the
TRACON displays. However, display clutter is generally more ofaproblem in terminal sectors
than en route sectors, due to the increased density ofthe traffic. For this reason, the specific
ways inwhich each additional piece of information (such aswhether ornot an aircraft is data-
link equipped orwhether or not a link had been established) to be displayed to the controller
needs to be determined to be suitable for the TRACON displays into which they will be
integrated (STARS orACD). Other aspects ofCPDLC that would be expected tobedifferent
from en route (and thus will need tobe specifically evaluated in the terminal setting) include: the
appropriate message set (so that themost frequently used messages are easily accessible); and
thesetting of the"time out"parameter (terminal communications are generally moretime-
critical thanenroute). Thefeasibility (cosfbenefit) of integrating CPDLC with FASTtools
(such as pFAST) should be explored so that information such as runway assignments could be
data-linked to the cockpit at the controller's discretion.

NEXCOM is being developed to accommodate both voice and data link more efficiently than
today's equipment. Like CPDLC, NEXCOM is also scheduled to be implemented in the en
route environment before it is implemented in the terminal environment. According to the NAS
Architecture, CPDLCBuild 3 is scheduled to be implemented within the NEXCOMnetwork in
high density terminal sectors between 2007 - 2015. NEXCOM is inthe early stages of
development and the HMI forthis system hasnotyetbeendefined.

One important operational requirement that NEXCOM may not beable to satisfy is the need to
eliminate blocked and partially blocked (i.e., "stepped on") voice transmissions. As the amount
ofair traffic and radio frequency congestion increases, blocked and partially blocked
transmissions present an increasing risk to aviation safety. When apilot or controller is not able
to access a frequency due to a"stuck mike," the most fundamental safety net - that provided by
voice communications between pilots and controllers - isgone. Partially-blocked or"stepped-
on" transmissions are far more common than microphones stuck in the transmit position; while
these events are typically less dramatic than that ofastuck mike, they too, can contribute to
controller and pilot workload and errors.

No studies have been conducted to examine the incidence ofblocked and partially-blocked
communications in today's ATC environment. However, in ahigh-fidelity en route simulation
study designed to assess the level ofcommunication delay that would be acceptable to
controllers in the NEXCOM system, blocked communications (by pilots and controllers
combined) were measured at 10 percent at the lowest communication delays (Sollenberger,
McAnulty, and Kems, 2002). Also, the number of step-ons is known to increase as the number
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of communications increases andwiththeamount ofdelay(between theonsetofthe speakers
voice and the beginning ofthe transmission as heard bythe listener) inherent inthe system
(Nadler, et al., 1990). As traffic continues to increase, the amount offrequency congestion and
problems associated with blocked communications will continue to escalate.

In a 1998 study ofcommunication errors reported to the Aviation Safety Reporting System
(ASRS), blocked communications was identified as a factor that contributed to runway
transgressions, altitude deviations, loss ofstandard separation, and pilots accepting aclearance
intended for another aircraft. While similar-sounding call signs arethenumber onecontributing
factor to apilot accepting aclearance intended for another aircraft and other critical
communication errors, therisk of a blocked orpartially-blocked transmission cancompound the
problem. When the "wrong" aircraft accepts aclearance, the pilot's readback can alert the
controller (and other pilot) ofthe misunderstanding - as long as the readback contains acall sign
and isnot blocked. If two pilots respond simultaneously - as one would expect inthe situation
where two pilots think the clearance isfor them - at least one readback islikely to beblocked.

While NEXCOM is proposed to incorporate anti-blocking capability, the precise technology that
willbe usedto afford this capability hasnotyetbeendefined. There arealso various ways to
prevent blocked transmissions, andtheoperational suitability to theproposed method will need
to be explored. For example, there are important operational differences between systems that:

• Puts a conflicting incoming transmission into a buffer, vs one that prevents step-ons
by allowing the party (pilot or controller) who is trying to transmit hear the
transmission that they would have stepped on. Furthermore, the implementation
scheduledoes not project this (undefined and untested) capabilityto be availableat
airports before the year 2015.

• Prevents step-ons by displaying a "busy signal."

• Allows the party (pilot orcontroller) who is attempting totransmit tohear the
transmission that the pilot orcontroller would have stepped on.

