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Abstract

Development of a robust system for the detection of self-tuning parameter regulator in automatic control system gas
turbine engines (ACS GTE) will benefit both military and civil aviation through improved aircraft reliability and
maintainability. Presented is a gas turbine engine stochastic information system that integrates information from various
advanced control analysis techniques to achieve robust self-tuning loop awareness. This paper presents the
computational techniques for identifying the accurate sequence parameter regulator by using: firstly, the Lyapunov
function application with the performance analyzer for ensuring the stability of optimization processes, secondly, the
Wiener-Hoph function application with the white noise generator (random processes) for defining the intensity and
impulse transition function of the signal, as a result, accurate set up of the aviation engine control unit. The main control
loop is represented by a transfer function of the object and the regulator, their self-tuning models, criteria for setting
regulator parameters and sensitive function. An important feature of the information system GTE is the presence of
heterogenous hardware and software, which is often associated with a long period of taking system into operation, it is
necessary to use the portable serving device and request host for satisfying the requirements of the correct engine
operation.
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1. Introduction innovative technologies for converting, transmitting
and storing information in the concepts of their
synthesis. The tasks are set to flexibly link
developments to standards in the field of aircraft
engine building and computerization, to a
compromise in terms of technological and economic
requirements for the coverage of functions, work
processes of computerized ACS GTE, and to a
balanced approach to the formation of a set of
applied methods of computer-mathematical
modelling and IT technologies. The key tasks in the
further analysis of the problem under consideration
are related to the methodologies of processing and
intellectual analysis of large arrays of heterogeneous
fuzzy information, insufficient systematization and
structure of data, issues of standardization of
electronic representations and interaction of
information resources. The methodology of
organizing the information space of the designed
systems in the form of an integrated set of local
databases that accumulate and provide storage of
information, which predetermines the configuration
of the entire control system in the form of a set of
interacting local information subsystems with client
request, requires further development.

On the other hand, automatic control systems of

The intensive expansion the areas of informatization
and the implementation of digital technologies in the
functioning processes of the aircraft engine building
industry is one of the actual and intensively
embodied directions of scientific and technological
progress in many leading countries of the world
[1,2]. The complexity of the industry-specific tasks
of the automatic control system for gas turbine
engines (ACS GTE) leads to the widespread
introduction of highly efficient control information
systems that ensure the collection and processing of
the entire spectrum of information and the
development of optimal solutions. Given a wide
range of native and foreign developments in the field
of creating distributed information systems [2, 3],
this scientific and technical problem is far from
exhausted and today it reaches a new level in the
content and complexity of interdisciplinary
production tasks. A further increase in the
effectiveness of information systems is associated
with a qualitative increase in their high technology
in terms of using the most modern methods of
system analysis and optimization of distributed
control systems (DIS) the GTE, as well as
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GTE with self-tuning regulators are nonlinear
systems in which the issues of stability are not fully
resolved due to the complexity of the analytical
description of systems. By the way, there are
researches of eminent scientists in the area of
development the self-tuning information systems
Roger Dixon, Scott Herber, Pete Bradly, Hong Yue,
Georgi Dimirovsky, O.S. Gurevich, Laine Campbell,
Kenneth P. Birman, Andrew S.Tanenbaum and
international ~ enterprises =~ Aerospace  testing
international, Inside HPC, AVIC Shenyang Engine
Design, SKY brary, Flight Control System,
according to the standards of EUROCAE [1-3],
ICAO, EASA and many others.

The goal of this research is define the techniques
for the self-tuning parameter regulator in automatic
control system gas turbine engine and for making a
right choice to build a communication system that
reduce the load of net, speed up the delivery of
transmitted messages and increase the reliability of
connections.

2. Stochastic Distributed Control System the
Aviation Engine

Solving the problem of control a gas turbine engine
(GTE) requires the collection, processing and
storage of large amounts of data, the exchange of
information between the operating units, between
the systems and subsystems of the GTE, solving
complex computational problems. To solve the
problems of GTE control, it is necessary to create a
specialized information system that allows to apply
the tools of computer engineering and modern
computational and mathematical methods.

The considered system (Fig. 1) is intended for
complex solution of control problems the ACS
GTE, which includes: planning, organization,
availability, coordination, control, analysis,
estimation of efficiency, decision making, selection
of system elements, optimization of individual
operation, presentation and interaction (integration)
with other subsystems. Obviously, these tasks are
inextricably linked and must be addressed in light
of their specificities and capabilities of the engine.

In general, the information system should
provide the following basic tasks:

- motion control of sensors: provides
registration of all movements of sensors between
GTE subsystems and on the basis of these data
allows to generate daily reporting and statistical
information.

- creation and storage of statistics: automation
of statistical services, as well as storage of archival
information (history of defects of replaced nodes)
and prompt access to this information for the
purpose of its use in statistical scientific researches.

- diagnostic unit control: automation of the
working registration nodes, which are defined in
the database of the system and provide the output
of the technical characteristics of the GTE.

- active workplace control (control unit):
provides quick search of tasks in the system
database and displays the automated workstation,
full or selective, depending on the information
security settings, the amount of data related to the
defect of a particular node.

