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Abstract

To propose operational strategies to control arrival traffic efficiently, the Gt/GI/st +GI time-varying queueing
model, which considers time-dependent factors, is employed to model the actual arrival aircraft traffic flow at
Tokyo International Airport. A methodology for analyzing the arrival traffic flow in the enroute airspace is also
proposed and applicable to various airports. Analytical results assuming various distributions of inter-arrival
times indicated that earlier control in the upstream airspace can help reduce the hourly average delay time
by up to 85% in the enroute airspace. The model and results can spawn future work that will verify that such
control also mitigates congestion in the terminal airspace.
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1. Introduction
1.1 Background
An increase in air traffic is forecasted. [1] reports that the number of passenger and cargo jets in
service will grow significantly by 2.3 and 2.0% per year, respectively, which will mean severe conges-
tion for major airports with massive takeoffs and landings, impeding the smooth flow. This underlines
the crucial need to control incoming aircraft efficiently in the terminal airspace and the surrounding
enroute airspace, within runway capacity restrictions. Arrival Manager (AMAN), the system for sup-
porting metering and vectoring, has been utilized. However, given distance-dependent uncertainty
about calculating trajectories [2], uniform arrival management throughout the airspace cannot relieve
congestion effectively.

Multi-Stage AMAN (see Fig. 1) can replace traditional AMAN. It intends to integrate independently
operated subsystems divided by flight phases. Itoh et al. [2] indicated that advancing transitions
between stages would be the optimum strategy in Tokyo International Airport, using actual flight
data. Over 60% of the domestic flights use the airport [2].

Figure 1 – Conceptual diagram of a possible Multi-Stage AMAN design [2].
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In this context, Extended-AMAN (E-AMAN) has been developed, which manages arrival traffic over
wide-ranging areas, including current enroute airspace. E-AMAN can ease the controller’s workload,
noise and fuel consumption more efficiently. Itoh et al. [3] described E-AMAN with four-dimensional
trajectory-based operations to propose that E-AMAN should start at a distance of 100-150 NM from
the airport. Note that analysis based on actual aircraft flow is necessary for proposing design prin-
ciples since the E-AMAN design requirements vary with different airports, airspaces and air traffic
characteristics.

This section is summarized as follows; data-driven analysis is required to determine where and how
E-AMAN / Multi-Stage AMAN starts controlling the arrival flow and it should cover not only the
airspace adjacent to the airport but also its surrounding airspace for the integrated system. How-
ever, few studies deal with the broad range of airspace, despite the fact that data-driven approaches
have become mainstream.

1.2 Literature on Modeling Arrivals
Among techniques capable of covering wide-ranging operational research themes in air traffic, the
queueing model, particularly with the Poisson arrival process, can directly investigate phenomena
with stochasticity and non-stationarity in traffic [4]. Itoh and Mitici [5] focused on arrivals at Tokyo
International Airport using the M/G/c/K queueing model to propose strategies to reduce the delay
time. A non-homogeneous Poisson model has also been employed to simulate airports or their net-
works [6] [7] [8] because arrival intervals can be considered as ’sufficiently random’ [4]. However, [9]
pointed out that the Poisson arrival process cannot be deemed appropriate for arrivals at the con-
gested airport since the arrival flow is successively rearranged to follow air traffic controllers.

With this in mind, some researchers have been applying the Pre-Scheduled Random Arrivals (PSRA)
model, which assumes the actual arrival time equates to the sum of pre-scheduled time and devi-
ations therefrom. Besides [9], Gwiggner and Nagaoka [10] analyzed the air traffic flow arriving at
Tokyo International Airport in the enroute area. They used the PSRA model and compared it with
the Poisson model to find that they are similar in moderately congested circumstances and not those
that are highly congested. The PSRA model can directly assess the impact of the lower deviation
of arrival time, which would be impossible in the Poisson model, described only by a rate parameter
[10].