One possibility is that NEXCOM will use the frequency occupied indicator or "busy signal" for
the pilot and have continuous controller override. There are two potential problems with this.
First, itdoes not afford the possibility ofthe pilot orthe controller to hear the transmission that
they would have stepped on. This information is much more valuable for the pilot than a"busy
signal." First, listening to the content of the message can provide acue as to when the frequency
will be free, maddition to possibly increasing the pilot's situational awareness for the traffic
situation. Second, an automatic override for the controller with a"busy signal" for the pilot
deprives the controller and pilot of the ability to choose whether or not to block the incoming
transmission. Since mostly all pilot-initiated messages, such as initial check-ins, are not time-
cntical it is unlikely that apilot would choose to block another transmission. And, while it is
likely that controllers would choose to override incoming transmissions, there may be an
operational requirement to give them the information needed to be able to choose to do so (such
as asystem that allows them to hear the transmission that they are about to step-on)
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The implementation schedule doesnotproject this (undefined and untested) capabilityto be
available at airports before the year 2015. Projections in the rate ofair traffic and the
concomitant increase in frequency congestion make such a scheduleproblematic in addressing
the future needs of the NAS, and incompatible with a commitment toreducing surface incidents.2

4.5 ENHANCED SURVEILLANCE

4.5.1 System Description

Enhanced surveillance technologies, such as those based on automatic dependent surveillance-
broadcast (ADS-B) have the potential to improve capacity, efficiency, and safety along a number
ofdimensions. It will avail the controllerofmore accurate position information (for equipped
aircraft) and will support enhanced cockpit displays of traffic information (CDTI).

4.5.2 Integration Issues to be Considered

The availability ofADS-B informationhas several integration issues associated with it. First,
decisions will need to be made as to how and when to display ADS-B position data to
controllers. For aircraft equipped with ADS-B, their broadcast position could be slightly
different than the position reported by radar, due to the different update rates. These positions
will need to be reconciled so that only one position is displayed for a single aircraft. Raytheon
has successfully prototyped fusion ofADS-B and reports from multiple radar sites in STARS,
however, how this information will be presented and associated procedural issues are still being
explored (Bacon, Glaiel, Stamm, Jagodnik, Hasan, 2002).

Since not all aircraft will be ADS-B equipped, controllerswill also need to know which aircraft
are ADS-B equipped (or whether the aircraft position is being reported by ADS-B or radar
returns); this will add another bit of information that will need to be displayed. Extensive human
factors work is currently underway to address these issues within the ADS-B program.

ADS-B is also assumed to be an enabling technology for a progression toward "free flight." This
progression consists of increasing degrees ofpilots accepting responsibility for the safe
separation oftheir aircraft from other aircraft. The principles ofoperation for use of airborne
separation assurance systems defined by FAA/Eurocontrol (2001) define four levels of
separation assurance applications. The first level ofsystems would be used solely to enhance the
flight crew's awareness of the traffic situation. The second level involved the pilot achieving
and maintaining spacing with designated aircraft. With the third level, the flight crew maintains
separation from specified aircraft under limited conditions. With the fourth level, pilots maintain
separation from all surrounding aircraft

2Meanwhile, anti-blocking technology has been inuseatan ATC facility in theU.K. for several years. It has also
been installed in aircraft by Austrian Air and Britania. Installation of such technology has long been advocated by
the Allied Pilots Association and the Air Line Pilots Association.
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Under the Program ofSafe Flight 21, cargo aircraft used ADS-B technology to identifyother
aircraft on theirtraffic display in the cockpit,and follow thataircraft at a specified distance. By
"self-spacing,"pilots assume some ofthe responsibilityfor safe separation that has traditionally
been assumed by the controllers. The human factors issues associated with this shared
separationresponsibilityare extensiveand beyond the scopeofthis document. Critical issues
include a determination of thepilot's willingness andability to perform sucha taskand the
controller's ability to maintain adequate awareness of these aircraft so that control can be
resumed at any time. These issues will first be addressed in contained areas of low traffic
density. Extensive testing willbe required to determine whether suchprocedures areviable, or
ofanyoperational benefit, in theterminal environment. If so, interoperability with allsystems to
be integrated with ADS-B, suchas pFASTand data link, willneed to be closely examined. It
would beuseful ifconflict detection andresolution tools used by pilots andcontrollers could
accept ADS-B information as well as radar information andhad the abilityto differentiate
between them.

Finally, controllerswill need to fully understand the limitations of the ADS-B based mformation
presented andbe informed of anyknown degradations or failures. For example, what is the
likelihood that a target will be"dropped" or misidentified, or thata false target will be
displayed? Controllers and pilots will need tobeinformed ofanyfailure or degradation in the
accuracyofADS-B. Back-up procedures, to be used in the event of a failure, will needto be
developed forpilotsand controllers to use when pilotsaremaneuvering basedon ADS-B
information.

