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Abstract:  The fuel burn of the aircraft in the terminal area of Haneda Airport can potentially be reduced in two ways. One 
is to change the sequence in which the aircraft land and optimize it for multiple aircraft traffic. Although this method can lead 
to significant fuel and flight time savings, it requires changes in the current air traffic control system and is therefore relatively 
difficult to implement. The other way to reduce fuel burn is to focus on single aircraft arrival trajectories. Considering various 
performance and operational constraints, this can be less effective compared to the multiple aircraft sequencing, but it can be 
applied more easily in practice. This research focuses on the later approach and investigates potential continuous descents at 
Tokyo International Airport (Haneda Airport). 
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1. INTRODUCTION  
 

Aero technology has made dramatic progress after 
the 1903 Wright brothers' successful first manned power 
flight. If you look up to the sky now, you can see that the 
airplanes that evolved significantly from the light flyer are 
flighting around the sky. With the expansion of the air 
traffic network, people got the means to move to the 
destination faster and cheaper. However, such innovation 
brings some disadvantages to people. The best thing is the 
environmental load such as noise and CO2. 

 Continuous Descent Operation (CDO) attracts 
attention as a countermeasure against such environmental 
burden and consumption fuel consumption. Operation 
started today at some airports, including Kansai 
International Airport, and discussion has been active as a 
future plan for air traffic management in various regions of 
the world. In the usual descent method, the aircraft repeats 
descent and level flight at the stage of descent and approach, 
but CDO does not perform level flight and continues 
descent while keeping the engine thrust at idle. Maintaining 
the thrust almost to the minimum greatly reduces fuel 
consumption and noise while it is difficult to change the 
flight path drastically during the descent, it is hard to keep 
descending without level flight or thrust enhancement It is 
difficult to make a decision on how to secure the interval 
with other aircraft when carrying out CDO. Therefore, 
although the merit of CDO increases with the crowded 

airport, operation is extremely difficult because it is not 
possible to go up by securing the space between aircraft 
accordingly. Indeed, at the Kansai International Airport 
where CDO is being carried out, CDO is not used mostly 
during the day when aircraft lands a lot, and as soon as the 
air traffic control is instructed by the air traffic controller to 
the runway I am taking the approach that comes in. In the 
present situation CDO is implemented mainly in the late-
night zone where there are few other aircraft, and the 
number is small so that the merit of CDO is not utilized. 

 In this research, Haneda Airport will be studied, 
and it will be roughly divided into two steps to deal with 
this problem. The first step is to quantify the traffic situation 
around Haneda Airport using the operation data CARATS 
Open Data[1] and to investigate the guidance of which time 
zone the controller is guiding. The second step compares 
the fuel consumption of the solution obtained by the 
optimization calculation with the fuel consumption 
estimated to have been consumed in the actual operation. 
By doing this, it is the purpose of this research to verify the 
usefulness of CDO. 

2. RESEARCH OUTLINE 
 

This research is roughly divided in 3 steps. 

1: To simulate actual flights based on available radar data 
(CARATS Open Data) and estimate the fuel burn for a 
specific flight section. 



Kohei Hayashi,  Adriana Andreeva-Mori, Takeshi Tsuchiya 

 

 

 2

2: To optimize the flight profile to minimize the fuel burn 
under the total flight time constraints obtained from the 
actual radar data used in Step 1. 

3: To compare the results of the first step and the second 
step and investigate the room for fuel consumption 
reduction by optimizing the single plane flight route. 

 

3. RESEARCH BACKGROUND 
3.1 CARATS Open Data 

CARATS Open Data is roughly 150,000 flight track data 
of about 3600 flights x 7 days x 6 weeks based on the actual 
radar data processing system (RDP) for air control.  

CARATS Open Data is created from RDP data and flight 
plan data of four air traffic control sections (Sapporo, Tokyo, 
Fukuoka, Naha) during the week of the odd month of 2012 
(6 weeks in total). Table 1 lists sample of the CARATS 
Open Data. This data is listed in order of time, virtual flight 
number, latitude (°), longitude (°), altitude (ft), model. 

The target flight deals only with scheduled flights based 
on the instrument flight method, and does not include the 
visibility flight method, military aircraft, or private use 
aircraft. In addition, CARATS Open Data includes 
observation error, smoothing error, and conversion error 
 

3.2 Base of Aircraft Data (BADA) 
BADA is an Aircraft Performance Model developed and 

maintained by EUROCONTROL through active 
cooperation with aircraft manufacturers and operating 
airlines. It consists of four equations and several coefficient 
as follows.[2] This model enables to calculate flight path 
and fuel consumption. 

 𝑉  =
2

𝜇

𝑝

𝜌
 1 +

𝑝

𝑝
1 +

𝜇

2

𝜌

𝑝
𝑉 − 1 − 1   (1) 

   =
( )

1 + +            (2) 

T =  C , 1 −
,

+ 𝐶 𝐻 ∗ 𝐶 ,       (3) 

D     = 𝜌𝑉 𝑆(𝐶 , + 𝐶 , ∗ 𝐶 )                   (4) 

fuel flow = MAX(C 1 + 𝑇, 𝐶 1 −    (5) 
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3.3 Wind Data 
In this research, we used the GPV data released by the 

Meteorological Agency as wind data. This data covers wind 
speed information from May 15, 2002 to the present. You 
can see the wind speed in the east-west direction, the north-
south direction at 16 pressure level surfaces (1000, 925, 850, 
700, 500, 400, 300, 250, 200, 150, 100, 70, 50, 30, 20, 10 
hPa). We used this data after spline interpolation with a 
cubic polynomial. The actual wind data used are as shown 
in Fig.1. The weather information used in this research is on 
May 9, 2012. This is because the wind in the sky is gentle 
in May compared with other seasons, and the airspeed can 
be calculated easily from the ground speed. 

