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A ra NASA is conducting the Airspace Technology
Demonstration-2 to evaluate an Integrated Arrival, Departure,
and Surface (IADS) traf ¢ management system that extends
traf ¢ sequencing for the entire life-cycle of a ight from
departure gate to arrival gate within multi-airport, metroplex
environments. After development and testing in human-in-the-
loop simulations, the IADS system was deployed to Charlotte
Douglas International Airport for a three-year eld evaluation.
From the initial IADS concept development through the end of
the Phase 1 eld evaluation many lessons were learned with
regards to the IADS scheduler. In this paper we describe how
data from the Phase 1 eld evaluation helped identify scheduler
improvements and guided the implementation of re nements. The
improvements in the IADS scheduler described in this paper are
incorporated into the IADS Phase 2 scheduler enabling strategic
Surface Metering Programs and will be evaluated during the

eld evaluation.
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I. INTRODUCTION

Concepts and technologies to manage arrival, departure, and
surface operations have been under development by NASA,
the Federal Aviation Administration (FAA), and industry to
improve the ow of traf ¢ into and out of the nation’s busiest
airports. Whereas trajectory-based concepts and technologies
have been developed for speci ¢ phases of ight, their integra-
tion across surface and airspace domains to increase ef ciency
of the traf ¢ ows remains a considerable challenge [1].

To address this challenge, NASA is conducting the Airspace
Technology Demonstration-2 (ATD-2) to evaluate an Inte-
grated Arrival, Departure, and Surface (IADS) traf ¢ man-
agement system [2], [3]. The IADS concept extends traf c
sequencing for the entire life-cycle of a ight from de-
parture gate to arrival gate within multi-airport, metroplex
environments. The IADS concept builds on and integrates
previous NASA research such as the Terminal Sequencing
and Spacing (TSAS) [4], the Precision Departure Release
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Capability (PDRC) [5], and the Spot and Runway Departure
Advisor (SARDA) [6], [7] which each focused on individual
airspace domains. The IADS concept was initially developed
based on the Surface Collaborative Decision Making (S-
CDM) ConOps [8] and re ned over time. The IADS concept
and system was then tested in Human-In-The-Loop (HITL)
simulations [9].

The IADS system was deployed to Charlotte Douglas Inter-
national Airport (CLT) for a three-year eld evaluation. The
Phase 1 eld evaluation began in September 2017 and ended
September 2018. During this time the IADS system was evalu-
ated for three key capabilities 1) data exchange and integration,
2) tactical surface metering, and 3) departure scheduling and
electronic negotiation of release time of controlled ights for
overhead stream insertion.

The IADS scheduler provides the tactical surface metering
and departure scheduling capabilities on top of the foundation
of data exchange and integration. The purpose of this paper
is to describe how data from the Phase 1 eld evaluation
helped identify scheduler improvements and guided the im-
plementation of re nements. The improvements in the IADS
scheduler are incorporated into the IADS Phase 2 scheduler
enabling strategic Surface Metering Programs (SMPs) and will
be evaluated during the eld demonstration.

This paper is organized as follows. Section Il begins with
background information on surface management concepts.
Section Il provides a high level summary of the surface
modeler and scheduler, which are two core components of
the 1ADS system. Section IV describes the arrival schedul-
ing methodology shows the accuracy of the arrival predic-
tions. Section V and Section VI describe how the departure
scheduling methodology and the tactical metering trigger
logic evolved throughout the Phase 1 eld evaluation. Sec-
tion VII shows the compliance with the assigned Target Off-
Block Times (TOBT) and Target Movement Area entry Time
(TMAT) and discusses different approaches that can help
improve TMAT compliance. Section VIII contains concluding






