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The aim of this paper is to describe the influeméeautomation support on Air Traffic Controller
performance, workload and Situation Awareness (&antrollers handle traffic through means of tactical
control involving heading, speed and altitude instions. Future Air Traffic Management (ATM) concgpt
such as Single European Sky ATM Research (SESAR)NmxtGen, promote the use of 4D trajectories,
thereby introducing a time-dimension to currenttomrtactics (SESAR, 2007). At present, AmsterdamaAre
Control (ACC) delivers traffic over to Schiphol Amach control (APP) via three Initial Approach Fxe
(IAFs) with a margin of plus or minus 120 secon@saeen the planned time and the actual time. This
variability can make it difficult for APP controlie to merge traffic streams and build a landing secgie
especially during peak periods. In the future, ange in delivery accuracy to less than plus or mis@
seconds is foreseen thereby aiming to increaseuhetuality of flights.

An undesirable increase in workload is expected Aorsterdam ACC controllers to achieve such
accuracy without any system support. Therefore,ee@p\nd Route Advisor (SARA) was developed. This
tool provides ACC controllers with a speed and ecativise with which the aircraft can meet its planned
time over the IAF with the desired accuracy. Whilsth a tool is necessary to keep the workload d€ AC
controllers within limits, a potential drawback etpossible decrement in controller's SA (e.g. Eydand
Kiris, 1995; Endsley, 1997), which has been showbé one of the principal competencies of controllers
(Oprins et al., 2006).

An experiment was performed to validate SARA inatslity to support the controller in accurately
delivering traffic to APP over the IAF and to assés impact on their workload and SA. Eight Amdten
ACC controllers and four Maastricht Upper Area Coh€Center (MUAC) controllers participated in seven
scenarios in an Air Traffic Control (ATC) simulatfor four days. Seven scenarios were run with varyin
SARA configurations (e.g. only speed advisoriessp@ed and route advisories) and baseline confignsa

The results showed a significant improvement irivéey accuracy with the support of SARA. Self-
report measures of workload varied significantiyetn the different scenarios, and appear to bteceta
familiarity with SARA. Objective measures of workthaas measured through the amount and duration of
radiotelephony (R/T) calls and manual inputs, desed. SA significantly decreased with the use dRSA
although controllers still rated it above averageisTwas consistent for all SARA conditions. Corled
indicated that they were checking SARA advisoriesan effort to understand SARA’s ‘plan’ which often
deviated from their own strategy. However, unfaanity with SARA may have been an influencing factor

The results clearly showed the benefit of SARAuUpporting controllers in accurately delivering fiaf
over the IAF without a significant increase in wlodd. These findings implicate the potential forFB¥as
a means towards time-based operations around $thiitport. The impact of the use of SARA on SA,
however, should be carefully considered in futiesigh and implementation efforts.



INTRODUCTION

ATC performance

The primary aim of Air Traffic Control is to expéeiand
maintain a safe and orderly flow of air trafficn®liar to other
process control tasks in transportation (aviatishipping,
railways) or process industry (e.g., chemical andlear
plants), the ATC task is considered highly complexd
dynamic. The continuous flow of moving aircraft nah be
stopped; timely actions are needed to create gsadenaost
efficient traffic flows before possible collisionednme critical.
Complex cognitive processes are required to hathdiegreat
amount of dynamically changing information in a three-
dimensional environment (Garland, Stein & Muller,929
Therefore, ATC is also called a complex cognitive mhh
performance skill (Schneider, 1990).

Air Traffic Control the Netherlands (Luchtverkeeisgling
Nederland; LVNL) has designed the so-called ATC
Performance Model (Oprins, Burggraaff and Van
Weerdenburg, 2006; Oprins, 2008), which visualizbe
complex cognitive processes of air traffic congrdl This
model has been applied as a general framework fectim
and training design. Since a few years, it is alsed at LVNL
to assess the impact of new developments in ATMesyst
design on the human role of controllers in a pagtedy,
Human Factor Indication (HFI) and in real-time slations.
The model is the result of a competence analystemeed at
LVNL based on literature research and workshopsh wit
controllers (see Figure 1).
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Figure 1. The ATC Performance Model.

The model shows the importance of cognitive processe
which situation assessmemiays a central role. Information
processing guides the actions and this resultsafe and
efficient traffic handling. One important influeng factor is
workload management

Situation awarenessA common assumption is that
operators in dynamic and complex tasks such as &€@gte a
mental representation of the changing environmeritictw
makes it possible to keep the relevant but trahgéormation

in working memory (Garland, Stein & Muller, 1999)atfern
recognition plays a central role; the controllesugrs aircraft in
a certain way to memorize their positions. Theséepa help
them to create order in seemingly chaotic situatiogs b
streaming traffic flows. Much research has been doméow
controllers develop the three-dimensional ‘mentatyse’ of
the traffic situation. This is usually referred &s situation
assessmentdefined as follows: ‘The perception of the
elements in the environment within a volume of timred
space, the comprehension of their meaning and ribjegbion
of their status in the near future’ (Endsley, 1998ituation
Awareness (SA) is considered the product of thecgee of
situation assessment that takes place at threesigariception
(SAL), interpretation (SA2) and anticipation (SA3}tention
management strategies are crucial to keep this ahasrging
‘picture’ up-to-date (Shebilske, Goetl and Garla2@0).

