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Queuing Models of Airport Operations

Frequency (x 100 count)

Taxi—out time (min)

* Model parameters identified from 2011 data, predictions carried out on 2010
data (pushback schedules)
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* Similar prediction performance shown for BOS, CLT, DTW, LGA, PHL, ...
Cé FO RCES Simaiakis and Balakrishnan, under review, 2013

FOUNDATIONS OF RESILIENT
CYBER-PHYSICAL SYSTEMS 10/28/13

Page 4



.
14 L - Valid 1745-1800 UTC
_ 13k J
S 121 ] 3 per
>
© 117 4
= Local Local
c
S 10r 1 Control Control
2 9r . West East
<
o 8r 1
o
2 7 |
T 6 J Rate Control
> R .
g 5l i eceiver
=
© 4r 4 ) Supervisor
g 4 - Delivery
= 3r 8 Southwest, 2% §omair, 1% westJet, 1% \
<C pirit Airlines, 2% = \ :
2r b JAirWisconsin ) A Traffic
1 ' ok AN Management
L J 6
JetBlue, Y—\\%a ~<_ | Coordinator
0 L NN NN Da‘ ~L 22
01234567 891011121314151617181920212223 AirTran, 3%
Departure Queue (D) Delta Connection
Air CapEHalEg Carriers, 34% Bluetooth Rate Control
o p— ) :
16% Unltedsf';lrllnes, Connection Transmitter
. US Airways,
14% B Percentage of gateheld flights Eh
B Percentage of taxi-out time reductic
12% . American, 8% Delta Air Lines,
o B Percentage of fuel burn reduction . 13% —
11% Y OO ClassB
10% / ”
N P - L L e %r:ﬁ;gle
<,
8% 1 e
TRANSIENT s
PARKING “S-—_ 1 -
6% ] Jtad
.- GC1 (“Sequencer”)
STATONY, <" ;Ezﬂ?t
4% \ F /
‘ s
TermiNaL Tl @ : movement
NWS < / =< ‘}; :
2% K '.Lsum;a« ID$ Clearance
- ~ o
N A elivery/
I . ‘ . u ‘ ‘ J ol / ‘* AIR CARRIER MAINTENANCE 4 |Ighty
0% GENERAL { &N;;I;JETEQSUIC'ES & BASE FACILITIES| - - Sta II‘S
TE2TLE538S390I539533853838 8 [Miaditue ‘ s B Data
£ E£EE L £ E£ L L L QYL UYLy QU U QY QO QU |[FME AELD TTAL N
EEEEEEEEEESEEELEEEEEcEEELEELEELE L E S Vs |5 @ Ramp towers &
I g g < < << << E=EEETETEZTEECTEZTEEET T T T EE
T I ITTITITTITITI T




Fast-Time Simulations

* Validated fast-time simulations of airport and airspace
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High-Fidelity Fast-Time Simulations using SIMMOD
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* Simulations of (re)allocation
mechanisms with realistic demand,
capacity and operating cost data
LGA case study

* 10-hr Ground Delay Program

Single Airport Ground
Holding Problem
Stochastic Optimization

*+ 27 airlines

* 20% coefficient of variation in delay

costs Collaborative Decision Making (CDM)

Intra-airline Slot Credit
substitutions ' Substitution

ina
slot allocation
+
ground holds

g’) EUO RCES Ramanujam & Balakrishnan 2013, submitted
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* Demonstrate a tradeoff between
adaptability (ability to dynamically
replan) and flexibility (available slot
swaps for airline)
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Design and evaluation of algorithms to improve air transportation
system performance

Safety, security, efficiency, resilience

El + RCintegration for resource allocation
Risk assessment and incentives for information-sharing

Strategies to incentivize equipage

Ildentification of “true” utility functions of human elements
Resilient & secure ATC and CNS protocols

Evaluation of ADS-B protocols

Layered, adaptive security for NextGen

Safe integration of unmanned aircraft into the civilian airspace
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