1.3 Research Objective and Structure
Itoh and Mitici [5] examined both terminal and enroute airspace comprehensively, but the time-
constant queueing model was unable to simulate actual arrival traffic flow with time-varying char-
acteristics. Accordingly, this study applies a time-varying queueing model to develop general and
comprehensive strategies for controlling the arrival flow from enroute airspace (the blue region in Fig.
4 below) to terminal airspace around Tokyo International Airport as a case study. Concretely, we
introduce the Gt/GI/st +GI queueing model, which can consider the time-dependent arrival rate and
capacity with exceptional early departure, to assess delay time in the current enroute airspace and
demonstrate the impact of arrival intervals with less deviation by setting virtual arrival flow in the area.
This paper only covers the matters above, although the study will verify that the control in upstream
airspace (the green region in Fig. 4 below) helps reduce delay of terminal airspace and ensure a
more orderly landing flow. Using the Gt/GI/st +GI queueing model, we can simulate wide-ranging
arrival flows following various distributions and provide insights from a perspective other than that of
the PSRA model. As far as we know, no literature adopts the model for the arrival flow (although Itoh
et al. [11] do so for the surface flow).
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The rest of the paper is organized as follows. In Section 2, the deterministic Gt/GI/st +GI fluid model,
which approximates the stochastic model, is introduced (Section 2.1) and two types of states and
waiting times are incorporated (Section 2.2). Finally, the relationship between variables is illustrated
and procedures for similar airspace are put forward (Section 2.3). In Section 3, the airspace, flow and
flight data of interest are defined (Section 3.1) and policies on tuning parameters (e.g. arrival rate,
service time distribution and capacity) are also described (Section 3.2). Finally, the methodology
is summarized to connect the actual airspace and model with the original equation (Section 3.3).
In Section 4, we analyze the current airspace to find that only certain periods are subject to delay.
In Section 5, we focus our discussion on the arrival rate to clarify that arriving aircraft cannot be
excessively controlled by air traffic controllers in advance. Eight scenarios of inter-arrival times from
different distributions are considered. Finally, Section 6 sets out the conclusion and future work.

2. The Gt/GI/st +GI Queueing Model
2.1 Outline of the Model
The conceptual diagram of the Gt/GI/st +GI queueing model is presented in Fig. 2. It comprises
the arrival process characterized by a time-varying arrival rate λ (t) (Gt), an independent and identical
distribution of service time g(x) (GI), a time-varying capacity s(t) (st) and an independent and identical
distribution of abandon time f (x) (+GI). This paper applies the deterministic fluid model, which
approximates the stochastic queueing model, and expounds on each component based on Liu and
Whitt [12]. We postulate that the service discipline is first-come-first-served. The arrival process is
deterministically characterized by λ (t). Q(t), the quantity of fluid in a queue at time t, is

Q(t) =
∫

∞

0
q(t,x)dx

where q(t,x) is the density of fluid in a queue at time t for time less than or equal to x. B(t), the
quantity in a service at time t, is

B(t) =
∫

∞

0
b(t,x)dx

where b(t,x) is the density of fluid in a service at time t for time less than or equal to x, characterized
by g(x). Moreover, σ(t), the quantity of fluid per unit time which exits the system at time t, is

σ(t) =
∫

∞

0
b(t,x)

g(x)
Ḡ(x)

dx

where
Ḡ(x) = 1−

∫ x

0
g(u)du

Finally, the cumulative distribution function of abandon time F(x), the time before fluid leaves the
system without receiving service, is

F(x) =
∫ x

0
f (u)du

Figure 2 – Conceptual diagram of the Gt/GI/st +GI queueing model.
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2.2 States and Waiting Times
Depending on λ (t) and s(t), the system alternates between two intervals: overload (Q(t)> 0) and un-
derload (Q(t) = 0). When the initial time is 0, each state transits to another one at times T1 (overload)
and T2 (underload) if the system satisfies

T1 = inf{u : Q(u) = 0,λ (u)≤ s′(u)+σ(u)}
T2 = inf{u : B(u) = s(u),λ (u)> s′(u)+σ(u)}

