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Outline

 Airside airport operations

 Ground movement problem 

» Sequential routing algorithm

 Is there potential to reduce fuel consumption?

» Concept of the new approach

 Results

» Analysis based on Zurich Airport data
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Linked Airport Operations

 With increasing complexity and load at airports, 

more advanced decision support systems are 

needed

 Airside airport operations are highly connected

» Runway sequencing

 Departures

 Arrivals

» Gate assignment

» Ground movement

Zurich Airport

Source: Georgiy Shvetsov 
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Ground Movement Problem

J. Atkin, E. Burke, and S. Ravizza, “The Airport Ground Movement Problem: 

Past and Current Research and Future Directions,” ICRAT, Hungary, 2010.

 Routing and scheduling 

problem

 Restrictions:

» Set of possible routes

» Time windows for source and 

target

» Separations between aircraft

» Different movement speeds

 Dynamic nature
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Routing Algorithm

 Sequential routing and scheduling approach
 Minimises taxi time

 Quickest Path Problem with Time-Windows (QPPTW)
 Dijkstra on the underlying graph with labelling for the 

time-windows, respecting the edge reservations for all 
of the aircraft previously routed

 Absorbing waiting times for departures at stands 
 stand holding

J. Atkin, E. Burke, and S. Ravizza, “A more realistic approach for airport ground movement 

optimisation with stand holding,” MISTA, USA, 2011.
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Can we do better?
Source: Flughafen Zürich AG
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Concept at a Glance

 Output: global discretised pareto-front

 Framework:

1. Loop for each objective function discretisation

2. Loop for each aircraft
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k-QPPTW

 Finding the best k routes w.r.t. minimal taxi time 

using the k-QPPTW algorithm
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Population Adaptive Immune Algorithm

 Loop for each of the k routes of an aircraft

» Approximate the pareto-front of both objectives, 

using the population adaptive immune algorithm

 Considering “time-efficiency”  & “fuel-efficiency”

 Aircraft models link acceleration, deceleration, 

and speed to taxi-time and fuel burn

 Taking reservations into account

J. Chen, P. Stewart, “Planning aircraft taxiing trajectories via a multi-objective immune 

optimisation”, ICNC, China, 2011.
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Trajectories

Time-efficient Fuel-efficient
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Pareto-front of a Route 
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Combined Pareto-front

 Plot of 4 different routes

 Combined pareto-front with discretisation
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Pseudocode
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Results

 One week’s operation at Zurich Airport

 2. objective function: FTotal = FResistance + FAcceleration



23rd July 2012 Stefan Ravizza, smr@cs.nott.ac.uk

The University of Nottingham

15 / 18

Different Objective Function

 2 different phases:
» Acceleration (10% of maximal fuel flow)

» Taxiing with constant speed, deceleration, holding (5.5%)

M.E.J. Stettler, S. Eastham, S.R.H. Barrett,  “Air quality and public health impacts of UK 

airports. Part I: Emissions”, Atmospheric Environment ,45(31), 2011.
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Summary

 Novel concept using combined:

» k-QPPTW 

 Finds best possible routes for an aircraft

» Population adaptive immune algorithm

 Finds approximation of the pareto-front for different speed profiles 

for each of these routes

 Trade-off

» Depends very much upon the actual modelling of the 

fuel-based obj. function (physics-based vs. fuel flow)

» These appears not to be well understood
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