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Abstract. The problem of a computer simulation of modern aircraft and the use of new models and remote aircraft
control (through the networks) to improve safety, especially in difficult circumstances and in conflict situations is

considered in the paper.
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1. Introduction

Comprehensive  implementation  of  virtual
technology development and support is a
prerequisite for performing a variety of important
tasks such as maintenance of complex scientific and
engineering calculations, updating production,
reduce risks, improve the reliability of products.

The development and the use of aircraft are
directly related to modeling in those areas where
information systems are complex. In addition, the
simulation is a major step in system analysis. So, of
course, there are modern information technologies
that provide automation of this process.

Computer simulation is the method of solving
problems of analysis and synthesis of complex
systems based on the use of its computer model.

The essence of computer simulation is to find
qualitative and quantitative results using an existing
model. Qualitative conclusions that are based on the
analysis, enable to find previously unknown properties
of a complex system: its structure and dynamics of
development, stability, integrity and so on.
Quantitative findings are predictive of future or past
explaining variables that characterize the system.

A computer model of a complex system as far as
possible should reflect all the main factors and
interactions that characterize real situations, criteria
and constraints. The model should be versatile
enough where the purpose of similar objects is
possible to describe, yet simple enough to make it
possible to perform the necessary research at
minimal cost.

Thus, the use of computer simulation is very
important aspect of science, and especially in the
aerospace industry.

Using this simulation there is a practical need for
a network technology for remote processes.
However, the use of these technologies faces
many challenges, the resolution of which is
necessary to ensure an appropriate level of research
and results.

The main task of our research is the combination
of professional 3D-modeling of aircraft (AC) with
remote control networking technology model that
transmits data over long distances, with great
precision, small errors and compensation for
delays.

2. Simulation

In modern 3D-modeling there is a use of many
standardized software from different manufacturers
that provides not only a graphical realism, but also
fairly accurate reproduction of the physical and
mathematical parameters of the aircraft, for example:
MATLAB and Simulink for Technical Computing,
3D Studio Max, Autodesk Maya, ZBrush,
AutoCAD, programming language C++, JavaScript
and many other graphics and animation programs
and programming languages.

Currently using the above listed programs, we
have created a new, more quality, accurate and
predictive 3D-model of the modern aircraft (Fig. 1)
based on all of its geometrical and physical
data, which later have to provide a number of
priorities:

— compilation and optimization of virtual
models of aircraft by using parameterized models of
the engine, mechanical, chassis, steering, ready-
functional units of hydraulic, electrical and
electronic components of construction;
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— perform virtual testing of the aircraft, its
components and assemblies by using virtual models
of aircraft, runway, parameterized models and test
benches modes planting, processing and systematization
of the results of virtual testing;

— analysis of static and dynamic aeroelasticity at
subsonic and supersonic flight conditions, balancing
the aircraft in the stream, determining aerodynamic
loads on the airframe, aerodynamic influence
coefficients of determination, determination of
dynamic loads during landing impact, run and run
on uneven aerodrome flight in the atmosphere and
outraged reactions to gust, integrated design
optimization based on constraints aeroelasticity;

— calculation of stability and controllability,
maneuverability of the aircraft, the design of
handling equipment, folding mechanisms cabins and
gangways fuselage, locks and hinges, modeling
bailout and landing;

— design and assessment of the durability of
aircraft gas turbine engines for civil and military
aircraft;

— development of new control systems and
flight mode.
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Fig. 1. 3D-model of the modern aircraft

However, it should be noted that this is only a
short list of the tasks that should be done by
a modern 3D-model aircraft. Planned program
of keyed kinematic and dynamic formulas
aerodynamics of the aircraft that will fully program
and simulate its flight (even with all atmospheric
conditions):
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However, it should be noted that the specific
main task that stands before us now is not normal
flight simulation aircraft and its flight simulations
under difficult circumstances, conflicts, threats to the
collision at take-off and landing phases. That is,
those flight conditions when the danger is at its
highest level and taking into account the human
factor may be a threat of disaster.

