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AN AIRSPACE MODEL APLICABLE FOR
AUTOMATIC FLIGHT ROUTE PLANNING
INSIDE FREE ROUTE AIRSPACE

The article is strongly related to the Single Ewap Sky ATM Research (SESAR)
project. The project’s objective is the improvemehair transport above Europe O.
Since Air Traffic Management (ATM) is involved tbin more effective approach
to air traffic flow managing activities, the contep Flexible Use Airspace (FUA)
has arisen in result. ATM is a quite developedtauies subdomain, therefore cur-
rently existing airspace state has been descriliefiybin the article, referring to
the presented solution concept. The notion of Reete Airspace (FRA) airspace
model defined in this article relies on mathematidescription. The selected
approach clarifies airspace as a set of squaresitmes that have volumes with
appointed values due to certain conditions in thesiered time (i.e. traffic flow
or weather). The model has to ensure facilitatidftight route planning and warrant
aircrafts separation towards flight safety assusailtie concept assumes that this
airspace model will provide assistance for airspees to select essential flight plan
criteria, such as economy, time, etc. The path lvéllappointed according to per-
sonal preferences, based on the model from whithduelaborated algorithm will
evaluate situation.

The presented solution is a response to air trgffievth. Therefore it supports the
SESAR project through research and developmentitéesivThe description proves
that airspace model would create enhancemendgint flilanning for airspace users.

Keywords: transport, navigation, air transport, flight plamm flight safety

1. Introduction

The major goal of ATM is to provide high-performanaf air traffic flows.
The growing number of flight operations causesdasing density of air traffic
flow that emerged in recent years. With increasgiingransport commonness, the
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airspace demands reconfiguration. ATM focuses dah bmwdernization of exist-
ing and development of new, more efficient appreadmnd instruments govern-
ing the air traffic. The European Organization tlee Safety of Air Navigation
(EUROCONTROL with headquarters in Brussels) isuhi involved in coordi-
nation of the framework of the Single European 8K Research [1]. It syn-
chronizes activities between ATM stakeholders, saagtir Navigation Service
Providers (ANSP), research centers and airlindlsemprogram the common goal
of which is to achieve, due to air operations regjuents, modern airspace struc-
ture. Some measures are carried out to providepeglormance of traffic — for
instance by reducing route distances, fuel consiomgtc. [2]. Therefore, the
idea of Free Route Airspace (FRA) has suggestedtbdlight planning process
is still an essential element in the air transpbidin. SESAR stakeholders are
quite involved in works to reach maximum airspaapacity, together with pos-
sibilities to make as well the flight paths as $lagrpossible. Actually flight plan
preparation process is a complicated and not teaasp procedure to airspace
users. Manual process, in fact, still remains stppidoy many technical means.
For the convenience of airspace users and betagreust the possibilities FRA
implies it is necessary to automate this proced8+g]. The article provides
general FRA overview in comparison to the classinatwork based airways
structure. However, it focuses on an airspace maplglicable to the automatic
rout selection process in order to facilitate there flight planning process.

2. The current structure of airspace

Significant aviation growth has affected the seaanl implementation of
different solutions for improvement due to the dadsgof ATM purposes. Estab-
lished in year 1960, EUROCONTROL’s mission is wdfion of air procedures
within European sky. The organization is involvechumerous projects, the goal
of which is to fulfill ATM mission by the Flexibl&Jse of Airspace (FUA). That
situation is seen as integration of Air Traffic @wh (ATC) systems, causing to
elaborate European Air Traffic Control Harmonizat@nd Integration Program
(EATCHIP). The priority is to ensure flight efficiey and economy together with
safety enhancement by enhanced flight planning.

Currently the entire European airspace is divideal Flight Information Re-
gions (FIR) which comprise Area Control Centres 8% ACC have different
shape (Fig. 1a) and are monitored by Air Traffim@ol Officers (ATCOSs). Ter-
minal Maneuvering Area (TMA) and Controlled TraffiRegion (CTR) are ele-
ments of aerodrome management that support tqafitection to and from air-
port. Polish airspace is formed by one FIR and AGEs.

