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The set of software which automates the control process of dynamical air-traffic situations generation is
considered in the article. The functional scheme of its work is given. The set includes: airspace sector editor,
catalogue searching tool, dynamic air-traffic situation generator and editor. The input and output data is
formalized. Reducing the generation time and increasing the quantities and variety of practical tasks due to
automation enable implementation of individualized learning approach.
air traffic controller, software, automatic control system, dynamic air-traffic situation, exercise design

A.B. U3Banos, cr.npen., C.H. Hegenbko, npod., 1-p Texd. Hayk, B.H. Henesibko, 101., KaHA. TeXH. HAyK
Kuposoepadckas némuas axademust HAYUOHATLHO20 ABUAYUOHHO20 YHUBEPCUMEMA

Kommuieke mporpaMMHOro odecrnedyeHus A aBTOMATH3HPOBAHHON CHCTEMBI YHNPaBJIeHHS] KOMILIEKCOM
MO/IeJIMPOBAHNS BO3AYIIHOTO ABUKEHUS

B craree mnpuBoamTCcs coctaB M (YHKIMOHAJIBHAs cXeMa paboThl KOMIUIEKCA IPOrpaMHOTO
obecrieueHns, aBTOMATH3UPYIOIIETro Ipolece YIpaBieHUs TeHepanyeil AMHaMUYecKOH BO3IyITHOW 00CTaHOBKH
JUI IPaKTUYECKON MOJArOTOBKM aBHaaucreTdepa. Kommiekce BKII04aeT peJakTop BO3LYLIHBIX 30H, HHCTPYMEHT
TIOMCKa B KaTajuore, FTeHEpPaTop M peJakTop JMHAMUYECKOH BO3AYIIHOM 0O0cTaHOBKH. DOpMaT30BaHbl BXOIHbIC
U BBIXOJHBIE MaHHble CHIKEHHE 3aTpaT BPEMEHH M yBEIWYEHHE 00BEMOB M pa3HOOOpas3us yueOHBIX 3aqaHui
Gnarogapst aBTOMaTH3alMH MTO3BOJISET BHEAPATh HHANBUYIbHBIN TOX0 K 00YYEHHIO.
aBHajNcIeTYep, IPOrpaMMHoOe o0ecledyeHne, aBTOMATH3HPOBAHAS CHCTeMa YIPaBJICHHA, IMHAMUYeCKas
BO3/yIIHAs1 00CTAHOBKA, pa3padoTKa ynpaskHeHu i

1. Statement of the problem. The simulator training of air traffic control (ATC)
specialists is the primary means for development of the professional abilities and skills. Thus,
this process ensures the flight safety provision. Typically the training is based on the dynamic
air-traffic situation (DATS) modeling complex. Nowadays various means of automation are
implemented in DATS modeling, but, nevertheless, the exercise design for the ATC simulator
remains the most time-consuming task. Designing a 2-hour duration scenario for modeling the
air traffic of average intensity including conflicts and unusual and emergency situations
(UES) takes 5-6 hours of training centre staff activity.

This limitation prevented the full implementation of individualized approach for the
professional training. According to such a concept, each trainee should complete his/her own
sequence of tasks and exercises to reach the required level of professional skills and abilities.
As such sequence can be subject to changes resulting from the trainee’s current results, there
is an urgent need in a set of software tools for the automatic control system of the air traffic
modeling complex.

2. The analysis of recent publications and research. The individualized approach in
the context of ATC professional training was considered in [1, 2]. In [3] the integration of
different elements of automatics control system of ATC professional training was proposed.
The student model applicable for ATC training was described in [4]. The models and
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algorithms of generating separate elements of DATS and the required data structures were
described in [5, 6].

3. Objective of the research. The requirements to the software are derived from the
workflow of ATC training process. The tasks of DATS design, editing and storing must be
fulfilled. Two exercise design modes must be available: the automatic and the human-
controlled ones. As the automatic exercise designing is expected to take place right before the
actual student’s procedural training according to the individual programme, the duration of
the design process should be less than 10 minutes. Thus, the DATS should be generated while
the student will be reading the instructions and taking the preliminary theory test.

