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Abstract— Major airports in Europe experience a number of
arrivals close to the maximum of their capacity throughout the
day. Due to this, multiple aircraft can arrive at the airport in a
too short time window and thus have to be delayed in the
airspace surrounding the airport before they are cleared to land.
A higher fuel burn and costs for the airlines is the result, but it
also has a negative effect on the environment in terms of
additional pollution and noise. The Cross-border Arrival
Management (XMAN) project, which is part of the Single
European Sky program, tries to reduce the negative effects of
delay in the proximity of airports. The main idea is to shift the
necessary delay from the Terminal Maneuvering Area (TMA) or
holding towards the cruise flight phase by reducing the speed of
aircraft. Although the shift of delay absorption from the TMA to
the en-route phase shows promising results for fuel consumption
and reduced emissions, the question rises whether this En-Route
Delay Absorption (ERDA) can also have a negative impact on the
effective use of runway capacity. If aircraft are delayed too much
in an earlier flight phase due to e.g. inaccuracy of the expected
arrival times, so called gaps appear in the landing sequence. As a
result, the total number of aircraft that actually landed per time
period decreases. The idea is that in order to maintain an optimal
runway throughput, some expected delay should be left in the
TMA for the approach controller to absorb. The approach
controller can use this additional time to fine-tune a tight landing
sequence without any gaps that would result in an underused
runway when the demand for landings is high. This planned
delay in TMA is defined as runway pressure.

The main goal of this research project is to investigate the effect
on the runway throughput when the expected delay is absorbed
in the en-route phase. To achieve this goal, different fast time
simulations are performed with a model of Amsterdam airport
(Schiphol) in AirTOp software.

Based on the simulation outcomes, it can be concluded that
ERDA can sometimes result in a small decrease of runway
throughput, with a maximum of one aircraft per hour. By the
end of an inbound peak which last two hours, the actual landing
time of an aircraft with ERDA is between 30 and 90 s later than
the same aircraft with no ERDA. The inbound peak is thus
effectively extended with at most the time for one extra landing
when ERDA is applied. The benefit is that aircraft spend up to
four minutes less in the TMA or holding pattern near the airport.
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. INTRODUCTION

Major airports in Europe experience a number of arrivals
close to the maximum of their capacity throughout the day.
Due to this, multiple aircraft can arrive at the airport in a too
short time window and thus have to be delayed in the airspace
surrounding the airport before they are cleared to land. A
higher fuel burn and costs for the airlines is the result, but it
also has a negative effect on the environment in terms of
additional pollution and noise [1]. The Cross-border Arrival
Management (XMAN) project, which is part of the Single
European Sky program, tries to reduce the negative effects of
delay in the proximity of airports. The main idea is to shift the
necessary delay in the Terminal Maneuvering Area (TMA) or
holding towards the cruise flight phase by reducing the speed
of aircraft. If an aircraft is inbound for an airport and the
expected arrival time is too close to the arrival time of a
leading aircraft, the trailing aircraft can be asked to slow down
such that it arrives at the airport when the runway is available.
One of SESAR'’s goals is to implement the XMAN concept at
five main airports in Europe; London Heathrow, Paris Charles
de Gaulle, Frankfurt, Munich and Amsterdam. Live trials for
Heathrow airport started in April 2014 in cooperation with the
English (NATS) and French (DSNA) Air Navigation Service
Providers. Although the shift of delay absorption to the en-
route phase shows promising results for fuel consumption and
reduced emissions, the question rises whether this shift can also
have a negative impact on the efficient use of runway capacity.
If aircraft are delayed too much in an earlier flight phase due to
e.g. inaccuracy of the expected arrival times, so called gaps
appear in the landing sequence. As a result, the total number of
actual landing slots decreases. Such a decrease in runway
throughput is not acceptable by many stakeholders.

