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Integrated Departure Route Planning (IDRP) is a dsion support
tool being developed and prototyped by MITRE/CAA&Dexplore
new concepts and capabilities for departure managem IDRP
provides demand estimates for departure fixes anoutes in
terminal airspace, including identification of spédac flights
impacted by capacity constraints, their route infoation, and
accurate estimates of their expected take-off times

In general, IDRP benefits accrue when there is cention for

departure resources (runways, fixes, routes, sesforplus the
feasibility of off-loading or otherwise balancingainand as a means
of mitigating delay. This scenario is common in tiNew York area,
where the prototype has been installed since 20092011 and

2012, field evaluations were conducted at towemntmal, and

center facilities. These evaluations allowed theptae of “use

cases"—instances of essential applications of theltoThese use
cases were later examined via offline replay, aretl Ito benefits
analyses in which a queuing model was employed tampare

scenarios with and without IDRP. The modeling sugie

significant benefits are attributable to IDRP.

. INTRODUCTION

Air traffic departing from New York area airports the
U.S. experience some of the worst ground-side argpace

congestion in the National Airspace System (NAS]. [1

Departure traffic management has the challengeat#nising

departure demand with available capacity, and seeks
ameliorate this congestion and expedite traffic ement.

There is a need for improved automation tools fivatide

integrated data sources (such as traffic demandithee
impacts, and airspace availability) so that departaffic

management can effectively execute its tasks.

Integrated Departure Route Planning (IDRP) is dgbype
in use at air traffic control facilities as well asme airline
operations centers for departures from New Yorgats. The
prototype was first put into use in 2009. This pagescribes
field evaluations in 2011 and 2012, and providesekts
analyses of observed use cases.

II.  BACKGROUND
The IDRP decision support capabilities are beingtigped

and prototyped by The MITRE Corporation’s Center fo
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Advanced Aviation System Development (MITRE/CAASD)
collaboration with Massachusetts Institute of Texdbgy’'s
Lincoln Laboratory (MIT/LL). IDRP augments the cédies
of MIT/LL's Route Availability Planning Tool (RAPT)2],
with route and fix demand information. IDRP comlsiretate-
of-the-art weather forecasts with operational figlata in an
effort to assist Federal Aviation Administration A) air
traffic managers and commercial flight operatorsniaking
proactive Traffic Flow Management (TFM) decisiorxth
during severe weather and during clear weather ittons
when traffic demands are reaching or exceedingdpacity of
NAS resources. Fig. 1 shows the IDRP graphical unserface.

The IDRP prototype was developed for the purpose of

conducting field evaluations. The vision is for theRP

capabilities to be incorporated into the CollabeetAir

Traffic Management — Technologies (CATM-T) progré®h,

as part of a “mid-term” (2017-2020) functional enb@ament
package, thereby helping to fulfill goals of thexN&eneration
Air Transportation System (NextGen) [4].

IDRP’s coverage of NextGen needs can be categofized
three key ways. First, IDRP capabilities provideamerm
predictions of the impact of weather on flight iagt They
also provide demand estimates for departure fixelscefined
flight routes within the New York airspace. Whileghcy
systems provide accurate estimates of weatherigewerthis
airspace, the IDRP capabilities identify the spedlights that
will be impacted by those constraints and provideranm
accurate departure time estimates for these flights

Second, IDRP disseminates information indicating th
impact of congestion and weather on flight routes suggests
potential flight-specific trajectory changes to FAahd flight
operator facilities. This information is expectedimnprove the
predictability of reroutes, allowing for proactiveecision-
making and efficient re-planning.
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Figure 1. IDRP Graphical User Interface. Five windows areldiged: A. Integrated Traffic and Weather Map,
B. Fix Demand Table, C. Flight List, D. Route Impand Demand Table, E. Reroute Options List

Finally, by providing common situational awarenassoss represented typical traffic management events.r Roothe
the FAA and flight operator facilities of NAS cotidns and 2012 evaluations the ZNY and N90 participants wasieed to
available reroutes, IDRP supports timely, effectivend provide a list of the five most common events obsein 2011
informed decision making. Because personnel inottfitted that were likely to benefit from IDRP’s functionsnch
facilities have access to the same information, RD&lows  capabilities. These events became the focus oévhkiations
decision makers to work together to exchange rateva during 2012, which also identified additional evedtring 63
information quickly and to support the right persoaking the  hours of observations. From the full set of 201H 2012
right decision at the right time. observations, three events that illustrate the rmgistebenefits
of IDRP were chosen for further analysis, as dedaih this
paper. These three events are examples of thenfotiouse
cases:

