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Abstract

Purpose: The present work is devoted to improving of flight safety in civil aviation by creating and
implementing a new system of resolution of dynamic conflict of aircrafis. The developed system is aimed at
ensuring a guaranteed level of safety when resolution of rarefied conflict situations of aircraft in real-time.

Methods: The proposed system is based on a new method of conflict resolution of aircraft on the basis of the
theory of invariance. Results: The development of the system of conflict resolution of aircraft in real time
and the implementation of the respective algorithms such control will ensure effective prevention of
dangerous approaches. Discussion: The systemis implemented as single unified equipment using
satellite and radar navigation systems that will ensure the positioning of aircraft in real time. Provided that
the system should be installed on all aircraft and integrated on board to properly ensure its functionality and

interact with navigation systems.
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1. Introduction

Flight safetyis largely connected with the task of
collisions avoidance ofaircrafts in the air. At
present this task is entrusted to the air traffic controls
of air traffic control systems, aircraft crew and airborne
collision avoidance systems. However, with the growth
of air traffic the air traffic controls (ATC) and aircraft
crews face increasing difficulties of preventing
dangerous approaches of aircraft in the air.

Technical means and collision avoidance
systems installed on board the aircraft no longer
meet the modern requirementsand do not
provide the required level of safety [1].

2. Relevance

Visual methods used in the piloting, do not provide
the necessary safety, as even in very good visibility
the pilots in some cases find a counter aircraft when
the time for the execution of the avoidance
maneuver is still not enough. In addition, visual
methods are associated with subjective errors in
determining the distance to the aircraft, its speed and
in assessing the degree of risk of collision [2].

The existing ATC system, due to overloads of air
traffic controllers in the control process and some

limitations of technical means also does not fully
ensure the control of maintaining the prescribed
navigation parameters with each aircraft flying on
instruments. In addition, the ATC system does not allow
for the control of flights in all airspace, especially at low
altitudes and in difficult to monitor areas (the mountains,
tundra, the poles, the oceans etc.).

A very effective means of improving the
reliability and operability of ground-based ATC is
the automation of supervision and mission control,
the introduction of more advanced system of radar,
computer systems, and information display systems.

We can say that the ATC automation is the
Foundation of dispatching control supervisory
control over flying aircraft and the introduction of
automated systems now greatly improves the
efficiency and safety of air traffic, reduces strain on
dispatchers and pilots.

We can say that the ATC automation is the basis
for the development of means of ground control of
flight control of the aircraft and that the introduction
of automated systems has already significantly
improves the efficiency and safety of air traffic,
reduces the workload of controllers and pilots.
However, the automation of processes to ensure
safety and improve radar equipment cannot
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adequately provide the avoidance of dangerous
approaches on the routes with heavy traffic in hard-
to-reach areas and when intercontinental flights [3].

3. Analysis of recent research

There are two concepts when considering the
problems of avoidance collisions of aircrafts in the
air: dangerous approach of aircraft and aircraft
collision. The dangerous approach of aircrafts is the
situation in which the aircrafts closer to the
minimum distance, even when it is possible to
prevent a collision by executing evasive maneuvers.
The collision is the situation in which the aircraft
approached at a distance equal or less than the safe
distance parting.

There are several modern aircraft collision
avoidance systems [4].

The system of prevention of dangerous
approaches of aircraft in the air (TCAS — Traffic
Collision Avoidance System) is used today to reduce
the risk of collisions of aircrafts. There are various
options of this system. ICAO (International Civil
Aviation Organization) recommends the use of
TCAS II system, as it is now fully complies with the
ACAS (Airborne Collision Avoidance System) and
installed on most commercial aircraft. TCAS I
system can detect aircrafts at distances up to 40
miles, provides information about air situation and
direct advice on how to resolve the conflict. The
system can simultaneously track up to 30 aircraft
and to issue commands to resolve conflict
simultaneously for three aircraft.