The idea is that in order to maintain an optimal runway
throughput, some expected delay should be left in the TMA for
the approach controller to absorb. In that case, the approach
controller can create a tight landing sequence without any gaps
in the landing sequence that would result in an underused
runway when the demand for landings is high. This planned
delay in the TMA is defined as runway pressure. However,
research on the working principles and parameters behind




runway pressure has not been performed so far in the acaderARTIP in the east). These radar tracks are used as a reference
world. If the amount of runway pressure is known for eacho create the model, which is further described in part Il1.

airport mentioned above, the benefits of XMAN can be used Amsterdam airport has six runways in different directions
while minimizing the negative side effect of a decreased P y

runway throughput of which three runways are parallel. Depending on the wind
' direction, the preferred main runway for landing is either 18R
The main goal of this research project is to investigate ther 06 and 18C or 36R can be used if extra capacity is needed.
effect on the runway throughput when expected delay iBuring an inbound peak, at most two runways are available for
absorbed in the en-route phase. To achieve this goal, differdandings and can be used independently. To limit the amount of
fast time simulations are performed with an airside model ofvork for analysis and simulations during this research, only

Amsterdam airport. landings on those four runways are investigated and simulated.
Figure 2 gives an overview of all the shortest approach paths
1. ARRIVAL MANAGEMENT PROCEDURES towards the four runways used in the simulation model.
A. Amsterdamairport Terminal Maneuvring Area B. Inbound planning

Aircraft inbound for Amsterdam airport will in general be  Inbound planning is the process in which traffic inbound
guided from one of the five main upper airways towards one dbr the TMA of Amsterdam airport is regulated by an approach
the three Initial Approach Fixes (IAFs). The TMA of planner, usually the approach supervisor, in order to get an
optimized traffic flow towards the runway(s). Each inbound
aircraft that is picked up by the radar (often already outside the
flight information region of the Netherlands) will be correlated
with its flight plan in the ATM system and get an Estimated
Time of Arrival (ETA) predicted by an algorithm of the
Trajectory Predictor (TP). The inbound planning will calculate
the landing slots of multiple aircraft on each runway based on
their ETA and the required landing separation settings. If two
adjacent landing slots have overlap, either the leading aircraft
needs to arrive earlier or the trailing aircraft needs to arrive
, ‘ later and thus experiences delay. The predicted flight time

| ‘ between the IAF and the runway threshold is subtracted from
Figure 1 Radar tracks (blue) of a morning inbound peak'duie 2014 the landing slot time to form the Estimated Approach Time
landing on runways 06 and 36R of Amsterdam airport (EAT). The EAT is the time an aircraft has to leave the stack or
arrive at the assigned IAF to be handed over from the Area
Amsterdam airport has a radius of approximately 30 NMController to an Approach Controller. The amount of time that
Although any route towards the runway can be instructed to theeeds to be gain or lost by an inbound aircraft is made
pilots, most aircraft will be guided along the same and possiblgvailable to the Area Controllers. The current margin in which
shortest approach path. An example of actual radar tracks ofa&rcraft have to be at the IAF on this EAT is + 120 s. As a
morning inbound peak orf'lJune 2014 landing on runway 06 result, some time to gain or lose per aircraft has to be resolved
in the TMA, which is not always possible. Furthermore, if the
required flight time to gain for multiple aircraft is too large for
an Area Controller to achieve by only heading and speed
changes, a holding pattern needs to be flown near the IAF. The
method of this inbound planning system is also used at other
major European airports, including the five airports that will
implement XMAN [2].

C. En-Route Delay Absorption

The XMAN project aims to reduce the negative effects of
delay and holding in the proximity of airports by anticipating
earlier on the predicted Estimated Time of Arrival of aircraft
towards the same airport. By absorbing the expected delay of
y y \ aircraft earlier, in the en-route part of the flight, holding and
\(— 0 AN large vectoring patterns near the airport can be avoided. In this
Figure 2 Shortest flight paths (red) in Amsterdam airports TMA used by research, the amount of delay that is absorbed before the IAF is
the Trajectory Predictor of the ATM system. limited to five min per aircraft.

ard 36R is given in Figure 1, together with the location of the
three 1AFs (SUGOL in the northwest, RIVER southwest and
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Ill.  SIMULATION MODEL Each simulation scenario simulates a number of aircraft
_ _ _ during an inbound peak of two hours and each aircraft has a
A. Fast Time simulation software reference time to the assigned IAF with an accuracy of + 30 s.