Since the airspace refers to three dimensionakspib regard to time, com-
monly exists flight level (FL) presented in thetpie above (Fig. 1b). Regular
cruise phase takes place between FL095 and FL48QeBn FL195 and FL460
flights are performed with respect to Air TraffierSice (ATS) route network or



An airspace model aplicable... 7

FRA rules, depending on the specified airspacem@mtain flight planning ac-
tivities more efficient the airspace consists ofually constructed elements de-
fined as sectors. Sectors jointed together intsteithave own specified volume.
There is possible to not allow traffic during sgfied time interval in sectors or
by certain airways (AWY). Sectors even support rtaymg flights from past,
creating facilitations to observe airspace efficien

a. Vertical view of ACC b. Horizontal view of airspace

FL 660 Unclassified airspace

FL 460

Controlled airspace
Class G

FL 155

Uncontrolled
airspace
Class G

Fig. 1. Structure of the airspace in the vertiealagnd horizontal (b) view

Nowadays the entire structure has a static charbatesome works incline
towards structure with dynamically modified numbsghapes and location of
some of its components [6]. The preparation prooéss flight plan demands
operator/airspace user to provide EUROCONTROL witiny required opera-
tional data. Within wording data, there is inforroatabout the place of arrival
and departure, routes, waypoints the flight willdxecuted through and time. It
is obligatory for airspace user to familiarize wétinspace availability well before
the declared time of operation. The user is ob#idad be familiarized with Aero-
nautical Information Service (AIS), Aeronauticafdmmation Publication (AIP)
and Notice to Airman (NOTAM). Unfortunately, nowadait is impossible to
obtain information whether other airspace userg ladready prepared some flight
plan in the same airspace location and the sanee Kareover if an airspace user
could obtain access to information about flightseptally interfering with its
flight plan immediately after a query, then it wdude possible to make correc-
tions towards avoiding potential conflicts and peed preferences.

The EUROCONTROL role now is limited to acceptanceejection of the
submitted flight plan. One of the biggest weaknesdehe current system is that
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airspace users do not get any detail feedbackipgintasons the flight plan is
rejected. They are forced to next iterations ustisuccessful. The concept of
entire process modification [3, 7] significantlydtees the role of the airspace
user. Moving more responsibility toward automatigstems operated by
EUROCONTROL. EUROCONTROL’s member states have dedl#o replace
the ATS route network with FRA. However this pracéaskes place gradually.
Picture (Fig. 2) presents the difference betweeA EBRJDAPEST FIR) and clas-
sical airspace where ATS route network (BRATISLAWAR) still finds an ap-
plication. In both cases the waypoints (WTP) linkégth each other create flight
paths structure, but FRA provides the possibildyuse connections between
WTPs specified by user, with no reference to AT&es. The FRA enables to
use Entry (E) and Exit (X) WTP in order to obtdie shortest possible connection
inside FIR. The Route Availability Document (RAart shows the possibility
to use en-route directs (DCTs) and is updated adtonautical Information and
Control (AIRAC) cycle every 28 days.

. MEUEE -.-"-": -
S =
50 BRATISLAVA sadt™ ol
BLAWS - 3 EASOCD
GO -

Fig. 2. Fragment of RAD 1707 chart that presentsilable DCT's,
Eurocontrol.int, June 222017

EUROCONTROL develops solutions that aim toward mthest possible
smooth and safe management of air traffic. Theroegéion is involved in the
Single European Sky ATM Research (SESAR) prograngimee SESAR master
plan is focused on introduction of FUA, the FRA basome the crucial solution
in flight planning. The concept assumes perfornflights from entry to exit
points by the shortest path. In the most generahférom departure to arrival
place with no reference to the ATS Route Networkfleely via defined E and
X points. Intermediate points are used only isiabsolutely demanded by some
factors. FRA has actually not been announced byeathber states. According to
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data, performing flights using the ATS route netikvigrless effective if massive

traffic is considered, although modern navigatigatems enable reduction of
separation distances between airplanes. Traffectsts include a few fields such
as routes efficiency, sectors capacity, and veréiod horizontal separation pos-
sibilities supporting ATS solving conflicts in re@he but is still overloaded with

work.

3. Notion of Automatic Flight Route Planning

To fully utilize opportunities FRA provides, ATM shld be provided with
new facilities supporting Automatic Flight Routexfhing procedures [3, 7]. The
greatest advantages can be acquired if airspacevoséd declare departure and
arrival points in the preferred operation time niefbns only. The system
searches and proposes suggestion(s) of route(eydang to flight character,
time, user preferred criteria, i.e. economy eteerlUzctivity is to be reduced to
selecting and confirming the flight plan only. Tilight route is calculated on the
basics of input data available to the system. Taement ,merged sources data”
means:

 airspace availability — according to volume, exeldidectors, etc.,

« traffic volume,

» weather conditions and current flight relative tasts,

» established optimization criteria,

* aircraft type and exploiting characteristics,

» other information important to take into account.