allows users to either accept or reject a proposed SMP. During
time periods where an SMP is proposed, but not accepted yet
by the user, we need to build a schedule that assumes we will
meter to provide realistic predictions of the SMP including
SMP start and average gate hold times while also generating
TTOT predictions and a timeline for the users that assume
metering will not be used because the SMP is not af rmed
yet.
To address this case, the nal TTOTs which we display on
the timeline are decoupled from the TOBTSs that are assigned
for metering during an SMP. To achieve this decoupling, we
introduced a second prediction pass of the scheduler that can
decouple the TTOTs from the TOBTs. The rst pass of theig. 7. Excess taxi time (grey) and gate hold (red) illustrated as a function
scheduler assigns the metering times and the TOBTs emgakeoff sequence. The_ horiz_ontal blye line is_the Target excess taxi time
. selected by the users. Flights in the circled region were assigned gate hold
the second pass of the scheduler applies a FCFS ordere\% though the excess taxi time was well below the Target.
consideration to th&J T OT for aircraft within an af rmed
SMP, else UTOT for aircraft not within an af rmed SMP. For
the second prediction pass we apply the FCFS scheduling lotjioe at or above the upper threshold. When these conditions
to theUT OT, de ned by the TOBT calculated in the rst passwere met simultaneously, metering turned on.
of the scheduler, because tbd OT will automatically adjust ~ We found that solely relying on the predictions caused
once the SMP is af rmed to represent the controlled sequeneetering to turn on too early, before the traf c level justi ed
which we want to achieve at the runway. Using this logic, wgate holding. Early reports from the eld indicated that the
can generate predictions of delay in future SMPs in the rdtank had a slow start and ramp controllers reported that the
pass while simultaneously generating a timeline with TTOThe system was recommending gate holds when there was little
that automatically adjust to re ect if an SMP is af rmed orto no delay in the physical queue (active aircraft off the gate).
not. This was later con rmed through data analysis.
Consider Fig. 7 which illustrates the excess taxi time and
VI. TRIGGERINGMETERING WHENDEMAND EXCEEDS  gate hold for each ight operating on runway 18C in bank
CAPACITY 2 on 2017-12-05 during the rst week of metering at CLT.
The transition from non-metering to metering at the corredthe vertical axis is the excess taxi time and each grey bar
point in time is important. Transitioning to metering too earlyepresents a single aircraft's excess taxi time measured as
poses a risk that the queue has not fully built up and tletual taxi time minus UTT. The red bar stacked on top of
system recommends gate holds when the surface congestien grey bar represents the amount of gate hold the aircraft
does not justify metering. This can result in a slow start texperienced due to surface metering. The blue horizontal line
traf c and the overall demand being shifted where aircrafs the Target excess taxi time that controllers used on the given
take off at a later time in comparison to non-metered traf c. Iday. The horizontal axis represents the sequence of Actual
contrast, transitioning to metering too late poses a risk that thakeOff Times (ATOT) such that the rst bar on the left is
demand taxiing towards the runway overwhelms the availalifee rst aircraft that took off in the bank and the last bar on
runway capacity and the efciency of surface metering ithe right is the last aircraft that took off in the bank.
greatly reduced. In this Section we show the results from theAircraft that took off early in the bank were experiencing
original trigger mechanism used for tactical surface meteringate hold (red bar) even though their excess taxi time (grey
describe the updates that we made to the trigger logic, apar) was well below the Target excess taxi time (blue line).
illustrate how the new logic improved the transition betweeWhereas these ights were not assigned a Target Off-Block

non-metering and metering. Time (TOBT) that was beyond their EOBT, they were assigned
o ) ) a TOBT equal to their EOBT but happened to calkiarlier
A. Original Trigger for Metering than their EOBT. This EOBT error resulted in aircraft at the

At the beginning of the Phase 1 eld evaluation, théeginning of the bank being gate held against their EOBT even
scheduler relied on predictions of the demand to trigger thigough the active queue had not built up enough to justify gate
transition from non-metering to metering. The prediction diolds.
when the metering would trigger was based on an estimated . .
excess taxi time (delay) for each ight. To trigger metering w8: Updated Trigger for Metering
required that one ight be at the gate with EOBT within 10 To address the problem of triggering metering on too early
minutes of current time and predicted excess taxi time at we added a requirement to the trigger logic. In addition to the
above the Target. In addition, we also required that a secomdjuirement that the delay for aircraft at the gate must be at or
aircraft assigned to the same runway be at the gate with EOBBove some threshold, we required that there must be an active
within 10 minutes of current time and predicted excess taaircraft that is off the gate with predicted excess taxi time at



Fig. 8. Excess taxi time (grey) and gate hold (red) illustrated as a func’[i?ni'j!é

- S . 9. Compliance for all aircraft assigned a TOBT during surface metering
of takeoff sequence. The horizontal blue line is the Target excess queue tﬂ%}ﬂtrated in blue. TOBT compliance is measured as AOBT - TOBT and

selected by the users. Flights are only assigned gate hold after the excess g, | iers were trained with a TOBT compliance window of2 minutes

> h C
time has built above the Target. illustrated by the vertical dashed black lines.