4. The presentation of the material. At Kirovograd Flight Academy of the National
Aviation University (KFA NAU) the appropriate models and algorithms were elaborated, the
required software was developed and the individualized approach was realized in the ATC
professional training. The functional scheme of the automated control system of DATS
generation is shown in fig.1. Three major processes can be differentiated: initial data
processing, DATS generation and providing DATS for the modeling complex.

Aircraft performance Airspace maps

.| Registering Preparing flight Input of airspace Defining the !
'l aircraft types | plan templates < sector data » regions of E
i conflict i
e i __ Providing DATS for the modeling complex ________ i_ -
| DATSgeneration 5
N v ! Previewing Editing the !
i i Generating Generating non- ! the situation > situation !
| | || emergencies conflict traffic o :
D | 4 |
5 — :
i 1| | Generating Controlling the . | Calculating the ’ :
i 1 | conflicts situation complexity | situation parameters | !
i A . ! !
L Searching through the - Registering the situation i
——» catalogue for the required [« : |
! o in the catalogue !
| situation |
| | 'X

Figure 1 — The functional scheme of the automated control system of DATS generation

The airspace sector is stored in a relational database. The main objects are:

- the graph of air traffic routes with the vertices as navigational points and the edges as
the airways segments;

- spatial boundaries: horizontal and vertical;

- regular routes of flights through the airspace with the possible airports of
departure/arrival;

- possible vertical flight profiles for the routes;
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- regions of conflict, that is regions where the spatial separation of the aircraft can be
violated,;

- aircraft performance, such as: cruising speed, maximum flight level, accelerating and
decelerating characteristics, possible gradients of climb and descent, behaviour of the aircraft
in the emergency conditions;

- flight plan templates, being the basic elements for building the DATS. Each template
is the pair “Flight profile” — “Aircraft type”. Adding the actual flight plans to the DATS is
picking up a flight plan template and specifying the sector entrance time for it.

The initial data processing is performed by the training centre operator. During this
stage the aircraft performance data and the airspace structure data are input into the database
using the visual editor (fig.2). This tool is capable of loading the array of points’ coordinates
from air navigational databases and provides the easy way for their adjustment. Since not
each simple route in the graph of air routes represents the regular flight route over the
airspace, the regular routes are drawn manually or (for the existing airspace sectors) can be
deduced automatically from the list of daily flight plans for this sector.
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Figure 2 — Airspace editor interface

Having the airspace routes’ and points’ data, the flight profiles are generated
automatically, taking into account odd and even flight levels for western or eastern flight
directions and the altitude change at the climb/descent route segments. It is possible to apply
country-specific vertical separation rules to the calculation if they are different from the
international standards.

The map uses Lambert conformal conic projection which ensures that the scale errors
are less than 0.1% in case the usual airspace sector lateral dimensions are within 5-10 degrees.
The regions of conflict are found by solving the equation of geometry analysis. To reach the
reasonable compromise between the amount of data stored and DATS generation time the
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regions of conflict where the horizontal separation can be violated are to be stored, and the
vertical separation between the aircraft in the conflicting regions should be calculated
on-the-run during the actual DATS generation.

The flight plan template is the pair “Flight profile” — “Aircraft type”. The possible
flight profiles are built from the routes data using the minimum and the maximum flight
levels of the incoming and exiting traffic. The correspondence between the flight profiles and
the aircraft types is defined taking into account such flight characteristics as cruising altitude
and climb/descent gradients.