Workload management.Controllers regularly switch
between low and high mental workload, dependingttoan
traffic situations (e.g., number of aircraft, comypty). This is
called workload management. But mental workloaddiss a
strong subjective component (Averty et al., 2004).

Controllers continuously apply strategies, which are
individually different, to keep safety (conflict éetion),
efficiency (traffic delay) and their own mental waratl
(‘personal efficiency’) in optimal balance (Oprins &
Burggraaff, 2006). SA is needed to identify andcttiae most
safe and efficient solution to solve specific (diot)f situations.
In addition, controllers keep their own mental wodd under
control by adjusting their strategies towards leffsrtful if
needed. If possible they revert to routine actiostandard
procedures and ‘simple’ solutions that need lesnttin and
that gain time, for instance, by a lower load afiotelephony.
Depending on the evolving situation (routine — moutine),
they switch between low and high workload.

Reduction of work complexity in ATC.

Internally, LVNL is coping with a shortage of couoiters.
This is not uncommon in many busy and complex aisp®ue
to the complex cognitive nature of the ATC taskyoalsmall
number of people are able to acquire the requioeabetences
within a reasonable period of training (Schneid&@90).
LVNL is attempting to solve this problem by improgin
selection and training, and by designing new ATIgtssns that
make the work less complex. Research on traininfpmaeance
of all trainees between 2003 and 2006, using theC AT
Performance model, has shown that ineffective simat
assessment and workload management are the two most
important reasons for failing (Oprins, 2008). Thiggests that
these competences are more difficult to learn thaarstand
require extra attention in designing less compleXMA
systems.

Previous research has shown that increasing alutvmas
expected in future ATM systems, could make work less
complex. A possible risk of more automation is wfteferred
to as the ‘out-of-the-loop’ performance problem BBy &
Kiris, 1995). In case of automation failures systeperators
may have diminished ability to perform tasks malyyaue to
lesser awareness of the state and processes sydtem, i.e.
SA. There are three reasons why this happens., First
monitoring tasks may lead to vigilance problems.riess
decreases as controllers usually have much trusthé



equipment. Second, passive information processieigs¢o be
inferior to active information processing in deiegtthe need
for manual intervention and reorientation to thatestof the
system. Third, without any feedback, people ardyrealt of
the loop and they cannot assess the effectivenegbeof
requests and actions.

More automation can also increase SA (Endsley &sKir
1995). In a more monitoring role, controllers aettér able to
distribute their attention, especially when thetexys provides
superior, integrated information to the controlldrs addition,
SA may be improved by a strong reduction of workloAd
partial automation strategy should keep the negatind
positive effects in balance. It is usually arguedt thoutine
tasks should be fully automated to reduce workloadile
automation should support SA by offering better andre
integrated information to the controllers.

These issues have been addressed in research on ATM
system design (Endsley, 1997). ATM is also movingaials
more monitoring (cf. ‘supervisory control’; SESARQQ7).
Human-centred design in ATM suggests that routis&g such
as radiotelephony should be automated (cf. datalihidt the
presentation of information to controllers shoull improved
for supporting SA, and that decision support t@nésneeded to
choose the right solutions. However, ATM system gleesis
are still searching for the right balance in auteomatalso in
relation to fallback systems (machine or human).

At Schiphol Airport, work complexity for controlleris
particularly high because of the large numbersrafaffic and
bunching associated with peaks. The ATM strategi/\dfIL
focuses on accommodating a growth of air traffieagected
in the future while making work less complex. Fduist
purpose, support tools for controllers will be duuced at
LVNL. The main question is how these tools can bsighed
in such a way that situation awareness will be owed and
workload will be reduced for the benefit of the trotlers.

Current situation at Schiphol Airport

Amsterdam Airport Schiphol (EHAM) is the busiestthé
Netherlands, using a maximum of 3 out of 6 runwéys
balance capacity and demand. It is one of the taim fmubs of
Air France/KLM, mainly used by Royal Dutch Airlines
(KLM). KLM runs a hub-and-spoke operation, therdwit
providing short connection times between flightkjala results
in four arrival peaks and four departure peaksdagrand off-
peak periods in between.

Departure peaks will normally be managed by the afse
two take-off runways and one landing runway, résglin a
capacity of up to 80 departures and 38 arrivalshoer. Two
landing runways are used during arrival peaks iditeh to
one take-off runway, and the hourly capacity forsth
combination is 65 arrivals and 40 departures. Onky take-off
and one landing runway are used in off-peak perinith an
hourly capacity of 38 arrivals and 40 departurese Total
number of movements for Schiphol is circa 1100 (&aty
2009) per day.

Air traffic control service in the Netherlands i©pided by
MUAC, the Ministry of Defence, and the LVNL. In tes of
the arrival streams for the Schiphol Terminal Manoigg
Area (TMA), traffic is fed by Amsterdam ACC via tlerentry
points called Initial Approach Fixes (IAF). Thesereth
individual traffic flows are subsequently mergedeither in

two or one stream for the landing runway(s) in uBbis
merging after the IAF is done by Schiphol Approaamhd
currently is done by the use of individual manoewyr
instructions (i.e. radar vectoring). System supj@mrovided
to avoid overloads in the TMA. This system suppertan
arrival management system called LVNL Inbound Planner
(IBP), and assigns arriving aircraft a landingsldt minutes
prior to passing the IAF. This landingslot is treesis on which
an Expected Approach Time (EAT) for the IAF is cddted.
ACC is subsequently required to deliver the argvéircraft for
Schiphol to APP via the IAF within plus or minusOl&econds
from the EAT.