Furthermore, we can define two waiting times:

• Boundary waiting time w(t) : Actual delay time of the head airplane in a queue at time t

• Potential waiting time v(t) : Virtual delay time of the airplane entering the airspace at time t

2.3 Summary of the Model and Iteration Steps
Fig. 3 illustrates the relationship between variables at each interval. Parameters and initial con-
ditions (b(0−,x), q(0−,x), w(0−), the minus sign represents left limits) determine outputs in each
t (B(t), σ(t), Q(t), w(t) and v(t)). Provided they satisfy the transition conditions, the state changes
and b

(
T{1,2},x

)
, q

(
T{1,2},x

)
and w(T2)(= 0) are conveyed to be the initial conditions of the next interval.

The parameters in the model are s(t), λ (t), g(x), f (x) and v(t). Focusing on time-varying parameters,
a capacity s(t) and potential waiting time v(t), the model can examine how v(t) changes with given
s(t), whereas it can investigate how s(t) fluctuates with fixed v(t).

The actual airspace can be precisely simulated by considering two approaches in proper procedures.
Firstly, key is assessing the state of the airspace with s(t) fixed. This is because estimating s(t) is
more valid than v(t) as a first step to analyze the flow based on the flight data. s(t) can be deduced
from the data, which elicits the arrival and exit times. Secondly, based on the result of v(t) in the first
step, we can check how the airspace behaves with v(t) fixed at v∗. The system constantly experiences
congestion, but its waiting time peaks at v∗. Furthermore, it is contemplated that the traffic flow can
be analyzed more closely by changing s(t) again from the outcome of the second step. Although a
repeated calculation is desirable for careful analysis, this paper focuses only on the first step: given
s(t).

Figure 3 – Relationship between the variables at each interval with given s(t).
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3. Analysis of Current Arrival Flow
3.1 Targeted Airspace and Flight Data
Itoh and Mitici [13] reported that over 70% of all arrivals at Tokyo International Airport are from the
southwest (red lines in Fig. 4). Itoh et al. [2] also indicated that it may be effective to control aircraft in-
tervals and flight time in the southwest enroute airspace to prevent delays in terminal airspace. Based
on these findings, the research team has conducted a preparatory analysis and hypothesized that
controlling arrival intervals in the upstream airspace, 170-100 NM from a bench-mark waypoint called
XAC (the green region in Fig. 4), can help relieve arrival flow congestion in the enroute airspace,
100-30 NM from the waypoint (the blue region in Fig. 4). This paper covers the latter airspace for the
subsequent work, which will focus on managing the flow in the terminal airspace next to the area.

We obtain data that contain the time of passage at 100 and 30 NM from XAC for 36 days comprising
5000 aircraft (unit time: second). These figures are provided by Trajectorized En-route Traffic Data
Processing System (TEPS) [14] and usable in this study. This paper restricts targets to aircraft
entering the airspace after 17:00 and exiting it before 22:00 since Itoh and Mitici [5][13] indicate this
period is the most congested one.

3.2 Determining Parameters for the Model
This section mentions the evidence-based setup of λ (t), g(x), f (x) and s(t) to analyze the current
airspace. The arrival rate λ (t) is defined as the reciprocal of the inter-arrival time between preceding
and subsequent aircraft and the inter-arrival time is defined as the difference between their time of
passage at 100 NM from XAC. Note that λ (t) must be right-continuous functions with left limits to
apply to the Gt/GI/st +GI fluid model. In this paper, λ (t) is aggregated in 10-minutes increments.
For an extreme instance, λ (t) for the virtual data in Table 1 is

λ (t) =

{ ∫ 300
0

1
300 dt +

∫ 600
300

1
1200 dt = 1.25 (0 ≤ t < 1)∫ 1200

600
1

1200 dt = 0.5 (1 ≤ t < 2)

where t = 0 corresponds to 17:00, t = 1 corresponds to 17:10, t = 2 corresponds to 17:20 and so on.

