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SITUATION AWARENESS INFORMATION REGUIREMENTS FOR
EN ROUTE AIR TRAFFIC CONTROL

INTRODUCTION

Air eraffic conrrol specialists (ATCSs) are called
upon to sort-out and project the paths of an ever-
increasing number of aircraft in order to ensure goals
of minimum separation and safe, efficient take-off, en
route and landing operations. This job relies upon the
situation awareness (SA) of controllers who must
maintain current assessments of the rapidiy changing
location of sach aircraft (in three-dimensional space)
and their projected furure locations relative ro each
other, along with other pertinenr aircraft parameters
{destination, fuel, speed, etc...). Controllers have his-
torically called chis “the picture” — their mental
model of the situation upon which all of their deci-
sions rely. “The central skill of the controiler seems to
be the ability 1o respond to a variety of quantitative
inputs about several aircraft simultanecusly and to
form a continuously changing mental picture to be
used as the basis for planning and conrrolling the
course of the aircraft” (Dailey, 1984}, Providing con-
trollers with an accurate, complete, znd up-to-date
picture of che siruation may prove to be 2 daunting
challenge as the environment in which they work
becomes even more complex and demanding,.

While several definitions of SA have been offered,
the most generally applicable definition is that pro-
vided by Endsley (1987; 1988). “Situation awareness
is the perception of the elements in the environment
within 2 volume of time and space, the comprehen-
sion of their meaning, and the projection of sheir
status in the near furure.” A crucial factor in under-
standing SA in the ATC environment rests on a clear
elucidarion of the elements in this definiticn. The
objective of this effort was w0 determine those ele-
ments for En Route ATC.

Figure | presents a description of SA in relation to
decision making and performance. The controller’s
perception of the elements in the environment, as
determined from various displays, resdouts, and com-

municarions channels forms the basis for situation
awareness. The guality of a controller’s SA is moder-
ated by his/her capabilities, training and experience,
preconceptions and objectives, and ongoing rask work-
load.

Situation awareness forms the critical input to, but
is separate from, decision making, which is the basis
for all subsequent actions. Proper implementation of
rules and procedures will depend on the quality of che
controller’s SA. Even the besi trained and most expe-
rienced controllers can make the wrong decisions if
they have incomplete or inaccurate SA. Conversely,
an inexperienced controller may accurately under-
stand what is occurring in the environment, yer not
know the correct zctipn o take. For this reason, it is
important that SA be considered separately from the
decision making and performance stages. To further
expand on the above definition, SA can be described
in three hicrarchical phases, as depicted in Figure 1.

Level 1 SA - Perception of the clemeris ia the
cavironment

The first phase in achieving SA involves perceiving
the status, auributes, and dynamics of relevant ele-
ments in the environment. The ATCS needs o accu-
rately perceive each of the aircraft in his‘her airspace
and their relevant artributes (ID, airspead, position,
route, direction of flight, altitude, etc.), weather, pilot
and controller requests, emergency information, and
other pertinent elements.

Level 2 SA - Comprehension of the cuerent
situation

Comprehension of the situation is based on 2
synthesis of disjointed Level 1 elements. Level 2 SA
goes beyond simply being awate of the elements thar
are present to include an understanding of the signifi-
cance of those elemenss in light of the controller's
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Sttueation Awareness

Figure 1. Model of SA in Human Decision Making
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goals. Based upon knowledge of Level 1 elements,
particularly when put together to form patterns with
the other elements, 2 holistic picture of the environ-
ment will be formed, including a comprehension of
the significance of objects and events. The controller
needs to put together disparace bits of dara to deter-
mine the impact of a change in one aircraft’s flight
status on another, or deviaticns in aircraft positions
from expected or allowable values. A novice controller
might be capable of achieving the same Level 1 SA as
a more experiences one, bur may fall short in the
zbility to integrate various data elements, along with
pertinent goals to comprehend the situation, as well.
Level 3 SA - Projection of future status

First it is the ability to project the future actions of
the elements in the environment, at least in the near
term, that forms the third and highest level of situa-
tion awareness. This is achieved through knowledge
of the status and dynamics of the elements and 2
comprehension of the situation (both Level 1 and
Level 2 SA). For example, the coneroller mustnotonly
comprehend that three aircraft, given their ditections
of flight and altitudes, are likely te viclare separation
rules within a certain period of time, but also deter-
mine what airspace will be available to make routing
decisions, and ascertain where other poteatial con-
flicts may develop. This ability gives the controller the
knowledge {and time) necessary to decide on the most
favorable course of action.

While SA can be described as the contreller’s knowl-
edge of the cavirorment at a given point in time, it
should be recognized that SA is highly temporal in
aature. It Is not acquired instantaneously, but is built
up over time._ Ascerraining aircraft dynamics based on
past actions and condirions is part of what allows the
controller to project the state of the =nvironmeat in
the near furure. Itis for this reason that adherence to
procedures associated with the position relief briefing
is critical. Position relief briefings, involving the use
of a checklist, are used to ensure the complereness of
information shared. During the briefing, the relief

controller typically acquires adequate SA to perform
hisfher job.

Situction Awdareness

Second, SA is highly spatial in natute in this envi-
ronment. In addition to a consideration of the sparial
relationships berween aircraft, the ground, weather
patierns, winds, etc..., there is also a spatially-deter-
mined and goal-d=termined specification of just which
subsets of the environment are currently important to
SA, based on the rasks ar hand. ATCSs typically have
well-defined spatiai boundaries within which their
responsibility lies. Within these boundaries, the re-
gion may be further subdivided, based on imporrance
to SA. For example, the boundary may shift spatiaily
and temporally to include different aircraft, depend-
ing on current goals and tasks, or may shift function-
ally to include different aspects of aircraft that are
being controlled. This subdivision can be dynamically
modifiea 2s various tasks present themselves by refo-
cusing on differen: 2lements within the problem space
or by changing the boundaries of the problem space
itself.

Within the list of clements thar controllers find
necessary for good SA, not all elements have equal
importance at all imes. When conditions are clear,
for insrance, weather may not be a primary consider-
ation. Controllers may opt 1o shift attention away
from some aircraft to concenirate on a few that are
potentially conflicting. It is important to note, how-

ver, that elements never become irrelevant or unim-
portant, just secondary at certain points in time. At
least some SA on all elements is required at all times,
to know which can be made secondary and which
should be primary. And at least some SA is required
even on secondary elements in erder to know that they
have not become primzry. Many times it is those
clements, deemed as secondary, that cause serious
errors when SA on these elemenes is rorally lost.
Danzher (1980) reported on 2 near mid-air collision
berween 2 DC-10 and an L-1011, in which the con-
troller was aware of the potential of a traffic conflice
berween the two jets, yet “became preoccupied with
secondary tasks” and failed rc monitor the progress of
the situation or to report it to the relief controlier.
Twenty-fou: people were injured in the resultant
evasive maneuver by one of the pilots who managed to
avoid a collision at the lasr minuze,




Situation fAwareness

Situation awsareness is highly important for suc-
cessful performance in the demanding ATC environ-
ment, Mogford and Tansley (1991} investigated the
relationship beeween controller SA and success in

training. They found that SA was positivc!y correlated

with performance ia an ATC simulator
o o, g e 1)

found that 65 percent of the involved facilities could
be classified as having low SA — where the controller
was less tikely to be aware that a problem was develop-
ing. In addition, increased awareness that an error
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situation was developing was found to be related o a
decreased severicy of the error.