As mentioned in the previous section, the bunching
associated with the arrival peaks is a frequentwardesirable
disturbance of the desired stability of the SchippdM
system. These bunches often lead to a temporary $gcliea
workload for the ACC controllers, and has a negatmpact
on the complexity and therefore also on the efficyeof the
operation. The APP controllers often have diffiggdtwith the
way the traffic is presented to them at the IAFg dhe
subsequent merging of the streams. Amongst othepneas
some of these difficulties can be ascribed to tk@ deconds
margin that can be applied when deviating from thel B
ACC. Steps are foreseen that can potentially @tevéome of
these difficulties and reduce the task complexity thé
controllers working position.

Expected future situation at Schiphol Airport

The strategy of LVNL is laid down in the ATM System
Vision and Strategy and lists all the strategicediggments in
the short- and medium term. These strategic stepsemessary
to accommodate an increased traffic demand with improve
safety performance, and to improve the environmental
performance as a consequence of more demanding starget
Amongst a number of developments focussing on tiigee
operation, the following specific developments foars the
improvement of the management of arrival trafficSahiphol
(see also SESAR, 2007):

- Introduction of Trajectory Based Operations (TBO);

- Continuous Descent Approaches (CDAs) during
daytime operations to enhance environmental
performance;

- Development of conflict-free routes in the TMA to
reduce task complexity for APP controllers;

- Noise-friendly approach procedures;

- More accurate inbound planning; and

LVNL ATM system goal

The current LVNL ATM System is insufficiently able t
cope with fixed, noise friendly and conflict-freeutes in the
TMA, as these cannot be implemented under the asgmpt
that current capacity levels must be met. The med@son for
this is the inaccuracy following from the fact thia¢ tiraffic is
delivered by ACC to APP within a plus or minus ls#tonds
time window. This inaccuracy leads to the requinenfier APP
to manually optimize the handling of the arrivakaims within
the TMA. It is assumed that improved accuracy atdidevery
from ACC to APP will result in more stable and potable
traffic streams in the TMA. These more predictalrd atable
traffic streams will result in better service to thestomer, but



should also lead to a reduction of work complexior
controllers.

The night-time-operations currently in use at Shkbip
resemble CDA procedures in which aircraft are abligyttheir
own descent profile and accompanying speeds witlgiractive
constraints. This increases flight efficiency amduces CQ
emissions. However, these procedures, consistindixefl
arrival routes from 7000 feet to the runway thrédhresult in
a capacity of 24 arrivals per hour, well below fti@ytime
number of 35 arrivals per hour. This means thatréwgiired
capacity levels cannot be met with this type of apens in
daytime situations under current circumstances.itfatlly,
the current inaccuracy is also a limiting factor this
perspective. An improved accuracy in the delivepnt ACC
to APP is a requirement for the introduction ofthicapacity
CDAs during daytime operations.

A second aspiration for improved accuracy is tteeeased
workload in case of bunching. If aircraft are mansferred in a
bunch, but longitudinally separated, then the waa#llis much
better manageable resulting in stable and predéctabffic
streams. As a result the task to manage these fl@esmes
also easier for the controllers.

The last aspiration for improved accuracy is priadhitity
and transparency to the airspace users. Pilotbwiitletter able
to manage the most efficient flight profile if thdlight is
planned well ahead. As improved accuracy will udtiety lead
to improved transfers and therefore a better ptapnit is
assumed that there are major benefits on the a@spsers’
side.

As mentioned before, the current ATM System does not
allow for additional workload for the controller bequiring
them to increase their delivery accuracy of arrivatfic over
the IAF from plus or minus 120 seconds to plus arus 30
seconds. Previous studies have shown that estimsatiofuture
aircraft positions by controllers become increasinghccurate
the further in time the prediction is made (Bouded &ellier,
2000). Since in the future ATM System Strategyramdased
accuracy is required earlier in time, this wouldgel a too great
a burden on the capabilities of controllers. Ineortb mitigate
this potential increase in workload, system supjsoforeseen
to enable the increased accuracy performance tar¢gss than
plus or minus 30 seconds. The Speed And Route Advis
(SARA) tool was designed to support the controfermeet
this target.

Basic SARA functioning

The SARA tool operates by providing controllerspeex
and route combination for every inbound flight. Theeed
and/or route combination is displayed to the cdletrand it
will allow the controller to give a single speed aruiite
clearance to the aircraft for the entire descem. single
clearance will have the potential advantage thatlitdecrease
the workload for the controller and aircrew. lilvailso allow
the aircrew to use the Flight Management ComputetQJFin
the descent, thereby optimizing the descent prafilenuch as
possible within the active constraints.

The SARA tool relies on several functions in the AT
system: IBP, surveillance data, and a TrajectordiPtar. The
performance of these support functions determines t
performance of SARA. The SARA logic processesghflin
seven steps. These steps are described below:

1.The flight appears to the ATC system and is entirelle
IBP.