4.6 ENHANCEDTRAFFIC MANAGEMENT SYSTEM (ETMS) UPGRADE

Enhanced Traffic Management System (ETMS) was originally designed for and used byTMUs.
However, the NAS Architecture 4.0 and the 1999 Capital InvestmentPlan describe
enhancements toETMS topermit the display ofETMS information onthecontroller's display.
Such displayed information would requirethe integration ofETMS into STARS. Thissection
explores the issuesassociatedwith the integrationofETMS into STARS and ACD.

4.6.1 System Description and Integration Issues to be Considered

The traffic situation display (TSD) graphically depicts current aircraft position superimposed on
maps ofgeographical boundaries and NAS facilities. (However, allof the boundaries, airways,
fixes, and other geographical information is already available onSTARS.) ETMS also displays
terminal weather. This weather information issupplied to the ETMS by the Environmental
Research Laboratories, and would not be as useful to terminal controllers as the information
from the Integrated Terminal Weather System. While the simultaneous display of traffic and
weather isextremely useful for both tactical and strategic decision-making, the integration ofthe
weather information from the ITWS onto STARS satisfies this requirement. ETMS
simultaneous displayof traffic and weather information would be useful to those facilities that
would not otherwise have access to such weather information.

The ETMS system will also include (with the implementation of the Collaborative Routing
Coordination Tools - CRCT), the following functionality:
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• Display grounddelay program statusreports and grounddelayhistories.

• Projecttrafficdemandsfor a specific airport, sector or fix and generates an alertwhen
the projected demand exceeds the alert threshold.

• Generate anddisplay traffic problem resolution strategies for individual or groups of
aircraft.

• Assessthe impact ofrerouteson sectorvolume, aircraftspacing, and trafficdensity.

Some ofthis informationwill be available to TMUs with CTAS (Center/TRACONAutomation
System). For example, the TrafficLoadGraph Displayshows the number of aircraft predicted
to: enter TRACONairspace in a fixed time interval, cross a runway threshold, final approach fix
or meter fix. However, this information is displayed as a graph with time on the x-axis and
number ofaircraft on the y-axis. Also, this information is not sector-specific. The CTAS
Planview GraphicalUser Interface does provide a spatial display ofindividual aircraft track
information, that is, individual aircraft on a predefined airspace radar map. The information
available for display with this interface consists of:

• Aircraft symbols
• Flight datablocks
• Waypoints
• Range rings
• UTC clock

• Scratch pad

The display of the aircraft symbols is automatic; display ofthe other items is optional. While
sector boundaries are not currently available, they could be added in.

The Timeline Graphical User Interface ofpFAST includes the capability to display:

• Timeline displays oftraffic approaching specific reference points.

• Load graph displays oftraffic scheduled to cross-specified reference points in a given
period of time.

• The scheduled delay for individual aircraft.

• The impact ofchanges in airport configurations, acceptancerates, or other scheduling
constraints.

The usefulness of this information provided by CTAS is limited by several factors. First, in the
plannedimplementation, only the TMUs, not individual controllers, will have access to it.
Second, not all facilities will have these CTAS tools implemented. Finally, some of the
information is presented only in a timeline format. That is, it cannot presentthe information in a
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situation display mode. This limitation is not inherent in the ETMS. ETMS shows the actual
traffic and "look ahead" views as flows oftraffic, showing position and direction (as opposed to
a graph showing the numbers ofaircraft as a function oftime). The flow and complexity of
traffic can be displayed for all traffic or specified groups ofaircraft (e.g., east bound, by
destination or waypoint). Displaying aircraft by type (e.g., jets in one color, props in another
color) could help controllers plan arrival streams more efficiently. This ability to look ahead
and project traffic demands would be useful to individual TRACON controllers and to a tower
supervisor or controller-in-charge (CIC) for planningpurposes. In the tower, the ability to look
ahead and view the traffic 60 miles from the airport could be used to make decisions about
required staffing (e.g., if one or two local positions will be required), to project the effects of
gate holds (i.e., determine whether incoming aircraft have a place to park), to time changes in
runway configurations, and manage traffic more efficiently.

Making ETMS information with the anticipated enhancement of the CRCT tools available to
TRACON controllers would enable the controllersat each sector to anticipate traffic demands
with a sector-specificgraphical display ofthe aircraft coming into the sector at timed intervals,
and display the predicted effects ofreroutes (e.g., around weather). While these functions are
often performed by TMUs, it is important to note that not all TRACONshave TMUs. Also,
TMUs do not have the capability to convey this information to individual controllers in a
graphical displayof traffic. Similarly, not all facilities will havepFAST (i.e., the modified data
block) to assist TRACON controllers in determiningthe most efficient arrival streams.
Furthermore, the capabilities ofETMS/CRCT to: alert the controller to projecteddemands that
exceed given thresholds, assess the impactofreroutes, and generate conflictresolutions would
be useful - assuming that these functions areeasy to useandperform asadvertised. Finally, it is
anticipated that the ability to obtain a timed look-ahead at traffic demand will become
increasingly important as the science of air traffic management in terminal areas becomesmore
strategic, with less reliance on sectorboundaries, andmore focused on theflexibility needed to
entertain concepts such as "free flight."