It is planned to use 3D-models for working
towards upgrading of existing systems to prevent
collisions in the air and on the ground and to
develop new landing systems (Fig. 2) [Bogachuk,
Melnikov 1993].

Fig. 2. Landing simulation on MLS technologies

The particular relevance is the question of solving
conflict situations during landing and landing at
airports with a high traffic air transport, in addition,
the fact that the current system (eg, TSAS) does not
solve the problem and does not meet modern safety
requirements was given.

The aspect of the design and development of new
planting that can increase the efficiency of
operations is quite important.

Thus there is a fundamental problem to consider
the dynamic properties of the model in a distributed
environment.

The properties of the model significantly affect
the quality of the settlement process and its use in
continuous flight control aircraft. It manifests itself
as an important systemic functional deficiency in
the multidimensional delay of multi-control aircraft.
Delay creates the model complexity driven process
to evaluate which is useful as E. Sage and J. Mels
[1976]:

N>n+ n*n-1)/2,

where n — the dimension of the controlled process.
The growth of complexity of the mathematical
model of the system leads to a polynomial growth of
complexity control, which in turn leads to the
so-called effect of “curse of dimensionality”,
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uncontrollable delays, and consequently to poor
coordination of control and even to the collapse of
the whole system. Polynomial complexity of
processes is calculated as follows:
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Solving the problem of a quality of 3D-modeling
of modern aircraft the aecrodynamic characteristics are
fundamentally important aspect, as they allow high-
level model to develop methods and means of
increasing safety in difficult and dangerous conditions.

3. Network technologies of remote control

Due to the modern development of communications
networks, transmission systems and satellite
communications it is necessary to use these
technologies and systems in aircraft to ensure high
safety, to improve data accuracy and ultra-fast
backups and accurate data channels.

Given the complexity of the creation of such
technologies theoretically corrects their initial test in
the computer hardware, 3D-models of aircraft and
the establishment of local networks for data
transmission [Savinov 1987].

In this regard there is a problem of creating a
remote control aircraft of any class from the ground
through the control point. The use of such
technologies will change the motion of an emergency
aircraft to ensure safety in the following situations:

— terrorist threats and emergencies on board;

— severe weather flight conditions,
occurrence of catastrophic natural events;

— threat of collision with the ground;

— threat of collision with other aircraft;

— takeoff or approach in difficult circumstances;

— flight control during emergency situations;

— factor overlays including human factors, etc.

Based on current research local and extended
local area networks to create a remote control of 3D-
model of a modern aircraft will be built. Given the
complexity and diversity of today's networks it
should be noted that it is possible to use both
internal LANs and external network (Fig. 3). The
structure of the internal and external networks will
be quite difficult to have a lot of relationships
between elements. Their combination will provide a
real opportunity to use network central systems that
will identify errors delays in different systems, so
choose appropriate algorithms for their compensation.

the
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Fig. 3. Network structure

Based on these studies it is provided the
definitions of thresholds delays in data transfer and
inventing ways to reduce these delays by creating
feedback, analyzing the possibility of introducing
these technologies into the existing system of civil
and military aviation.

At this time we have developed programs to
determine network delays and compensation. It was
possible to create a line of feedback that provides
information about the delay and the number of

100 150
Data packets
Fig. 4. Figure of network delays and packet loss

0 50

The received schedule delays also in the
transmission of information via the image is divided
into 3 levels of data packets (the lower curve shows
the delays to aircraft tolerances data packets)
(Fig. 5). The delay in the transfer of data is an
average of about 200 ms and packet loss data of
about 20% was found.
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Fig. 5. Figure delays of the integral image transfer
is divided into three packets

When creating local and extended local network
to control a computer model of the aircraft technical
base provides for the use of CNS/ATM [Pavlova et
al. 2011]. Depending on the requirements to the
control process it is planned to form flying control
and correction streams with different temporal
intensity [Melnikov 2012; Protopopov 1972].

The functional goal of the research is to provide a
systematic and functionally-time compatibility
aircraft as control object, with the ground (and
others) integrated information and control systems.