2.0nce the planning is considered stable, the SAR&qss
starts.

3.SARA uses the Expected Approach Time (EAT) for the
flight.

4.SARA interacts with the TP and collects the figtusrent
position and plan. It also uses the TP to caleuthe
flights Estimated Time Over (ETO) the IAF. For this
calculation SARA assumes that the route enterexd thret
ATC system will be the route flown.

5.SARA compares the EAT and ETO. If the differense i
outside a set threshold (less than plus or minuse86nds)
it will initiate the process to find a new speedteou
combination to match the requirements following fritva
threshold.

6.An iterative process is started where SARA used th¢o
calculate a speed/route combination that will brihg
aircraft to the IAF such that the EAT and ETO ifolethe
threshold value.

7.0nce a speed and route combination is found thaitlén
the threshold it is communicated to the controlleran
integrated manner on the radar screen. For thisrempnt,
the advisories were integrated in the aircraftllabe

When developing new concepts it is difficult to etetine
the requirements in enough detail when the systemnig
described at a conceptual level. In the developroEiSARA
this was approached by the use of iterative dewedop cycles.
Each cycle consisted of three steps: requirementitiefis,
technical development and system testing. The ressilts
from one cycle feed into the requirements of thgt.neThe
SARA functionality was developed using five such
development cycles. It allowed the controllers tp dut a
range of possible solutions. In each cycle thetmosmising
where selected for further development. In additm being a
flexible development process it also kept the dgwalent costs
down because ideas that proved difficult, expensivenot
helpful during development could be detected early.

In accordance with earlier recommendations, cdet®l
remain in control and are fully responsible for sapan of the
traffic (Prevot, Lee, Callantine, 2003). SARA orsupports
with calculating the speed and route combination seited to
meet the planning. In future developments of SARZaflict
detection and resolution step could be added tpribeess.

Theimpact of SARA on air traffic controllers

With SARA, the operation at Schiphol will gradually
change from a tactical first-come-first-serve operatmwvards
a time-based operation. These operations might hagaite
large impact on the controller's SA, and henceshissequent
capacity to act. However, the degree to which SAffscted
depends on the specific operational design andabs&ation
between humans and systems. The SARA tool could help
controllers to instruct the right speeds and roteaircraft in
order to meet a specific point on time. This migletrease
their workload as once the instruction is given toatroller
mostly needs to monitor the follow up. Only in casea
conflict he would need to give an updated instarcti

With SARA, controllers will have to incorporate #nas a
fourth dimension in their mental picture in order plan,



prioritize and sequence flows, as well as to assaparation.
This requires more anticipation and strategic tmigkihan
nowadays. In their current way of working, theicidens are
based on certain three-dimensional patterns ofadiran a
certain moment of time. Being in time on a waypaoiithin
small margins changes the controllers SA becausee mo
‘thinking-in-time’ is required than they are used Currently
the controllers are more ‘thinking-in-distance’ arttlis
determines how they sequence the arrival traffinsequently,
with SARA tactical control will move towards moreaegic
control with a larger planning horizon (Oprins, ZAfa
Eriksson, Van de Merwe and Roe, 2009).

In addition, SARA implies that certain tasks of trotiers
are moved to the system. Currently, controllersrdgte the
speeds and routes for aircraft by themselves. SARhelp
them in the decision making process by providing d&pseel
route advisories. Controllers might lose their ifeglof control
when their work moves too much towards supervisotrol.
They might have difficulty to trust the system whaalutions
are in conflict with their own plan and their SA ght be
undermined. In other words, they cannot use thein o
strategies for traffic handling anymore. Dependent the
specific design of SARA, controllers could havesléssight
into the specific flight paths of aircraft. This lwdefinitely
decrease their SA. Consequently, it might makefficdlt for
them to renew their SA if manual interventions ageded in
case of system failures and other circumstances (eegther)
in which SARA may not work. Switching between these
automated (routine) and manual (non-routine) opmratican
substantially increase their workload. It depends the
frequency of using conventional methods to whicteetxthe
controllers can act as the fallback.

METHOD

To understand the impact of SARA on the behavidur o
controllers an experiment was devised that invatti the
influence of SARA on controller's delivery accuragyorkload
and Situation Awareness. Furthermore, the experiragnéd
to gain insight into potential improvements thatlddue made
to the tool in order to optimize its effectiveness.

Experimental design

The Real Time Simulations with SARA were performeéd a
NLR’s ATC Research SIMulator (NARSIM). The experime
was conducted during four days that were spread\eit two
weeks. During the first two days, eight LVNL conleos
participated (N=8). In the second week four MUAQrollers
joined four LVNL controllers (N=2x4). The design svauch
that in the first week, the SARA concept within LV/Mirspace
could be investigated. During the second weekirtthgéence of
MUAC controllers could be researched. For consistesnd
comparison purposes, the data presented in thier pamata
derived from LVNL controllers only.

A single simulation run involved two controllersdatwo
pseudo-pilots working in tandem for parts of the NIV
managed airspace (Amsterdam ACC sector 1 and s2rtor
The pseudo-pilots had radio contact with the cdletrdor the
specific sector. In week 2, the LVNL controllersdapseudo-
pilots were joined by two MUAC controllers and tweeudo-
pilots that controlled aircraft in specific MUAC ders

(Coastal and Munster upper area sectors). BecadstSW

has eight controllers working positions, four idesit runs
could be executed simultaneously in the first weelsus two
identical simultaneous runs in the second week.

