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B nmanHoi#i craTthe paccmaTpuBaeTcs pa3paboTka KOMIUIEKCOB 6opToBoro obopyaosanus (KbO)
M0 KOHIEMIUN MHTEeTrpajJbHOM MomynbHON aBHOHMKH (MMA). PaccMoTpena cuctema Kak cocTaBHas
gacte KbO UMA. BrizmeneHs!l criocoObI HHTETPAIlMH CHCTEM B 3aBUCHMOCTH OT CTEIICHH WX HMHTETpa-
. OrnpeneneH nepevyeHb CUCTEM TPYIHOMHTETPUPYEMBIX C BRICOKOH cTereHbio nHTerpanud. [Ipen-
JIOKEHBI YCIIOBHS KINACCH(DUKAIINHI CUCTEM T10 CTETICHH CJI0KHOCTH WX HHTerpauun. OnpeaeneHbl IpuH-
[UITB] YaCTUYHOW U MOJIHOW MHTerpauuy. OnucaHbl IMaBHbIE TPOOJIEMbl TPOSKTUPOBAHUS COBPEMEH-
HBIX, THTETPUPOBAaHHBIX B KOMIUIEKC, CUCTEM. BBIABIIEHBI OCHOBHBIE 3TaIlbl UHTErpaluu cucteM. Ilpen-
CTaBJICHBI CYIIECTBYIOIINE CPEICTBA ABTOMATU3UPOBAHHOIO NPOEKTUPOBAHUS HHTETPUPOBAHHBIX KOM-
riekcoB. Crenanbl BEIBOBI IO OMMCAHHBIM MTPUHLIMIIAM UHTETPaIliu.

KiroueBble ¢/10Ba: MHTErpUPOBAHHASI MOAYJIbHASI AaBUOHHKA, BEIYUCIUTENBHBIC CUCTEMBIL, HEPapXUs
CHCTEM, BEPXHUI YPOBEHb IPOSKTHUPOBAHUS, CHCTEMBI ABTOMATU3UPOBAHHOTO MPOCKTUPOBAHHSL.
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This article discusses the development of onboard equipment complex (OEC) on the concept of
integrated modular avionics (IMA). The system is considered as an integral part of the OEC IMA. The
ways of integrating systems are highlighted depending on the degree of their integration. The list of
systems difficult to integrate with a high degree of integration has been determined. The conditions for
classification of systems according to the degree of complexity of their integration are proposed. The
principles of partial and complete integration are defined. The main problems of designing modern sys-
tems integrated into the complex are described. Identified the main stages of system integration. Existing
computer-aided design tools for integrated systems are presented. Conclusions on the described princi-
ples of integration.
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1. Introduction

A distinctive feature of modern on-Board aircraft systems is the desire to imple-
ment the transition to centralized hardware resources. The main example of this transi-
tion is the concept of integrated modular avionics (IMA) [1,2]. The essence of this con-
cept is to reduce the mass-dimensional characteristics of avionics (avionics), improve
reliability, reduce the cost of maintenance (MS), improve the functionality of the air-
borne equipment for a minimum period and cost.

The existing principle of differentiation of systems does not allow to operate fully
freely with the functionality of the complex. This is due to the rigid assignment of functions
and tasks to individual systems, subsystems and nodes. Currently, the organization of the
development process is to create the so-called end-to-end elements/systems of the complex.
That is, the design focuses on the independence and isolation of certain nodes. On the one
hand, a clear advantage was previously considered to increase reliability and fault tolerance
due to this method of separating elements from each other. But with the increase in require-
ments for aircraft (AC) had to face the problem of redundancy of similar components, com-
ponents and subsystems. Therefore, it was necessary to abandon the consideration of each
system as a separate independent component. Despite the work of the systems with each
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other, they were considered and designed independently. The new concept assumes estab-
lishment and control of interrelations between systems and subsystems from the highest level
of design, for control of redundancy or insufficiency of reservation of any equipment for
functions and tasks of various level of criticality.

2. Ways of systems integration

To integrate systems, it is necessary to determine their level of integration. This
will determine the further localization of the integrated subsystems, which are similar in
purpose and functionality, as well as have the same type of hardware. For example,
device 1/0O, interfaces with other components of the device primary or secondary pro-
cessing data/information, etc. let us denote several methods of integration of systems
and subsystems.

Method of integration by functional purpose. Ability to transfer functions or parts of
them to other systems. This is possible in the presence of devices that perform individual
tasks, but locally concentrated in one part of the aircraft. At the same time, the tasks performed
by these devices should be of the same type, for example, the task of concentrating data from
the sensors of measuring primary information. Therefore, the integration of the measurement
and calculation problem at the functional level would be absurd.