Figure 4 – Enroute airspace (the blue region) and upstream airspace (the green region).

Table 1 – Virtual flight data as an example.

Aircraft Arrival Exit
A 17:00:00 17:25:00
B 17:05:00 17:30:00
C 17:25:00 17:30:00
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Fig. 5 is the boxplot of λi(t) (1 ≤ i ≤ 36) each day and Table 2 is the average value of representative
values of λi(t). For instance, the mean value of the first quantiles for 36 days is 22.3/h. In what
follows, subscript i is used on parameters and outputs with each day. Some days experience very
crowded arrivals, while the region have no arrivals on others, concluding that λ (t) varies according
to the day and that time-dependent arrivals in the same day can be observed. Fig. 6 is the smoothed
arrival history λav,i(t), calculated by

λav,i(t) =
1

36

36

∑
i=1

λi(t)

If λi(t) = 1.6 for 20 days and λi(t) = 2.5 for 16 days during the first 10 minutes, for instance,

λav,i(t) =
1
36

[
20

∑
i=1

1.6+
36

∑
i=21

2.5

]
= 1.0(0 ≤ t < 1)

In what follows, subscript av, i is used on the parameter and output with the mean on all days.

Figure 5 – Boxplot of λi(t) (1 ≤ i ≤ 36). Figure 6 – History of λav,i(t).

Table 2 – Mean value of representative values of λi(t) (1 ≤ i ≤ 36).

Averaged [/10min] [/h]
Mean 5.0 29.7

Standard deviation 2.0 11.9
Minimum 0.3 1.9

First quartile 3.7 22.3
Second quartile 5.0 29.8

Third quartile 6.3 37.6
Maximum 8.8 52.8
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Service time is not strictly the same as flight time, the difference between the time of passage at 100
and 30 NM from XAC respectively. In this regard, however, the analysis in this paper presumes that
service time is equal to flight time. The flight time distribution on all days is illustrated in Fig. 7. We
consider the service time distribution gav,i(x) to be identical to the normal distribution N(496.6,46.82)
when referencing Itoh et al. [2], although this assumption can be reviewed for precise analysis in
future work. Based on gav,i(x) , the abandon time distribution fav,i(x) is assumed to be N(496.6×
1.4,46.82). The left-hand tail of fav,i(x) slightly overlaps the right-hand tail of gav,i(x), which can reflect
the scarcity of emergency circumstances like runway closing. Finally, an airspace capacity s(t) is
determined by c(t), the number of aircraft in the airspace at time t. In this paper, c(t) is aggregated in
increments of 10 seconds. For the virtual flight data in Table 1, c(t) is

c(t) =


1 (0 ≤ t < 30)
2 (30 ≤ t < 150)
3 (t = 150)
2 (150 ≤ t < 180)

Note that unit time of c(t) above is 10 seconds. Fig. 8 is the boxplot of ci(t). Here, ci(t) varies by the
day and hour, while Fig. 9 is the history of cav,i(t) at each time t, the average number of aircraft at
each specific time in the airspace:

cav,i(t) =
1

36

36

∑
i=1

ci(t)

If ci(t) = 3.2 for 20 days and ci(t) = 5.0 for 16 days during the first 10 seconds, for instance,

cav,i(t) =
1
36

[
20

∑
i=1

3.2+
36

∑
i=21

5.0

]
= 4.0(0 ≤ t < 1)

Figure 7 – Service time distribution gav,i(x).