Two familiarization runs were executed for each pir
controllers to familiarize them with the simulator atite
SARA Human Machine Interface (HMI). Next, the pairs
executed four experimental runs in the first weal finee runs
in the second week. For comparison purposes, the taiffic
sample was used for all runs. However, to avoid [farisation
with the traffic sample, the callsigns were shuffleetween
each run. Furthermore controllers switched worknogitions
to also avoid effects resulting from the familiariof the
controllers with the traffic for a specific sectand inter-
controller working strategies. The measured traffample
contained 18 flights with destination Schipholtte first week
the four experimental runs consisted of two baselims and
two SARA runs. Run 1 resembled current operationd an
functioned as a baseline in which controllers h&hdard
system support and delivered aircraft at the IAFhwéin
accuracy of plus or minus 120 seconds or less cadpa the
EAT. Run 2 functioned as a second baseline in which
controllers had a stricter time target similar te ®ARA runs
(less than plus or minus 30 seconds) and limitestegy
support. The support consisted of a delta tih€; (EAT —
ETO) presented in the aircraft label. In runs 3 dnGARA
provided speed-only advisories, and speed and route
combinations respectively. During the second weekA@U
controllers joined the four remaining LVNL controlle A
baseline run with a target of less than plus or smBiseconds,

a SARA speed run and a SARA speed & route runs were
performed (run 5, 6 and 7 respectively). Within MOA
airspace the controllers issued speed and rouisaihs to the
aircraft. However, no route options were availalléhin
MUAC airspace. Therefore route advisories that vieseed by
SARA in MUAC airspace were only applicable in LVNL
airspace. By providing the route instructions aslyeas
possible the pseudo pilot was able to let the dtrlyga more
optimized descent profile. The properties of tmawation runs

are depicted in Table 1.

|AF target time Participating

Run (sec) System support controllers

1 Within +/- 120 Standard LVNL

2 Within +/- 30 Delta T in label LVNL

3 Within +/- 30 SARA speed LVNL

4 Within +/- 30 SARA speed & route LVNL

5 Within +/- 30 Delta T in label LVNL & MUAC

6 Within +/- 30 SARA speed LVNL & MUAC

7 Within +/- 30 SARA speed & route LVNL & MUAC

Table 1. Properties of the simulation runs. Ru &nd 5 are baseline runs,
the others are the SARA runs.

Quantitative and qualitative data was gathered duaind
after each simulation run. First, the accuracy withich the
controllers managed to meet the EAT for each aircnals
measured. This measurement was called ‘EAT adhérekee
a subjective measure of workload the Instantaneel
Assessment (ISA) was used. Controllers were prednfor
input every three minutes. Objective measures ofkiwad
consisted of calculating the total number of R/Tlscdl.e.
radiotelephony; the verbal instruction administered the
aircrew), the average time spent on R/T by eachraiet, and
the number of instructions entered into the systenough the



Touch Input Devices (TID; i.e. after instructionsear
administered to the aircrew the controller entbest into the
system via a TID). Directly after each simulator rune th
controllers filled in an adapted version of the $HSQ
Situation Awareness questionnaire (Dehn, 2008).ithufdhlly,
these questionnaires also contained open questiyasding
workload, usability and acceptance. Interviews wezlel after
each run to obtain in-depth information regardirgirt
experiences with  SARA. During the runs, human facto
observers were taking notes.

RESULTS

Repeated measures analyses of Variance (ANOVA) were
used for statistical comparisons. Partial eta-squ4rg) is
given as a measure of effect size. Pairwise compexisere
performed where appropriate with Bonferroni colicews. For
each analysis ama < .05 was used. All analyses were
performed using SPSS 15.0.1. Only the resultsefitht week
were used in the statistical analyses (run 1 tdH¢.number of
participants in the second week (run 5 to 7) wasfew to
perform meaningful statistical analyses. Thereftbrese results
are presented as an illustration and additionéaésults of the
first week.

EAT adherence

Data was obtained for 18 flights in the four expemtal
runs of the first week (run 1 to 4) and was analyipe missing
values and outliers. Data was gathered for fourspaif
controllers. The results showed a significant adglivaccuracy
improvement when SARA was used(3,63) = 40.918 p <
.001, 5,2 = .661 The means and standard deviations for each
run are depicted iRigure 2.
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Figure 2. EAT adherence

The average absolute EAT adherence improved fram th
two baseline runs (run 1 and 2) to the two SARAsr(around
57 and 25 seconds accuracy to around 12 secondsaagc
run 3 and 4). No significant differences were folbetween
the speed only and the speed & route variants 3ramd 4).
Interestingly, setting the target at less than 86omds and

providing the controllers with limited system sugp@rdelta T
in the aircraft label; run 2) already significantiyproved the
accuracy to approximately 25 seconds.

The data for the second week show similar resulis % to
7). Delivery accuracy lies around 15 to 20 secamitls limited
system support (run 5) and the SARA runs (run 67@ndhere
seems to be little difference between the first tired second
week.