The input requirements “I”” for DATS generation can be formalized as

I=<Z T P’,K’,E’,C’>, (1)

> © mod *

where Z is the airspace sector in which the modeling takes place;
T4 — duration of DATS modeling;

P! = < N s {(N T )}, D' > — requirements to the air traffic during DATS modeling,

where
Ne=[n
the time T ,;

mod ?
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transiting air traffic ratios in the generated DATS;
K' = {(T o TP )} — requirements to the conflicts in the DATS where
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] is the interval of time during which the separation violation mush take
place and TP is the type of conflict (the conflicts are classified basing on the mutual

location of the conflicting aircraft regarding their horizontal and vertical speed vectors);
E'= {(T E, T™ )} —requirements to the UES during the DATS modeling, where TE, is

evt | evt

the set of possible UES types, one of which must happen at time interval 7" =[¢

imin imax] >

C' = {(Cfx’ T )} — requirements to the extreme values of the ATC complexity

function of time during the DATS modeling.

Before generating the DATS which would apply to the requirements “I” the system
should first search through the catalogue of the already generated DATS. The tool was
developed for manual searching through the catalogue, the instructor’s interface is shown in
fig.3. For storing in the catalogue the DATS is tagged to describe its key features: time of
modeling, airspace sector, air traffic, complexity, conflicts, UES. These tags are used for
search. Pre-reviewing of the air traffic, complexity function graph, the conflicts and UES is
enabled.

Generation of the new DATS “X” takes place in two cases.

a) The appropriated DATS which will be applicable to the requirements “I” is not
found in the catalogue.
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b) The student controller for training needs new DATS which he has not encountered
before to ensure that the situation will be new for him while the situation’s parameters are
applicable to the requirements for the previously completed exercises.

w Katanor [BO = =
File Edit Search View Window Help
o . v .
. < 30Ha NOBTPAHOrD NPOCTORY lu_cog_””s' R Mok, 36poc Myck |
APLKOE IR - ITKHEHHA 3 MTHILED
! v [T MoeigomMnerHa npo Gore: _
. s e o #=APBKOR FIR Fy B d Bigrosa gemryna 05.11.2012 200 22 NC B NKC
- DHEMPONETPOBCK CTy I™ HecnpagricTi ranem Biarosa aewryna 07.11.2012 200 221C 3MKC

<l

DHEMPONETROBCK CT, ; ; Bi 07.11,2012 1,45 20 11C & MKC
B nrMOES OEMIYHI L N
N T DOHEWKCTA I Blavosa aenary aacTeparn] || o i 02.03.2011 130 25 NC £ MIKC

i | [~ Biamosa z6'azky [as0cTopoHHA]
: P —j [ Blamosa EnexTpoKHBneHHA
HAPEKOB CTA"Wro-3a™ | -] [V BiaMoBa ABMrUHa
I¥ TpusanicTe MogenoeaHHs O — ¥ Biavoss aevruris oot
8 . |=| - =] - o
Eig; [1:30 o Ao 200 = o ,rj T _21:2M: .
I¥ Bowora MC B |2 i I Biamosa NanueHol cHeTenu o g
eig: |20 j o |25 ﬁ [~ Biamosa waci < = e —
v ntiba cr.naHocTi 3 vacom [~ Biamosa rigpasnivHol CHETEMM - ! b

[ Cepeana crnaaHicTs
e |15 j ao: |30 j

¥ MakcuMankHa craanHicTs
sia: [30 = o [ =

[~ OfneneHiHHa o #
[~ Pozrepretuzauia
40% [ Dur y katini

[~ 3axonnenna NC

¥ OB cymicHo 3 MKC

Figure 3 — Searching through the DATS catalogue

DATS “X” can be formalized as:
X=(ZF,E,T,M), ()

where Z is the airspace sector;

F={f}= {<Tii“ ,L,, {At i }, TP, A, >} is the set of flight plans of aircraft through the
sector Z.

The flight plan f; properties are:

T" — moment of entering sector Z;

L, — flight route and profile;

{At i }lk — moments of passing each of k nodes of the flight route.

If j =k, the moment of leaving sector Z can be derived as follows:
T" +At, =T™; 3)

TP, — aircraft type;

A, — other attributes of the aircraft, such as call sign, applied language, using the
reduced vertical separation minima, etc.;

E={e}= {<eti, te., oei,Ati“S‘”“",Atfﬁé0t>} — set of events which are planned to take place
during the DATS modeling, where:

et, —event type (e.g. engine failure or cumulonimbus progress);

te, — start moment of the event;

oe, — object related to the event, which could be an aircraft or a region of the airspace
sector;
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A tiasxixt _
the instructions;
At — time after te; during which the event will exist;

T=[T,,;T,, +T..,] —duration of DATS modeling.