The fast time simulation software used for this research ighere are scenarios that simulate traffic from one IAF to a
AirTOp. This software package has the tools to design evegingle runway and scenarios that simulate traffic from two
required airspace structures to simulate incoming traffic. It cabAFs to a single runway. For each scenario, there is a traffic
perform Monte-Carlo simulations and can simulate time basesfmple with a surge in demand for landings which is higher
separations standards between aircraft. AirTOp version 2.3.18an the runway capacity, in order to force the use of ERDA.
is used during this research. AirTOp has the ability to imporThe same scenario is also simulated with a lower and more
Base of Aircraft Data (BADA) files in order to use more realistic demand that equals the runway capacity. For each
representative aircraft performance data during the simulationscenario, the same traffic samples are simulated with and
BADA version 3.12 is used for the aircraft performancewithout the use of ERDA.
calculations of the simulations.

. . .C. En-Route Delay Absorption simulated
A model is always a representation of the real world and is i ) . )

limited to some assumption to make the development of the N Order to investigate the effect of ERDA, an algorithm is
model and the complete research feasible. For example, tfhkeated that adjust the reference times of the 5|mula}ted aircraft
approach procedure at Amsterdam airport in which traffic fronftt_the IAFs, such that the required Controlled Time Over
three IAFs is divided over two runways is too complex tolCTO) the IAF of each aircraft is obtained. The algorithm
simulate simultaneously for this research. In the real situatio§’0ks in analogy with the principles of the inbound planning
two IAFs are assigned each to one runway and the traffieyStem of Amsterdam airport explained earlier.

coming from the third IAF is divided over the two runways,  Each aircraft in a traffic sample receives an initial ETA and
depending on the available landing slots and traffic from the corresponding CTO of its IAF. The distribution of the initial
other two IAFs. Because each landing runway is independeptrAs is based on the amount of traffic planned to land within
of the other, a simulation scenario can be created where traffigch 20 min. If no ERDA is applied, aircraft will fly to the
flies over two IAFs and the traffic flow is merging to one ajrport and will receive vectoring instructions or have to
runway. The outcome of this simulation is not affected bymaintain in holding if delay is required due to the high amount
traffic that is landing on the other runway and therefore it doegf traffic. When ERDA is applied, the algorithm calculates the
not need to be simulated. The following main assumptions ai@quired separation between two consecutive flights in the
used in all simulations: sequence and adjusts the reference flight time or CTO of the
assigned IAF. This is made visual in Table I. The algorithm

«  Normal weather conditions are assumed to calculat ill only create a new CTO for the IAF if delay is required. If

the parameters (weather does not affect arrivainere is a gap in the landing sequence (e.g. aircraft #21 has a
demand, runway capacity or air traffic handling byseparation of 2:00 min instead of the required 1:40 min), the

controllers): new CTO will be the same as the original planned reference
' time and no (negative) ERDA, equivalent to an aircraft speed
* No wind model is implemented in AirTOp; increase, is applied.

e Each runway is served by two IAFs at most;

. Only one (independent) runway is active per Verification AirTOp model with max RWY arrival rate
simulation scenario to limit the amount of traffic that TMA flight time and delay for SUGOL and RIVER to 18R

RIVER flight time ~,

needs to be simulated simultaneously;

0:15:00 |

* No outbound and overfly traffic is simulated;

G 00900

Flight time

ED:QE‘UD v A
« To calculate the shortest flight time in the TMA, jet £ oron | = e A
. & b0 1A P’ NN
aircraft are assumed to all have the same averag P 9 T PR PPN P PP RN RGP PP
speed. The same is assumed for propeller aircraft. Ml EECEL PR LR EELE e L She s £

Call sign

B. Smulation model set-up

The simulation environment consists of two main parts
The first one is the en-route part and includes all the routes t
to the Initial Approach Fixes. The second part is the mos
important one for this research and contains a highly detailed
model of Amsterdam’s TMA where aircraft are lined up IV.  VERIFICATION OF THE MODEL
towards the glideslope to land. In order to verify if the constructed AirTOp model of

Amsterdam airport behaves the same as if the traffic would be
handled by real ATCOs, actual traffic data are implemented in

——simulated flight tine = real flight time ARA  =—delay sim  =——=delay real

Figure 3 Comparison of the flight times and delays between the simulated
and actual flight data for traffic from RIVER and SUGOL to 18R.
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TABLE | EXAMPLE OF THE EN-ROUTE DELAY ABSORPTION ALGORITHM CALCULATIONS FOR AMSTERDAM AIRPORT

Required New CTO
Sequence nr. WTC IAF Initial ETA Separation separation Difference New ETA IAF