Figure 8 – Boxplot of ci(t). Figure 9 – History of cav,i(t).
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3.3 Methodology for Simulating the Airspace
The functions in the Gt/GI/st+GI fluid model and the actual number of aircraft in the airspace should
have the following relation (cf. Fig. 2)

c(t) = B(t)+Q(t)+λ (t)−σ(t)−
∫

∞

0
q(t,x)

f (x)
F̄(x)

dx

where

F̄(x) = 1−F(x)

and the fifth term on the right-hand side is theoretically equal to the number of abandoned aircraft.
In practical terms, that term is sufficiently smaller than c(t), B(t) and Q(t) because of the scarcity of
abandonment and λ (t) and σ(t) are an order of magnitude smaller than B(t), Q(t) and c(t). Accord-
ingly, we can conclude that the Gt/GI/st +GI fluid model can simulate real airspace appropriately
provided the following equation is satisfied:

c(t)≈ X(t) = B(t)+Q(t) (1)

Fig. 10 is the flowchart on the procedure used to analyze the current airspace with fixed s(t). Firstly,
the view of airspace in the real world can be obtained by counting the number of aircraft in the
airspace c(t) using recorded flight data with the arrival and exit time of each aircraft. Although we
cannot gain a deep insight into the arrival flow, we can roughly predict when the delay is to arise.
Conversely, parameters in the Gt/GI/st +GI queueing model, such as λ (t), g(x), f (x) and s(t), can
be set up by the data, whereupon outputs in the model, like Q(t) and B(t), are calculated. Finally, the
model can be validated by Eq.(1). This calculation should be repeated until Eq.(1) is satisfied while
tuning parameters. Combining data analysis with queueing theory can elicit more insights into the
time-varying characteristics of the airspace. If we rethink how best to determine parameters, we need
only modify the part of the “Parameters in Queueing Model”. This methodology can be employed for
various types of arrival flow at general airports under proper setting of airspace.

Figure 10 – Flowchart to analyze airspace.
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4. Delay Time in the Current Airspace
To understand how the arrival aircraft flows, the present airspace is analyzed to calculate delay time
vav,i(t), focusing on capacity sav,i(t) among the queueing model parameters. The step size in the
calculation is 10 seconds, although the arrival rate λav,i(t) is aggregated in ten-minute increments, as
shown in Section 3.2. Fig. 11(a) shows the histories of λav,i(t)[/10s], Qav,i(t), Bav,i(t) and σav,i(t)[/10s],
whereas Fig. 11(b) is on wav,i(t)[×10s], vav,i(t)[×10s] and Xav,i(t) = Bav,i(t)+Qav,i(t), under sav,i(t) = 5.0,
gav,i(x) and fav,i(x). cav,i(t) is also shown with them. Note that the initial time 0 corresponds to 17:00
in the real world. The mean value, standard deviation and maximum value are listed in Table 3.
Obviously, Eq.(1) is not strictly satisfied for all periods (pronounced at around 19:00 (t = 720×10s)),
but as an approximation, we can infer that the current arrival manager operates the airspace with a
constant workload. Since this policy is maintained, even when the flow increases, there are two delay
phases between 20:00 (t = 1080×10s) and 21:00 (t = 1440×10s). This is reasonable because cav,i(t)
exceeds 5.0 = sav,i(t) during the period. Conversely, the smooth arrival flow can be realized in the
current airspace in other periods, which leads to E[vav,i(t)] = 4.6s despite max{vav,i(t)}= 61.3s.

(a) λav,i(t)[/10s], Qav,i(t), Bav,i(t) and σav,i(t)[/10s]
from top to bottom

(b) wav,i(t)[×10s], vav,i(t)[×10s] and
Xav,i(t) = Bav,i(t)+Qav,i(t) from top to bottom

Figure 11 – Calculation results in sav,i(t) = 5.0 with cav,i(t), gav,i(x) and fav,i(x).

Table 3 – Representative values of functions in the actual airspace.

sav,i(t) = 5.0 E[·]
√

V [·] max{·}
Qav,i(t) 0.1 0.1 0.7
Bav,i(t) 4.1 0.8 5.1

σav,i(t)[/s] 0.008 0.002 0.011
wav,i(t)[s] 4.8 13.9 63.4
vav,i(t)[s] 4.6 13.4 61.3
Xav,i(t) 4.1 0.9 5.7
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5. Discussion
As mentioned in Section 3.1, it is speculated that a more orderly arrival flow with less variance in
inter-arrival time would be achievable within the enroute airspace (the blue region in Fig. 4) by con-
trolling aircraft intervals in the upstream airspace (the green region in Fig. 4). This inference becomes
more plausible given the dependency among variables in the Gt/GI/st +GI fluid model (see Fig. 3).
B(t), σ(t) and the transition conditions in the underloaded interval and Q(t), w(t), v(t) and overloaded
interval respectively, depend on the arrival rate λ (t). These discussions can be summarized as fol-
lows; improving the standard deviation of λ (t) can directly relieve delay.