Research on and evaluation of the IDRP capabildies
being performed in an incremental fashion. In§iallDRP
capabilities were implemented as enhancementsetdR&PT
system in the New York area. Phase 1 of IDRP iredud « Offloading demand from a saturated fix: During a#rt

enhancements to RAPT which provide demand, capaanity periods of the day, New York area departure fixes
alert information on departure fixes and routesadeh 2 experience condensed demand from a significant
includes flight-specific reroute recommendationsthe user. number of flights requesting to depart multiplgaits
The IDRP Phase 2 capabilities were in use duria?fill and at the same time over the same departure fix. If
2012 field evaluations. unmonitored, this situation leads to a high voluofe

traffic in the N9O departure area and results iltipla

ll.  FIELD EVALUATIONS IN 2011,2012AND OBSERVED airport departure stops, or stringent miles-inktrai

USECASES (MIT) or minutes-in-trail (MINIT) restrictions. Tféic

During the summer of 2011, over 2000 observations managers apply tactical routing of aircraft awagnir
spanning 74.5 hours were recorded at multiple NewvkY the congested fixes to prevent condensed departure
facilities. The facilities observed included New rKaCenter demand from occurring.
(ZNY) and New York Terminal Radar Approach Control . .
(TRACON), as well as airport towers and flight cgténs *  Balancing departure runway loads: Another technique
centers. These observations were grouped into usricse for managing departure fix congestion is to _apply
cases and the participants at ZNY and New York TRAC additional spacing between flights over a congesied
(N90) were asked to confirm that these observagimupings when the congestion results from aircraft departing

from the same airport. Assignment of these (MINIT)



restrictions is usually done uniformly across thaan
airports, without a detailed understanding of teed
for such restrictions and how those restrictiorfecaf
airport surface operations.

« Combining fix offloads with diverging-heading

due to their being in line behind flights with ta#
restrictions.

Three observed cases are presented below, with thei
accompanying hypothesized No-IDRP case. The differan
delay between No IDRP and With IDRP representsnefiteof

departures: The normal departure configuration folDRP. Some further assumptions and calculations are

LaGuardia Airport (LGA) allows for only one

departure between each pair of arrivals. Often this
results in departure delays when the rate of dircra

employed to monetize and annualize these results.

The monetized savings of avoiding delay is defirsed
follows:

becoming ready to depart exceeds the departure

capacity. This can result in surface gridlock, vkhic
must be alleviated by putting arrival traffic irftolding
patterns. A modified departure configuration thah c
help alleviate the departure delays is possiblenvitve

sequential departures are going over fixes that are

sufficiently separated that the departing flightf e

« Aflight minute of ground delay is valued at $3@igh
represents airline direct operating costs (ADOQ) [7

e Passenger value of time (PVT) is valued at $32 per
flight minute (assuming nominal passenger load
factors) [8]

on diverging courses. Rerouting a few flights towye examine the queuing results for an operatioxamgle of
provide this alternating departure flow allows two gach of the three use cases described earlier.

departures between each arrival pair, thereby feguc
departure delays.

IV. ESTIMATING BENEFITS

An important activity in deploying a new capability an
assessment of operational benefits. Credible bsnafialyses
assure developers that their efforts are worthwtdled help
justify continued program funding. A challenge wé$timating
benefits of IDRP is the development of baselinetreatment
cases for comparison. From the field evaluatiobseoved use
cases were found in which IDRP was in use, reptEggma
treatment case. A real-world baseline case for aijmers
without IDRP does not and cannot exist; i.e., impossible to
find examples where all conditions of the real-wdreatment
case were in effeaxcept for the IDRP usage. We therefore
resort to modeling, an abstraction of the real dyontherein it
is easy to compare identical cases with IDRP antthowt
IDRP.

A. Application of a Smple Queuing Model

In our analysis, estimation of delay associatetl vésource
over-subscription was accomplished via a simpleuinge
model. For some number of hours, capacity and ddnaae
supplied as input, and compared. For each houterifiand is
less-than-or-equal-to capacity, then no delay acccBut if
demand exceeds capacity, then unsatisfied demapitls“s
over” into the next hour. Not only do the spill-ovlights
accrue delay, but, consistent with a first-comesterved
discipline, flights in the next hour also suffelalg as they get
pushed back by the spill-over flights.