In the most general case data (target solutiothfofuture) the airspace user has
to define departure and arrival points and depatiare only.

A flight route planning algorithm applicable to ARunning within systems
and automatically planning flights requires apglma of an appropriate mathe-
matical airspace model. The presented methods chioraghe graph theory [3,
7] however requires the airspace model enablirigiefit transition from the ho-
mogenous, continuous form of the proceeded airspzatiee discrete one. The
point is: there are not any marked characterigiintp in the proceeded airspace.
All waypoints, straight or curve legs are the resfilcalculation. The algorithm
works in humongous space producing the flight radea result. It takes into
account certain assumptions considering AirspacddVlcomplexity:

» Assumption 1: The model enables to map the seldaiatbngous space

by the graph.

» Assumption 2: The model can turn humongous spdacediscrete one
with virtual route waypoints located at network tees and route legs
located at graph legs.

» Assumption 3: It is accepted that some specifiagmege lost and excluded
from calculation because of model fidelity level.
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According to assumptions 1-3 that constitute treplg-network approach,
the entire airspace is mapped by the graph (FigSiBce the selected piece of
airspace is mapped by the graph with vertex locatamknters of unity cells the
graph-network theory is applied to find the critipath [8] with the usage of typ-
ical algorithms (i.e. Dijkstra’'s algorithm). Thetaimed critical graph’s path is
recognized as a desired optimal flight route. Aecion applicable for optimiza-
tion process, defining value of each path is foated in terms of parameters
assigned to graphs edges [6, 9].

G=(V,E W) (1)

where: G — the critical path,
V — set of graph’s noded] = {v,,v,, ..., v, }, v — node of the graph,
E — set of graph’s edge%; = {e,, e, ..., ,}, €— edge of the graph.

ADVERSE WEATHER
(marked in yellow)

RESTRICTED AREA
(marked in red)

SOME SPACE IS LOST
BECAUSE OF MODELLING
ASSUMPTIONS

(marked in orange)

Fig. 3. An example of airspace covered by the airktRA and mapped by the graph

The airspace model considered later in this pagpeomposed of clusters of
unity cells. All of them are located totally insitlee airspace. Graph nodes are
located at their centers, excluding nodes repregptirspace entry and exit
points. A path calculation process is to be exetbiethe defined [3, 7] algo-
rithm. The algorithm takes into account the acagpiatimization method which
is going to be a subject of further investigatitimst comprises a part of another
project. If there are no obstacles on the flighhpthen in the most general case
settled take-off (IN) and landing (OUT) spots woblllinked together in a way
regarding selected optimization criteria. If thare any obstacles on the shortest
selected trajectory then the system should seareliternative route between se-
lected points.
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The concept assumes the model of space is compbsetbes. That shape
enables to define spatial orientation that is sifigol and reasonable for the re-
search attempts, certainly at the initial resedesel. Different shapes are not
excluded from further studies, while seeking thistectory final result. The ar-
ticle presents 2D space example only, howevercitusial to find out appropriate
contour character and the applicable size in 3Dvél@r let us reduce investiga-
tions to 2D for the initial research phase. In scabe a set of squares models the
airspace. Squares fill the FRA space tightly andamspletely as it is physically
possible. Every square represents the space bialspagntation through geo-
graphical coordinates combined with height aboeegéoid. Its bottom is parallel
to the Earth’s surface (assumption: dimensions@stuares allow for such sim-
plification), beside position and orientation, squhas assigned fundamental, in
the presenting sense, set of parameters. The @i(fig. 4) presents a target 3D
concept, where green cubes indicate available spdwreas blue ones are ex-
cluded from use by different reasons (i.e. overflowaffic density, weather con-
ditions etc.). If air traffic density is considerasl one of the parameters the model
can support the algorithm solving potential comflialready at flight planning
phase. For example, since at the same time tweplaave planned route via the
same cube, the algorithm separates trajectories$igning alternative flight pa-
rameters to one of them. Separation shall be ezdaittdifferent surfaces such
as flight levels, geographical coordinates or tiffe visualize airspace availabil-
ity, blue cubes show airspace volume excluded ffigght planning in certain
time. It causes that the algorithm, when searclavagilable cells may assign
a path only due to adopted criteria (the cellslatdity in this case). If user pre-
ferred criteria for seeking alternative flight plare established, then eventual
conflict would be discharged though delay in taketime or on cruise phase.