Start >~ start m
M is the meteorological situation model which occurs during the DATS modeling.
The conflicts are not separate elements of X, as they can be defined using the graph K
over set F with the incidence boolean function ConfF'PL(f;, f;). This function returns “TRUE”
value if and only if the following statement is true:

time after te, during which the controller must react to the event according to

T, T

start > = start

Elt((r S +T,, ))/\ Conf(fi,fj,r)). 4)

Here the boolean function Conf'(f;, f;,7) is true if and only if the spatial separation

between the aircraft which perform flights according to the flight plans £ and f; is violated at
the moment <.

The interface for inputting the requirements “I” for the DATS generation was
developed (fig.4). The automatic DATS generation consists of 3 main phases.

1) UES generation. Each time one new flight plan is generated for the aircraft which is
going to be the target of the emergency situation.

2) Conflict generation. Each time a pair of flight plans is generated; their flight
profiles and the moments of entering sector Z are selected in such a way that the separation
violation will take place at the specified moment and in the specified segment of airway.

3) Generating non-conflicting traffic. Flight plans are added one-by-one ensuring they
will not violate the separation with already existing flight plans.
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Figure 4 — Input interface of the requirements for DATS generation
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During all these stages the situation complexity is controlled constantly and the
process is halted when it is impossible to add any new flight plans without breaking the
maximum complexity condition.

The visual DATS editing tool was developed (fig.5) which provides easy DATS
previewing and editing its elements. Adding the flight plan consists of the following steps.
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Figure 5 — Visual DATS editor

1) The operator selects one of the possible sector entry points which are highlighted on
the airspace map.

2) After the entry point has been selected, the exit points for the possible routes are
highlighted and the operator selects one of the routes.

3) Aircraft type select dialogue is opened. The brief information about the aircraft
performance is provided for the operator who selects one of the aircraft.

4) After the aircraft selection the visual representation of dependency between the
flight parameters of the added flight plan and the presence of the certain type conflict is built.
It is a grid with green, red or black cells. The rows represent the flight profile while the
columns represent the time of sector entering. The green cell means that no conflict will
appear between the added flight plan and the existing ones if the added flight plan has the
selected profile and entering time. The red cell means that the separation violation will take
place (its place is shown on the sector map and its time is given on the complexity graph).
The black colour means that the separation violation will take place right after the aircraft
enters the sector. In this case the controller won’t be able to take any appropriate measures;
thus for the training exercises adding the flight plans with such parameters should be avoided.
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5) While the operator moves the mouse over the flight plan profile and entry time
selection grid, the ATC complexity graph is modified to show the impact of the new flight
plan to the situation complexity. Also, if the appropriate option is selected in the settings, the
DATS on the sector map is rebuilt showing the positions of all the aircraft at the moment the
new aircraft is going to enter the sector.

6) As the operator clicks the flight plan profile and entry time selection grid the new
flight plan with the selected parameters is created.

7) Right-click on the aircraft opens the emergency situation menu where the UAS
parameters can be specified.

Dragging the time trackbar enables quick previewing of the DATS evolution during
the modeling time. There are the following means of adjusting the DATS parameters:

- it’s possible to adjust the position of the selected flight plan at the specified moment
using drag-and-drop technique, thus recalculating its moment of entering the airspace sector;

- the flight profile can be edited manually using the flight plans list and the profile
grid. Both the altitudes and speeds at the route navigational points can be edited, the data is
automatically verified to ensure its correspondence to the aircraft performance;

- the right-click menu enables changing other flight plan’s properties, such as aircraft
type and its attributes.