                              Fig.1 wind speed 

Table 1 Sample of CARATS Open Data 

time longitude latitude altitude model 

0:00:00 34.00001 139.0000 30000 B763 

0:00:10 34.00005 139.0030 20000 B763 

0:00:20 34.00015 139.0060 25000 B763 

0:00:30 34.00042 139.0090 22000 B763 

0:00:40 34.00093 139.0120 21000 B763 
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4. SIMULATION 

 
Fig.2 The actual flight 

4.1 The Actual Flight  
Consider a flight which landed at Haneda Airport on May 
9, 2012 which is shown in Fig.2. It is because the wind is 
not blowing strongly in May and it is easy to calculate the 
airspeed. The simulation initial and final flight coordinates 
are (137.8202°, 34.5867°, 38064ft) to (140.1387°, 34.8886°, 
10139ft) . In this section, the starting point was set as the 
descending start altitude, and the end point was set to 
be 100nm to 150 nm from the starting point. This is in 
order to make the distance which is sufficient to be able 
to understand the difference in fuel consumption in the 
optimization described later and is short enough to 
leave no room for the aircraft to rise. The purpose of 
this research is to compare fuel consumption in actual flight 
and optimized flight. Therefore, in order to clarify the 
criteria, we decided to use one fuel burn instead of the 
average fuel burn of all the flights published in CARATS. 

Explain how to calculate fuel burn in the actual flight . First 
find the speed (Ground speed, GS) in x, y, z direction from 
latitude, longitude, altitude and time in CARATS Open 

Data. Next, considering the wind speed obtained from the 
GPV data, obtain True Airspeed (TAS). After that, integrate 
the fuel flow obtained using BADA (2) (4) (5) to get fuel 
burn. As a result, the fuel burn was 1387[lb]. 

 
4.2 The Optimum Flight 
We optimized the route set in 4.1. This time we are thinking 
about the situation where there are no other aircraft in the 
surroundings to investigate room for fuel consumption 
reduction per machine. Also, in order not to change the 
arrival order after flying this section, the termination time is 
set to 1140 [s] according to actual flight. The problem 
setting is as follows. 

 

Find        x, y, z, Vcas, ϕ , T                                            (6) 

minimize J = ∫ MAX(C 1 + 𝑇, 𝐶 1 − 𝑑𝑡      (7) 

subject to 

 𝑉  =  1 + 1 + 𝑉 − 1 − 1            (8) 

   =
( )

1 + +                 (9) 

D     = 𝜌𝑉 𝑆(𝐶 , + 𝐶 , ∗ 𝐶 )                           (10) 

= 𝑉 − cos 𝜓 + 𝑤                                      (11) 

= 𝑉 − sin 𝜓 + 𝑤                                     (12) 

= tan (𝜙)                                                           (13) 

t = 1140                    (14) 

V = 𝑐𝑜𝑛𝑠𝑡.            (15) 

250kt ≤ Vcas ≤ 350kt             (16) 

−30° ≤ ϕ ≤ 30°       (17) 

[x , 𝑦 , 𝑧 ] = [137.8202°, 34.5867°, 38064ft]                     (18) 

[x , y , z  ] =  [140.1387°, 34.8886°, 10139ft]                     (19) 

where  wx, and wy are wind speed[m/s] 

 

With respect to the expressions (15) - (17), we decided 
based on the actual flight restrictions inquired from former 
pilots. 

 

4.3 The Result 
The calculation results in 4.1 and 4.2 are shown below. The 
time required for optimization was 57.05[min], and the 
calculator used Intel® Core ™ i5 - 6200U CPU @ 2.30 
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GHz 2.40 GHz. The result was calculated by SQP method 
with fmincon which is MATLAB Optimization toolbox. 
                                                                                          

5. RESULT ANALYSIS 
The purpose of this research is to compare the actual 
operation in one section with the optimized operation and 
consider whether there is room to reduce the fuel 
consumption in the existing operation without changing the 
arrival order of the aircraft. The fuel consumption obtained 
by optimization was 1279[lb]. The fuel consumption 
estimated from the CARATS data was 1387[lb], so some 
improvement was seen. In addition, when comparing the 
two results, it can be seen that the vertical speed in the first 
half is slower in the optimization result than in actual flight. 
This is because the resistance is reduced by flying a high 
altitude where the air density is low for a long time and the 
fuel consumption is suppressed accordingly. From this, it 
can be inferred that the current descent method still has 
room for improvement. 

6. FUTURE WORK 
This optimization is primitive, such as not considering the 
presence of other aircraft. Therefore, in future it is necessary 
to introduce a control constraint close to reality, and to 
create a more accurate simulator. In addition, the CARATS 
Open Data used this time takes data every 10 seconds, the 

observation error has taken a large discontinuous value. We 
think that it is necessary to use accurate flight data to 
determine the actual fuel consumption as a reference. 

  

7. REFERENCES 
[1] Ministry of Land, Infrastructure and Transport, 

“CARATS Open Data” 

[2] EUROCONTROL, “User manual for the base of 
aircraft data”, EEC Technical/Scientific Report No. 
13/04/16-01, p7-27. 

[3] Japan Meteorological Agency, “Numerical weather 
prediction GPV” 

 

7. COPYRIGHT 

“Copyright Statement 

The authors confirm that they, and/or their company or 
institution, hold copyright of all original material included 
in their paper. They also confirm they have obtained 
permission, from the copyright holder of any third party 
material included in their paper, to publish it as part of their 
paper. The authors grant full permission for the publication 
and distribution of their paper as part of the EIWAC2017 
proceedings or as individual off-prints from the proceedings 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

            

 

 Fig.3 Optimum flight and Actual flight 

 