Fig. 4. The basic example of FRA in 3D con-
cept (EUROCONTROL's NEST software)

Calculation is based on specific set of paramedssigned to cubes, with
graph vertexes located in centers. At this stady lonited set of parameters is
considered:

* airspace availability,

» airspace load,
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» approximately cruise time via cell,

« weather conditions,

» admissible differences between entry and exit time,

+ other significant records — data to be definedraufurther research.

It is going to be expanded with new ones during s&ps of research.

If the presumed airspace is modeled by the clustemity cubes, then A
vector composed of X vectors that represent thieeecwnsidered FRA (Fig. 5).
Then unity cubes are defined by its componentsctove X see eq. (2), (3). To
any vectorX; vertexv; is assigned in its center.

X1
A= .. 2
Xn
where: A — Vector representing the entire FRA,
n — global number of cells.
When every single X-cell could be described likedolv:
X=lay, ay, az, ...,anml, 3

where:a,, — record containing data values representing 8peairspace para-
meters, i.e. volume, weather, etc.,
m— number of considered parameters.

Fig. 5. The example of the basis space, in 2Defgyning to real airspace, b) virtual space

In the case of simplest 2D squares, having the sére, assembling together
determines entire analyzed space. Every cell hasifg@ation with reference
to individual conditions and contains specific dséaed into X, while X is the
record of parameters. Vector X describes cruciakination, in the way that the
table below presents.
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Table 1. Interpretation of vectors

X =[aq, az, as, ..., an] Description of vector’s interpretation

a; Individual ID number, i.e. in cell:

Xl = [a1 = 1, ], Xz = [a1 = 2, ] (F|g 4)

That number corresponds to vertex numhdrom graph G,
i.e. for vectorX,, record containing data, = v,

a, Record of contiguous cells numbers, i.e. once dstadal, describing
method shall be used to every bloc i.e. clockwise.

& = [cell's above ID, right up cell’s ID, right c&lID ...]

0 (zero) — indicate no cell at this vicinity

asz Distance to contiguous cells in order of IDs dedirse @ parameter
Depends directly on cell’s size and shape.

If cells are recognized as identical rectangles wilge length a the
distances are respectivedyanda*~v'2, depending on location of th
surrounding cells.

D >

a, Cell center’s geographical coordinates.
as = (latitude, longitude, height above geoid for BiDdels)
as Vector containing cell airspace’s availability glected time intervalg,

i.e. n-elementary vector, where every n-elementaings information
about availability (1) or unavailability (0) withiavery defined time
step, i.e. 20 minutes. For safety reasons becdudelays some ad
vance to schedule IN time, time slots also shoalddnsidered.
as = [1 — the second time slot before, 1 — last tyap before, 1 — sche
duled enter into airspace, 0 — the first time glpraards, 1 — the
second time gap afterwards, 1 — the third time gherwards,...|
1 — n-time gap afterwards]

ag Wind direction and velocity, i.e.é& (direction, velocity)
a; Predictable traffic density in time interval, like
(T=5)

T — cell availability in airspace model,

F, — flight count within 20 minutes interval,
C — cell's capability.

* available means that initial flights count to thkovolume ratio is les$
than1 (A< 1).

ag Different information crucial for FRA model to befuohed in further
work if necessary.

In consequence, therefore, every singlén global dataset holds essential
information for flight planning. It is importantof further research, to find the
method to reach most efficiency and accuracy. Aamyiis important to obtain
adequate separation minimum to avoid conflicts.iddig global space into the
smallest possible cells due to space’s accuracydimiprofitable but has disad-
vantages. Great cells number demands longer ei@iuahe according to space
complexity. First accuracy issue appears when ademny divides the space into
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two sub-spaces: available and inaccessible, shamnmgle cell at two different

areas. Therefore the unit box has been used. ihgrtbat to ensure safety, if any
square does not fulfil assumptions then flight @hall be not performed via it.

Only cells that lay entirely inside accessible ariihbe taken under considera-
tion. That applied model would exclude particulsras, but it guarantees flight
safety. The second accuracy issue appears wHighadoes not cross the cell's
center, i.e. FRA entry or FRA exit.