Workload

ISA. Eight LVNL controllers produced nine ISA scores
each during each run during the first week (rurol4). A
significant effect was found between the four rur&,68) =
17.256,p < .001,;7p2 = .432. Workload in the SARA runs (run
3 and 4) was rated lower than the second baseline2). Run
2 imposed a significantly higher workload on thentcollers
compared to the average of their ratings of therothns,p <
.01 (run 2 vs. run 1, 3 and 4). Run 4 (speed anteyovas
rated to be as equally demanding as run 3 (spe&jl-gnk
.701.

The results from the second week show similar testihe
second baseline (run 5) appears to be imposingghenhi
workload on the controllers compared to the SARAsror
week 2 (run 6 and 7). The results are depictddgare 3.
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Figure 3. ISA scores

R/T calls.After removing one outlier from the dataset of
the first week seven measurements were obtained éaiothl
number of R/T calls for eight LVNL controllers. Agsificant
effect was found for this type of workload measi€s,3) =
21.985,p < .057,° = .956. The SARA speed and routes run
(run 4) required the lowest number of calls. Thenbar of
calls in this run was found to be less than baselim 2 and the
SARA speed-only run (run 3). A potential differeneas
found between run 4 and baseline rup £ (067). SARA run 3
did not differ from the two baseline runs (run H&). The two
baseline runs did not differ from each other.

A large spread in the data was found for the basseafin
week 2. This is likely due to the few participairntsveek 2 (4



LVNL controllers) who also showed large individual
differences in the number of R/T calls. The SARAgUN
week 2 (run 6 and 7) appear to be in line with 8A&RA
outcomes in the first week (run 3 and 4). The tesare
depicted in Figure 4.
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Figure 4. Number of R/T calls

R/T Time.Eight measurements were obtained for the total
time spent on R/T calls (in seconds) for the founusation
runs in the first week. An ANOVA showed significant
differences between the four ruf$3,4) = 28.951p < .01,;7p2
= .956. The lowest amount of time spent on R/T veamd in
the SARA speed & route run (run 4). There were no
differences found between the first baseline (rjiradd the
SARA speed only run (run 3). However, these twosrun
showed a reduced amount of R/T time compared tsdhend
baseline (run 1 and 3 vs. run 2). No differencesevfeund
between the two baseline runs 1 and 2.

Again, the data from the second week does not appder
much different from the data captured during thst fiweek.
See Figure 5 for the means and standard deviat@nsme
spent on R/T.
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Figure 5. Time spent on R/T (s)

TID inputs. Eight measurements were obtained for the
number of TID inputs for the four simulation runsthe first
week. An ANOVA showed significant effects for thamber
of TID inputs,F(3,4) = 11.091p < .05,,,” = .893. The lowest
number of inputs was found in the SARA speed & eouwn
(run 4) compared to baseline run 2 and SARA runA3.
potential difference was visible between baseline © and
SARA run 4,p = .051. The highest number of inputs was found
in baseline run 2 and potentially with baseline tup = .081.

The results for week 2 seem to be similar comptreteek
1. Again, large individual differences were fourm fun 5
consistent with the number of R/T calls of run 5eThree runs
performed in week 2 (run 5 to 7) do not show latiferences
in terms of TID input amongst themselves and betvileefirst
week and the second week (except compared to ruihg)
results are depicted in Figure 6.
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Figure 6. Number of TID inputs



Situation Awar eness

The questions from the SASHA-Q questionnaire were
averaged to serve as a total SA score for eachadient(N=8).
Four questions were used that were applicable tb ke
SARA runs (run 3 and 4) and the baseline runs {ramd 2).
The Repeated Measures ANOVA showed a significant
difference in SA scores between the four runs énfitist week,
F(3,29) = 37.304p < .001,#np2= .794. SARA runs 3 and 4
showed lower SA ratings compared to the two baselims 1
and 2. No significant differences were found betwte two
SARA runs (run 3 and 4) as well as between the tveellre
runs (run 1 and 2).

Data from the second week appear to be similangadata
found in week 1. It seems that the baseline rungaka? run 5)
received higher average SA scores compared to thecBres
for the two SARA runs (run 6 and 7). The results depicted
in Figure 7.
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Figure 7. Situation Awareness ratings
Qualitativeresults

Workload.A reduction in workload was experienced by the
controllers with the use of SARA, especially withute-options
enabled. This was especially noticeable in termR/df load.
Some controllers however, mentioned that they Fedt, twith
SARA active, other activities needed to be performed not
necessarily more or less. That is, a change in wgriiethod
was experienced by some controllers that may hastdtedl in
a lower physical task load, but a similar mentatkiaad.

With the current implementation of SARA only arrigin
aircraft are provided with speed and/or route awhés. This
led some controllers to mention that potential iclifty of
working with two working methods: the arrival triaffstream
under SARA advisories and the departure traffiesstr under
‘normal’ control which could potentially add to theorkload.

Situation AwarenessControllers mentioned that with
SARA they felt ‘less engaged’ in the traffic sitwaticompared
to the baseline runs. It was mentioned that wittR8Ahey
followed an advice and monitored its progress. Some
controllers mentioned that they felt that, becaus&eR/S
produces an advice at the FIR entry to meet the twves the

IAF, this would mean a solution for more than megtthe
time alone, i.e. a conflict-free advice. This somes lead to
controllers solve conflicts late rather than early.