While the advantage of using the TCAS is
undeniable, this system has a number of significant
restrictions:

- ATC does not receive instructions issued by the
TCAS aircraft, so air traffic controllers may not have
enough information, and also give conflicting
guidance that is the reason for the uncertainty in the
actions of the crews;

- it is necessary for the efficient operation of the
TCAS, all aircraft were equipped with this system,
as the aircraft detect each other at the transponders;

- the system fails to detect aircraft not equipped
with transponders. If for some reason the sensor of
the conflicting aircraft does not give data on its
altitude, the system may not identify it on the
display;

- to correct a conflict, the system generates
commands for maneuvering only in the vertical
plane, maneuvers in the horizontal plane remain for
it impossible.

Within the framework of the project "iFly" [5]
Eurocontrol has attempted to develop a new system
for safe separation ASAS (Airborne Separation
Assurance (Assistance) System). ASAS is an on-
board system that allows the crew to maintain safe
separation of aircraft and provides the necessary
information on air traffic. One of the basic functions
of ASAS is to improve crew situational awareness,
which is to provide him with all necessary
information about the air traffic around its own
aircraft to make the right and timely decisions to
ensure separation with other aircraft.

The project provides that the distance between
aircrafts is reduced, and this, in turn, requires the
development of a system to prevent aircraft "Wake."
Algorithms of ASAS in general are not yet
standardized. This is due to the complexity of the
transition to the new principles for the allocation of
responsibility between an air traffic controller and a
pilot to support safe aircraft separation. The above
can be attributed to the main shortcomings of the

system.
Consider also new technology automatic
dependent  surveillance @~ ADS-B  (Automatic

Dependent Surveillance-Broadcast), which is an
advanced method of ADS (Automatic Dependent
Surveillance). ADS-B technology, now being
implemented on the territory of the United States
and in other countries, allows pilots in the cockpit
and air traffic controllers on the ground to "see"
traffic of aircraft with more precision than was
available previously, and to obtain aeronautical
information [6-7].

ADS-B also transmits real-time weather
information to pilots. This information greatly
enhances the pilot's awareness of the situation and
increases safety. In addition, access to ADS-B
information is free. Any user that is in the air or on
the ground within range of the broadcast
transmission may process and use this information
for their own purposes. This information may be
used by ATC and ACAS.

Disadvantages of ADS-B [8-10]:

- the absence of any means of protection
during data transfer;

- ability to send broadcast fake data or replace
information in these data packets;

- party accepting these packages cannot be
confident of the validity of the package and identify
the sender.
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4. Highlighting the wunresolved part of the
problem

Based on the above described can be concluded.

Developed and implemented modern systems and
technologies of conflict resolution of aircrafts have
significant drawbacks that do not provide a
guaranteed level of safety. The system of conflict
resolution  of  aircrafts  must  synthesize
recommendations in the presence of a detected
conflict, which should provide in general the spatial
avoidance maneuver to prevent a possible dangerous
approach of aircrafts, and after the conflict
resolution to ensure the aircraft return to the planned
trajectory and it’s further maintaining. In the process
of issuing recommendations for execution of
maneuver the optimality criteria (fuel consumption,
time and space cost of performing the maneuver, the
comfort of passengers, etc.) should be taken into
account.

5. Statement of research problems

In this regard, at present, to solve the problem of
collision avoidance is considered technically and
economically feasible to supplement the ATC
system special onboard collision avoidance system
of aircraft capable of autonomous, independent from
the ATC system, in real time, to provide a safe
separate of aircraft when there is a threat of
collision.

The purpose of this work is the creation of a new
system and technology resolution of dynamic
conflict situations of aircraft with maintenance of the
guaranteed level of flight safety.

To avoidance collisions with aircraft through
ATC technical means must be made:

- measurement location coordinates
parameters of aircraft motions;

- prediction by simulation with the specified
steps possible positions of aircraft after a certain
time to detect the threat of collision;

- information exchange with aircrafts for
warning and coordinate their maneuvers to avoid
collisions;

- ensure the implementation of an automated
process resolution of conflict situation.

It is precisely such functional tasks are put for the
creation of the new system of dynamic conflicts
resolution of aircraft for the organization of
decentralized control of air traffic in the modern
conditions of safety.

and

6. System of guaranteed resolution of dynamic
conflicts of aircrafts in real time

We propose a solution system of dynamic conflicts
aircraft (with necessary and sufficient time) in real
time to enhance the security of aviation and
aeronautical engineering efficiency.

The paper proposes a system of guaranteed
resolution of dynamic rarefied (with necessary and
sufficient lead time) conflicts of aircraft in real time
to improve safety in aviation and aeronautical
engineering efficiency.