According to assumptions included in chapter 3elainspace model created
that way shall be examined. Examination is baseasorg certain flight samples.
Different additional principles, such as extra ficafhave been skipped. The
algorithm optimization criteria are to find the stest possible route due to
adopted and described idea. No FL changes havedolegted for current exam-
ple, therefore the route visible in the picturep&formed at the same altitude
all the time.

As it has been shown in the picture (Fig. 6), flighperformed between cells
21%and 3. FRA entry and exit points are outside the maikesh however they
shall be taken into consideration. Adjacent cellsich are not located in FRA
entirely do not refer to center of cell. Accordiogaken assumptions, the shortest
possible path is obtained by seeking and evaluatifigrent information con-
tained in every cell. Trajectories will be smootifahe cell is related to proper
size. The future research can consider cases gl paths composed of curves
not crossing centers of the cells as well.

The entire FRA considered in the overview is clossie blue boundaries
and has been described by vector A. Vector A dsfitate of airspace: it contains
34 cells labelled by X. Every X has assigned iriragl number among 34-ele-
ment set. Each data structufgincludes components, a,, as, ..., a,. Single
recorda contains certain information about airspace tlzest leen described in
chapter 3.1 (Tab. 1). Each recarts equivalent to air operation usability properly
to determined criteria. Assuming that the flighthpavill be performed via
the square-cells centers the mathematical notatiaghat example looks in the
following way:

X1

A= (4)

X34
where: X — airspace cells that have been checksdl¢at path.

X gathered into numerous different series creabasiple routes on a linked
way between entry and exit FRA points. Examplenaf single cells located on
potential flight path has been presented in Tab. 2.
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Fig. 6. The route planning in FRA example, 2D view

The assumption is that the shortest possible patht(ajectory in Fig. 6) via
cells 18"and 17 (violet boundary) cannot be performed due to anjitoperation
with regard to time gap (Tab.X, as). Then the system seeks different path
that is as short as possible. The current systeomass that network-nodes are
located exactly in the cells center. Every cetlaanected to contiguous cells via
distance equivalent to single cell's edge. Theadist between two contiguous
cells in diagonal configuration is equivalent tadéh of one single cell's edge

Table 2. An example of vector interpretation

Description of vector’s interpretation

X Xe X16
a [6] [16]
a, [0, 0,7, 16, 15, 14, 5, Q] [7,8,17, 26, 25, 23, 6]
s [0,0,0,d, 42, d,dv2, d] [d, dv2,d, dvZ, d, dvZ, d, &VZ]
d — length of the square’s edge (Fig. 6) | d — length of the square’s edge (Fig. 6)
a, [18.583, 47.569] [19.373, 47.247]
as [1,1,0,0,0,0,0,0,1,1]

note: 3¢ element indicates airspace availa-
bility in scheduled enter into airspace. Hor
that reason, airspace user has possibility to
consider flight plan one or more times he-
fore the interval

[1,1,1,1,1,1,1,1,1,1]

a [180, 2] [315, 5]
a; | [4/40, 8/40, 12/40, 35/40, 39/40, 37/40,|  [4/40, 8/40,0/0, 0/0, 0/0, 39/40, 35/40,
19/40, 12/40, 11/40, 5/40] 29/40, 12/40, 5/40]*

* when the adverse weather conditions ap-
pears, the cell has be described in way to
avoid aircrafts occurrence that time, i.e. as-
signed 0 volume rate
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multiplicities byv/2. Alternative trajectory would be appointed vial &3" - 26"
and 18th cell, however adverse weather conditiomside cell number 2%
makes that airspace inoperable. Bypassing tiecg8, the path would be ap-
pointed via 3% cell, however it takes long additionally forcedtdince. Seeking
next cells to perform, the route via cell§ 8" and &, is considered and indicates
perspectives to obtain an alternative that is ag &$ possible. Identically, every
remaining possible cell has to be checked in theesaay. Evaluating path that
captures data from cells should be executed urfttination about possible al-
ternatives are exhausted. Then comparison betwaéanis will reveal a satis-
factorily flight path. That picture presents fligbute planning system in a created
airspace model that is the subject of the arti8lace airspace user can re-enter
operational time, the alternative path before ¢erafilitary action or adverse
weather conditions would be assigned. Operatiome in ATM is quite an im-
portant factor because time affects subsequettt$lidvoreover, since cells 16
and 17 are closed, that state implies searching alteratiutes. It is obvious if
some part of the space is closed/excluded formabiparair density of air traffic
in surrounding areas rises.