14 SuperHeavy SUGOL 10:17:43 10:17:43 10:07:10

15 Medium SUGOL 10:19:43 0:02:00 0:03:00 -0:01:00 10:20:43 10:10:10
16 Heavy RIVER 10:21:43 0:01:00 0:01:45 -0:00:45 10:22:28 10:07:42
17 Medium SUGOL 10:23:43 0:01:15 0:02:00 -0:00:45 10:24:28 10:13:55
18 Medium SUGOL 10:25:43 0:01:15 0:01:45 -0:00:30 10:26:13 10:15:40
19 Medium SUGOL 10:27:43 0:01:30 0:01:45 -0:00:15 10:27:58 10:17:25
20 Heavy RIVER 10:29:43 0:01:45 0:01:45 -0:00:00 10:29:43 10:14:57
21 Heavy RIVER 10:31:43 0:02:00 0:01:40 0:00:20 10:31:43 10:16:57

the model. The actual landing times, throughput, flight timearrives first which results in lower total delay of both aircraft: 8
and TMA congestion delay measured with AirTOp aremin instead of 10.5 min. Apart from those two events, the
compared with the actual radar track data. At least two inbourftight time and delay per aircraft is similar. The same
peaks are found in which the external circumstances like winderification results are obtained with the other data sets.
or runway maintenance do not affect the data needed to verifyherefore, it can be concluded that the simulation model is
the model. Three scenarios are verified; one scenario witkimilar enough to the real situation to be used for this research.
traffic flying from ARTIP to runway 18C and one scenario

with traffic from ARTIP to runway 36R. The third verification

is the scenario with traffic from RIVER and SUGOL merging \V2
in the TMA and landing on runway 18R. As stated in the . . : . o
previous section, the most important part of the model is the . Various scenarios are simulated with a variation in fleet
TMA environment. The main idea of the verification is to MX composition, traffic demand, and route structure. Each

implement the Actual Time Over (ATO) the IAFs in the flight scenario is smu!ated with and _Wlthout ERDA. Because there_ls
random variation of + 30 s implemented in the accuracy in

plans as a reference time, run the simulation and compare tfle” . . i 7
simulated flight time in the TMA with the actual flight time. W?"Ch the a“”?‘“ arrive at the assigned IAF, each scenario is
mulated multiple times. One of the reasons to keep the

The congestion delay is compared as well. The congesticﬁ%

; riation of the reference time within 30 s is to keep the
delay for the radar track data is based on the referené’%nﬂicts and separations inside the TMA during the

(shortest) flight time calculated by the TP the moment thé’ ; 2 .
aircraft passes the IAF. The congestion delay of the simulat mulations manageable and the sequence stable. If aircraft in
e flight schedule are separated by two min, but the first

aircraft is calculated with the same principle. . ; :
P P aircraft arrives 1 min 15 s later at the IAF and the second one 1

RESULTS

Figure 3 shows the comparison of the flight time
and the congestion delay in the TMA between the r '
and simulated traffic during an inbound peak. As t
approach path from RIVER to 18R is longer than t
one from SUGOL, the flight time graph shows ‘spike
each time an aircraft approaches from RIVER. The
are two events that need further explanation. The f
one is a shorter flight time of flight KLM1196, due to
direct heading given towards the runway at ftl
beginning of the inbound peak. This results in
significant time saving which is measured as a negal
delay (red line) and can be ignored, because
airplane does not cross the planned IAF. The sec
event is a lower delay that occurred in the simulatic
compared to the actual radar track data. In 1
simulation, the landing sequence is switched betwe
KLM1260 coming from RIVER and KLM1184
passing SUGOL. In the actual situation, KLM 11¢
had to encounter up to 7.5 min of delay to allc
KLM1260 in front of it. In the simulation, KLM1184

Demand FM2 per rolling hour for ARTIP to 18C
ERDA vs No ERDA

o8 8

8 ou

B B B

demand TMA (passing IAF per hour)
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. S S & & F & F F PP PSP
FELLSFLS  FSESTSSS TS

i,
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e Demand NoERDA  EEEmDemand ERDA  —— Max amival capacity

Figure 4 Demand per rolling hour of the second fleet mix traffic sample for three arrival
peaks at ARTIP to 18C. Both the demand with (red) and without (blue) En-Route Delay
Absorption is given, together with the maximum arrival capacity based on the fleet mix
order and required separation.
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min 30 s too early, a re-sequence of the traffic flow occurs. Asimulations regarding throughput and delay are presented in

a result, a different wake vortex separation could be needed aade graph.