The system is implemented as single unified
equipment that works using satellite and radar
navigation systems that will ensure the positioning
of aircraft in real time. Provided that the system
should be installed on all aircraft and is integrated
into onboard systems to adequately ensure its
functionality and interact with navigation systems.

The block diagram of the system is presented in
Fig.1. As shown, the system of resolution of
dynamic conflict of aircrafts (1) operating in real
time consists of two modules that contain blocks,
and some individual blocks that perform additional
functional tasks.

The system contains the following modules:

- the module for determining the threat of
collision (4);

- the module of calculation of maneuvering
parameters (9).

In turn, the module for determining the threat of
collisions include: the block determining the aircraft
coordinates (5), the block of calculation of projected
motion paths (6), the block of data analysis and
definition of the threat of collision (7) and the
accounting block "zones of uncertainty" (8).

The module of calculation of maneuvering
parameters includes: the block computation and
comparison of “controllability areas” (10), the block
prioritizing and selecting the type of maneuver (11),
the block determining the trajectory maneuver (12),
the block determine the trajectory of the return to the
initial trajectory (13), the global optimum (14)
(temporal and spatial assessment of losses in
performing the maneuver to resolve conflict
situations).

In addition, the system contains several separate
blocks, namely:

- the data reception block (2);

- the data processing block (3);

- the issuing control commands, alarms and
indication (15).
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Consider the principle of operation of the system.
The system to ensure its work obtains information
from: on-board computer (A), radar systems (B), air
data system (C) and flight navigation systems (D),
inertial systems (E) and control system of engine
and control surfaces (F). Information from these
subsystems comes first on the data reception block
and contains information about all aircraft within a
specified limited part of space, their motion
parameters, altitude, speed, acceleration, heading,
information about the priority and additional
parameters of their mathematical model. In addition,
information about the aircraft, its flight parameters
and characteristics is also supplied to the system.

The data processing block provides digital data
processing, check and, if necessary, a certain

This module, using the block determining the
aircraft coordinates, the block of calculation of
projected motion paths, the block of data analysis
and definition of the threat of collision and the
accounting block "zones of uncertainty" provides the
coordinates of all aircraft to the space-time grid.
Possible "zones of uncertainty" of the locations of
the aircrafts is added to the obtained coordinate
values of the aircrafts in the airspace. Further,
aggregate information from all the received data on
the aircraft is used to calculate and simulate the
predicted trajectory of each of them. The data
obtained is analyzed and the determination of risk of
collision of the aircraft is modeled. In the absence of
such a threat the system cyclically resumes. In case
there is a threat of collision information is passed to

accumulation of information. Then the information the module of calculation of maneuvering
goes to the input of the module for determining the parameters.
threat of collisions.
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Fig.1. Block diagram of the system

Module calculation of maneuvering parameters
uses the information to determine the necessary
changes of the aircraft motion and ensure relevant
economic indicators, namely route optimization
maneuver by distance and time, fuel economy,
facilities for the carriage of passengers and luggage.
These indicators and criteria in the future are taken
into account when calculating and determining
trajectories maneuver. These indicators and criteria
in the future are included in the calculation and
determination of trajectories of avoidance. In
addition, the block computation and comparison of
“controllability areas” calculates controllability
areas ("controllability areas" based on the models of
kinematics and dynamics of motion of the aircraft
describe the capabilities of the aircraft to modify the
motion at any point in time and allow to consider the

nonlinearity behavior of the aircraft) for each of the
aircraft involved in a conflict at any time. Based on
these results the analytical selection of the aircraft or
set of aircraft, which will perform the avoidance
maneuver is performed (is determined on the basis
of an analysis of ("controllability areas" of the
aircraft involved in the conflict to prioritize and the
type of maneuver is determined (the height, speed,
heading or a combination of these). Further
information is given on the block determining the
trajectory maneuver, where the calculation and
determination of the trajectory of the avoidance
maneuver of a particular aircraft occurs. This
module also provides the calculation and
determination of the trajectory of the return to the
initial trajectory.
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To generate control commands the information is
supplied to the onboard computer, the display
system and alarm systems in the crew cabin (G), the
control stations on earth (H), radar systems (I),
autopilot (J), flight control and navigation
complexes (K) and systems of communication and
data transmission of the aircraft (L). In addition, the
control commands in the form of supplementary
information through feedback transmitted to the data
processing block to ensure the cyclic operation of
the system.