Rodgers and Nye reported that z high percentage of
cperational errors can be directly attributed to SA
problems. Some 36
investigated involved communications erross, with
20 percent specifically involving readback problems.
Furthermore, communications problems and readback

percent of the operational errors

errars, specifically thase involving altirude informa-
tion, were significantly more likely o be involved in
operational errors of a grearer severity. This finding
agrees with an carlier study by Monan {1986), who
found that 78.6 percent of communicarions errors
involved aircrew mishearing ATC clezrancelinstruc-
tions; and 71.5 percent involved an acknowledged
failure onthe parr of the conrroller ts hear che airerew’s
errcr during readback. It should be noted that, con-
sidering the total aumber of communications made,
readback problems eccur very infrequently.

Rodgers and Nye also found that 57 percent of
operational srrors investigated could be directly at-
eributed to problems involving the radar display, with
14 percentinvolving misidentification of information
{SA izvel 1) and 47 percent invelving “inappropriate
use of displayed data” (SA levels 2 and 3). (Some
errors were placed in both categories.) The latter
category was more likely to be associated with less
severe errors, however, with the exception of conflict
alert information, which was directly associated with
a higher severity of errors.

Objective & Scope
The objective of this effore was o determine the
situation awareness information requirements of the

En Route Air Traffic Conwol Specialiss (ATCS),

including perception (level 1}, comprehension (level
2}, and projection (level 3} of elements per the prior
definition of SA. These requirements can be used as
input to systemfequipment design, training, and re-
search and evaluation efforts which need to consider
h ateness needs of the controller

Ihé Sitiation aw

Approach
The requirer:ents analysis was performed as a goal-

directed task analysis, based on the methodology of
Endsley (1993). The SA information requerements
were defined as those dynamic information needs
associated with the major goals or sub-goals of the
controller in performing hisor her job. To accomplish
this, the major goals of the job were identified, along
with the major subgoals necessary for meeting each of
these goals. The major decisions associated with cach
subgoal, that needed 10 be made, were identified. The
SA informartion requirements for making these deci-
sions and carrying out eack sub-goa! were then iden-
tified. These requirements focused not only on whar
data the conuroller needed. but zise on how that
information was integrated or combined te address
cach decision. Several cavears need to be mentioned
in relation to this analysis.

{1} Arany given time, more than one goal or subgoal
may be operating, although chese will not al-
ways have the same priority. The analysis docs -
nOT aSSUME any prioritization among goals, or
that each subgoal within a goal will always be
relevant.

{2) The analysis is based on goals or objectives, and
was as technology-free as possible. How the
information is scquired was not addressed. In
some cases, it may be through the radar display,
flight progress strips, controller communica-
tions with pilots or other controllers, or the
controller may have o determine it on hisfher
own. Many of the higher-level SA informacion
requirements fall into this category.

(3} The analysis saught to determine what control-
lers would ideally like ro know to meet each
goal. It is recognized that they often must oper-
ate on the basis of incomplete information and
that sume desired informarion may not be avail-
able with today’s syscem.
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(4) Static knowledge, such as procedures or rules
for performing tasks, s outside the bounds of
this analysis. The analysis focused only on pri-
marily dynamic situational information that
affects whar the controllers do.

Methodology

Analysis to determine the SA information require-
ments for En Route ATCS was comprised of several
inter-related activities: {1) analysis and review of the
restructured CTA Job Task Taxonomy (Rodgers and
Drechsler, 1993) (2) expert elicitation with experi-
enced ATCs, and (3) review and evaluation of video-
tapes of simulated ATC scenarios.

Task Taxonomy Evaluation

First, the restructured CTA Job Task Taxonomy
{Rodgers and Drechsler, 1993) was reviewed to deter-
mine major tasks and goals of the ATCS. Informarion
sources and information requirements referred o in
the document were detcrmined and listed 25 possible
indicarions of SA informetion requirements. The task
hierarchy was converted into 2 diagrammatic form, to
achieve a visual representation of an ecrire task area.
The task dizgrams and information requirementsiden-
tified for cach task were used to suppert the second
two lines of inquiry {expert eliciradon and scenario
evaluation),

Situation Awareness

Expert Elicitation

Eight ATCSs, currently assigned as instructors at
the FAA Academy in Okiahoma City, served as sub-
ject matter experts, who possessed a broad experience
base in En Route ATC, including experience in high,
low, uitra-high. arrival and departure sectors, asshown
in Table 1. The subjects had an average of 6.2 years of
experience as Full Performance Level (FPL) conirol-
lers and had, on average, been ouzof the field for 11.6
months.

Each subject was interviewed individually. In the
first session, subjects were provided an introduction
tc the overall research effort in ATC incident analysis
and to the chjectives of this project in particular. One
or two actual ATC incidents were re-created for them
using the Situation Assessment Through the Re-creation
of Incddents (SATORI) system {Rodgers and Duke,
1993) to serve as a memory prompt for the ensuing
session.

Each subject was interviewed for onc-and-z-half
hours. During this time, a detailed discussion of one
or more major ATC rasks {e.g., separate aircraft,
analy e weather) was conducted. The rask diagrams
and ‘nformation idendified from the Task Taxonomy
were usec' to query the subjects as to: goals, decisions,
and processing requirements associated with each
rask, and thereby, the SA needed for successful comple-
tion of each task. Particular attention was paid wo

Table 1
Svhject Experience
Susgect Yzass aT FPL MONTHS OUT OF FIELD PREVIOUS ASSIGNMENT
1 4 ) Dalkland
2 6 8 Memphis
3 4.5 8 Memphis
4 7 3 Cieveland
5 g 6 Oakland
6 6 19 Houston
7 5 8 Anchorage
8 8 24 Anchorage
3
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Situasion Awareness

LEVEL 1
Aircraft

o aircralt D, CID, beacon

COC!&

* current route (position,
heading, aircraft tum rate,
altitude, climb/descent
rate, groundspeed)

+ current flight plan
{destination, filed plan}

s aircraft capabilities {turn

rate, climb/descent rate,

cruising speed, max/min
speed}

equipment on board

aircraft type

fuelfloading

aircraft status

» activity {enrou’ 2,
arriving, departing,
handed-off, pointed
out)