Both demand and capacity are assumed to be uniforml

distributed in an hour. For example, if capacityl%sper hour,
then there is a 4-minute (=60/15) service time fpght. This
modeling approach was promulgated in [5] and védidan an
air traffic management application by MIT/LL [6].ItAough
this model is abstracted and simple, it is consder
reasonable means of representing a “noisy” systdém.results
are almost certainly understated, since other tBighot
represented in the model experience delay in théwerld,

B. Casel: Offload from Saturated Fix

On 19 July 2011 at 2000 Greenwich Mean Time (GMT),
traffic managers used IDRP to determine that théOHL
departure fix was projected to have excess denatight of a
2-hour 20 MIT restriction. A nearby fix, COATE, wabown
to have sufficient available capacity to accommediights
offloaded from ELIOT. The Supervisory Traffic Marsagent
Coordinator (STMC) offloaded 4 flights in the 2006ur and 1
flight in the 2100 hour. Tables | and Il show thenthnd and
capacity values by hour for 3 hours. In Tabletlisiassumed
that the offloads were not performed.

TABLE I CASE1,WITH IDRP:DEMAND (AFTER OFFLOADS)
AND CAPACITY FOR3HOURS
Hour (GMT) 2000 2100 2200
Demand 23 18 18
Capacity (20 MIT#) 15 15 24%*

* A nominal flying speed when crossing ELIOT is 3atbts — 5
nautical miles (nm)/minute. That means it takesidutes to go to
20 NM. So with a 20 MIT restriction, flights aredinutes in trail,
achieving an hourly rate of 15 (+60/4).

** The full capacity of ELIOT is assumed to be 2duin per
consultation with subject matter experts.

TABLE ll. CASE1,NOIDRP:ASSUMEOFFLOADSNOT
PERFORMED
Hour (GMT) 2000 2100 2200
Demand 27 19 18
Capacity (at 20 MIT) 15 15 24

The queuing model results: 790 flight minutes dagdor
No IDRP, 347 for With IDRP, for a savings of 443gffit
minutes.

There was a possible cost, however, in terms oitiadd!
air miles when routed over the alternate fix. Aralgsis was
performed, examining flight paths over ELIOT vs.eov



COATE, for matched origin/destination pairs. Forrieas
departure flight pairs, the flight distance was paned.
Depending on the origin and destination, there warall
differences in flight distance, over ELIOT vs. oV@DATE,
but neither routing was clearly shorter. No adjwestimto the
443 flight minutes of savings was justified.

Another consideration regarding accuracy of thesgefits
is the definition of the No-IDRP case. It couldelik be the
case that, even without IDRP, some offloads wowdehbeen
performed. It is difficult, however, to conjectunew many. It
is hoped that conservative assumptions in othets pr this
analysis will balance out this point.

Valuing the 443 flight minutes at $36/minute, thiss a
savings in ADOC, for this one situation, of $15,948 terms
of PVT, this is a savings of $14,176.

C. Case 2: Departure Runway Load Balancing

nearly hiving the departure runway capacity.

The queuing model results are shown in Table V.

TABLE V. CASE2RESULTS

Savings ADOC PVT
(No IDRP minus With IDRP) Valuation Valuation
228 (=228 — 0) flight minutes $8,208 $7,29¢6

D. Case3: Offload to Fix, Plus Diverging Departures

At approximately 1345 GMT on 4 June 2012, Departure
Sequencing Program (DSP) delays at LGA were showbet
exceeding 30 minutes and IDRP showed 25 aircrafier. GA
departure queue. The runway configuration at LGAuned
departures on Runway 13 and arrivals on Runwayydally

On 17 June 2011 at 1915 GMT, severe en route weathg “one in, one out” operation. The Tactical Routsfdinator
was impacting ZNY and surrounding centers. A SevgregTRc) at N90 examined IDRP’s LGA flight list usirtpe
Weather Avoidance Plan (SWAP) was implemented witfFlight List feature, and recognized that the depardemand

associated traffic flow management actions. Somehese
actions closed multiple routes, and many flightsenerouted
over ELIOT. Since ELIOT was unaffected by weatliecpuld
run at full capacity. A typical traffic managemesdlution in
this situation is to apply 5 MINIT separately tb @rports with
departure flights over ELIOT, in this case LGA aNdwark
Liberty International Airport (EWR). However, it wabserved
that the STMC used IDRP to examine the relativauguszes

over the BIGGY departure was heavy, whereas degartu
demand over the RBV fix was light. The TRC realizbdt
moving some departures from over BIGGY to over RBV
would enable the tower staff to use both the TNNIRI
CONEY climbs, which are Standard Instrument Departu
(SID) procedures. This would greatly increase tlotemtial
departure throughput of LGA by enabling the towetaunch
two departures, on diverging headings, between essoe

at EWR and LGA for ELIOT departures, noted a severerrivals when the departure flight sequencing atidwhis.

