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To deal with the rising demand for air transportation, the International Civil
Aviation Organisation (ICAO) has developed a plan for future Air Traffic
Management (ATM). A key element of this plan is four-dimensional
trajectory-based operations (TBO), where aircraft fly along trajectories
defined in time and space. "Full 4D TBO" is expected to be available from
around 2030, but while much research is needed to develop this concept, most
efforts are currently focused on nearer term goals in conjunction with ATM
modernisation programmes such as CARATS, SESAR and NextGen. Because
of the time required for new aviation systems to be developed and matured,
however, research is now necessary to make the TBO concept more concrete
and to highlight areas that require further efforts.
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NTERINLZDICHRZVELTSHDT, TBO DBEEEAXMIZ L., FHRMGHER
BEHOMNITIARLIDELINTLS,

(2) BFITHRZITHOLEN
Full 4D TBO is a long-term goal, but because new aviation systems take a
long time to develop, it is necessary to clarify the concept to identify
requirements at an early stage.

7L 4D TBO (ZREIBEED., CNICTHIETIHLWVERFEI R TLORARICIIHEREZE
TH5DOT, YHREICEVTREERZHELAICT H=-HICTIESZBEICTEIEND
EThHb,

(3) HIRDEW
Reducing air traffic controller separation assurance workload is essential to
boost ATM system capacity. The Full 4D TBO concepts aims to achieve this
by having aircraft flying precisely along pre-negotiated -conflict-free
trajectories. However, this concept has a number of issues such as the
optimal resolution of conflicts, methods of visualizing flow bottlenecks and
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structuring traffic flows, dealing with uncertainty, and the tradeoff between
efficiency and safety (robustness).

The aims of this research are to create a fast-time simulation environment
that will allow Full 4D TBO concepts to be explored and evaluated, while
conducting fundamental studies aimed at addressing some of these issues.
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There have been few previous attempts to model a future Full 4D TBO
environment. This research will require the implementation of novel concepts
in for example traffic visualisation, management and optimisation.
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Elaboration of the Full 4D TBO concept will clarify benefits and costs and
guide strategy and implementation. Further, the FTS(Fast Time Simulator)
environment developed will be useful for evaluating future ATM concepts in
Japan.
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(1)

(2)

(3)

Develop a fast-time simulation environment of the Japan FIR as a test bed for
evaluating future 4D TBO concepts.

$£®M 4D TBO 25 fi s 2 TRA MRy FE LT, BRDORITEBRRZRE LD
FAMIALYZaL—2a VIREEHEET S,

Develop an algorithm that will optimally solve conflicts between multiple
trajectories in a block of airspace and evaluate it through fast-time simulation.
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Elaborate the 4D TBO concept, evaluate and refine it through simulation, and

34



identify areas for further research.
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(1) Provide inputs for future activities to realize 4D TBO concepts operationally.
4D TBO I #ERT A RN EMYMBAICEVNTERATEIRMEHNEFIRZET 5,
(2) Produce a fast-time simulation test bed that can be used evaluate new ATM
concepts in Japanese airspace.
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