4. Conclusions

We have managed to develop a computer model of a
modern aircraft based on several factors, using a
remote control model. It is based on the
investigations failed to reduce errors and delays in
data transmission in the network. Feedback system
that will transfer control from one operator to
another was developed. The research and the
development of new economic landing systems and
systems of conflict resolution are already begun.
Particular attention is paid to such regimes as flight
approach and landing.

Using 3D-modeling in modern aviation research
is quite important aspect. The creation of a new
modern model aircraft will be able to fully
reproduce the dynamics and physics of flight of the
aircraft, its behavior in complex emergency
conditions and for the effects of terrain and
atmosphere will be a major breakthrough in the field
of aeronautics research.

The development of new or improvement of
existing landing systems and collision warning with
the land and conflict resolution in the air will
quantitatively and qualitatively improve safety.

The author's actual ways in different areas of
practical application of modern information
management systems were considered. Further
development of the proposed methods will enable
more clearly consider the various components of the
model aircraft and control processes, its parameters
and characteristics of the environment etc.

Modern  development of  communication
networks and network technologies data provides
the opportunity to expand the range of problems to
be solved technologies remote dynamic objects.
Creating technologies that will conduct research on a
modern integrated 3D-model aircraft which takes
into account the dynamic characteristics and
environmental variables, using remote control via
network — that is the opportunity to make a “step
forward” in the development of modern technologies
in aviation science.
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B.B. Magoz', O.€. Boakor’, JI.0. Bosomeniok’. KoMn’ioTepHe MoJe/I0BaHHSI CyUYaACHHX TOBITPSIHUX Cy/IeH

i3 BUKOPHMCTAHHSIM Mepe:KeBUX TeXHOJIOTiH Bi/1aJieHOro KepyBaHHS

MikHapoHHI HayKOBO-HaBYAIBEHHI LEHTp iH(GOpMaLiiHUX TEXHOJIOTIH Ta cucteM HamionansHol akanemii Hayk YkpaiHu

ByJ. Akanemika ['mymkosa, 40, Kuis, Ykpaina

E-mails: 'depl185@irtc.org.ua, “alexvolk@ukr.net, *P-h-o-e-n-i-x@ukr.net
JocmimKkeHo akTyanbHI NMUATaHHS KOMIT IOTEPHOTO MOJENIOBAHHS CYYaCHHX MOBITPSHHUX CYOCH 3 BHUKOPHCTaHHSIM
MEpEKEBHX TEXHOJIOTIH BiJUIaJIEHOr0 YIPaBIiHHS. 3arlpoloHOBAaHO BHKOPHUCTOBYBAaTH KOMIT'I0TepHY 3D-Monens
CY4acHOTO JIiTaka, 10 BpaxoBye 0arato (i3MYHO MapameTpiB, IS PO3pOOKH HOBHX CHUCTEM BiIJIAJICHOTO YNPABIiHHS
Ta MiABHIICHHS Oe3neKu MoiboTiB. CTBOPEHO peaNbHO Ni09y MOJEINb JIiTaka, sKa 3aCHOBaHa Ha (DI3MYHHUX MapaMeTpax
JiTaka 1 oro aepoauHamiii. Po3po0iieHO cuCTeMy BiAJJAJICHOTO MEpEKEeBOro YIpaBIiHHSA 1i€l0 Monento. [lokazaHo,
IO 3aCTOCYBaHHS TaKMX TEXHOJIOTIH [O3BOJISIE TMPOBOJWTH JOCTIMKCHHS B Tany3i asiamii. 3a3HadeHo, IO,
BHKOPHCTOBYIOUH JJaHy MOJIEIb MTOBITPSIHOTO Cy/HA i CHCTEMY YIPAaBJiHHS, BUHUKA€ MOXKJIMBICTD BUPIIICHHS IHUTaHb
1070 YCYHEHHS KOH(QIIIKTHUX CHUTYaIliif y TOBITpPi, 0COONMBO, Wi Yac 37MbOTy i mocanku. [lepemdadeHo po3poOKy
HOBHX CHCTEM MOCAJKW JiTaka Ha migcraBi TexHonorii MLS (Microwave Landing System) s 3abe3neueHHs
HaWOUIbII E€KOHOMIYHOIO Ta EKOJIOTIYHOTO PEXHUMIB MOJBOTY. PO3MIISHYTO TEXHOJIOTI] MOJINIIEHHS MEpPEeKEBUX
3B’S3KiB JJIs1 3SMEHILICHHS! THMYACOBUX 3aTPHMOK 1 BTPATH LIM(YPOBHX MAKETIB.
KaouoBgi ciioBa: Ge3reka 1MoJibOTIB; BiJjialieHe yIpaBIiHHS; KOMIT I0TePHE MOJICIIOBAHHS; JIITAIbHUI anapar; Mepexi.