imbalance, and implemented 7 MINIT for EWR deparsuand
allowed LGA departures to “free flow,” i.e., depaover
ELIOT unrestricted. Table Ill shows the demand/citya
situation for LGA Runway 13 for the subject timeripd. By

contrast Table IV reflects the typical traffic mgeaent
initiative (TMI) of 5 MINIT for LGA departures oveELIOT.

(It happened that EWR had so little ELIOT demarat the 7
MINIT restriction added no additional delay, and vitas
therefore not necessary to model for this analysis.

TABLE lll. CASE2,WITH IDRP:LGA RUNWAY 13DEPARTURES
IN LIGHT OF“FREEFLOWING”
Hour (GMT) 1915 2015
Demand 29 26
Runway Capacity 30* 30

* A nominal departure rate of 30 per hour, i.emwte
spacing is assumed.

TABLE IV. CASE2,NOIDRP:NOMINAL FLOW MANAGEMENT
ACTION OF5MINUTE-IN-TRAIL FORLGA DEPARTURESOVER

ELIOT
Hour (GMT) 1915 2015
Demand 29 26
(Effective) Runway Capacity 17* 30

* This capacity value was computed manually: theckia-back
pairs over ELIOT each get an additional 3 minufecsg Nine
pairs times 3 additional minutes = 27 additionatubés of spacing

The delay associated with this departure runwagestion
was estimated with the simple queuing model. Toupethe
model, consider in Table VI the observed LGA dapart
counts for that date (as taken from FAA CountOpa {B)

TABLE VI. OBSERVEDLGA DEPARTURECOUNTSFOR
12JUNE2012
Hour 1200 1300 1400 1500 1600 170C
Count 34 36 35 40 36 36

Since there was excess departure demand during thes
hours, as evidenced by long runway queues, thasgmay
be considered as departure runway capacities fatelmg
purposes, i.e., maximum rates possible, given traitons.
Note the capacity increase during the 1500 hour-dierging
heading operations reduced the inter-departurengimiA
departure rate of 40 in an hour is not unheardoofLiGA,
depending on runway configuration, fleet mix, staff etc.
However for the case at hand, the 40 rate shoultbbsidered
as an increased hourly departure rate of aboutflights, in
light of the 35 and 36 rates in the adjacent hours.

A second input needed for the model is departursatel
per hour. To estimate these values, two prior wé¢akekdays
only) of hourly departure demand (as representegdrbgosed
departure times) were examined. The 22 May 201xtsou
were closest to the average counts for the two sveek



considered. The highest demand in the two weeksonabe
subject date of 4 June. Demand counts for thesedbies are
given in Table VII.

TABLE VII. LGA DEPARTUREDEMAND COUNTSPERHOUR
Hour 1200 1300 1400 1500 1600 170
22 May 47 35 34 37 36 35
4 June 50 36 37 39 33 39

For modeling purposes, pursuant to more generalizeg

results, we will use the 22 May 2012 counts.

The scenario for With IDRP is shown in Table VThe
increased rate in the 1500 hour is in bold font $benario for
No IDRP is shown in Table IX. Note that for the 058our,
capacity is assumed to be reduced by 4.

TABLE VIII. CASE3, WITH IDRP:OFFLOADLGA DEPARTURES
TORBV, WITH DIVERGING DEPARTURES
Hour 1200 1300 1400 1500 1600 170(
Demand 47 35 34 37 36 35
Capacity 34 36 35 40 36 36
TABLE IX. CASE3,NOIDRP:NO OFFLOADS
Hour 1200 1300 1400 1500 1600 170¢
Demand 47 35 34 37 36 35
Capacity 34 36 35 36 36 36
The queuing model results are shown in Table X.
TABLE X. CASE3RESULTS
Savings ADOC PVT
(No IDRP minus With IDRP) Valuation Valuation
e o

V. COMPARISON WITHDISCRETEEVENT SIMULATION

An alternate modeling method, being developed fpsu
“what-if” modeling of alternatives within the IDRpYototype,
was also applied to one of the use cases presefites.
approach uses a discrete event simulation to atdourthe
individual flights in a given departure scenariada separate
the flights appropriately based on nominal runwggacing
requirements, as well as any additional airspaasstcaints
such as TMIs. By modeling individual flights quegion the
ground, this approach captures the secondary impédlights
filed over congested departure resources blockihgrdlights
behind them waiting to depart.

