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Abstract. On a daily basis, on thousands of commercial and military flights, the lives of countless passengers are
dependent upon the implementation of safety regulations adopted to protect the public interest. Detecting potential
conflict situations — is not only analysis of many factors that occur in a given time, but also a final decision concerning
crew of aircraft to change the motion parameters, the timely and proper execution of which will provide a safe
distinction aircraft from holding the required minimum separation. A set of algorithms that can identify and resolve a
potential conflict situation between the aircraft on counter, trail tracks and intersecting tracks has been developed. The
software implementation of methods for the determination and resolution of potential conflict situations between

aircraft has been made.
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1. Introduction

On a daily basis, on thousands of commercial and
military flights, the lives of countless passengers are
dependent upon the implementation of safety
regulations adopted to protect the public interest.
The implications of aviation safety not only save
lives while people travel through the air, but ensures
the safety of everyone. With more planes in the air
and more total time spent in the air during travel,
aviation safety is more important than ever. While
air safety has been a very important since from the
beginning of flight for man, in today’s technological
world with many complicated systems in operation
during a flight paying attention to the details is
important. While the aircraft could be a well
maintained top of the line flying machine, human
error could lead to a crash. Whether it’s on the
ground (the air traffic controller) or in the air (the
pilot or someone else on the plane), one wrong move
can equal disaster. Beyond the people controlling
and guiding the plane, the actions of the passengers
and the rest of the crew can play a big part in airline
safety. Detecting potential conflict situations — is not
only analysis of many factors that occur in a given
time, but also a final decision concerning crew of
aircraft to change the motion parameters, the timely
and proper execution of which will provide a safe
distinction aircraft from holding the required
minimum separation.

2. Literature Analysis

Nowadays there exists a great deal of literature and
documents concerning a detection and a resolution

of potential conflicts between aircraft. Main methods
to detect potential conflicts between aircraft are
described at the book [Kharchenko, Argunov 2010].
This work deals with annexes 2 “Rules of the air”
[Terms...2003], annex 11 “Air Traffic Services” to
ICAO Convention [Annex 11...2001], Document
4444”  Air traffic management” and the
methodological directory “Airspace management
[Doc 4444-ATM/501...2007].

3. The goal of the work and formulation
of research problems

As a result of the literature analysis, the task
concerning developing algorithms for potential
conflict situations and creating software, which does
not only perform the calculations of the parameters
of the situation on the screen and give the results of
these calculations, but also provides the necessary
hints for the air traffic controller to resolve
potentially dangerous situations, have been arisen.
This software includes all possible types of conflict
situations in the air.

4. The main part

Potentially conflict situation is such sort of situation,
where the risk of collision exists. Theoretically there
are three types of geographical location of aircraft:
on counter tracks, trail tracks and tracks, that
intersect. Every of these locations include special
calculations.

1) To determine the conflict situation on counter
tracks an ATC should know:

a. time required to cross the busy counter flight
level (¢;):
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where AH - the difference between the heights of
aircraft;
V1 — vertical speed of one aircraft;
b. distance that both aircraft will pass for

descend time (.S, ):

Samztd(m+W2)+Szv; (2)
where S, — the distance measured during
communication;

W, and W, — track speed of the aircraft.
S, depends on total rate of W} and W, :

5km,if W, + W, <600km/h,

10km, if 600< 1%, + W, <1200km/h;  (3)
15km, W, + W, >1200km/h.

S =

zZv

c. the distance between the aircraft at the time
of passing the busy flight level (S, ):

Ser =8 =523
d. time of divergence of aircraft (¢, ):
t, = 5.

W+ W,

e. altitude of aircraftl at the moment of
divergence (H;(¢,) ) is:

Hl(tp) = Hl _tle;

where H is altitude in the initial moment of time;

f.  difference in height between the aircraft at the
time of divergence(AH(z,,) ):

AH(tp) =H2 _Hl(tp);

g. possibility to permit descending: S, > S,
AH(t,) = H, ;.

Permission to decrease (climb) can be given if
both conditions satisfy the situation. If only one
condition is satisfied, controller should use another
method:

— Creation of lateral spacing;

— Change the flight level
divergence.

2) To determine the conflict situation on trial
tracks it is obligatory to:

a. calculate time reduction is required for
crossing busy passing flight level (formula 1);

after aircraft

b. calculate the distance will pass both aircrafts
during reduction (formula 2):

If Wi>W, then S, be increased by S, that
takes into account the communication to the team

crew. S, is determined from the expression and
depends on the velocity difference W, —W, :
5 km, if W7 —W, <300 km/h, A

#7110 km, Wy — W, > 300 km/h; @

c. calculate the distance between aircrafts at the
time of crossing the busy passing level (S, ):

S cr = S-S5 am>

If W,<w,, S, will be increased over the initial
distance between aircrafts, as

S, =85+8

d. determine the ability to permit the reduction:

S, >S,.

cr —

am?