It is important to note that while ETMS information can enhance situation awareness of
controllers in theTRACON and tower, and hasthepotential for improving efficiency of
terminal operations, it is not required for the controllers' primary task ofproviding safe
separation. There is a tendency on the part of users to think that more information is better - at
least until they tryto use the system with the new information on it. Aguiding principal of
display design is that only information that is immediately useful isdisplayed and it is displayed
ina format that is immediately useful (i.e., no mental gymnastics required). Other information,
suchas that thatwould be required with a change in circumstances (e.g., aircraft declares an
emergency), or would be useful as a tool, should beavailable to be called up as needed, but not
be constantly present in the primary field of view (i.e., the center of the display of traffic).
Currently, display clutter can be a problem even when only necessary information is presented.
Display of unnecessary information must beavoided at allcosts as it can distract from, or
obscure, critical information.

ETMS with CRCT does contain information and tools that could be useful to TRACON
controllers. However, since ETMS information is not required for the tactical, time-critical
decisions required of these controllers, the complex integration required to implement
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ETMS/CRCT functionality intoSTARS is notjustified. In fact, suchintegration could interfere
with otherfunctionality by unduly complicating the STARS user interface. However, thereare
several alternatives to integratingETMS into STARS, which would still make the information
accessible to TRACON controllers. Forexample, anETMS station could be setup between
controller workstations. Another alternative is onethat is currentlybeing usedat Oakland
Center. While mostfacilities have an ETMS display onlyat the TMUs and/or supervisor's
station, OaklandCenterhas an ETMS stationat eachbay of(6) controllers. This allows the
controllers to collectively see the aircraft in their (and their neighbors') airspace as well as (have
theirD-side controller) query the system forspecific information, as needed. Thisdisplays
customizedETMS data for a smallgroupofcontrollers by projecting it on a wall mounted
(roughly 4' x 8') screen and maintains the capability ofquerying the system. Such alternatives,
that would avail TRACON controllers and tower supervisors ofthe ETMS/CRCT tools, without
integrating the system intothe already complex STARS interface, should be seriously
considered.
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5. THE NEW FACE OF HUMAN-SYSTEM INTEGRATION (HSI)

In the integration ofdecision support tools or enhanced forms ofinformation (such as higher
quality weather information), controller "acceptance" is often the singular goal of the program.
While it is appropriate for this to be a critical factor in determining how systems are integrated
into the NAS, it should not be the driving force in system development or in system integration.
The primary question, to be answered before any new system is considered for implementation,
is: What are tiie user's information requirements? This includes: Why is the information
needed? How will the information be used? The answers to these questions will help to
determine what information is presented (vs. available or not available) and how it is presented.
After these questions are answered, assessment is required, not to determine what a group ofuser
representatives consider acceptable, but to determine how different display alternatives will
affect performance.

The over-reliance on user acceptance can be historically traced to the early days ofSTARS. The
corporate culture within the FAA at that time was that STARS was, above all, to be a
Commercially Off-The-Shelf (COTS) acquisition. This precluded any tailoring to user
requirements, despite the fact that the characteristics of the NAS airspace in which the system
was to be used was operationally very different from the airspace in which the existing COTS
systems were in use. In early discussions ofoperational (including human factors)
specifications, requirements that could not be met by the existing systems, or that would require
the manufacturer to demonstrate that the new system was at least as effective (e.g., induce no
additional workload or not increase the potential for errors) as the existing system, were
categorically and intentionally excluded. Also excluded was structured input from a wide
segment of the user population. This led to conflict between the FAA and the National Air
Traffic Controller's Association (NATCA) in which attention to human factors was seen as the
central issue. Congress and the Inspector General ofthe Department ofTransportation
intervened and a human factors assessment ofSTARS was mandated to be completed within 90
days. Considerable effort was expended by many talented individuals from several organizations
to ensure that the evaluation was the best that it could be in the time allotted. However, as is
always the case when schedule is the driving factor, the effort was severely constrained. What
could have, and should have, been an extensive human factors evaluation of STARS was limited,
by time and funding to an assessment of a finite number of aspects ofthe system. Nonetheless,
this set the stage toward a more formal identification and resolution ofhuman factors issues.
Human factors was becoming recognized as a tool for identifying and resolving issues ofboth
usability and user acceptance.

