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cam Choices
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5 B Original route has predicted weather blockage:
L Delay the flight on the ground until the weather moves?
B AT Reroute the flight? Reroute it with an altitude cap?
- : Fly over the weather? Tirn&f-arrival constraint?
HUBBS
=@ ™ —___ Could use this airspace for efficiency, but would generate
vy unusual flow patterns (complexity)
e I (O<—_____ This sectohashigh demand and will likely be congested,
* e ‘r. cvi leading to delays
& 7 ® EDDYS
O 650y " o —_ Original route: Can grognd dglay to wait for_ yveather tq move,
/ or apply 4D constraint (if equipped) for additional precision
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dr ‘. Preserves arrival time, but requires coordination with
y O VRS additional facility (ZTL), and trailing weather may intensify

II Os Increased flying time, and what if the weather moves faster?
FLight ALt Rangey 240 ~ 600 FLO IL DiVige
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cs: 1 B3 |4 SOCHIINS 558 Would also like to consider the business objectives
SR sm SR SR R T8 of the flight operator, existing flow management

initiatives, airport capacity constraints, etc.

MITRE

2 © 2011 The MITRE Corporation. All rights reserved.
Document Number 11-0197



&== Traditional Approaches for Designing Reroute
Options
Database of Alternatives Free Flight Networks

wDecision makers use PlaybookoGenerate situatiorspecific
Routes, CDRs, SWAP, etc. reroutes dynamically

¢ Readily available routes with ¢ Flexibility arises from a large
inherent operational acceptability option space

¢ Offers limited options that cannot S gomputatloga: perforlma.mce
account for dynamic constraints and Ictates model complexity
Objectlves e o e o ® © e © e ©® e
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=== Applicability of Terrestrial Rerouting Networks
to Dynamic Aircraft Rerouting

Weyns et al. 2007

w Network models derived from
Interconnectivity of roads

¢ A finite number of connections
between two points

¢ All connections operationally
acceptable

w Inventory historical routes

w Historical routes do NOT necessarily
connect origin and destination

w Create database of fipair
connections from historically flown
routes

¢ Each fixpair is operationalhacceptable
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s Metrics of Operational Acceptability

w Normalized Distance Additional miles flown w [T TTT]
« A o Py A 2 . p 1kmx1km gridq A
w O-D Flow Factor R2Sa U0UKS NRdAzUs501 2 pgup UKS
Tt 20Ke g » ‘
- fix 1 ’ ; v*fixz
¢ Characterized by fito-fix route segment lysis sulglested 36 clusters was

frequency distribution, specific to airport
origin/destination cluster.

w Route Blockage desirability of segment
based on predicted weather coverage be% /

w Lateral Deviation surrogate for coordinatio
complexity

w Global Conformity Relative Usage DL1

w Sector Congestian Predicted overall demand
relative to MAP

w Airline Schedule Disruption Nonlinear - FixA——— T : - "
evaluation of reroute dela _ _
/ By =Sb,/T, for all t>= LATY,)
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w ATC Facility CosFacility Changes Required
w ATC PoinOut: Transits less than 120 sec MITRE
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Previous Approach: -ghortest Path (KSP)

w Construct the fixpair network; ol
Assign arc costs

38

¢ Distance
¢ O-D Flow Conformity Jar
¢ Route Blockage
w Use KSP to generate reroute
options =
w Evaluate reroute options bl A
operational acceptability metrics =2 81 N
w Only considers reroutes; options = Network Parameters Parametervales
such as ground delay, altitude o
. Semimajor Axis 169.7 nm
changes are computationally
intractable Semiminor Axis 129.8 nm
Number of Nodes 875

Number of Arcs 7580
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Simulated Annealing (SA)

t Flow Factor
Database

Fix Segmen
Database

Arc Cost Weighting Factorls

Objective Function
Weighting Factors

Simulated Annealing
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s Perturbation by Inclusion

w Inclusion adds a sequence of arcs to the route
w Insertion fix position and sequence are selected uniformly at random

w Single Inclusion: Adds one fix

w Double Inclusion: Add two fixes

m|iO|o(@|>
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s Perturbation by Replacement

w Replacement exchanges a sequence of arcs in the route
w Replacement fix position and sequence are selected uniformly at random
w Single Replacement: Exchanges one fix

w Double Replacement: Exchanges two fixes
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e Perturbation by Removal

w Removal deletes a sequence of arcs in the route
w Removal fix position is selected uniformly at random

w Single Removal: Deletes one fix

w Double Removal: Deletes two fixes
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— Generating Flight Alternatives

wSA Alternatives generated as best 5 (max) from 15 trials
¢ Single set of SA parameters chosen

wEvaluate using equallyeighted metrics in objective
function

¢ Priorities would be assigned by users
wCompare SAenerated alternatives to:
¢ Historic (previously flown) reroutes taken from database

¢ KSP reroutes optimized within the network
w Distance more heavily weighted in arc cost
w 200 reroutes generated and evaluated
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s Avoiding Weather Enoute: First Example

Historic Alternatives KSP Alternatives
Deviation point Deviation point
Hist. 2 travels
west to LYH to
reconnect with
original route,
intersects
weather
KSP 1&2
vector
around
blocked
segment KSP & travel east

Hist. 1 travels
straightfrom GVE
to CLT

to avoid weather,
reconnect at
MAYOS
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