the calculated times of the ERDA algorithm are no longer .

valid. Another reason to keep the margin within 30 s is that in. Figure 5 s_hows .bOth the throughput and_ delay for the
o : : . simulated traffic coming from ARTIP and landing on runway

order to facilitate the use of fixed arrival routes in the TMA

"18C. In blue, the results without ERDA are given and in red,
the accuracy of the ATO IAF should be reduced to +30 s [3]. the results when ERDA is applied. It can be observed that the

The outcome of the simulations is the average amount ahaximum delay when no ERDA is applied, reaches 5 min 57 s
delay in the TMA per 20 min and the amount of landings pefc=18 s) during the first arrival peak. When ERDA is applied,
rolling hour. A rolling hour consists of three consecutive timenot all delay can be absorbed en-route during the first inbound
periods of 20 min. Each scenario is simulated 20 times tpeak and the delay per aircraft in the TMA rises significantly
obtain the statistical data. above one min (red line). The delay in the TMA during the

second inbound peak for the ERDA scenario behaves more
A. Theeffect on demand

To see the effect of ERDA on the demand of various scenaris

the amount Of arriva|s entering the TMA is Shown in Figure TABLE Il OVERVIEW OF THE THROUGHPUT FOR THI}E:FIRS(ITgP) AND SECOND
. . . BOTTOM) ARRIVAL PEAK SHOWN IN FIGURE 5.

together with the maximum arrival rate. The demanc ( )

throughput and average delay are measured and Shown pe Throughput \Time 1:40:00 2:00:00 2:20:00 2:40:00 3:00:00 3:20:00 3:40:00
H : : H H 20 min: No ERDA 4,0 10,0 11,0 11,0 11,0 11,0 10,0
min time period. The fleet mix represented here consists | 7/ 2o ) <0 0 10¢ 18 17 1o 100
only medium aircraft. A time separation of 105 s betwee | roliing hour: No ERDA 0 320 330 B0 20
medium aircraft allows 69 landings per two hours, or a | Rellinghour: ERDA @4 %3 3O ks 7
aVerage Of 345 alrcraﬂ per ho_ur’ WhICh I_S _mad_e V|Sua| by tl Throughput \Time 5:40:00 6:00:00 6:20:00 6:40:00 7:00:00 7:20:00 7:40:00
grey line. The effect of ERDA is cIearIy visible in the amoun | 2o min: No ErDA 22 10,8 11,0 11,0 11,0 11,0 9,0
of aircraft passing the IAF per time period of 20 min. Due t | 20 min: ERDA 1 05 107 105 108 213 22
the ERDA algorithm, the arrivals at the IAF are Shifte( | joums rour teon P

backwards and one aircraft in each inbound peak arrived just
the 3:40 and 7:40 time period. This explains the extra bar _. .
3:40 and 7:40 for the ERDA scenario in the first and seconfonstant throughout the peak and stays below one min per

arrival peak given in Figure 4. aircraft. Due to ERDA, the stream of traffic at the IAF is
already optimized for the separation at the assigned runway.
B. The effect on delay and runway througput However, there is still delay in the TMA left due to the

inaccuracy of the arrival time at the IAF. The results for the
hird arrival peak with a low demand (represented at the right
ide of Figure 4) are not shown in this graph, because there is

The main research question is to find out what the effect
of En-Route Delay Absorption on the landing throughput. Th
benefit of ERDA should be a reduction (or in the most optim o significant difference between the ERDA and non-ERDA
way, a disappearance) of the congestion delay in the TMA. IQimuIation.
order to show both effects, the results of the different

The effect on throughput when ERDA is
36 00700 applied is represented by the bars in Figure 5.
The throughput does not decrease
significantly with ERDA. In fact, it is even
increasing in the second hour of the arrival
peak. The differences in throughput are very
small and to have a good overview, the exact
numbers are given in Table Il. The effect on
throughput with or without ERDA for traffic
coming from one IAF and landing on one
runway is the same for all three different fleet
mixes simulated.