The final objective of the airspace model and atgor notion is to extract
optimal flight plan due to airspace availabilitydanser's demands. The system
evaluates and displays alternatives for flight glalowing the data inserted in-
side cells. Although flight plan will be displayeespectable due to optimization
method, it has been assumed that the possibilitgheonge individual criteria
exists. The airspace user will receive confirméghtl plan necessary for certain
operation data.

4. Conclusions

The airspace model notion presented in the arsioteild make flight plan-
ning process more transparent to airspace usenerily, users have to precisely
overview situation and environmental conditionsaoplanned route before the
flight. However, efforts undertaken towards fligithnning do not guarantee that
the desired path will be accepted. Airspace ubanks to the commonly intro-
duced automatic flight plan algorithm, that usesgice model described in the
article, shall obtain a few path alternatives aftfilling departure and arrival
places in the intend time. The complex system, ithaet and interacts with dif-
ferent data, will automatically check environmemd @irspace availability. Then,
from among a few different paths that users receheare will be a possibility to
select the most proper path to user’'s prefereMdéen a path is being accepted,
the user will obtain confirmation [8].

The concept requires to construct a robust algaorithhich will provide op-
erational safety combined with efficiency. Full ilmentation of FRA is quite
a difficult process. In consequence many coungtiflsuses ATS network routes
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mainly starting experiments with FRA in nighttimelyy FRA demands to imple-
ment a reliable system which would handle with erars traffic perfectly. The

2D airspace model described in this article shows facilitations for airspace

users can improve the flight planning process. flindner developed algorithm
will select data from airspace model’s cells talleaflight via certain graph ver-
texes [5, 10]. Further researches need to be exahitina 3D space model. It is
significant to examine the situation when a hugalner of flight plans are set at
the same time via the same cell.
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MODEL PRZESTRZENI POWIETRZNEJ UMO ZLIWIAJ ACY
AUTOMATYCZNE PLANOWANIE LOTU WE FREE ROUTE AIRSPACE

Streszczenie

Artykut przedstawia koncepggzamodelowanej przestrzeni powietrznej w sposobzliwia-
jacy automatyczne planowanie lotu w Przestrzeni Lo@mobodnych (Free Route Airspace —
FRA). Zaprezentowany model usprawnia czyfungktadania planu lotu przezytkownika, jed-
noczenie gwarantujc bezpieczg separagj statkbw powietrznych. Tematyka artykutu jest #wi
zana z badaniami do projektu Jednolitej EuropejdRieestrzeni Powietrznej (Single European
ATM Research — SESAR), ktérej podstawowe zaloe stanowi poprawa efektywso i bezpie-
czeistwa operacji w transporcie lotniczym. EfektywnagjsZaradzanie Ruchem Lotniczym (Air
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Traffic Management — ATM) jest mbwe przez wprowadzenie koncepcji Elastycznego #iaa-
nia PrzestrzeniPowietrzn (Flexible Use of Airspace — FUA). Elastyczne Zaizanie Przestrzenqi
Powietrzry pozwala na monitorowanie dephasci przestrzeni w rinych odsgpach czasowych,
w spos6b umdiwiajacy uwzgkdnienie planowanego rgenia ruchu wobec innych warunkéw,
np. atmosferycznych.

Przedstawiony w artykule opis przestrzeni powietfapiera sj na opisie matematycznym.
Przyjte zostato zatzenie,ze cata przestrepowietrzna sktada siz jednakowej wielkéci kwa-
dratéw (lub sz&iandw w przypadku przestrzeni 3D). 4y kwadrat lub szZsian ma przydzielan
pojemnd@¢ wraz z wartéciami okrélajagcymi dostpnas¢ w ustalonym czasie. Degncsé jest
uwarunkowana przez wiele czynnikéw, np. gagzenie ruchu lotniczego. Wykonane badania
wskazuj, ze zamodelowana w ten sposob przestpawietrzna stwarza potencjat do planowania
lotu. W konsekwencji wprowadzenia przezytkownika dwdch punktéw lotu — pogikowego
i koncowego, przeszukana w ngsstwie przestrzepozwala na przeanalizowanie i zaproponowa-
nie przez system trasy wedtug prggigo kryterium.

Stowa kluczowe: transport, nawigacja, transport lotniczy, planowaiotu, bezpieczestwo
lotnicze
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