+ level of control (IFR,
VER, {light following,
YFR-on top,
uncontrolled object)

e aircraft contact
established

+ aircraft descent
established

s commiunications
{preseny/ frequerncy)

» responsible controtier

» aircraft priority special
conditions, equipment
malfunctions
emeargencies

+ pilot capabilityfstatef
intentions

» altimeter setting

L I ]

Tabie 2

En Route ATC SA Reqﬁh‘em;uw

Emergencies

'i'y'p o 0f emer €i”

f

i

4
s i:me on Iue remaining
+ souls on board

Reguests
o pilot/ controller requests
* reason for request

Clearances

e assignment given

* received by correct
aircraft

» readback correct/
complete

s pilot acceptance of
clearance

» flight progress strip current

Sector
s special airspace status
¢ equipment funciioning
* restrictions in effeqt
» changes to standard
procedures
Special Operations
+ type of special operation
+ time begin/ terminate
operations
* projected duration
+ arez and altitude aifected

ATC Equipment Malfunctions
¢ equipment affected
* alternate equipment
available
* eguipment position/range
* aircraft in outage area

ADA289649
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» direction of departures

« current aircraft arrival rate

+ arrival reGuirements

« active runwaysfapproach

s sector saturation

» aircraft in holding {time,
number, direction, leg
length}

Weather

» garea affected

« aititudes affected

« conditicns {snow, ic'ng,
fog, hail, rain, turbulence,
overhangs)

¢ temperatures

» intensity

= wvisibility

* winds

« IFR/VFR conditions

+ Airport conditions

LEVE: 2
Conformance
= amount of deviation
{altitude, airspeed, route)
» time until aircraft reaches
assigned altitude, speed,
route/heading

Current Separation

* ameunt of separation
between aircraftiobjects/
airspace/ground along route

¢ deviation between separa-
tion and prescribed fimits

* number/iming aircraft on
route

* altitudes available



Level 2 (Con’t)
Timing

e projecied time in airspace

» projected time till clear of
atrspace

« time unti} aircraft landing
expected

+ time/distance aircrait o

~ airport

o time/distance tiil visual
contact

« orderfsequencing of
aircraft

Deviations
» deviation aircrafi/ landing
requests
» deviation aircraft fflight
plan
» deviation aircraft/pilo?
requests

Other Sector/Aizspace
» radio frequency
e aircraft durationfreason for
use

Significance
« impact of requests/
clearances on:
« aircraft separation/
safety
« ownfcther sector
workload
e impact of weather on:
« aircraft safety/ flight
comiort
« ownjfother sector
workload
» aircraft flow/routing
{airport arrival rates,
flow rates, holding
requirements, aircraft
route, and separation
procedures)

 altitudes available

o traffic advisories

« impact special
operations on sector
operations/procedures

» location of nearest
capable airpott for
aircraft type/
emergency

e impact of malfunction
on:
routing,
communications, flow
control, aircraft,
coordination
procedures, other
sectors, own workload

« impact no. of aircraft
on workload

s sector demand vs own
capabilities

Confidence Level/ Accuracy of
Info
s aircraft iD, position,
altitude, airspeed, heading
« weather
+ alumeter setting

LEVEL S
Projected Aircraft Route
{Current)

» position, flight plan,
destination, heading,
route, aitirude, climb/
descent rate, airspeed,
winds, groundspeed,
intentions, assignments

Projected Aircraft Route
{Potential}
» projected position x at
time ¢
» potential assignments

Siruation Awaraness

Projected Separation

« amount of separation
along route (atrcraft/
objectsfairspace/ground)

» deviation between
separation and prescribed
fimits

= relative projected aircraft
routes

« relative timing along route

Predicted Changes in Weather

= cirection/speed of
movement

e increasing/decreasing in
intensity

impact of Petential Route

Changes
* type of change required
» time and distance till turn
aircraft
+ amount of tur /new
heading, altituce route
change required
s aircraft ability to make
change
+ projected no. of changes
necessary
o increase/decrease length
of route
» costbenefit of new
clearance
+ impact of proposed
change on:
» aircraft separation
s arrival requirements
» traffic flow
s number potential
conflicts
» flow requirements
{spacing, timing}
+ ajrcraft fuei and
comfort
+ own/other workload
required

AUAZEY643Y




Situgtion Awareness

determining the desired form of informartior, and
how that information was used (i.c., the higher-levet
SA information rcquifcments) which could . .t be

readily determined from available documentanon.
Besed on the information obtained from the task

oy andthe sub}ccts,asaa‘-d ectdts

down was created for each major ATCS goal, Thislists
the major goals, relevant subgeals, questions w bs
determined in meeting each subgoal, and first, sec-
ond-and third- level SA elements required for address-
ing these questions.

Each of the subjects returned for a second one-and-
a-halfhour session. At ehis time, the goaldirected task
breckdown Grom the subject’s previons session was
reviewed with the subjecc. Necessary corrections and
additions to the breakdown were determined by the
subject. Additional questions regarding SA informa-
tion requiremsnts for these tasks were addressed,
based on the comments of other subjects and the task
taxonomy document. During the second session, 1ni-
tial ex?*rt cliciration for the major task zrea addressed
by each of these subjects was completed.

Videotape Aralysis

The third line of effort focused on a review of
videotaped scenarios of ATCSs performing simulated
ATC activities, accompanied by a derailed interview
regatding the cognitive processes employed during
these tasks. The videoraped simulations and inter-
views were orginally us:d for the development of the
Human Technology. Inc. cognitive task analvsis (HTI,
1998}, Seven scenarios {each approximately 30 min-
ures in {ength) were reviewed.

This process served to help develop an organizing
structure for the task breakdowns by providing in-
sight into the controfier’s tasks, and as a mes of
expanding the gesl-direcred rask analysis. The sce-
narios were evaluated and compared o the task break-
dowsns developed during expert clicitation. The
cognitive processes reporeed to be empleyed during
the scenarios and the information reporred being
considersd in thase processes were devermined.

These facrare were compared @ the tzck hrezk
downs to {1 confirm the resules of the expers elicita-
tion, and (2} determine tasks, goals, processes, or

information reguiremants that were not derived dur-

ing expert elicization. As over-ganeralizing and sum-
marizing are well knewn shorrcomings of the expert
elicitation verbalization processes, the evaluation of
these scenarios was mportant for helping to ensure

rnmniarpr‘atc n t§w ! '!r "\rp':;. :inu:n: !!P’..’annﬂ'i
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Final Review

A draft version of the goal-direcred task break-
downs for all of the ATCS major gozis and rasks was
then developed. Next, the draft analysis was circu-
lated to each of the eight subject marter experss for
review. They were asked to examine the znalysis for
complereness and accuracy and make any changes
needed. This process allowed cach of the subjects w0
review the document at their leisure, taking inte
account the SA information requirements of the en-
tirz job, and resolving any inconsistencies or languzge
problems. These reviews were then incorporated to
form the ¥ SA analysis,

Resvirs & DiscyssionN

From the above procedures, a goa! hierarchy, pre-
ented in Appendix A. was constructed, which ron-
tains the controllers’ major goals and subgoals. A
iisting of the major decision tasks and situation aware-
ness information requirements az all three levels for
each subgoal were determined, and ace contained in
the goal-directed task analysis preseated in Appendix
B. Considerable overlap is present in situation aware-
ness information requirements between subgoals, as
well as 2 large degree of inter-relatedness berween
subgoals, as would be expecied.