34

0:06:00

32 +

= 0:05:00

30

- 0:04:00

28

= 0:03:00

26 - 0:02:00

Throughput runway (landings per hour)
Delay in TMA (avg per 20 min) [h:mm:ss]

24 + ~ 0:01:00

w-;-sxl

11
11
AL
rd 1%
il

o - 00000 When two approach legs merge in the
1:40:00 2:00:00 2:20:00 2:40:00 3:00:00 3:20:00 3:40:00 5:40:00 6:00:00 6:20:00 6:40:00 7:00:00 7:20:00 7:40:00 .
Time period [himmiss|] TMA to one final approach path, the gpproach
sequencing gets more complex. Aircraft on
mmmm Throughput No ERDA s Throughput ERDA = Max arrival capacity R .
Delay NoERDA Delayeron e standard Deviation one approach leg must maintain enough

spacing between them to allow other aircraft
Figure 5 Throughput per rolling hour for two arrival peaks from ARTIP to 18C. Both thep 9

throughput with (red) and without (blue) En-Route Delay Absorption is given, together with th@MINY from a different appr_oach leg to be
maximum arrival capacity based on the fleet mix order and required separation. The sed®i@fged on the common flight path. The
vertical axis on the right side gives the average delay per aircraft per 20 min time period. @egzuracy of passing the IAF at the CTO of

delay is shown with a standard deviafion. both IAFs is very important in this situation,
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because the CTOs are related to each other. For example, if thehe TMA between aircraft categories deviates more than one
ATO SUGOL of one aircraft deviates too much from themin, it can be necessary to use different approach paths to the
required CTO, but the ATO RIVER of another aircraft isfinal approach fix for each aircraft category, in order to
exactly equal to the CTO, the planned separation between bathaintain safety and a sufficient runway throughput.

aircraft at the merging point and on the final approach leg will

be lost. During an inbound peak, this scenario can disrupt thei tIt is important that the calculations of the inter-arrival times

: -, . R he threshold and IAF are as accurate as possible. If the inter-
planned sequence and result in additional delay in the TMA . . . . : i
arrival time for each aircraft is wrongly increased by five to ten

which was not foreseen. If aircraft already encountered dela as the throughput then decreases with two landings per hour.

absorption en-route, but have to endure the same amount |9IS meaningful to take this into account when a dynamic time

gglnaéitlg c;th(EaR-II—DI\,/jAAnct)hlztnvﬁsh glrt'jesdmted in the first place, theDased separation for the threshold is calculated in order to
9 ' compensate for strong headwinds [4]. Especially when these

Throughput per rolling hour and Delay for
RIVER & SUGOL to 18R - ERDA vs No ERDA

36 0:06:00

0:05.00

r 0:04:00

0:03.00

0:02:00

:01.00

Throughput rumvyay (landings per hour]
&
Delay in TMA (avg per 20 min) [h:mm:ss]

24 4 0:00:00

1:40:00 2:00:00 2:20:00 2:40:00 3:00:00 3:20:00 3:40:00 5:40:00 6:00:00 6:20:00 6:40:00 7:00:00 7:20:00 7:40:00

mmmm Throughput No ERDA s Throughput ERDA Max arrival capacity

s [z |3y N O ER DA e e |y ERDA standard Deviation

Figure 6 Throughput per rolling hour for two arrival peaks from RIVER and SUGOL to 18R with and
without ERDA. The second vertical axis on the right side gives the average delay per aircraft per 20 min
time period. The delay is shown with a standard deviation.

Figure 6 shows the effect on delay and throughput focalculations for the separation at the threshold are used as an
traffic coming from two different IAFs and merging to one input for the inbound planning system and the required arrival
runway. The maximum delay during the first arrival period hagimes at the IAF.
an average value of 4 min 50 &=(5 s) when no ERDA is
applied and 1 minoE=8 s) when there is ERDA. For the second
arrival peak, the maximum delays are 3 min 518 s) and
43 s 6=10 s) for the scenario No ERDA and ERDA,
respectively. The difference in delay in the third arrival peak i
not significant and therefore not shown. The maximum del
stays below one min for both situations.