Controllers also mentioned that when SARA was activ
they felt that they spent time to understand SARAlan’ as
part of an effort to create a mental picture of theffic
situation in contrast to generating their own plan.

Controllers changed their interaction with the SARMI
during the course of the simulations. In the seagadk it was
observed that controllers regained some of their ByAnot
adhering to advisories all the time. It was obsgntbat
sometimes advisories were used as a ‘general gutigngive
an aircraft a speed that would more or less beusdedo meet
the time over the IAF. When SARA provided subsetuen
advisories, these would first be evaluated by tharollers for
their usefulness before they were instructed. Wais contrary
to the controller's behaviour early in the simulatisvhere
every given advice was accepted and instructed.

Working methodControllers mentioned they had difficulty
with building a traffic sequence whilst using SARA.normal
operations (as mimicked by runs 1 and 5) sequamess made
with a separation of 5 nm and an EAT adherencess than
plus or minus 120 seconds. With SARA the target igdsiced
to less than plus or minus 30 seconds. This claedulted in
the controller focusing more on time (meeting theetiover the
IAF) than on distance (maintaining 5 nm separation).

DISCUSSION

The aim of the experiment was understand the impfct
SARA on its ability to support the controller inrere accurate
delivery of traffic at the IAF. Furthermore, the peximent
aimed to understand the impact of this support tool
controller functioning. Specific emphasis was laid the
controller’'s workload and SA. The results showeat thith the
support of SARA the controller was able to deliaerival
traffic more accurately to the IAF. An initial gain delivery
accuracy was seen even when the controller hadnmaini
system support (only a delta T in the aircraft laleh 2).
However, with the aid of SARA this accuracy was Hart
improved (run 3 and 4). Similar results were foundthe
second week (run 5, and 6 and 7 respectively).

With SARA subjective workload (ISA scores) did not
increase compared to the baseline. However, Metager
Parasuraman (2006) showed that communication
coordination tasks also can be a considerable sowifc
workload to the controller, especially under highffic
conditions. The results from this experiment shovibdt
objective workload (number of R/T calls and TID itgu
reduced compared to the baseline, especially for MR
speed and route options. This indicates that athaortant part
of controller workload can be reduced when usindqRB8AThe
results also showed that workload (subjectivelyvwadl as
objectively measured) was highest for the run witimimmal
system support (run 2).

Interestingly, SA was highest in the two baselimesr (run
1 and 2) and dropped significantly when SARA wasgdus
(although still rated as above average). The AT@oReaance
Model suggests that SA is one of the prime inforomati
processing components of a controller (Oprins, Bragff and
Van Weerdenburg, 2006; Oprins, 2008). Without SARA
controller builds up a mental picture by perceivimgerpreting

and



and anticipating on the traffic stream. Based os ¢bintinuous
process the controller decides on the requireduasbns for
aircraft in the traffic stream. With SARA part ofighactivity is

transferred to SARA since it provides the controleith

advisories that have not been part of the mentaigases of
the controller. Alternatively, the mental pictuneeated by the
controllers and the resulting instructions may aiffrom the
solutions provided by SARA. Therefore, it is undansiable
that controllers rated their SA as lower comparedthe
baseline scenarios.

SARA was specifically designed to aid the controifean
increased delivery accuracy of traffic over the IAF was
reasoned that without SARA controllers would expece an
unacceptable increase in their workload whilst agrto reach
a target of plus or minus less than 30 seconds.iftteresting
to note that with minimal system support the coférdk able
to deliver traffic more accurately at the IAF. Agpected, SA
is maintained under these circumstances. Howevesastalso
shown that workload is highest in this scenaridjactively as
well as objectively measured). This finding seemsupport
the notion that controllers need a support toadiprove their
delivery performance. In this current setup howgwbis
delivery improvement may come at the cost of a redualbeit
still acceptable, level of SA.

Controllers’ interaction with SARA changed over the
course of the experiment. During the first weekn(futo 4)
controllers adhered to almost every advice provioeGARA.
During the second week some controllers regainedesof
their SA by assessing every advice for its applitgbAlso
controllers were better able to anticipate on SAR&sisories.
This helped controllers to better manage their Veak and
SA. This suggests that sufficient familiarizationttWBARA is
required before it is used in an operational sgttim this
experiment, controllers became more used to SARZ affew
hours. This may be an indicative time for trainingrgmses
when implementing SARA in an operational setting.

The stricter focus on time (30 seconds vs. 120rssjchad
a large influence on the working strategies of ¢batrollers.
Nowadays time is of lesser importance since coet®lfocus
on creating 5 nm sequences. When doing so they aftest
meet the required time over the IAF. Therefore, iaspnt
operations time is of less importance. With a taafewithin
plus or minus 30 seconds controllers will havenieest more
effort to meet the target and requires a differaimid set by the
controllers. This may mean that generating sequesfcBshm
may not be enough to meet the target, but that mozeise
actions are required. In SESAR and NextGen theee l&gge
focus on stricter time-based operations in which #ntire
trajectory of an aircraft is planned from gate tiegtogether
with strict fixed times over waypoints (SESAR, 2D0The
experiences in this study may shed some light ereipected
future working methods for controllers.