The Bsting includes many factors that the subjects
felt were imporiant to decision making in achieving
each of these geals. A careful review of these factors
reveals thar some are fzirly dynamic SA information
requirements (c.g., aircraft location, rate of change of
altieude}, while others are more static {e.g., aumber of
airperts, type of special atrspace). In addition, some
factore did ner perrain ro the external environment
{e.g., ons’s own fatipue, capabilities}.

Thie fer was carefully raviswed 10 derermine
those elements that corform o the definition of
SA, focusing on dyramic faciors wxrh;“ the envi-



awareness information requirements across subgoals
was compiled, and is presented in Table 2. This list
includes the controllers’ major SA information re-
quirements (for dynamic information), exclusive of
static knowledge requirements, sources of the infor-
mation, or associated rasks. These requircmments have
been broken down into each of the three levels,
pesception of elements (leve! 1), comprehension of
their meaning (level 2) and projection of the future
{level 3},

This anelysis should be useful for guiding the
design and development of futuze ATC systems. An
explicit consideration of controller SA information
requirements, particularly at the higher levels, shouid
be beneficial for designing more efficient interfaces
and suitable automated assistance to ease conuoller
workload and enhance SA in the performance of their
tasks. In addition, this list of SA information require-
ments can be used to direct SA measurement efforts as
they pertain to ATC system design evaluation, train-
ing technique evaluation, error investigation, or con-
struct exploration.
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AppENDIX A
Goar HIERARCHY

8. Assure flight safety

1.  Avoid conflictions
1.1.  Separate aircraft
1.1.1  Assess aircaft separation
1.1.2  Resolve aiccraft conflict
1.1.2.1 Derermine required change
1.1.2.2 Assess sircraft conformance (1.2.1)
1.1.3  Issue eraffic advisory

1.2.  Avoid airspace conflict
1.2.1  Assess aircraft/aisspace separation
122  Resolve airspace corflict
1.2.2.1 Derermine conflict resolution mathoed
1.2.2.2 Avoid airspace
1.2.2.3 Obrainfgive girspace reiease
1.2.24 Issue aircraft advisory
1.2.3  Accept hand-offfpoint-our
1.2.3.1 Impact on zircraft safery
1.2.3.2 impact on own workload
1.2.3.3 Impact on secior workload
1.2.3.4 Type of coordinationiconect nseded
1.2.4 Ipitiate hand-offiprovide point-out
1.2.4.1 Assess need for hand-off or point-out
1.2.4.2 Coordinate hand-off or point-cur

1.3. Maintain aircraft conformance

131 Assess aircraft conformance to assigned paramerers
i.3.2 Resolve non-conformance

14.  Assure minimum sititude requitemenss
1.4.1  Assess altirude safery
14.2 Change aldrude

2.  Provide flighr seevice

2.1.1 Projecred aircralt route {currens)
2.1.2  Alrcra® capabilites

2.1.3  Ailrcrafr stams

2.1.4 DProjected aircraft reurs {porenrial}

Setwation Awareness
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2.3.

2.4,

2.5.

Provide clearancs

2.2.1  Assess porendal clearance changes

2.2.1.% Impacr on own workload

2.2.1.2 Impact on other sector workload

213 mpacton traffic ﬂ&%’!@‘.‘?éi‘aﬁf}ﬁ

DL Lo el

2.2.2  Assess aircraft separation {1.1.1)
2.23  Assess aircraftfairspace separation {1.2.1)
2.24  Assure minimom altirude requirements {1.4)
225 Issueclearance
2.2.6 Document clearance

2.2.6.1 Perform coordination

2.2.6.2 Updare flight plan

Manage arrivals
2.3.1  Establish arrival sequence
2.3.1.1 Sequence aircraft
2.3.1.2 Adjust aircraft airspeed, altirude, heading
2.3.1.3 Provide clearsnce (2.2)
2.3.1.4 Maintain aircraft conformance {1.3)

232 Provide holding partern
23.2.1 Iniriate holding pattern
2.3.2.2 Esublisk holding partern
2.3.2.3 Remove from holding
2.3.2.4 Provide clearance (2.2}
2.3.3  Establish aircraft landing

Manage departure flows

2.4.1  Locate departing aircraft

242 Geraircrzft on route and at akitude
2.4.3 Provide clearance (2.2}

244 Separate aircraft (1.1}

2.4.5 Maintain zircraft conformanca {1.3)

Process flight following requests
251  Assess request
2.5.1.1 Ability to provide flight following
2.5.1.2 Impact en own workload
2.5.1.3 Impact on aircraft
2.5.2  Assess aircraft separation {1.1.1)
283 Assess aircraf/airspace separation (1.2.1)
254  Assure minimum altitude requirements (1.3)
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2.6. Relieve/assume control
2.6.1  Assess sector
2.6.2  Assess airport status
2.6.3  Assess aircraft separation {1.1.1)
2.6.4  Assess aircraft/airspace separation {1.2.1)
2.6.5 Assure minimum altitude requirements (1.4)
2.6.6  Assess weather impact (3.1}

2.7.  Manage informadon
2.7.1 Remove information
2.7.2 Reguest information
27.3 Modify/record information

Handle perturbations
3.1, Assess weather impact
3.1.1 Determine if action is nesded
5.1.1.1 Weather impact
3.1.1.2 IFR/VFR conditions
3.1.1.3 Flight levels available
3.1.1.4 Airpoit conditions
2.1.2 Provide cdlearznce {2.2}

3.2. Respond to emergencies
3.2.1 Emergency detection
3.2.2 Determine special handling requirements

3.3.  Assess equipment maffuncrion
3.3.1 Determine problem
3.3.2 Establish shiernate procedures
3.3.3 Establish maintenance release

3.4,  Handle special operations
3.5. Determine impending workload

3.5.1 Own capabilities
3.5.2 Sector demands

ADA289649
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APPENDIX B
GoaL DIReCTED Task ANALYSES - EN RoUTE AR TrRAFFIC CONTROL

The goal directed task analysis lists each of the controller’s main goals, associared subgeals and situation
awareness information requirements for meeting these subgoals. The format of the document is as follows:

XX Goal {Associated task taxonemy ID (Rodgers and Drechsler, 1993))
XXX Subgoal
s questions to be answered 2o meet the goal
* SA information requitements (high level)
= SA information requirements (low level)

There are few guidelines that should be kept in mind when reviewing this document.