While usability and user acceptance are clearly related, the two are not interchangeable. In
addition to identifyingand resolving issues ofusability and user acceptance, the tools of the
science ofhuman factors can, and should, also be used to help determine whether an issue is one
ofusability or acceptance. This helps to ensure that issues are put in proper perspectiveand
interpreted correctly. When issues are identified by user groups as ones that affect operational
acceptabilitywithoutan objective assessment ofthe effecton measures of usability(suchas error
rates and response times), when preferencetakes precedent over science, everyone - from the
potential user ofthe system to the taxpayer - loses. As human factors came to the forefront of
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STARS, the role ofthe human factors specialists evolved. Traditionally, human factors
specialists focused on ensuring:

• That the system was designed to minimize human error and maximize efficiency.

• That the system allowed for errors to be detected and corrected quickly and easily.

• Proper allocation of function between the operator and the system.

• That the effects ofsystemuse on trainingand staffingrequirements were adequately
addressed.

While theneedfortheseactivities hasnotdiminished, an added rolewasassigned to the human
factors specialists on an evaluation team, thatof "consensus building." The definition of
programmatic success had shifted toward getting an identified groupofusersto agree onwhat
was acceptable, whatneeded to be changed, and what alternatives wouldbe acceptedby the
group. With this, camea shift from rigorous testingofspecificalternatives toward
demonstrations of capabilities. Instead of helping operations specialists with earlyidentification
ofhuman factors issues and deciding how these issues should be examinedand resolved, human
factors specialists were now chargedwithhelpingoperations specialists reach consensus on what
would be deemed acceptable. From a programmatic standpoint, this is problematic forseveral
reasons.

It is a well-known principleofhumanfactors that people are not the best predictorsofhow
display options will affect their performance. With many aspectsof computer-based systems, it
has often been the case that people prefer one set ofoptions when they have unknowingly
performed better with another set ofoptions(see Andre and Wickens, 1995 for an interesting
review). Such cases ofthis preference-performancedisassociation have not been as well
documented in the realm of aviation. However, there are many anecdotal examples in the initial
stages of system development (e.g., cockpit displays oftraffic information) in which users stated
that they preferred having more information than they would later prove to be able to use. The
types of preference-based vs. performance-based decisions that are most vulnerable withrespect
to accuracy, appear to be those regarding how much information to present and how the
information should be coded. The useof color is particularly problematic as people consistently
prefer the use of morecolor-codingthancan be shown to enhance performance; in fact, some
colordisplays have beenpreferred by users even when they(unknowingly) degraded
performance.

Factorsthat affectpreferences are different from factors that affectperformance: theyare more
variable, morelikely to change from person to person, andaremore subject to change with
operational experience than factors that affect performance. Operational experience refers not
only to the level of experience that the controllerhas in general, but also to the level of
experience with specific systems. Forexample, excellent work was done by MITRE to
determine thebest way to present controllers with the Resolution Advisories (RA) presented to
pilots from the TCAS (Hoffman, Kaye, Sacher, and Carlson, 1995). At the time of the study, it
was assumed (and correctly so) that controllers wanted to know what the RA was that was
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presented to the pilot so that they would know when and why an aircraft would purposely deviate
from an assigned altitude. However, this line ofresearch could be said to have started with the
wrong question. The primary question should have been "Does the controller need to see the RA
and if so, how will the information be used?" Instead, the operational question addressed was
how to best present the information to the controller. When TCASwas first implemented, there
were a variety ofmisconceptions surrounding, and hence a general distrust of, the TCAS system
by controllers. In time, controllers learned moreabout howTCAS wouldoperate; with this
increased understanding came a decreased apprehension. A varietyoffactors cametogetherto
change controllers' attitude towardTCAS. However, interviews withcontrollers conducted in
the context ofthis study indicated a shift in controller preference: all ofthe controllers'
interviewed said that theywould prefer that the RA not be presented in the data block. Note: this
doesnot shed lightonwhether or not thepresentation ofthe RA would positively or negatively
affect controller performance; that study hasnot yet beendone. Nordoes it address the question
ofwhat, if anything, controllers need to know(from the groundsystem as opposedto from the
pilots) when pilots getanRA. Rather, it suggests a shiftin controller preference as a result of
operational experience with TCAS (and allof the factors that went along with this - such asthe
resolutionofcontrollerliability concerns,enhancements to the TCAS software that reduced the
number of"nuisance" RAs, etc.).

