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Fukuoka 
FIR

Sapporo ACC
• 6 Sectors

Tokyo ACC
• 22 Sectors

Fukuoka ACC
• 11 Sectors

Naha ACC
• 3 Sectors
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Lagrangian traffic flow model
Multi-agent simulation

Eulerian traffic flow model
Aggregate sector flow models

Cell transmission model
Queuing network
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Lagrangian and Eulerian Models

5

Marine Hydrodynamics Lecture 2, 2006 MIT Department of Mechanical Engineering
http://web.mit.edu/13.021/demos/lectures/lecture2.pdf

particle p with properties 
(dencity, velocity, pressure, …)

Lagrangian Eulerian

properties (density, velocity, pressure, 
…) as functions of position and time
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Aggregate Sector Flow Model

Banavar Sridhar, An Aggregate Sector Flow Model for Air Traffic Demand Forecasting,
9th AIAA Aviation Technology, Integration, and Operations Conference, 2009

CARATS 20190920



7

Eulerian Traffic Flow Model 

8

Menon, P.K., Sweriduk, G.D., Lam, T., Diaz, G.M. and Bilimoria, K.D., 2006. 
Computer-aided Eulerian air traffic flow modeling and predictive control. 
Journal of guidance, control, and dynamics, 29(1), pp.12-19.

CARATS 20190920

8

Large-capacity Cell Transmission Model

D. Sun and A. M. Bayen, Multicommodity Eulerian–Lagrangian Large-Capacity Cell Transmission Model 
for En Route Traffic, JOURNAL OF GUIDANCE, CONTROL, AND DYNAMICS, Vol. 31, No. 3, May–June 2008

Vertices and links
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Queuing Network

Monish D. Tandale et. al., Queuing Network Models of the National Airspace System,
The 28th Congress of International Council of the Aeronautical Sciences, 2008.
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Shoya TOKUMARU, Kunihiko HIRAISHI: Sector Identification for a Large Amount of 
Airspace Traffic Data, IEICE Trans Fundamentals of Electronics, Communications and 
Computer Sciences, Vol.E102-A, No.5, pp. 755-756 (2019/5)

2. Large-capacity Cell Transmission Model CARATS

Quang Khai Tran, Kunihiko Hiraishi: An Improved Version of Cell Transmission Model for 
Air Traffic Flow, 3rd Int. Conf. Transportation Infrastructure and Sustainable Development 
(TISDIC2019), (2019/8/31-9/1, Danang, Vietnam)
Quang Khai Tran Master Thesis, JAIST (2018/03)
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(Computational Geometry)
Point location

Point in Polygon
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Point in Polygon
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Point in Polygon Problem

A

A X

CGAL Computational Geometry Algorithms 
Library bounded_side_2()

A

A
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Point location, Point in polygon
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Airport 1

Airport 2

(i) Taking off

(ii) Cruising
(iii) Landing

CARATS 20190920

14

Si
pk

pk+ls

lk

Expected to reach 
at time tcross

pk*

Extrapolation
Actual 
trajectory

The point to be found: 
the first point outside of 
Si.

kcross is the smallest 
time step after tcross.
pkcross is in Si or not in Si.

pkcross

pkcross

pcross

dd

pk
pk+cs

pk+2cs

hk
hk+cs

hk+2cs
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Test data: tk2016 03 07 12 18.csv (size 40.5MB, 793,585 
points).

1,303 sec.
456 sec. (35% )
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Cell Transmission Model
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Fly Over

Arrival

Departure
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Misawa West Sector
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F11-2 Chugoku High Sector, S01 Misawa West Sector, T02 Tohoku Sector, 
T04-1 Kanto East Sector.
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Chugoku Sector Misawa West Sector
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Tohoku Sector Kanto West Sector
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http://jaist.ac.jp/~s1520751/BSS/control.htm
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