At any given time more than one goal or subgoal may be operating, although chese will not always have
the same priority. The attached listicg does not assume any prioritization among them, or that each
subgoal withir 2 goal will always come up.

These are goals or objectives, not tasks. The analysis is supposed o be as technology free a5 possible. How
the information is acquired is not addressed. In seme cases it may be through the radar dispiay, the flight
progress strips, communications, other controllers, or the controller may bave to determine it on his or
her own or guess. Many of the higher levcl SA information requirements may £ail into this category. This
analysis does nor address bow 2 controller would ger the information or problems with information
overload.

The znalysis sought to define what controllers would ideally like to knew to meet each goal. It is
recognized that they often must operate on the basis of incomplete information and that some desired
information may not be available at ali with roday’s system.

Static knowledge, such as procedures or rules for performing tasks, is also outside the bounds of this
analysis. The analysis primarily identifies dynamic situational information that affects what controllers
do.

1.0 Awid Conflictions
1.1 Separate aircraft (1A 1-5,13,15) (HHA) (11T F)
1.1.1 Assess aircraft separation
* vertical separation meets or exceeds limits?
* vertical distance between aircraft along route (projected)
» vertical distance between zircraft {currens)
e aircraft altitude (current)
¢ altitnde accuracy
s aleitude (assigned)
¢ aldtude rate of change (climbing/descending)

Bl
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1.1.2

v laterai separation meers or exceeds limits?
will aircraft cross?

will zireraft overteke?

tinte until convergence?

* Lateral distance between aircraft along route (projected)
¢ latealdisvance beoween airref {curent)

Aed il

+ projected aircraft route (cuerent) (2.2 1)
* aircraft capabilities (2.1.2)
* Separation with uncontyolled cbjects meets or exceeds limits?
* lateral distance between aircraft and object (current)
» vertical distanice between aircraft and objece (cuerent)
* aircraft position
* projected aircraft route (curreat) (2.1.1)
* object position
* projected object route (cuerent) {2.1.1)

Resolve aircraft conflict
1.1.2.1 Determine required change
* which aircraft to move?
o laseral change, speed change or vertical change?
* projected impact on waffic
¢ projected number of changes necessary
* projected paths
* Relative projected aircraft routes (current)
* vertical distance between aircraft along route
+ horizontal distance between aircraft along route
* relative timing along route
* projected aircraft route (current) (2.1.1)
* Relative projected airceaft zoutes (potential)
* vertical distance berween aircraft along route
* horizontal distance between aircraft along route
* relative tming along route
* projected aircraft route (potential)
* projected position x at time ¢
*+ projected aircraft route {current) {2.1.1}
* assigned aliirude {potential)
* assigned airspeed {(prential)
* assigned heading (potential)
* assigned route {potensial)
* level of control
® actions taken on aircraft
* pilor capabilities
* zssess weather impact (3.1)

¢ aircraft capabilicies (2.1.2)
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1.1.2.2 Assess aircraft conformance {1.3.1)

1.1.53 Issue eraffic advisory
o Aircraft in proximisy?
» Lewe} of control
¢ Assess aircraft separation

1.2 Aveid airspace conflict {1 A 6,8) (i C) (T C) AV LH) (Vi H)
1.2.1 Assess aircraft/airspace separation
* potential aivspace violation?
» airspace to be avoided?
e projected position of aircraft relative to airspace
* cuerent position of aircraf relative to airspace

[ ]
L J
L

aircraft ID
projected aircraft route (curreat) (2.1.1)
aircraft capabilities (2.1.2}
airspace
* who's in control
* gurrent status
* normal acdvation period
boundaries
aldrude limits

ype

1.2.2 Resolve airspace coaflict
1.2.2.1 Determine conflict resoletion method

Best merhod?
* impact or aircraft
¢ degree of change from route required 1o avoid airspace
* abilicy of aircraft co alter vector or altirude to avoid zirspace
e projected position of aircraft relative to zizspace
* aircraft priority
» special conditions
*+ impact on own workload
» amount of coordination required
* number of coordinations with aircraft to complete
» number of coordinations with controfling agency 10 complete
* impact on traffic flow/aircraft separation
* assess aircraft/airspace separation (1.2.1)
* assess aircraft separation (1.1.1)
Release available?
*» hand-off acceptance
* point-out acceptance

B3
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1.2.2.2 Avoid airspace

* time and disiance till surn aircraft?

* amount of turn or new heading required?
* amount of altitude change required?

L 2

projected position of aircraft relative to airspace
cureent positin of arcraf refative to aitspace

Fill

projected aircraft route (current) {2.1.1)
* prcjected aircraft route {(potentizl)

* projected position x at time ¢

¢ projected aircraft route {curr-ny) (2.1.1)

assigned altitude (potential)
assigned airspeed (potential)
assigned heading (potential)
assigned route {potential)
aircraft capabilities (2.1.2)
* airspace

+ boundaries

¢ akicude limies
Assess aircraft conformance (1.3.1)

* & & 9

1.2.2.3 Obtain/give airspace release (11T G,H}
* e of coordination feontact needed?

]

airspzce hand-off & point out procedurss
aircraft hand-off designation

airspace

¢ controfling agency/facilicy

* type of airspace

* frequency

projected airceaft route (current) (2.1.1)

* release available?

-

impact on aircraft separation

* Assess aircraft separation (1.1.1)

* impact on workload

*

duration of use

purpose of use

aircraft [D

time uncil aircrafe clear of airspace
requesting/controlling organization

* projected aircraft route {(current) {2.1.1)
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1.2.2.4 Issne aircraft advisory
*  advisory needed?
v advisory possible?
* projected aircraft position relative to aitspace
* Assess aircraft/airspace separation (1.2.1)
* aircraft [ID
* level of control

1.2,3 Accept hand-off/point-out (IV F,G)
* ability to safely accep? aircrafi?
1.2.3.1 impact on aircraft safery
* assess aircraft separarion (1.1.1)
* assess aircrart/airspace separation {1.2.1)
* assure minimum altitude requirements (1.4)
1.2.3.2 impact on own workload
* number of aircraft in sector
* number of potential conflicts
* assess gircraft separation (1.1.1)
* assess aircraft/airspace separation (1.2.1)
+ amount of coordination required
» other sectors impacted
* number of coordinations with aircraft to complete
* projected aircraft route (current) (2.1.1)
*» aircrafr capabilides (2.1.2)
 secrar boundaries

1.2.3.3 impact on other secter workioad
* number of aircraft in sector
* number of potential conflices
* assess pircreft separation (1.1.1)
* assess aircraft/airsp: o separation {1.2.1)
* amount of coordination required
¢ other sectors impacted
* number of coordinations with aircraft to complete
* projected aircraft route (current) (2.1.1)
* aircraft capabilities (2.1.2)
* sector boundaries