Such tasks of visual DATS editing are automated:

- the operator can draw the curve of the required ATC complexity function and the
software will automatically generate the air traffic that will fit the required graph;

- right-click on the air route segment opens the conflict generation menu; two
conflicting flight plans are added at once to the flight plan list.

The models and algorithms of automatic DATS generation implemented in the set of
software were the subject of the validating experiment [7]. Its result showed that the
deviations of the generated DATS parameters from the requirements were within the ranges
defined by the guiding documents in the field of ATC training.

The parameters taken into account were the standard and maximum absolute
deviations of the number of aircraft and traffic complexity. Also, the conflicts and UES were
taken into consideration. Thus such tools can be used for training all the groups of
professional abilities and skills.

Conclusions. Measurement of time needed for the phases of DATS generation gave
the following results.

For the operator common to the software interface the visual airspace design takes 2-4
hours of work. Automatic loading the sector points and routes data from the air navigational
databases and documents reduces this time up to 50%. Processing the airspace data takes
another 10-30 minutes. As all these processes take place only once when the new sector is
created, these time values are acceptable.

Automatic DATS generation takes 2-5 minutes and visual editing of DATS by the
operator takes 10-30 minutes. These values prove that the developed set of software fully
enables the individualized approach to the ATC training.

The exercises developed using this software both in the automatic and the manual
modes are extensively used in training, self-training and professional competitions of ATC
controllers held in the KFA NAU.
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Kommiiexkc mnporpamHoro 3a0e3medeHHsl /UIi ABTOMATH30BAHOI CHCTEMHM KepPyBaHHSl KOMILIEKCOM
MO/IeJIIOBAHHS MOBITPSITHOTO PyXY

Jlist 3a0e3neueH s iHIMBIAYaNbHOrO MiAXOAY JI0 MPaKTHYHOI MiJrOTOBKH aBiajucrieTdepa HeoOXigHO
JIOCSITTH CYTTEBOTO 3HIKEHHSI BUTPAT 4acy Ha TeHepalilo JUHaMIuHOI ITOBITPsIHOT 00CTaHOBKH.

VY crarTi HaBOOUTHCS CKJIaJ] Ta (QyHKIIOHANBHA cXeMa POOOTH KOMIUIEKCY IPOrpaMHOro 3a0e3nedeHHs,
10 aBTOMATU3y€ IPOIEeC KEPYBaHHS TI'CHEpAaLi€l0 JAWHAMIYHOI MOBITPSHOI OOCTAaHOBKM ISl NPAKTHYHOT
HiATOTOBKH aBiaaucnerdyepa. KoMmmiekc BKIIIOYAE pelaKToOp MOBITPSHHUX 30H, IHCTPYMEHT IOIIYKY Y KaTajo3i,
TeHepaTop i pefakTop IWHAMIYHOI MOBITpsHOI 0OcTaHOBKK. DopMmalnizoBaHO BXiIHI Ta BHXimHI naHi. BumimeHo
OocHOBHI (ha3zu Ta eramm reHepariii. HaBomsaTeesa iHTEpdeiicu omepaTopa, 3aco0u Bi3yalbHOTO peJaryBaHHS Ta
aBTomaru3auii. [IporpamHe 3a0e3nedyeHHs] MPOMILUIO EKCIIEPUMEHTAJIbHY Ballijaliro Ta Oyyno ampoOoBaHO y
HaBYAILHOMY IIPOLIECI.

BrnpoBapkeHHS IpOrpaMHOro 3a0e3NeyeHHs 3HM3WIO HA JBa MOPSOKH BHTPATH 4acy Ha TeHepalilo
BIIPAB, MiIBUIIMIIO iX PI3HOMA@HITHICTb, IO YMOXJIMBIIIOE 1HIUBITyanbHUHA M1IXiJ O TPAKTUYHOT HiATOTOBKH.
aBiagucneTyep, mporpamMHe 3ade3neyeHHs, aBTOMATH30BaHA CUCTEMA KePYBaHHs, IMHAMIYHA MOBITpsiHA
00cTaHOBKA, po3po0Kka BNpaB

Onepxano 12.05.14
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