7. Conclusions

Creating the system of guaranteed resolution of
dynamic conflicts of aircrafts in real time and
implement such control relevant algorithms will
ensure effective avoidance of dangerous approaches.

The developed system of dangerous approaches
to authorization will provide difference aircraft
relative to each other at a distance corresponding to
the norms of separation, in the context of complex
multiple conflicts, including a large number of
aircraft (up to 50) and with extremely complex
geometry (intersection of two dense traffic,
intersection at one point and at the same time, a
conflict with a combination of intersections and
overtaking several aircraft at one point, etc.). The
developed system of detection and resolution of
dangerous approaches will provide a separation of
the aircrafts relative to each other at a distance
corresponding rules of aircraft separation, in a
complex of multiple conflicts involving large (up to
50) number of aircraft and extremely complex
geometry of the conflict (the intersection of two
dense streams of aircraft converge at the same point
and at the same time aircraft flying in different
directions, a conflict with a combination of
intersections and overtaking several aircraft at one
point, etc.).

Control commands are generated automatically,
simultaneously with other participants in air traffic.

There is the principal possibility to implement
effective control as in the present structure and
intensity of traffic flows, and when switching to
perspective the principles of "FreeFlight".

Developed and implemented communication,
navigation and surveillance systems in the coming
years will provide the technical possibility to
organize decentralized control of air traffic.
Determined flight parameters on board each aircraft
by volume, frequency of updates and precision are

sufficient for effective use for system of conflict
resolution of aircrafts.
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CucreMa rapaHTOBaHOIO BHPIlIeHHS AUHAMIYHHX KOH(IIKTIB MOBITPSIHMX KopaliaiB B MacmuTadi
peajibHOI0 Yacy
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Mera: PoGoTa mnpucBsidYeHAa NUTAHHSM IIIBUINCHHS OC3MEKU TMOJBOTIB y IMBUIBHINA aBiallii NUITXOM
CTBOpEHHs i BOpOBa[KEHHS HOBOI CHCTEMH pO3B’s3aHHS AWHAMIYHUX KOH(IIKTHHX CHTyamid Mix
mitakamu. Po3poOiena cuctema cmpsMoBaHa Ha 3a0€3NEYCHHS TapaHTOBAHOTO pIiBHA O€3MeKd Ipu
PO3B’s13aHHI PO3PIKEHNX KOHQIIKTHHX CHTyamid MK JliTakaMd B MacimTabi peanpHOro uacy. Metoau
pocimkennsi: [IpormoHyeTbCcst cucTeMa pPO3B’S3aHHS IMHAMIYHUX KOH(IIKTIB MOBITPSIHUX KOpaOmiB 3
METOI0 TIi/IBHINEHHS PiBHS O€3MeKH MOJhOTIB, 3aCHOBaHAa Ha HOBOMY METOMi pO3B’sA3aHHS KOH(QIIKTIB
TIOBITPSHUX KOpaOyiB, 3 BHKOPHUCTAHHSAM Teopil iHBapiaHTHOCTI. Pe3dyabTatH: CTBOpPEHHS CHCTEMH
PO3B’s13aHHS OTUHAMIYHUX KOH(IIIKTHHX CUTyalliil MOBITPIHMX KOpabaiB B MacmuTali peaqpHOro yacy i
peanizamis TOTPIOHOTO YIPaBIiHHS BIAMOBITHUMH alrOpPUTMAMH Ui 3a0e3nedeHHs] e(peKTHBHOTO
3anobirands  HeOe3nmeuHux 30mmkeHb. OQOrosopenHHsi: CuctemMa peati3yeTbCS Yy BHIJIAI  OKPEMOTO
yHipikoBaHOTO OONagHaHHS, IO MPAIOE 3 BUKOPUCTAHHSIM CYIyTHHKOBHX Ta PaJiOJIOKAMiHHUX CUCTEM
HaBirauii, o J03BOJUTH 3a0€3MEYNTH BU3HAUCHHS KOOPAMHAT MOBITPIHMX KOPalOiiB B MacITabi peaabHOTO
qacy. [lepenbaueHo, mo cucTemMa NMOBHHHA OyTH BCTAHOBJIEHA Ha BCi MOBITPsIHI KOpaOui i iHTErpoBaHa B
0opTOBe cepeloBHINE U HAJICKHOTO 3a0e3medeHHs 11 (QyHKIIOHATBHOCTI 1 B3aeMofii 3 OOpTOBUMH
HaBIraliiHUMH CUCTEMaMH.