1.2.3.4 type of coordination/contact needed
* hand-off, point-out procedures in 2ffect

* hand-off, point-out request

* sector requesting

BS
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o contact established?
* aizcraft position
+ aircraft [D
* communications present

» altimeter setting correct
124 it o provid poiacout IV 1)
1241 Assess neetl éor Lami—o# or poiat out

s will aircraft enter airspace?
o will aircraft skim aisspace?
* for bow long?
* projected position of aircraft relative to airspace
* Assess aircrafe/airspace separation (1.2.1)
1.2.4.2 Coordinate hand-off or point-cut
*  hand-offipoins-out accepted?
s aircraft notified?
= type of coordination /contact needed
* airspace hand-off & point out procedures
o aircraft hand-off designation
* airspace
* consrolling agency/facility
* type of airspace
 frequency

1.3 Mainein aircraft conformance {I A 7,9) (11 B)
1.3.1 Assess aircraft conformance to assigned parameters
o aircraft atfproceeding to assigned altitude?

o gircraft proceeding 1o assigned alrivude fest enough?
* time uneil aircrafr reaches assigned altitude
* amount of altiude deviation
* climbidescent
» altitude {current)
o alritnde (assigned)
* altitude rate of change (ascending/descending)
* aircraft atlproceeding to asigned airspeed?
* gircraf: proceeding to assigned airspeed fast enough?
o time until 2ircraft reaches assigned airspeed
* amount of airspeed deviation
¢ airspeed (indicated)
* airspeed (assigned)
» groundspeed
* aircraft on [proceeding to assigned route?
* aircraft proceeding to assigned route fast enough?
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¢ zircraft sirning?
s time until aiecrafe reaches assigned route/heading

amount of route deviation

* aircraft position {current)
* aircraft heading (cureent)
¢ routctheading (assigned)
aircraft turn rate (current)
aircraft heading (current)
aircraft heading (past)
aircraft turn capabilities

* aircraft type

* alttude

aircraft groundspeed
weather

winds (direction, magnitude)

1.3.2Resolve son-conformance
* Reason for non-conformance?

* Verify data

[

Is presented altitude correct?
© Aircraft altimeter setting
¢ Aircraft altityde (indicated)

¢ Is presented airspeed correct?

* Aiscraft airspeed (indicated)
* groundspesd
* winds {magnitude, direction)

oI5 preseneed position/beading correce?

»

Fix distance to Nav aid
range/bearing to Fix
track code

o Will current behavior cawse & problem?

Assess sircrafr separation (1.1.1)
Assess aircraft/airspace scparation (1.2.1)

* Assure minimum alticude regrirements {1.4)
* Action to bring into conformance?

Provide cdlearance (2.2)

B7
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2.0

2.1

Assure minimum altitade requirements (If B)
L.4.1 Assess altitude safety
* aircraft within limits?

. r/mnge passib!e?
* minimum altitude in 2r¢a

terrain
minimum safe alritude
minimum IFR altirude
* projected aircraft route (currene) {2.1.1)
* aircraft capabifity (2.1.2)
o level of control
1.4.2 Change altitude
* change needed?
*» provide clearance (2.2)

i
! aLs!ruc{mhs

Provide Flight Setvice

Assess Aircraft Status
o Who is is?
¢ Where is it going ?
* What is it doing ?
o What can it do?
* What do I need 20 do?
* aircraft [D (call sign]
» CID
* alrimerer serting
2.1.1 projected aircraft route (current)
* position
* carrent flight plan (requested route, altirude}
* destination
* heading (currenr)
* heading (assigned)
route (assigned}
* alrizude (actual)
altitude (assigned)
aleitude rate of change (ascending/descending)
airspeed (indicated)
airspeed (assigaed)
groundspeed
winds (direction, magnirude)
¢ rilot intentions
* Assess wezther impact (3.1}

1]

L)

“ L] » [ ] [ ]
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Situation Awareness

2.1.2 aircraft capabilities

farn rate

» climb/descent rate

* cruising speed
max/min speed
equipment on board
aircraft type
fuelfloading
temperature/dewpoint
destination

. » > = <

2.1.3 aircraft status

a &% ®»

activity (enroute, arrival airpore, deparmure zirporr, handed-off, pointed-out)

level of control (IFR, VFR, VFR-flight following, YFR-on top, uncontrolied object}
responsible controller

pilot capabilicy/state

aircraft priority

* special conditions

* equipment malfunctions

* emergencies

actions tzken on aircraft (assignments/coordinations)

confidence level of information

2.1.4 Projecied aircraft route (potential)

projected position x at time ¢

* projected aircraft route (current} (2.1.1)
* assigned altitude (potential)

* assigned airspeed (potential}

* assigned heading (potentia)

* assigned route {(potential)

Provide cdearance (I B) (IV A}
2.2.1 Asscss potentisl clearance changes

Is new clearance beneficial?
* cost/benefit of new clearznce

2.2.1.1 Impact on own workload

e number of aircraft in sector

* number of potential conflicts
* assess aircraft separation {1.1.1)
* assess aircraft/airspace separation {1.2.1)
¢ projected aircraft routs {potential) (2.1.4}

B9




Appendix B

e amcune of ccordination required

“

orher sectors impacted

aumber of coprdinarions with 2ircrafy v com plers
atrcraft sase in gerting to new route

aircraft ease in getting to destiniarion with new route

" projected aircraft roure {posential} (2.14)

Fo

s sector boundanes

2.2.1.2 Impact on other sector workload
« number of aircraft in secror

¢ number of potendial conflices

* assess aircraft geparation (1.1.3)

assess aircraft/airspace separation (1.2.1)
*+ projected ajrcraft route {porential) {2.1.4)

* zmount of coordination required

* other sectors impacted

+ numbe: of coordinations with airczaft 1o complete
*« projected aircraft route {potentigl) (2.1.4)
* aircraft capabilities {2.1.2)

* secior boundaries

2.2.1.3 Impact on rraffic Sow/separstion

* Assess aircraft/airspace separation (1.2.1)

* Assess aircraft separation {1.1.1)

* Assure minimum altitude requirements (1.4}
* projected aircraft route {potential) {2,1.4)

* Impacton flow reqnirements

aircraft spacing
atreraft timing
aircrafr routes
* arrivals

* departures

projected aircrafe route {potential) {2.3.4)

2.2.1.4 kmpact on ajrcraft/fight
Rzason for change

¢

o

*

*

-

emergency
weather

special cenditions
erathe

aircraft priofey
aircrait capabilities (2.1.2)

pilot capabilities
impact on fuel, flight comfor:

increase/decrease in length of roure of fighe
e Assess weather § impact (3.1}
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2.2.2 Assess aircraft separation (1.1.1)
* projected aircraft route (potentiaf) (2.1.4)