Permission to decrease (climb) may be issued if
the condition is performed, otherwise the controller
should use another method for crossing busy passing
level:

— Creation of lateral spacing;

— Speed limit flight;

— Changes in the level flight.

3) To determine the conflict situation on tracks,
that are intersected an ATC should know:

a. the time of flight (in minutes) of each aircraft
from the point of intersection of the tracks (routes)

(t and ¢,):

tl =i60,
Wl

[2 = S_26Oa
WZ

where S;, S, — the distance from the point of

intersection of lines under the first and second
aircraft, km.

b. the actual time interval passing of aircraft:
At =t -1,

c. the separation distance of aircraft (in
kilometers). Necessary to notice that regardless of
what the aircraft goes into the intersection first
(more or less speed), the smallest interval of the
difference will be in the moment at the point of
crossing the tracks is a high-speed aircraft.

b




S. Kredentsar, M. Chorna. Software Implementation Methods of Detection and Resolution of Potential Conflicts... 37

It follows that the minimum distance between the

aircrafts (actual line spacing differences) is
determined by the speed with less speed aircraft:
AtW,
d, =—-"1.
cr 60

Velocity of the less speed aircraft defined by the
formula:

| WLAE W < W,
P, it W s Wy,

Given separation distance of aircraft is defined as:
d=8;+S§.,,

where §; — minimum safe interval.
Corrections S, determined by the formulas:

— in the case of flights to oncoming tracks
(formula 3);

— in the
(formula 4).

Decisions to regulate the movement of aircrafts,
which fly to the point of tracks intersection are made
by comparing the actual separation distance of
aircraft with a given:

a)if d,, >d

cr —

case of flights passing tracks

— it is enough to control holding
aircrafts set flight mode;

b) if d,. <d - controller must apply one type
of traffic control and to ensure their separation on
the established interval d as possible, ensuring the
regularity of flights.

To control the movement of aircrafts it is
necessary to determine the difference of the actual
and the desired separation intervals (Ad):

Ad=d-d,,.
It is necessary to correct the velocity (AV):
Ay = AL

gt

The time to fly by the aircraft which comes to the
point of intersection firstly (£, ) is:

; th,if t <t,,
e, i > 1.
It is necessary to reduce the aircraft speed on the

value AV, if it comes second to the intersection
point, thus:

if tl >t2,then W3 = WI;W4 = W2 _AV,

where W, and W, are speeds of the st and 2nd

aircrafts after correction.

If AV is large, it is possible to change speed for
both aircrafts for AV/2 (less speed can be reduced
for AV/2, more speed — increased for AV72).

Software implementation of the considered
conflict requires the development of algorithms for
each of the possible types of conflicts. Is suggested a
set of algorithms that allow for the known
characteristics of the situation (time required to cross
the busy counter flight level, the difference between
the heights, distance that both aircraft will pass for
descend time, the distance measured during
communication, the distance between the aircraft at
the time of passing the busy flight level, time of
divergence of aircraft, altitude of aircraftl at the
moment of divergence, difference in height between
the aircraft at the time of divergence) not only to
calculate key parameters and to determine the conflict,
but also predetermine further actions of controller.

There were created algorithms for all three types
of tracks. The algorithm for counter tracks is
presented below (Fig. 1) as an example.

The software implementation of the developed
algorithms have been performed. Programming
language C++, a programming environment
Microsoft Visual Studio 2010 has been used to write
the program. The program has an interactive interface
that allows the user to enter the initial characteristics
of potentially conflict situations, such as: horizontal,
vertical velocities, distance between aircraft and
altitude of both of them.

Then the program will calculate the time required
to cross the busy counter flight level. Afterwards the
distance that both aircraft will pass for descend time
will be calculated, depending on the sum of vertical
speeds of aircraft, which is equal to 5, 10 or 15 km.
Next it will calculate the distance between the aircraft
at the time of passing the busy flight level, time of
divergence of aircraft, altitude of aircraft at the
moment of divergence, using data about altitude in
the initial moment of time. After this it is obligatory
to measure difference in height between the aircraft at
the time of divergence.