In addition to the preference-performance disassociation, there is also another disconnect that
occurs withATC systems, that is, thedefinition ofsuccess in engineering, programmatic, and
operational terms. From anengineering standpoint, a system isa success if it performs as it was
intended to perform (e.g., balances the traffic across fixes or runways). From aprogrammatic
perspective, success could bedefined as the system being operational (i.e., turned on) ata few
sectors in a single facility at a certain time ofday. While this isa very limited operational
experience, itcould be deemed a programmatic success if it isachieved within ascheduled
deadline. From an operational perspective, however, the system will only bedeemed asuccess if
it satisfies anoperational need in a manner that is compatible with the controllers tasks. Ifa
decision support tool is not perceived as being highly accurate, reliable and easy to use, itwill
not be used by controllers asthe developers intended it tobeused. Controllers will have amuch
lower tolerance (in terms ofaccuracy, reliability, workload required touse the system, etc.) for
systems that do notbenefit them directly.

Acritical question to be asked is: "Is this something that controllers need or can reasonably be
expected to want to use?" This is determined by how the use ofthe system will affect the
controllers' tasks and responsibilities (liabilities). Akey issue here isthe proper allocation of
function. Any automated function that is perceived as taking control or flexibility away from the
controller will bemet with resistance. Similarly, the tool must beperceived asbeing useful to
the controller and worth the time and energy required to use it. "Altruistic" systems that do not
directly benefit the controller using the system will also be met with resistance. This experience
has been bome out with several systems, including the Departure Sequencing Program (DSP).
DSP provided tower controllers with aconstrained takeoffwindow for departing aircraft;
compliance with these times would help to reduce congestion at the fixes (outside of tower
airspace). DSP was deemed an engineering success from the start, as compliance with the take
offwindows did result in balanced traffic over the departure fixes. However, itwas not an
operational success until several changes were made. For example, the initial version of the
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program required controllers to enter informationinto the system whenever departure windows
were not able to be met; the system in use today updates automatically. This tower-based system
(used only when traffic demand exceeds capacity)now also displays departure information at the
D-side position in some TRACONS to aid in planning.

Similarly, pFAST gave controllers an assigned runway and sequence to therunway to help
balance the traffic into the airport onto the differentrunways. As with DSP, there was no return
on investment for the controller charged with the necessary care and feeding ofthe computer.3
Bothsystems provided additional workload, constrained the controller'soptions in terms of
decision-making and, in the case ofDSP, provided no useful information to the user, these are
the results ofa misplaced allocationof function between the system andthe user.

It hasbecomeclearthat how the system is introduced to controllers is as important as what is
introduced. One ofthe lessons learnedin the implementation of pFASTwas that the controller
user group needs consistent support in identifying issues and"translating" them into thedesign
orparameter changes to be implemented by the engineers. Humanfactors support is also useful
in working with engineers to identifyoptions that satisfycontrollerrequirements. The toolsof
thescience ofhuman factors have long been used to helpseparate fact from opinion. They can
be usedto identify characteristics of a display or dataentry procedures thatcan induce errors,
independent of user opinion or preference; design studies to determine whether changes toa
display will affect performance; determine whether differences found ina study are more likely
tobedueto chance or oneof the variables tested; and ensure proper interpretation of study
results.

One of theways ofenhancing theprobability ofsuccessful implementation ofa new system isto
have a consistent team ofhuman factors specialists and engineers tosupport the project from the
introduction ofa system to operational testing andevaluation. This team would workwith the
NATCA national team formed toaddress integration issues and would conduct the following
activities:

1. Assess individual facility requirements (i.e., what functions will be useful at this
facility?)

2. Discuss capabilities and limitations ofsystem with local facility representatives
(NATCA, TMU, facility managers, training personnel). This is avital step toward
helping tomanage user expectations and ensure that they are realistic.

3. Identify specific characteristics ofthe facility's operation that will need to be
accommodated. (Ifthe system has been implemented atanother facility, care should be
taken to address aspects ofthe operation that differ between the two facilities.)

4. Support the initial testing phase ofthe implementation.

An interesting exception would occur with "up/down" facilities in which controllers rotate through TRACON and
tower positions. For example, if pFAST had undergone amore extensive trial period at ATL, TRACON controllers
would have been bale to experience the benefits to tower operations first hand as thy worked the positions in the
tower.
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5. Develop a compendium ofcontroller issues/concerns. It is often the case that the issues
identified vary with the individuals involved. As the make-up ofthe user groups change
over time, there can be a cost - in terms oftime and other resources - ofrevisiting
decisions that were made in the past. Detailed accounts ofthe decisions made (and the
rationales for those decisions) regarding the capabilities to be implemented and how they
will be implemented need to be documented and tracked. Human factors specialists can
be very useful in this process, including:

• helping controllers identify and verbalizeoperational issues with the new system,
• helping to differentiate between operational requirements and "nice to haves,"
• translating the operational requirements into engineering options, and
• ensuring that the site adaptation has been adequately addressed.