B.B. IlaBaos', A.E. Boakxos’, JI.A. Bo.omeHoK’. KoMnbloTepHOe MOJeIHPOBAHHE COBPEMEHHBIX

BO3IYUIHBIX CY/I0OB € UCIOJIb30BAHHEM CeTeBbIX TEXHOJIOTHIl OTAAJEHHOI0 YIIPABJIECHUS

MexryHapOAHBII Hay9IHO-y4eOHbIH IeHTp HH()OPMAIMOHHEIX TEXHOJIOTHil 1 cucteM HaronansHOM akageMun HayK Y KpanHbI
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HccnenoBanbl  akTyallbHble BOMNPOCHI KOMIIBIOTEPHOIO MOJIEIMPOBAHUS COBPEMEHHBIX BO3IAYIIHBIX CYJOB C
NPUMEHEHHEM CETEBBIX TEXHOJIOTUA OTHAIEHHOTO ymnpasiieHus. [IpeiiokeHO HCMoNIb30BaTh KOMIIBIOTEPHYIO
3D-Mofenb COBPEMEHHOTO CaMOJIETa, YUUTHIBAOIIYI0 MHOTHE (PU3WIECKH IMapaMeTphl, U pa3pabOTKH HOBBIX CHCTEM
OTJAIEHHOTO YIPAaBJICHUS M MOBBIIIEHUS Oe3omacHOCTH mojéToB. Co3aHa peanbHO NEHCTBYIOMAs MOACTh CaMoOJIETa,
KOTOpasi OCHOBaHa Ha ()M3MUECKHMX Mapamerpax BO3IYLIHOTO CyAHAa M €ro a’poauHamuke. Paspaborana cucrema
OTIAJIEHHOIO CETEBOr0 YMpaBiIeHUs 3Toll Moxenbio. [lokazaHO, YTO NPUMEHEHHE TAaKWX TEXHOJOTHH IO3BOJSET
MIPOBOJUTH HCCIENOBaHUSA B oOnmacth aBuammu. OTMEUYEHO, YTO TPH HCIIONB30BAaHUH JAHHON MOAETH BO3IYIITHOTO
CyIHA ¥ CHCTEMBI YIIPABICHUS BO3HUKAET BOSMOXKHOCTD PEIIECHHS BOIIPOCOB TI0 YCTPAHEHUIO KOH(JIMKTHBIX CHTyalni
B BO3/1yXe, 0COOCHHO, BO BpeMs B3iETa u nocaaku. [IpegycMorpeHa pa3paboTka HOBBIX CHCTEM ITOCA/IKKA CaMOJIETA Ha
ocHoBaHun TexHoioruit MLS (Microwave Landing System) pmnst obecnedeHuss HamOosee SKOHOMHYHOTO U
SKOJIOTMYECKOI0 PEXHUMOB IMOJIETA. PacCMOTpPEHBI TEXHOJOTMM YIYYLIEHHS CETEBbIX CBA3E€H [JIs1 YMEHBLICHHS
BPEMEHHBIX 33/IepP’KEK U MOTepH HHU(POBBIX TTAKETOB.
KuaroueBbie ciioBa: 6¢30MIaCHOCTD MOJIETOB; KOMITBIOTEPHOE MOJICIHPOBAHNUE; JICTATEIBHBIN alliapar; CeTH; yIAICHHOES
yIIpaBJICHUE.
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