Eight scenarios of virtual arrival rate λ (t) (see Table 4) are studied to confirm scope to alleviate
crowding by a sophisticated arrival flow with less variance in inter-arrival time. Firstly, two types of
λ (t) are constructed using an exponential distribution as the probability distribution function of inter-
arrival time. It represents a more random and unimproved arrival flow than λav,i(t), average traffic
in the current airspace. Scenario 1 is obtained from the distribution, with a mean value of 121.2s
corresponding to 29.7/h. It is the same rate as that in λav,i(t) (see Table 2). Scenario 2 is from the
distribution, whose mean value of 138.5s corresponding to 26.0/h. It is the intermediate one between
29.7/h and 22.3/h, the mean first quantile of λi(t) (see Table 2). It is much less congested compared
with λav,i(t).

Secondly, six types of λ (t) are constructed using normal distribution. This is supposed to be the ideal
inter-arrival time distribution and achievable via the existing air traffic control system. In the terminal
area, where aircraft intervals are highly ordered, inter-arrival time distribution can be approximated by
normal distribution. As shown in Figs. 12 and 13, the distribution at 40 NM from Tokyo International
Airport has a standard deviation of 41.4s, while that at 30 NM from Tokyo International Airport has
a standard deviation of 25.0s. The aircraft time interval here does not follow normal distribution
precisely, so we introduce distribution as an idealized scenario. Scenarios 3, 4 and 5 are obtained
from normal distribution with a standard deviation of 41.4s, while Scenarios 6, 7 and 8 are gained
from normal distribution with a standard deviation of 25.0s. The mean values of the arrival rate in
Scenarios 4, 5, 7 and 8 are based on Scenarios 1 and 2, while those in Scenarios 3 and 6 are 31.0/h
( > 28.7/h). This simulates a more crowded enroute airspace.

Table 4 – Eight scenarios of inter-arrival time distribution for λ (t).

Mean Exponential Normal
σ = 41.4s σ = 25.0s

µ = 116.1s (31.0/h) 3 6
µ = 121.2s (29.7/h) 1 4 7
µ = 138.5s (26.0/h) 2 5 8

Figure 12 – Inter-arrival time distribution at 40 NM
from Tokyo International Airport.

Figure 13 – Inter-arrival time distribution at 30 NM
from Tokyo International Airport.
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For each Scenario j (1 ≤ j ≤ 8), 100 trials are conducted. In each trial k (1 ≤ k ≤ 100), random
variables are sampled to determine λ j,k(t). The mean of v j,k(t) (= v j,k,mean) and the maximum of it
(= v j,k,max) are calculated using λ j,k(t);

v j,k,mean = E
[
v j,k(t)

]
,v j,k,max = max{v j,k(t)}

The mean and maximum values are then averaged to argue the average delay and its peak by