This document has identifiedspecific issues that need to be considered in the implementation of
enhancements to the STARS and ACD legacy systems. This does not detract from the need to
give each, individual facility human factors support in their system integration efforts. It is well
known that the specific adaptation of a system (such as pFAST or AMASS) to support the
uniquecharacteristicsofa facility's operation is as costly as it is critical to the effective
operation of the system at that facility. However, this is not the onlyway in whicha facilitywill
needhuman factors support for successful implementation. Each facility is different in terms of
theiroperations, localprocedures, and local"culture." Furthermore, not all facilities are
scheduled to getmanyof thesub-systems discussed. Each different combination of subsystems
and facility characteristics creates a uniqueset of integration issues. Forthis reason, there will
be specific integration decisions that will need to be made on a facility-by-facility basis.
Furthermore, anychanges in airspace or airport configuration (such as the addition of a runway)
thataffects theoperation of a sub-system willrequire refinement ofthatsub-system and testing
to ensure that theoperational requirements continue to bemet. Theimportance ofproviding
such support to each facilitycannot be overstated.
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SUMMARY OF EXISTING CHALLENGES AND SUGGESTIONS
FOR FURTHER RESEARCH

This document identifies existing human factor challenges to the realization ofsystem benefits
with the integration ofenhancements into the TRACON environment and presents suggestions
for research that will help define operational requirements for system integration. This section
presents a summary of those issues.

Existing Human Factor Challenges

• In order to realize thebenefits projected by anysubsystem, it mustbe used
consistently in themanner intended by the designers. Thisrequires that the user
consider the system to be acceptable, trust-worthy, andprovide a useful function. In
addition to satisfying well-known human factors requirements for system
performance, thesystem must also beable tooperate effectively in alloperational
conditions, such as various wind and weather conditions, different runway
configurations, with changing spacing requirements, etc. This challenge was
highlighted by the operational experiencewith pFAST that should continueto be
refined.

• All decisionsupport tools will need to ensure that the decision authorityremains with
the controller and is able to be used effectively within a range ofoperational
conditions. The benefits and limitations on the interactions between the users of the

system and others with whom they interact will need to be determined. This includes
the coordination performed between TRACON controllers and the tower, ARTCCs,
other TRACONs, coordination among different TRACON positions, the position
reliefbriefing (within a position), and controllers and pilots. Specific interactions
include: the use ofpFAST on tower operations and on the incidence of runway
incursions, and the use ofCRDA on tower controller-pilot voice communications and
other aspects of tower operations.

• Data recordingcapabilities will need to be able to capture display and control
variables (suchas preference settings) to support the investigation of specific
variables on operational errors. Forexample, if aircraft can be presented in different
colorsand/orat different brightness levels, suchvariables will need to be able to be
recorded to support a retrospective analysisof critical events.

• Tools that increase traffic efficiency oftenhave a concomitant increase in traffic
complexity. Therefore, the potential effects ofthe use ofthe tool, and any changes in
the presentation ofinformation to the controller, on operational errors will need tobe
anticipated and monitored.
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Suggestions for Further Research

• Information Coding. Research is needed to evaluate different techniques to help the
controller highlight some aircraft (e.g., to identify "their" data blocks) without
increasing the probability that the controller would fail to detect apotential conflict
between highlighted and non-highlighted aircraft. The degrees ofdifference in
intensity (brightness) and in color that could affect the controller's ability to detect
potential conflicts needs to be empirically determined.

• Weather. Research, such as a task analysis, is needed todetermine the controllers'
operational requirements for weather information. This would provide the basis for
selecting the information to be displayed (as opposed to available) to the controller.
This should bedifferentiated from theTraffic Management Unit'srequirements for
weather information.

• Communication. Continued research is neededto determine the viability of theuseof
data link communications in theterminal environment. That is, what types of
communications can be supported bydata link (as opposed to supported by voice).
Work isalso needed to project the operational requirements ofpilot-controller
communications in the terminal environment and determine whetherplanned
enhancements will be ableto fulfill theseneeds. This includes the determination of
the incidence ofblockedcommunications in today's environments, theprojection of
this incidence with increased traffic density, and theprojected effects of specific
implementation options, such as frequency override capabilities and the method used
to prevent blocked-transmissions.