To properly capture the operational resources alviail at
various airports, the discrete-event simulation caondel
multiple departure runways per airport and can atsmlel
multiple “feeder” taxi queues for each of thoseways. As
new flights approach their estimated departure djntieey are
assigned a departure runway and subsequently jsjpeeific
taxi queue. The default model logic is that, whbaré are
multiple departure runways available, flights arerenlikely to
be assigned to the runway with the longest curdepiarture
queue. This in effect simulates a “primary” depattunway,
such as at John F. Kennedy International AirpofK{jJ
However, when the assigned runway has multiple qagiues,
flights are more likely to be assigned the shorsesth queue,
thus simulating taxiway load balancing. More cormgted
perations—such as assigning all flights filed cs@me set of
departure fixes to a single runway or dedicating ofi the
available taxi queues solely to impacted flightdted the other
can “free-flow”—could be easily captured in the siation;
however, defining all of the airport-specific sudaoperations
only adds to the complexity of the model and insesathe
number of model parameters to set and validate. ifiittiel
comparisons presented here used the default quesignment
logic.

The simulation models various levels of dependencie
between departing flights: 1) within queue, 2) asrdaxi
queues for a single runway, 3) across runways faingle
airport, as well as 4) across airports. Variougsuior time
separation of departures and the impact of TMIs ewer
formulated to represent these dependencies.

Finally, all flights are processed on a first-cofinst-served
basis. When two or more flights have the same estich
departure time, the flight with the longest departdelay goes
first. After each departure, all subsequent flighgstimated
departure times are updated to reflect the mininmunway
(and possibly TMI) separation requirements.

A. Results

The discrete-event simulation was used to analyme t
second use case presented above: departure ruroeay |
balancing at LGA on 17 June 2011. The following mah
runway configuration was used: 2 active departurevays at
JFK, 1 at all the other N90 airports; 2 taxi quepesrunway at
JFK, EWR, and LGA; 1 queue at all the other airpoiithe
nominal runway spacing requirements were set tee&®nds
for any two flights and 90 seconds for consecutiights over
the same fix. The set of TMIs active between 1918 2115
GMT (taken from the National Traffic Management Log
archive [10]) were also loaded and simulated. Depar
demand data were taken from the operational datavar As a
final step in the set-up, in order to compare diyeto the
estimate provided by the simple queuing model, othig
Runway 13 departures were simulated at LGA.

In the With IDRP case of no LGA restriction over BT
and 7 MINIT from EWR over ELIOT, this simulation gq@ach
yielded a total delay across the New York airpats4,814
minutes. In the hypothetical “No IDRP” case withMINIT
over ELIOT for both LGA and EWR (separately), thectdete-
event simulation estimated a total of 5,281 minugslelay.



Therefore, the estimated benefit of load balandinthis case
is 467 minutes, about twice the result of 228 n@sutavings
per the simple queuing model. This simulation eisermay be
considered an approximate cross-validation with $iraple
gueuing model. The simulation estimates a higherefie
compared to the simple queuing model, becausecitdes
flights bound for all the other departure fixesdddition to
ELIOT. At EWR and LGA in particular, these othergfits
experience secondary delay impacts due to theitingain
gueue behind the flights bound for ELIOT. Subjecatter
experts have reviewed both
reasonable.

VI. CONCLUSION

This paper presented three use cases that exentipéfy
application of IDRP and the estimated resultant efitn
obtained from a simple queuing model. For one &f tise
cases, a cross-validation was performed by coristquand
exercising a higher-fidelity discrete event simiglatmodel. An
expected outcome was the simulation model estigatn
greater benefit, compared to the queuing model.

The modeling demonstrates that even moderate arigon
by traffic flow managers in a selective and focushner can
yield important delay and cost savings to air easti The use
cases highlighted here were common situations, rdogu
every day or at least several times per week. Oraranal
basis, this comes to hundreds of times for eachcase, and
therefore would represent significant annual benefior
example, estimating a single use per businessrdigw York
(260 days per year), with an average savings pgr afa
approximately $15,000, results in an annual savioig$3.9
Million in New York. If the benefits were similaat, for
example, 4 other NAS metroplexes, a net savingsyeer of
about $20 Million would result.
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