KurouoBi ciioBa: 3arposa 3iTKHEHHS; KOH(IIIKTHA CUTYAIlis; TOBITPSHAN PyX; MOBITPSHE CYIHO; ITUBIIHHA
asians.
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CucreMa rapaHTHPOBAHHOIO pa3pellieHMs] JUHAMUYECKHX KOH(JIMKTOB BO3IYUIHBIX CY/I0B B
MacuTade pealbHOr0 BpeMeHH
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Heas: Hacrosmas pabora MOCBSIIEHa BONPOCAM IOBBILICHUS OE30MACHOCTH IOJNETOB B TI'Pa)KIAHCKOH
aBHALlMU IIyTeM CO3JaHMs M BHEAPEHUS HOBOM CHCTEMBI Pa3peIICHUs] IWHAMUYECKUX KOHQIMKTHBIX
CUTyalnui Mexny camolieTaMu. PazpaboTaHHas cucTeMa HampaBiieHa Ha oOecliedeHHE TapaHTHPOBAHHOTO
ypOBHs 0€30MaCHOCTH MpPH Pa3pelIeHUH Pa3peXCHHBIX KOHPIUKTHBIX CHTyallMi MEXIy caMolieTaMu B
peambHOM MacmTabe BpeMmeHH. Mertoabl ucciaegoBaHus: Ilpeanaraercs cuctema  paspelieHus
JUHAMHYECKUX KOH(IMKTOB BO3IYIIHBIX CYJICH C IEJbI0 TOBBIIICHUS YPOBHS 0€30MAaCHOCTH IOJIETOB,
OCHOBaHHasi Ha HOBOM METOJIC pa3pelIieHUs] KOH(IMKTOB BO3AYIIHBIX CYJOB C HCIOJB30BAHUEM TECOPHUH
uHBapuaHTHOCTH. Pe3yabTarhl: Co3laHue CHCTEMbl Pa3pellieHus] TMHAMUYECKUX KOH(IUKTHBIX CUTyauui
BO3AYIIHBIX CYIOB B MacliTabe peaJbHOro BpEeMEHM M pealn3anus HeoOXOAMMOro YIpaBIEHUs
COOTBETCTBYIOIIMMH ~ JITOPUTMaMu Ui obecriedueHus 3(PQPEKTUBHOIO MPEIOTBPALICHUS  OMACHBIX
commkennii. O0cysxnenune: CucremMa peannusyercsi B BUAe OTACIBHOTO YHU(UIMPOBAHHOTO 000pYyI0OBaHUS,
paloTaloIIero ¢ UCIOJIb30BAHUEM CITyTHUKOBBIX U PAJUOJIOKAIIMOHHBIX CHCTEM HABUIALUH, YTO MO3BOJIUT
o0ecrevnTh oNpeieieHue KOOpAWHAT BO3AYIIHBIX CYJJOB B MaciiTabe peanbHoro BpeMeHH. [IpexycMorpeHo,
YTO CHCTEMA JI0JDKHA OBITh YCTAaHOBJIEHA HA BCE BO3AYILIHBIE CyIHA M HHTETPUPOBaHa B OOPTOBYIO Cpeny AJs
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HaaJaexKaiero obecneueHus eé (I)YHK]_[I/IOHaJ'IBHOCTI/I n B3aPIMO,[[CI>iCTBHH C 60pTOBLIMI/I HaBUTI'allUOHHBIMHA
CUCTEMAMMU.

KiroueBble cjioBa: BO3JAYIIHOC IBUXKCHHE, BO3IYIIHOE CYJIHO, Tpa)KJIaHCKas aBUAIUs; KOH(JIMKTHAS
CUTYyalHsl; yrpo3a CTOJIKHOBEHHUS.
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