• Enhanced Traffic Management System (ETMSV While ETMS information is not
required for the tactical, time-critical decisions required ofTRACON controllers,
ETMS with CRCT does contain information and tools that would be useful in helping
controllers anticipate traffic demands andpredict the effects ofreroutes (e.g., around
weather). An ETMSstationbetween controllerworkstations, or at eachbay of
controllers, would allow the controllers to collectively see the aircraft in their (and
their neighbors') airspace as well as have their D-side controller query the systemfor
specific information, as needed. The feasibility, costs, and benefits ofmakingan
Enhanced Traffic Management System (ETMS) Display accessible to TRACON
controllers should be investigated.

• Free-Flight. Research is needed along several fronts in order to support the
development toward "free flight."

• Whether and how the use ofADS-B information will affect controller tasks
and procedures must be carefully examined.

• Theextentofpilots' willingness and ability to performvariousdegrees of
self-separationand assume responsibility for separation assurance needs to be
determined.
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The degree towhich current flight deck capabilities can support traffic
awarenessand self-spacing in the terminal environment.

The controllers' ability to maintain sufficient situation awareness to identify
and intervene inpotential conflicts under conditions ofdegrees ofpilot self-
separation needs to continue tobe investigated.

As advanced cockpit systems are developed and deployed to support various
degreesof"free flight," researchmust be conductedto determine what
information, if any, should bedownlinked from these systems tocontrollers.
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APPENDIX

Ambient Illuminance Measurements in foot candles (fc) for Three TRACON Facilities- August
2002

Dallas T RACON Atlanta TRACON El Paso TRACON

At Seat At Screen At Seat At Screen At Seat At Screen

Mean .09 .06 2.71 1.6 11.15 3.36

St. Dev. .02 .01 .59 .15 3.84 NA

Minimum .02 .04 1.7 1.2 5.15 2.77

Maximum .15 .07 3.8 1.6 14.9 3.94

Number of

Measurements

Taken

30 11 17 6 4 2

At Seat - measurement taken at or near at controllers head.
At Screen - measurement taken at the screen

Method:

Ulumiance measurements were taken usinga handheldilluminance meter(EXTECH Model
401036 Light Meter). Thecalibration of themeter waschecked against a second portable
illuminance meterthat hadrecently been calibrated against NIST traceable standards.
Measurements taken with the EXTECH unit were found to be similar, but generally higher than
comparable measurements taken with the calibrated unit. At the lowest light levels, the
EXTECH unit yielded readings 50 percent higher than the calibrated unit. Athigher light levels
(approx 25 fc) theEXTECH yielded readings only 15 percent higher. These differences are
believed tobe dueprimarily to differences in the acceptance angleof thesensors in the
respective units. Thedata reported herearebestused forrelative comparisons between facilities.

Anattempt wasmade at each facility to gather measurements at boththehead position of the
controllers and at the level ofthe ACD or STARS display. It was not possible to get 'At Screen'
measurements at active workstations, so the sample size is smaller for these columns.
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ACD

ADS-B

aFAST

ARTCC

ARTS

ASRS

ATC

CA

CASA

CDTI

CIC

CPDLC

CRCT

CRDA

CTAS

DA

DSP

DST

ETMS

HMI

IFTA

ITWS

GLOSSARY

ARTS Color Display

Automatic DependentSurveillance-Broadcast

active Final Approach Spacing Tool

Air Route Traffic Control Center

Common automated Radar Terminal System

Aviation Safety Reporting System

Air Traffic Control

Conflict Alert

Controller Automation Spacing Aid

Cockpit Displays ofTraffic Information

Controller-in-Charge

Controller-Pilot Data Link Communication

Collaborative Routing Coordination Tools

Converging Runway DisplayAid

Center TRACON Automation System

Descent Advisor

Departure Sequencing Program

Decision Support Tool

Enhanced Traffic Management System

Human-Machine Interface

Integrated Turbulence Forecast Algorithm

Integrated Terminal Weather System
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MSAW

NAS

NATCA

NEXCOM

NTZ

P3Is

PASS

pFAST

PRM

RA

STARS

TCAS

TMU

TRACON

TSD

URET

VDL

Minimum Safe Altitude Warning

National Airspace System

National Air Traffic Controllers Association

Next Generation Air-Ground Communication System

No Transgression Zone

Pre-planned ProductImprovements

Professional AirwaySystem Specialists

passive Final Approach Spacing Tool

PrecisionRunway Monitor

Resolution Advisories

Standard Terminal Automation Replacement System

Traffic Alert andCollision Avoidance System

Traffic Management Unit

Terminal Radar ApproachControl

Traffic Situation Display

User Request Evaluation Tool

VHF Digital Link
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