In this experiment two versions of SARA were testad
speed-only options and a speed and route optidhiréoption
is foreseen that will incorporate conflict managetm&@) to
provide the controller with conflict-free speed &droute
advisories. The implementation of the third phas8ARA is
foreseen around the implementation time of SESARZD20).
This particular version of SARA was out of the seay this
experiment and it was therefore not possible t@stigate its
consequences for the controller. However previdudies on
controller performance and workload under matuee Frlight

may hint at considerations for design and implememtatio
this version.

Free Flight is a concept that aims to shift mostthod
separation responsibility from the controller te @hircrew. In
this situation controllers monitor the flow of tiiafand only
intercept to ensure separation, to preclude exogedirport
capacity, to prohibit unauthorized flight throughpesial
airspaces and to ensure safety (RTCA, 1995). Thkians that
most of the time controllers only monitor the flofvtraffic and
are not actively controlling whilst still being pEmsible for the
separation of aircraft.

Galster, Duley, Masalonis and Parasuraman (200dndfo
that in a study simulating Free Flight controllgpsrformance
decreased in terms of speed of conflict detectiod the
number of detected self-separations (movements vivven
aircraft ensure separation without controller inégttion). They
concluded that controllers may become vulnerableusdch a
scheme in which separation decisions are cedecketaitbraft
but controllers are still responsible for separatio

A similar situation may occur in the case of SARAhna
CM function. In the present study a decrease inn®A found
with the use of SARA with speed and/or route opgtiohhis
finding is similar to the out-of-the-loop-perforntm problem
with an increased level of automation (Endsley aridsK
1995). A further impact on SA is expected when SARA
advisories are conflict free. Checking SARA’s adrviss for
potential conflicts becomes unnecessary since treeintended
to be conflict free. With controllers partially oof the loop,
they may not be up to the challenge, due to complgcenc
issues, in case conflicts are not resolvable by SARalster et
al., 2001; Wickens, Mavor, Parasuraman and McG228x).

Several studies have provided recommendationseoatit
of-the-loop-performance problem. It has been arghed to
keep controller in the loop, they should retain soof their
responsibilities and automation should support thentheir
decision-making (Wickens et al., 1998). Previoiseagch also
showed that controllers more easily accept automatipport
if they are in command (Prevot et al., 2003). Tiathey found
that solutions over which controllers had a chaiere more
readily accepted compared to solutions that apgeare
automatically. For SARA, this may mean that contrslle
should be able to have a choice about which spedfbaroute
combination they want to issue rather than havingRSA
presenting a single solution only. This may be eslg
relevant for SARA with CM. One solution for keepitige
controller in the loop may be to present variousflaiffree
solutions which the controller can choose from,sfigg with
visual support. This way, controllers remain in cohbf the
traffic, whilst SARA is able to support the contssllin his
decision-making.

A further design issue that was proven to be useftihe
use of instant feedback. When controllers issustiuntions to
the aircraft controllers immediately perceived thaesequences
of their instructions through the change in deltgor that
aircraft on the radar screen. This is in contrastctirrent
operations in which, due to technical reasons,ctienge in
delta T only slowly changes closer to the IAF. amstfeedback
enhances the controller’s ability to stay on top tnaffic
situation by ‘scanning the traffic, identifying tmeed for an
action, and issuing a proactive instruction’ (Ptestoal., 2003,
p. 8). Any delay in such feedback may cause théraier to
become behind in handling other traffic with reaeti



controlling behaviour as a result. The behaviouthefdelta T
function with SARA speed and/or route was showrbéoa
successful implementation of instant system feedback.

The iterative design-cycle used in this study meyubeful
in overcoming such issues in further developing SARr
implementation. In such a cycle controllers and desfg can
test various alternatives in more detail. When asiger is
considered stable, Real-Time Simulations such a&s dhe
presented in this study can subsequently be usedédstigate
the impact on controller functioning (workload, S&nd
working method) in more depth. Based on these digsli
changes can be made to the design before it is ineplet
into an operational system. By using such a cycksiéph,
evaluation, simulation, implementation) with the gsat the
center of the developments, the potential for acessful
system that can meet stricter future requirements whils
keeping controllers in the loop can be increased.

Conclusion

It can be concluded that SARA was successful imgithe
controller in reducing variability of arrival traéfover the IAF.
A reduction of objective workload in combination tkvian
increase in accuracy was observed without an igeréa
mental workload. SA was affected, although it wals rstted
above average. Familiarity with SARA may have plageadle
here as controllers changed their interaction wAIRA in the
second week and used it more as an advice toolydlget was
intended. The stricter focus on time rather thatadie caused
a larger impact than anticipated. This may meandatrollers
need to change their way of thinking from ‘thinkimg
distance’ to ‘thinking-in-time’ (Oprins, Zwaaf, k8son, Van
de Merwe and Roe, 2009).

This experiment has provided some insights intofilhgre
of ATM and its consequences for the controller. SRSand
NextGen are aiming for stricter time-based-operatiavith
subsequent automation support for the controllerqrésent it
is not immediately clear which impact this may hawe
controller functioning, especially with decisionpgort tools
utilizing conflict probes. A conflict-free SARA shial be able
to fully support the controller if strict design peiples are
taken in to account. The iterative design-cycleduse this
study forms an integral part of the future developimeof
SARA such that controllers are supported in thesks and that
increases in efficiency, safety and environmentafop@ance
can be achieved.
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