or above the Target excess taxi time. This allows for the actide TOBT Compliance

queue to naturally build up to the Target excess taxi time inRamp controllers were advised that when possible, the
the presence of the EOBT error that caused us to erfoneoustyBT advisory should be honored within 2 minutes.
gate hold previously. Fig. 9 shows the TOBT compliance for 4,778 bank 2 metered
Fig. 8 shows the same graph containing the excess taxi timghts operating between 2018-01-01 through 2018-09-30.
and gate hold on a per ight basis for runway 18L on 2018fhe horizontal axis is the difference between the Actual Off-
01-21 after we had implemented the new trigger logic. Aglock Time (AOBT) and the TOBT measured in minutes. The
can be seen in the gure, the rst ight that was held at thesertical axis is the frequency of ights with the given AOBT
gate (red bar) came after some aircraft's excess taxi timesTOBT value.
had reached the Target excess taxi time. This is the desireghs can be seen in the gure, the TOBT compliance de ned
behavior that allows the excess taxi time to naturally build upy 2 minutes wast5:9%. Flights that were not compliant
to the Target, and once at the Target, any additional excesSTOBT were likely to push back earlier than the advised
taxi time is transferred to the gate. push back time which can be seen from the peak of the
By adding the active excess taxi time logic to the meteringjstribution centered around 2 minutes and the heavy left
trigger we are able to properly build the queue up, effectivetgil. Ramp controllers bring up a variety of reasons why
control the queue size, and transfer additional excess taxi tigiecraft might be released earlier than their TOBTSs including
above the Target to the gate. Fig. 7 shows that by triggering tgate con icts, ights delayed well beyond SOBT, and other
early and creating a slow start to the bank, ramp controllesperational constraints.
over compensated by not gate holding aircraft towards the :
end of thepbank and 'E/here agre a signi cgnt amount of aircraft TMAT Compliance
with excess taxi time above the Target that were not gatelhe ATD-2 concept focuses on TOBT compliance which
held. In contrast to Fig. 7, Fig. 8 shows that improving thi§ in contrast to the TFDM surface metering concept which
trigger logic and better controlling the queue size, very fefpcuses on TMAT compliance dened as 5 minutes.
aircraft experience excess taxi above the queue and the Yégereas ATD-2 does not ask ramp controllers to comply
bar representing gate hold is ef ciently transferring additiondith the TMAT times, we have assessed TMAT compliance.

delay above the Target to the gate. Fig. 10 shows the TMAT compliance in blue for the set of
4,778 aircraft contained in Fig. 9. The horizontal axis is the
VIl. HONORING TOBT AND TMAT A DVISORIES difference between the Actual Movement Area entry Time

(AMAT) and the TMAT measured in minutes. The vertical axis
After metering has been triggered, the performance of the frequency of aircraft with the given AMAT TMAT
surface metering relies on ramp controllers honoring the TOB/&lue. In addition to the blue histogram showing the TMAT
and TMAT advisories given by Expressions (1) and (2gompliance for all aircraft assigned both a TOBT and TMAT,
respectively. In this Section we present the results of tltlee orange histogram shows the TMAT compliance for the
compliance with TOBT and TMAT observed in the Phasaircraft that were compliant with the TOBT (within the 2
1 eld evaluation. We also show the empirical relationshipninute TOBT compliance illustrated by the two vertical black
between the TMAT compliance and the TOBT compliance adithes in Fig. 9).
show what the optimal TMAT compliance could have been if As can be seen in Fig. 10, the chance of complying with
operators were allowed to swap TMATs between their owthe TMAT increases given the compliance with the TOBT ad-
ights. visory. The TMAT compliance increases 80:6% for aircraft






Fig. 10. Compliance for all aircraft assigned a TMAT during surface meterirfgig. 11. Compliance for all aircraft assigned a TMAT during surface metering
illustrated in blue. The compliance for aircraft assigned a TMAT that weliéustrated in blue. The optimal compliance which allows for aircraft to swap
compliant to the TOBT advisory are shown in orange. TMAT times is shown in green.

compliant with the TOBT compared ®6:9% compliance for computed in post-analysis where we have perfect information
any aircraft assigned both a TOBT and TMAT. If we consideabout every aircraft's TMAT and AMAT. In real-time, an op-
the shape of the orange histogram compared to the shapator would know the set of TMATS that have been assigned,
of the blue histogram, we see that compliance to the TOBt without knowing the AMATSs the swapping would rely on
advisory signi cantly reduces the density on the left tail o predicted AMAT instead of an actual AMAT. Due to these
the distribution while maintaining very similar density on thdimitations, the optimal compliance seen in Fig. 11 should be
right tail of the distribution. By shifting the density of theviewed as an upper bound of what is possible in real-time.
left tail into the 5 minute TMAT compliance window while

maintaining the right tail, the TOBT compliance increases the VIII. CONCLUSION

overall TMAT compliance. In this paper, we described the IADS scheduler functionality
that enables both the runway scheduling and surface metering.
We used operational data to identify scheduler improvements
TOBTs and TMATs are assigned to control the ow ofand guide the implementation of re nements. The improve-
demand towards the runway. When the scheduler assignents described in this paper have been incorporated into the
TOBTs and TMATs to meter the ow, the scheduler is in{ADS Phase 2 scheduler enabling strategic SMPs.
different to which speci c aircraft gets delivered to the Active Future research will evaluate the performance of the IADS
Movement Area (AMA) at the assigned TMAT time. Thisscheduler during a SMP. The functionality that we will be
creates an opportunity for operators to swap TMAT times testing in the Phase 2 eld evaluation include SMP predictions,
improve TMAT compliance, while simultaneously maintainindreezing of TOBT and TMAT in advance, and updated logic
the metered ow of traf c towards the AMA. We view this asfor inserting controlled ights into the overhead stream.
a win-win for the operators who improve TMAT compliance
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