v j,{mean,max} =
1

100

100

∑
k=1

v j,k,{mean,max}

Figs. 14(a) and 14(b) illustrate the result on v j,mean and v j,max, under sav,i(t), gav,i(x) and fav,i(x). The
black line corresponds to vav,i,mean and vav,i,max in λav,i (t) (see Table 3). The bars show a 95% confi-
dence interval for each scenario assuming v j,k,mean and v j,k,max following normal distribution. Note that
the mean arrival rate in the current airspace equates to that in Scenarios 1, 4 and 7 (29.7/h). We
can deduce that the mean and maximum delay time values are basically larger in a more random
and unimproved flow, even if the mean arrival rate per hour is smaller with a more random exponen-
tially distributed inter-arrival time (Scenario 2). Moreover, comparing the line with Scenarios 4 or 7,
v{4,7},mean and v{4,7},max are significantly smaller than that in current airspace, vav,i,mean and vav,i,max. It
derives a new finding; the airspace can become more stabilized with a more controlled arrival flow
and less variance in inter-arrival time. Furthermore, even if the mean number of incoming aircraft
per hour is larger than before (Scenarios 3 and 6, 31.0/h), the system can limit any accumulation of
delay. In other words, a higher level of arrival management is required to accommodate additional
aircraft in future. This effect is more prominent when σ = 25.0s than σ = 41.4s. Therefore, we can
deduce that the arrival manager can stabilize traffic flow in the enroute airspace by controlling the
upstream airspace flow in such a way as to ensure that inter-arrival time follows the distribution with
less variance, particularly the ideal normal distribution.

(a) v j,mean for each scenario, sav,i(t) = 5.0 (b) v j,max for each scenario, sav,i(t) = 5.0

Scenario v j,mean[s] 95%CI [s]
1 96.2 [56.6,135.7]
2 30.8 [16.8,44.8]
3 2.9 [1.9,3.8]
4 0.7 [0.4,1.0]
5 0.0 -
6 0.2 [0.1,0.3]
7 0.0 -
8 0.0 [0.0,0.0]

(c) v j,mean with confidence interval

Scenario v j,max[s] 95%CI [s]
1 633.6 [308.7,958.4]
2 309.5 [195.0,423.9]
3 56.6 [43.8,69.4]
4 26.6 [19.7,33.4]
5 0.6 -
6 7.9 [4.1,11.7]
7 0.7 -
8 0.0 [0.0,0.0]

(d) v j,max with confidence interval

Figure 14 – Results for eight scenarios.
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6. Conclusion and Future Work
This paper applies a deterministic fluid model, which approximates the Gt/GI/st +GI time-varying
queueing model, to examine how the delay time in the enroute airspace is reduced by an earlier
control of its upstream airspace. This is positioned as part of preliminary preparation of the study
that aims to propose strategies for air traffic control to mitigate congestion by aircraft arriving at Tokyo
International Airport in the terminal airspace.

As a methodology for analyzing arrival flow by the model in detail, we suggest matching the num-
ber of aircraft in the airspace from actual flight data against calculation results from the model using
parameters estimated by the data. As a result of analyzing the actual airspace, there is no delay in
almost all periods except those between 20:00 and 21:00 in the current enroute airspace.

Moreover, given speculation on the relationship between variables on the model, an experiment is
conducted to ascertain whether controlling the arrival rate, or spacing adjustment in the more up-
stream region (the green region in Fig. 4), can stabilize the enroute airspace. The result indicates
that E-AMAN should intervene in the traffic flow of the upstream airspace for the inter-arrival time of
the aircraft to follow the distribution with less variance such as the normal distribution.

Future work will focus on analyzing the current terminal area within 80 NM of Tokyo International Air-
port. Subsequently, based on the knowledge obtained by this paper, we will verify the hypothesis that
a more orderly exit flow from the terminal airspace could be attained by controlling the arrival flow at
enroute airspace λ (t). It is derived from the following consideration (see Fig. 15); from the additional
analysis in Section 5, more sophisticated λ (t) reduces v(t). Moreover, it can stabilize σ(t), which
is the ’exit rate’ from the enroute airspace (see Scenarios 4 or 7 in Figs. 16 and 17 and compare
with the black line). Since this orderly σ(t) can be identical to λT (t), the arrival rate at the terminal
airspace, congestion is also mitigated in the area.

If this tentative theory is correct, a smoother landing flow could be achieved to ease overcrowding at
surface and departure and we would be able to establish framework of a structured approach from
E-AMAN’s / Multi-Stage AMAN’s perspective in the integrated operation around airports.

Figure 15 – Arrival and departure flows in airport and surrounding airspaces.
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