2.2.3 Assess aircraft/airspace scparation (1.2.1)
* projected airczaft route {potential} (2.1.4)

2.2.4 Assure minimuom sltivade requirements (i.4)
3 projected aircraft soute (potential) (2.1.4)

2.2.5 Issue Clearance {IV])
s clearance received & accepted?
* clearance received by correct aircraft
* aircraft ID
* clearance repeared correctly and completely
* gew heading
* new altitude
* pew airspecd
* new route
* pilot acceprance
* projected aitraft route (potentisl) (2.1.4)

2.2.§ Docament clezrance {IV D) {(IV E)
2.2.6.1 Perform coordination
* need for coordinarion with another sector?
* seciors impacted?
* projected aircraft route (current) {2.1.1}
* fight plan changes/corrections/infa
* new heading
* pow altirude
* new airspeed
* new route
* special conditions
* sector beundaries
¢ best method for coordination?
* Impacr on own workload
* Impact on other secior workload
* number of coordinations required
* coordination procedures available

Bl
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2.3

2.2.6.2 Update flight plan

*+ projected aircraft route {current} {2.1.1)
+ flight plan changes/corrections/info

* new heading

¢ new altitude

VoW airspfeé

# new route

» special conditions

* pilot reports

» controier actions teken

Manage arrivals
2.3.1 Establish arrival sequence (111 D)
2.3.1.1 Sequegnce aircraft
v who’sin frons?
o wha'’s number ore?
* Relativa projected aitcraft routes {current)
* verucal distance betweer aircraf along route
* horizontal distance berween airc:_% along roure
* relasive ciming along rours
* projected sircraft route {current) {2.1.1}
* Alrcraft capobiliries (2.1.2)
« pilot capabilities
* aircraft priority
* special conditions
¢ equipment malfunctions

* emergencies

2.3.1.2 Adjust sjrcraft airspeed, altituds, beading
» amountitype of change reguired?
» abilizy of proposed change 10 meet nrrizal requiremenss?
v impact of proposed change on gireraft separation?
* impacs of proposed change on own workfoed requirements?
* Deniation between aircraft 2nd landing requirements
+ Establish arrival requirements
*+ zirport operational status
* airport acceprance airspesd, altitude, spacing, rours, active approach
* zirpor: conditions {3.1.1.5)
* flow restrictions
* aircraf in holding
*  SeCror saTUraLion
» Projected 2ircraft route {currans) 2.1.10
*+ Alrcraft capabilizy {2.1.2)
+ Relative projectec zircraft rottes {carrent)

s vertical distance beoween airceat dlon

g route
+ horizonsal distance Serwasn girors & along route



Sizxearion Swarenes:

e relative riming along route
* projected aircraft route {current) (2.1.1)

* Relative projected aircraft routes {potential)
* vertical distance berween aircraft along route
* horizenta] distance between aircraft along roure
* relative timing along route
* projected aircraft route {potential)
* projected pesition xat time £
* projected aircraft route {current) (2.1.1)
* assigned altirude {potencial)
* assigned airspeed {potential)
* assigned heading (potential)
¢ assigned route (porendal}
* Assess aircraft separation (1.1.1)

2.3.1.3 Provide clearance (2.2}

2.3.1.4 Maintzin aircraft conformance (1.3)

2.3.2 Provide holding patteen
2.3.2.1 initiate holding pattern
»  zxceed grrival rate imin?

* 2ircraft arrival rare

* Roelative projected aircraft routes {current)
* vertical distance between aircraft zlong route
* horizontal distance between aircraft zlong route
* relative timing along route
* projected aircraft route {currend) {2.1.1}
airpore arrival race limics

2.3.2.2 Esezblish holding

* altituds o asign?

* expecred time in bolding?

o lmgth of bolding patiern leg?

L

*

aircraft alticude
alditudes available
aircraft arrival rate
* Relative projected aircraft routes {current)
* versical distance besween aivcrafi along roue
* korizomial distance benween aircrafy along rouse
o relozive siming slowg rowse
» projected aircraft ronte {current) (2.1.1)
airpors armival rate limits
number of aircraft in holding
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2.3.2.3 Remove from holding
* other aircra™® landed

» aizcraft aluitude {cusrend)

» aircraft priotity

+ special conditi

: cquipmcm e

HH

HNCHONS

j=

B

. CmCTgCﬂCJ'CS
¢+ rime in holding
* pilot requests
2.3.2.%4 Provide clearancz {2.2)

2.3.3 Establish aircraft Janding (I C)
v aircraft landed’

time until aircraft Janding expected
» destination

* time/porsition descent started

¢ last known position

* type of approach

aircraft arrival notice received

2.4 Mzenage departure flows (111 E)
2.4.1 Locate departing aircrafi (8 C) (IV 1)
* Afrcraf? position?

»

L]

departure point
departure direction

* assigned heading
* assigned rurms
timec of departure
position

airceafc ID

aircrake track code

* bezcon code

¢ aircraft movement

* radar target

2.4.2 Get aircraft on route and at 2ltitude
¢ route or alsitude changes needed?

»

deviation between aircraft and pian
deviation berween aircraft and request
* Departure fiows (airspeed, altitude, spacing, rovee}
* pumber/dming of aircrafk on cach route
¢ gctive [unways
 restrictions in effect
e airport opsrationa! status
* assess weather impact {3.1)

- v m o o 4 - —
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Relative projected aircraft routes (current)
* vertical distance berween aircraft along roure
= horizontal distance between aircraft along routs
¢ relative timing along route
* projected aircraft route (current} (2.1.1)
Aircraft [D
Flight plan {(filed)
* requested alritude
* requested route
* destination
requested aircraft route
requested aircraft alvitude
Next available altitude
Assess weather impact (3.1)

2.4.3 Provide clearance (2.2)

2.4.4 Separate aircraft (1.1)

2.4.5 Maintain aircrafe conformaace (1.3)

Process flight following request (I D)
2.5.1 Assess request
© grant request?
* Ability to provide flight following
* In my airspace?
* projected 2ireraft route {current) (2.1.1)
* sector boundaries
* radar coverage areas
* Impact on own workload
» number of aircraft in sector
* number of potendal conflices
* Assess aircraft/airspace separation (1.2.1)
* Assess aircraft separation (1.1.1}
* amount of coordinarion required

number of coordinations with aircraft to complete

atrcraft ID

projected aircraft route {current} (2.1.1}
aircrafc capabilities (2.1.2)

special condidions

pilor capabilicies

aircraft priority

* special conditions

* equipment malfuscrions

* cmergencies

aircrafy activicy

Stteation Awarenzss
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2‘6

* impact on airerafy
e reason
* Assess weather impact {3.1)

¢ Respond to emergency (3.2)
* Need for traffic advisories

° Pilm capabi%izé ;