The difference between the three fleet mixes has an effect
on the actual runway capacity and this has a great impact on
the delay propagation. More super and heavy aircraft mixed
gvith medium aircraft has a bigger (negative) impact on the
aunway throughput than the use of ERDA. This research did

fot investigate the effect of resequencing the upcoming arrival
stream with the aid of an AMAN system, but resequencing the

Also in this scenario with two approach legs, theorder and swap some aircraft's place with another will increase
throughput does not decrease when ERDA is simulated. Thhe runway throughput with one extra landing per hour.
values for the throughput in each arrival peak are similar to the

ones for the single approach leg. It is assumed that the maximum amount of delay that can

be absorbed en-route is five min. With a minimum flight
C. Discussion distance of approximately 800 NM, five minutes of ERDA is
' ’ _ possible by only applying a speed reduction [5]. However, for
An important parameter that determines the runwayhort haul flights, additional techniques like route deviations
throughput is the inter-arrival separation. This separatiofyjll be required to absorb enough time en-route. How the

between different aircraft wake vortex categories is translateg@quired time for delay absorption is achieved, is left outside
from distance to a time based separation. The same tifige scope of this research.

interval at the threshold is used for the interval times between o )

aircraft passing the I1AF. The required passing time at the IAF  The definition of runway pressure suggests that there is a
can be calculated by an average flight time for each aircraffinimum amount of delay that should be left for the approach
category, where a distinction has to be made between the flige@ntroller to absorb, in order to guarantee sufficient runway
time of jet and turboprop engine aircraft. If the total flight timethroughput. From the results of this research, it can be
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concluded that there will always be a minimum amount otonsiderably less time in the Terminal Maneuvering Area
resulting delay that needs to be absorbed in the TMA téTMA) of an airport, without a large increase of the total delay.
optimize the landing sequence. However, the minimum amount
of delay in the TMA is a consequence of the difference in fligh h
time and wake vortex separation between aircraft types and tlﬁz

: : d - the TMA. This minimum amount of delay in the TMA is a
accuracy of the actual time passing the IAF. If the inter-arriva . S ; .
. - consequence of the difference in flight time between aircraft
times at the IAF are set correctly, a minimum amount of dela;

is not required to maintain sufficient runway throughput ypes and the range of accuracy of the ATO IAF. A minimum
' amount of delay does not need to be planned in order to

Although a minimum amount of delay in the TMA is not maintain sufficient runway throughput, as there will
required to maintain runway throughput, not all delay carautomatically be a minimum amount of delay left to be
always be absorbed in earlier flight phases. Therefore, it @bsorbed in the TMA.
recommended to investigate the effect on the workload of air
traffic controllers and the delay absorption capacity of the ACKNOWLEDGMENT
different airspace sectors along the route. If the expected delay
is divided and absorbed in the different flight phases along the
trajectory towards the airport, the arrival process is easier
manage for all controllers involved.

From the results of this research, it can be concluded that
ere will always be a minimum amount of resulting delay in

The authors would like to thank all air traffic controllers

d staff of LVNL involved in this research for their
nowledge sharing and participation. Furthermore, the authors

would like to specially thank To70 for the use of AirTOp

during this research.
VI. CONCLUSIONS

) ) ) _ REFERENCES

The purpose of this rese_arCh is to investigate the effect ?I] A.J. Cook and T. Graham. "European airline delay cost reference
En-Route Delay Absorption (ERDA) on the runway values.", 2011.
throughput. Based on the simulation results, it can b . Hasevoets and P. Conroy, “AMAN Status Review 20107, 2010,
concluded that ERDA can result in a small decrease of runway EUROCONTROL.
throughput, with a maximum of one aircraft per rolling hour.[3] F. Dijkstra, D. Mijatovic and R. Mead, “Design options for Advanced
However, a decrease does not always occur. By the end of the égi\ia' sz?snagemem in the SESAR context’, ATC Quarterly 19 (1),
inbound peak, the actual landing time of an aircraft with ERDA Morri’sp.C .Peters J., and Choroba, P., “Validation of the Time Based
is between 30 _and %0 s Iate_r than the S_am_e aircraft with '{g Separt;ttioﬁ concebt ét London Hea’thro,w Airport”, Tenth USA/Europe
ERDA. So the inbound peak IS enlarged in time and extended Air Traffic Management Research and Development Sem@tdcago,
with at most one extra landing when ERDA is applied. The IL USA, 2013.

benefit of this technique is that aircraft have to spend®] L. Delgado and X. Prats, "En route speed reduction concept for
absorbing air traffic flow management delays", Journal of Aircraft, Vol.
49, No. 1 (2012), pp. 214-224.

6" SESAR Innovation Days 8-10 November 2016

Inspiring long-term research . . . )
in the field of AirTraffic Management Hosted by Technical University of Delft, the Netherlands

SESAR