Finally, the program will compare the further
horizontal and vertical distance between aircrafts. If
both distances are bigger than safe constant distance,
the window “Descend permitted”. If one of these two
conditions, or both of them are not satisfied, there
will be message about warming of potentially conflict
situations and the sequence of actions to perform to
avoid collision.
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Vessage: Descend (o the
Input dlstance Descend to the closest closest adjacent counter
velocities, altitude and adjacent counter level’; level’; ‘Input the altitude of
vertical speed of ‘Input the distance both aircraft at the moment
planes between aircraft (km)’ of tlé% Srlggfslte \a}gfg,cent
no no
Input: S, V;, Vo, W),
WZ; H], HZa yes yes
Message:’Descend Message:
permitted’ ’Continue descend’
Ty =|H-Ha|/V);

y v

Message: ‘After

no
discrepancy of aircraft,
no permit the descend’
yes yes
S.,=5 S.,=10 S.=15
\1/ | | M D d
essage: Do you nee
+W,)+
San=lg (WI Z2) S urgent descend? If yes,
HI (t —H V], input yes’
Hi 1111, ‘
L
)4
yes Input word “ves”

Message:’Descend
permitted’

y

Message: ‘After

WARNING! A Conflict ; :
Situation! Would you like do dlS(.:repancy of aircraft, ,
deal with this sifuation via permit the further descend

creating lateral interval? if yes
inout ves Message:‘1. Create lateral
\l/ interval via turning away aircraft.
2. Permit further descend. Check
the aircraft discrepancy on
heights3. March slowest aircraft
on the adjusted track’

A X

Input word “yes”

Fig. 1. The algorithm of the program
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Also, in case of conflict, the user-controller is
displayed the information in the form of suggestions
of further possible solutions of the potential conflict.
And when one of the proposed solutions is chosen,
the potential user will see a list of commands, using
which it is possible to solve a conflict situation and
prevent a collision of aircraft.

Below there are presented examples of program
implementation and tables with input data to
demonstrate the functionality of the program:

a) there is PCS with the conflict between
aircrafts. Initial data to investigate are at the Table 1,
the result of the program, with PCS is at the
Fig. 2, a.

Table 1. Data to investigate a PCS

Vl) VZ) Wl) WZ; S,
FLVH, | FL/Hy | v | km/h | kmv/h | kevh | km
180 | 2150 | 600 | 420 | 32 | 100 | 100

Tnput 1>the distance hetween aircraft (km)
2.1>velocity of aricraft 1 Ckmshd
2.g)uelncity of aircraft 2 (kmsh)
;??)uertical speed of aircraft 1 {mssd>
3.2>vertical speed of aircraft 2 {mss>
i.l)altitude of aircraft 1

80

4._2raltitude of aircraft 2
2150

f

H H
i Distance between aircraft at the moment S¢=-61 ———————————————————

[ Htp=2570
romooooueonooaaaoaod ARNING! A CONFLICT SITUATIONY
i

H
H 1
Would you like do deal with this situation via creating lateral interval?
. input yes

yes

Descend to the closest adjacent counter level

In{ut ghe altitude of hoth aircraft at the moment of the closest adjacent
b leve

1500

1700

Do you need urgent descend? If yes. input yes

no
nfter discrepancy of aircraft. permit the further descend

a

Input 1>the distance betuween aircraft C(kmd
0]

2_1)velocity of aricraft 1 (kmsh)>

S00

E'.?%)uelocity of aircraft 2 (kmsh)
gﬁl)uertical speed of aircraft 1 <(kmshd
g.z)uertical speed of aircraft 2 <(kmsh>
4.1>altitude of aircraft 1

500

4.2altitude of aircraft 2

Mo conflict situation. Descend permitted

0
Fig. 2. The result of the program:
a — with PCS;
b —no PCS

b) there is PCS without the conflict between
aircrafts. Initial data to investigate are at the Table 2,
the result of the program, with PCS is at the
Fig. 2, b.

Table 2. Input data, no PCS

LH, p&, L’H3 ’paa S;
FLVHy | FLMHy |y | kb | kmv/h | keoh | km
500 | 900 | 20 | 26 | 32 | 100 | 80

5. Conclusions

The software implementation is particularly useful
in the training on future air traffic controllers to
practice their decision-making skills during the
conflict. Further research in this area will develop a
program visualization conflict on the terminals creen
for the possibility of anadequate perception of the
actual air situation and decision-making to the air
traffic controller.
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C.M. Kpenenuap', M.O. Yopua®. IIporpamna peaizamisi MeTOJiB BUSIBJICHHSI T4 BHPIlICHHS MOTEHIiiHO

KOH(IIKTHUX cUTyaliil Mik NOBITPSIHUMH KOpPa0JasiMi

Hanionansuuif aBiamiiinmii yHiBepcuret, npoct. Kocmonasta Komaposa, 1, Kuis, Ykpaina, 03680