+ pilot intentions

* number of potential conflices
¢ Assess aircraft/airspace separation (1.2.1)
¢ Assass aircraft separation (1.1.13

2.5.2 Assess aircraft separation {1.1.1)
2.5.3 Assess aircraft/aitspace separation {1.2.1}
2.5.4 Assure minimum altitude clearance {1.3)

Relieve/assume conteof (VI A,B)
* actions to be taken?
* own workload?
© other sector workload?
2,6.1 Assess sector
* coordination requirements/status
* aircraft handed-offfto whom
* aircraft near boundaries
* aircraft point-outs
° frequency changes made
s coordination actions raken
¢ Assess aircraft status {2.1)
* special airspace
¢ current stargs
¢ boundaries
¢ altirude limies
* fiype
* contrelling agency
¢ eqguipment functioning
* pav aids
* radar
s frequencies
® restrictions in effect (flow conerol, altitude, speed, adjacent secrors )
* hand-off procedures in effect
* flight progress strips up-to-date
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2.€.2 Assess airport status
¢ operational?
* weather
* bours of operation
* dirzction of deparrures
* active runways
* acceptance rate
* restrictions in effect
* airport conditions (3.1.1.5}
* aircraft with airport destination
*» rimefdistance to airport
* arrival requirements
¢ active approach
© runway in use
* airspeed
» alticude
* route
= spacing
* restrictions in effect
* sector saturation
* holding problems

2.6.3 Assess aircraft separation (1.1.1)

2.6.4 Assess aircraft/airspace separation {(1.2.1)
2.6.5 Assurc minimum altitude requivemenis (1.4}
2.6.8 Assess weather impact (3.1}

Manage information

needed information presens, readable, updated?

clutter minimized?

2.7.1 Remove information

*» flight cancellation

* aircrafr rerouted ourt of sector

* clutter

* aircraft leaves secror, handed-off, frequency changed
* aircraft cancels IFR, flight following

2.7.2 Request information
* no darablock

* 5o FPS

* informaticn incompleze

Bi7
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2.7.3 Modify/recerd information
¢ overlapping datablocks
e actions taken, planned

« changes to aircraft {clearances, status, equipmen

e coordinations made

[3ad

weather <necial aperationg)
, WEaLNCr, special operations

3.0 Hanr“e perm{ntions

3.1 Assess weather impact (V A,B)
3.1.1 D.rermine if action is needed
s deviation necded?
e advisory needed ?
* adjust altitudellateral separation procedures?
3.1.1.1 Weather impact
* impact on aircraft
¢ impact on aircraft flight comfort
¢ jmpact on own workload
* impact on other sector workload
* impact on zircraft flow/routing
¢ weather area
* arca affecied
* altirudes affected
s conditions
¢ snow
* icing
* fog
* turbulence
* hail
® rain
* overhangs
¢ femperatures
* intensiry
* visibility
* turbulence
* aliitudes, area
* pre ficred changes in weather
« direction/speed of movement
* increasing/decreasing in intensity
* confidence level of information
* winds
* direcrion
* magnitude
* gusts
¢ wvariamce
* wind shear
o projected aircraft roure {current) {2.1.1)
* aivcraft capabilities {2.1.2)

ADAZ289649



3.2

3.1.1.2 IFR/VFR coaditions
¢ time/distance required for visual contact
o visibiliry
¢ sun position
e light available
* fog, clouds
3.1.1.3 Flight lzvels available
¢ aftimerter settings
¢ mrbulence
3.1.1.4 Aisport copditions

o determine need to hold aircraft?
* adjustmens to girport arvivals ?
* rupweysoper
* snowlice
* breaking action
¢ aircraft climb rate
¢ dew point
¢ wmperaturs
altimeter sentings
° visibiﬁty

3.1.2 Provide clearance {2.2)

Bespond 10 emesgeacies (TV B}
* actions needed?

° gctions aeken?

3.2.1 Emergeacy detection

© loss of aircraft communications
loss of radar coverage
route/altitude deviation

pilot emesgency declaration
type of emergency

&

. & & o o

establish aircraft landing (2.3.5)

Assure minimuns altitude requirements (1.4)

Situation Awarenes
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3.2.2 Determine gpecial handling reguirements
o type of emergency

s pilot requests

= pilot capabilities/state

e aircraft ID

0 aimftcayabﬂities AN
¢ pm;edej a;rmgi ke femat, mn

* time on fuel remaining

* souls on board

* location of nearest airport with capabilidies for aireralt type and type of emergency
* coordination required

3.3 Asscss equipment malfunctions
3.3.1 Determine problem
* equipment affected (radar, comm, NAVAID, BUEC, DARC, scope, zircraft)

3.3.2 Establish alternate procedures
* impact of malfunction on communications, flow control, routing, coordination procedur:
* impact on other sectors
¢ glternate equipment available
o pasition of facility, range of coverage
* impact on aircraft
o aircraft affected
 equipment or board
*» alrernate equipment available
* position of facility, range of coverage
o projected aircraft route {cutrent) (2.1.1)
* equipment affected (radar, comm, NAVAID, BUEC, DARC, scope, airctaft)

3.3.3 Establish maintenance release
o release OK?
* impact on own workload
s traffic needing facility (projected)
 special operations
» projected traffic load
* aleernate equipment available
° impact on aircraft
o aircraft affected
v eguipment on board
* alternate equipment avaifable
= position of facility, range of coverage
» projected aircrafe rouce {currens) (2.1.1}
s Assess weather impact {3.1)
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3.4 Handle special operations (IV ¢}
cbangts 80 5.0.p. needed?
= impact on sector operations
* type of special operation (military operations, air show, recreational activity, etc...)
* time begin and terminate operations
* projected duration
¢ area and altitude affected

.5 Determine impending overload (VI F)
Do I need belp?
Do I need flow control adjusments?
* Ratio of demands to capabilities
3.5 1 Own capabilities
own fatigue
¢ own stress
< own ability
length of time on sector
breaks (duration, time since)
experience level
currency and proficiency
personal endurance level
cyclical factors (time since last shift)
sleep
emotional stress
health
pessonal attitudes
degree of trust in and cooperation with other controllers (D side, relieving controller,
adjacent sector contoller)

v & i

2 o 2 a ¢ 4 o o . o

3.5.2 Sector demands
e traffic complexicy

» number of aircraft
number of arrivals and deparrures
emergencies
aircraft activity {en route, inbound - airport, outbound - airport, band-offs, point-cuts)
leve! of control (IFR, VFR, VFR-flight following, VFR- on top, uacontrolled)
number of pilor requests
number of clearance changes
pilot capabilities
* sector compiexity
fayout
low/high alritude
namber of airports
number of set-ups required
terrain
flow requirements

» number of crossing airways
® outages
 Assess weather impact {3.1)

@ # & & & 2 B
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