Method of integration by hardware resources. This method involves the construc-
tive combination of individual units, modules and blocks in a single Cabinet or rack.
The advantage of such integration is the reduction of weight-dimensional parameters of
several systems to the size of a single device, whose weight and dimensions are obvi-
ously less than the sum of these parameters of the systems separately. For relatively
complex systems, the limitation is the production base of electronic components, namely
differences in temperature ranges, energy consumption and design.

Method of integration by software resources. The essence is the integration of
subprograms into higher programs, to reduce the total number of software applications
(SA) and the possibility of their clear separation and isolation from each other. As a
result, we get the opportunity to use common computing resources to perform SA.

In addition to the proposed methods of system integration, there is a high-level
integration (HLA). The described principles of integration [3] allow us to consider the
complex of avionics as a centralized or distributed computing system (CS) and infor-
mation processing system (IPS). Based on one of the main principles of the IMA on a
single hardware platform, we can talk about a single computer on Board. But with the
development of information processing technology, the concept of distributed infor-
mation processing in complex and multi-level computing systems has appeared [4,5].
The application of integration methods at the top level simplifies the process of integra-
tion of complex systems with a high degree of integration. List of existing aircraft sys-
tems with a high degree of integration:

— inertial navigation system (INS);
— radio communication system;
— airborne display systems, etc

Despite the diversity of avionics systems, the following types of information pro-

cessing stand out:
— data processing;
— processing of signals;
— signal transformation;
— signal conditioning;
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— data/signal input / output.

As can be seen from the above classification by type of processed information
can be identified 5 types of computing systems airborne.

3. System hierarchy

Hierarchical models of multilevel systems are used to determine the computing
power of each aircraft. Let us use the methods of the theory of hierarchical multilevel
systems (HMS) [6]. The main features that indicate the presence and need for a hierar-
chical structure are:

— vertical decomposition of systems / complexes into subsystems;

— influence the output of the subsystems to work upstream systems;

— the right of intervention of the upper systems in the functioning of the lower

systems.

Then the functional complexity of the complex can be represented as a set of
input and output signals that are in a hierarchical relationship with each other. The emer-
gence of such complex aircraft due to the fact that a multi-level system allows to sim-
plify the process of solving a large problem. In addition, the multilevel hierarchical
structure of the aircraft provides the following advantages:

— resistance to low-level internal changes (i.e. changes in subsystem input sig-
nals can be adjusted at a higher level without changing subsystems of the
same level);

— simplification of the system expansion (adjustment is made only at the level
and in the system in which the new element is introduced);

— In a hierarchical system, higher fault tolerance than in a single-level central-
ized system (there is a possibility of failure localization in a subsystem of the
same level).

A broader view defining the classification of hierarchical systems is shown in [6]:

— strata (levels of description);

— layer (the difficulty level of the task solution);

— echelon (organizational level).

In the design of modern systems integration of systems is divided into partial and

complete integration.

Partial integration implies only functional integration or only hardware integration [7].

Full integration involves merging the functionality of several systems into a sin-
gle hardware platform without degrading these parameters.

Currently, the developers of avionics faced a number of problems caused by the
increase in the functionality of the complex as a whole:

— avionics is a set of systems operating in real time-pipelining (so when using
hardware integration, we can talk about conditionally simultaneous execution of func-
tions by the system, when the intervals of execution of one function are less than the
time of the whole system);

— difficulty in adding avionics functions while maintaining the overall structure;

— time-consuming reservation process (in fact, it is necessary to create a similar
aircraft);

— low reliability of the pipeline;

— reducing the effectiveness of the use of the avionics due to the change of pri-
orities in the system at different stages of the flight.



ISSN 2658 — 7505
Beimyck Ne2, 2019
OneKTpoHHBIN Hay4HbIH )KypHaI «BecTHUK MonoaéxHol Hayku Poccum»

These tasks are solved by the use of distributed aircraft and integrated systems of on-
Board equipment. System integration has two main stages:

1) Functional integration Stage.

2) Technical integration Phase [8]

Since these two stages are very complex and voluminous, computer-aided design (CAD)
systems are widely used for their implementation. The most famous of them are given in [9].

4. Conclusion

Based on the described methods of integration and existing methods, we can conclude
about the high complexity of the process of developing integrated avionics systems. To simplify
the development process is possible with the help of CAD, which allows to evaluate the func-
tionality of avionics at the top level of design. The purpose of this CAD is to generate a hierar-
chical structure of the complex with a certain functionality of each system. The input data for
such CAD are the functions of the AEC described in the technical specification for the complex,
and the result is the functional models of the systems and the complex as a whole, with the main
parameters described for their development.
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