E-mails: 'sv_kreyda@mail.ru; *chorna.zt@gmail.com
ITokazano, 1m0 KOXEH JeHb il 4aC TUCAY KOMEPIIIMHUX 1 BIMCHBKOBUX MOJBOTIB XKHUTTS 0araThoX MacaXKUpiB 3aJIekKaTh
BiJl peami3aiii mpaBWI TEXHIKH O€3MeKd, MPUUHATHX U 3aXUCTy CYCHUIBHUX iHTepeciB. Po3risHyTO moTeHIiiiHO
KOH(IIKTHI cuTyalil, skl BAHUKAIOTh B KOHKPETHUH MOMEHT 4acy, PIlIEHHs €Killaxy JIiTaka npo 3MiHy IapaMeTpiB
PYXY, CBO€YACHE Ta HaJIeKHE BUKOHAHHS SKHUX 3a0€3Me4nTh Oe3MeUHUI PyX, TOTPUMYIOUYNCHh MIHIMyMY €IIEIOHYBaHHS.
Po3po6iieHO KOMIUIEKC aJrOpUTMIB, IO JO3BOJISIIOTH BHU3HAUUTH 1 BUPINIMTH MOTEHHIHHO MOXIIMBY KOHQUIIKTHY
CHUTYaIliI0 MK TOBITPSIHUMH KOPaOJIIMH Ha TOIyTHUX, 3yCTPIYHNX TPEKax Ta TpeKax, IO IepeTHHAIThcs. BukoHaHo
MIPOTrpaMHy pealizallifo METOJIB BUSBJICHHS Ta BUPIIIEHHS MOTEHLIHHO KOH(QIIKTHUX CUTyalill MK MOBITPSIHUMH
KOpabsiMu.
KuarouoBi coBa: anropuTM; CIICNOH; MOBITPSHHUHA KOpaOenb; MOTEHIIHHO KOH(IIIKTHA CHTyalis; MporpamHa
peaitizartis; Tpek.

C.M. Kpenenuap', M.A. ‘{epﬂaﬂz. IIporpamMHas peanu3auusi MeTOJOB ONpedeJieHUS M PpelleHUst

NMOTEeHUHAJbHO KOHMJIMKTHBIX CUTYaAUMI MeK1y BO3AYIIHBIMH CyAHAMM

HanuonansHelii aBHaliuOHHBIN yHUBEpcHUTET, Ipocit. Kocmonasra Komaposa, 1, Kues, Ykpauna, 03680

E-mails: 'sv_kreyda@mail.ru; “chorna.zt@gmail.com
IToka3aHo, 4TO KaXKJblil IEHb BO BPEMS ThICSIY KOMMEPUYECKUX U BOCHHBIX I10JIETOB )KM3HU MHOI'MX IIACCAXKUPOB 3aBUCST
OT peanm3aluy MPaBUI TEXHUKH OE30MMacHOCTH, MPHHATBHIX AJIS 3aIIUTHl OOIIECTBEHHBIX WHTEPECOB. PaccMOTpeHbI
MOTEHIMAIBHO KOH(MDIMKTHBIC CUTYAI[UH, BOSHUKAIOIINE B KOHKPETHBI MOMEHT BPEMEHH, PEIICHHS SKHITaKa caMoJjIeTa
00 M3MECHEHHH MapaMETPOB JBIKCHHS, CBOCBPEMEHHOE U HaJUICXKAIIee BIMOJHECHHE KOTOPHIX 00ECIeuuT Oe30macHoe
JIBIDKEHUE, TPUACPKUBASACH MHUHHUMyMa »SIICIOHHPOBaHWSA. Pa3paboTaH KOMIUIEKC aJITOPUTMOB, ITIO3BOJISFOIIIX
OINPENEIUTh U PEIIUTh IOTCHIUAIBFHO BO3MOXKHYH KOH(DIUKTHYIO CHUTYAIlMI0 MEXIY BO3AYIIHBIMH CYJAHAMH Ha
MOMYTHBIX, BCTPEUHBIX U MEpPECceKaloluXcsl TpeKax. BuIolHeHa mporpaMMHasi peajin3alus METOAO0B OIpeleeHus U
pelIeHus MOTeHIINATFHO KOH(DIMKTHBIX CUTYyaluii MEXKAY BO3IyITHBIMH CyIHAMH.
KiroueBble cj10Ba: alNropuT™; BO3AYIIHOE CYIHO; ITOTCHIHAIFHO KOH(QIMKTHAS CUTYAIHST; IPOrPaMMHAsT PEeai3allns
TPEK; EIIEIIOH.
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