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Aln Europe, the number of flights doubled between 1999
and 2008 and is forecast to grow with a compound annual
growth rate of 0.6% between 2013 and 2019.

AAlthough traffic growth has flattened and the performance
of the European air traffic network has improved, the
congestion at busy airports and in Area Control Centres
(ACCs) still remains severe.

Aln order to cope with the need to satisfy the increasing
demand for air travel, the Single European Sky (SES) Air
Traffic Management (ATM) Research programme
(SESAR)in Europe have been launched.
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The research problem is :

How to measure the network capacity of an air
transport system?

The aim of this research Is :

To develop a method to estimate the network capacity
that is flexible and accommodates the new ConOps.
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AEuropean air traffic network
ANetwork capacity
AMaximum flow

ACapacity factors



Imperial College
London

European Air Traffic Network

850 nodes+4,431 links
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A EUROCONTROL: Network capacity is the network throughput
taking traffic demand patterns and the network effect of airports
and airspace into account.

A This definition does not capture the influences of all factors that
affect capacity i.e. capacity factors.

A Traditionally, the maximum network flow is the theoretical
maximum amount of traffic.

A We argue that the gap between theoretical and empirical
maximum network flow is caused by the inefficiencies in the

capacity factors. /
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A Conventional approach
In graph theory, network capacity is the maximum flow in

a transport network.
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x Max-flow and min-cut theory

The renowned max-flow min-cut theory is commonly
used to calculate the maximum flow and identify the
bottlenecks within a transport network.

Max-Flow = 21

Min-Cut = 21 t)


//upload.wikimedia.org/wikipedia/commons/f/f9/Multi-source_multi-sink_flow_problem.svg
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CORRELATION BETWEEN IATA DELAY CODES AND THE CFMU REASONS FOR REGULATION

CFMU

IATA

Reason for
Regulation

CODE

Regulation
L ocation

Example

CODE

Delay Cause

ATC capacity

Demand exceeds the capacity

89

RESTRICTIONS AT AIRPORT OF DEPARTURE

81

ATFM due to ATC ENROUTE DEMAND/CAPACITY

83

ATFM due to RESTRICTION AT DESTINATION AIRPORT

ATC Ind action

Controller’s strike

89

RESTRICTIONS AT AIRPORT OF DEPARTURE

82

ATFM due to ATC STAFF/IEQUIPMENT ENROUTE

83

ATFM due to RESTRICTION AT DESTINATION AIRPORT

ATC Routeings

Phasing in of new procedures

81

ATFM due to ATC ENROUTE DEMAND/CAPACITY

ATC Staffing

lliness, traffic delays on the highway

89

RESTRICTIONS AT AIRPORT OF DEPARTURE

82

ATFM due to ATC STAFF/EQUIPMENT ENROUTE

83

ATC equipment

Radar failure, RTF faillure

89

RESTRICTIONS AT AIRPORT OF DEPARTURE

ATFM due to RESTRICTION AT DESTINATION AIRPORT |

82

ATFM due to ATC STAFF/EQUIPMENT ENROUTE

83

ATFM due to RESTRICTION AT DESTINATION AIRPORT

Accident / Incident

RWY23 closed due 1o accident

89

RESTRICTIONS AT AIRPORT OF DEPARTURE

83

ATFM due to RESTRICTION AT DESTINATION AIRPORT

Aerodrome capacity

Lack of parking; taxiway closure,; areas dosed for maintenance

demand exceeds the declared airport capacity

87

AIRPORT FACILITIES

87

AIRPORT FACILITIES

De-Icing

De-icing

89

RESTRICTIONS AT AIRPORT OF DEPARTURE

Equipment non-ATC

Runway or taxiway lighting failure

87

AIRPORT FACILITIES

87

AIRPORT FACILITIES

Ind Action non-ATC

Firemen's strike

98

INDUSTRIAL ACTION OUTSIDE OWN AIRLINE

98

INDUSTRIAL ACTION OUTSIDE OWN AIRLINE

Military activity

Briliant Invader, ODAX

89

RESTRICTIONS AT AIRPORT OF DEPARTURE

82

ATFM due to ATC STAFF/EQUIPMENT ENROUTE

83

ATFM due to RESTRICTION AT DESTINATION AIRPORT

Special Event

European football cup: Heads of Government meetings

89

RESTRICTIONS AT AIRPORT OF DEPARTURE

ATFM due to RESTRICTION AT DESTINATION AIRPORT

Weather

Thunderstom; low visibility, X winds

RESTRICTIONS AT AIRPORT OF DEPARTURE

WEATHER EN ROUTE OR ALTERNATE

ATFM due to WEATHER AT DESTINATION

Environmental issues

Noise

RESTRICTIONS AT AIRPORT OF DEPARTURE

Other
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Imperial College
London

Methodology

ROC Air Force

A Linear Programming

\

Limitation &
Future work

Metrics : :
selection :
MNetwork :
Topology : Traffic
: T Data
Data Capacity LP Flow : | Statistical
Processing : Constrain Maximizati # Analysis
: on ‘L
' Demand Delay
: Pattern Finding & Data
' Discussion
: Bottom-up Testing
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Results and Discussion
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EMF and TMF in the network.
Left: Correlation between TMF and EMF =0.96;
Ri ght : EMF=0. 6 xTMFT1T 142.