- operating unit control: automation of planning
and preparation of scheduled maintenance and
repair, as well as storage of information for analysis
of the functioning the ACS GTE and operational
access to this information from different subsystems.

- instrumental research control: provides
automated reporting of instrumental research results,
including the effectiveness of these results directly
with instrumental equipment.

- verification unit control: provides automated
documentation of the results of verification
investigations, including the reading of these results
directly with the equipment.

- GTE subsystems control: automation of the
whole technological cycle of subsystem work, from
the moment of registration of input information to
determination of information on the results of
subsystems functioning.

- GTE subsystem reality control: automation of
ACS GTE subsystem traffic accounting.

- reality control: automation of the process of
receiving information (traffic) from external sources,
forming requirements for sending messages.

- control of state maps: automation of formation
and registration of state maps.

- control of the GTE nodes: determination of
fast searching of the GDD node request in the
database and displaying the volume of information
of a specific node.

- control of telecommunication systems:
automation  ZigBee instrumental research
registration, video monitoring.

For ensuring the solutions of the listed

information system (IS) tasks, the ACS GTE should
be able to collect and process information from
remote subsystem nodes, each of which performs its
specific functions.
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Fig. 1. Structure diagram of the GTE system

2.1. GTE Control Unit Set Up

In stochastic optimization method for the regulator
parameter set up solves the system of equations [4]:

O =k, (B0~ (B0 4] i=1r, (1)
where n(t) is the measurement error caused by
hindrance; 1 is a set up parameters number; k(t) is
some variable coefficient.

During the usage of the gradient equation
method, that determine the settings of the regulator

are recorded relatively private derivative of a quality
indicator:

: Sy (B,1)
-~ k(1) —2E—= 4 (), 2
B =) =7 7 ® @)
where the sign "+" is accepted if J, has max, "-" if

J, has min.

The coefficient k(f) must satisfy conditions
similar to (1). If the self-tuning criterion is given as
an integral of the error square g(ﬁ ,t) discrepancies
between the desired signal y,,(#) and the real y(¢),

then the equation that determines the parameter set
up is:

ti+T; _ n
Bo~+k -2 | e(ﬂ,t)Mdt NG
t; 8ﬂ i
where 7, is the interval of quasi-stationary
parameters of the regulator.

Application the Lyapunov functions allows to
solve the problem of ensuring stability of self-tuning
or optimization processes self-tuning processes
according to a given quality criterion. Usually,
Lyapunov function is constructed in the form of a
quadratic positive a certain form [4, 5]:

V=X"PX+C"(t)nC(t), 4)
where X is the state vector of the control object; P
is symmetric positive definite matrix; C’ () is the
vector of variables in time coefficients associated
with custom parameters; A=diagA, is diagonal
matrix of constant coefficients 4, > 0.

In the case when the law of change of the self-
tuning parameters f;(¢) is determined only from the

conditions of stability of self-tuning processes, the
derivative of the Lyapunov function is calculated,

which should be negative definite (V' <0) and on

this condition system of differential equations is
form, whose solution allows determine the setting of
the regulator parameters.

It should be noted that the considered tasks
demonstrate the complexity of the self-tuning
procedure (Fig. 3), related to computational
operations requiring a certain time.

An example of an adaptive control system, where
for self-tuning a performance analyzer [5] was used,
shown in Fig. 2.
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Fig. 2. Adaptive system with characteristic analyzer
The analyzed characteristic is a impulse Application of the model in adaptive control

transition function @(¢), on the basis of which the
self-tuning criterion is calculated Jg (@(¢)) and

then the correction signals for regulator tuning are
determined. For determine @(¢), an identification

method is used based on the analysis of random
processes such as “white noise”. If random
processes are stationary, then to determine @(¢) can

be used the Wiener-Hopf equation. At input random
signal g(¢#) of the type of “white noise” the

correlation function R, (7) =®,0(7)has the form of

a O -function and the Wiener-Hopf equation go into
equality:

R (1) =Dy (7) , &)
is the intensity of white noise. In
accordance with (5) @(¢) is determined by the

where @,

mutual correlation function R (7). Therefore self-

tuning contour has a generator of "white noise"
(WNG), multi-channel time delay (MChTD), multi-
channel multiplier and summing device (MChMSD),
the analyzer of characteristics (CA) and self-tuning
device (STD).

Building a self-tuning loop based on (5) provides
for the introduction of a source of white noise WNG.
CA structure determined by type of criterion Jg;

and shape @ (¢).

systems is very common, and the purpose of their
use is very diverse. So, on fig. 3 is an example of an
adaptive system in which there are two system
models. One reference with W, transfer function

used to determine the desired quality of the system,
and another with parameters self-tuning for the
current system for determining the sensitivity
functions of varying parameters, necessary for the
implementation of the self-tuning procedure.

The main control loop is represented by a transfer

function of the object W, ,(s) and the regulator
We(s), self-tuning model contains transfer functions

of the object model W",(s) and regulator
WMr(s). J, is criterion for setting regulator
OWp(s)

parameters f; . is sensitivity functions

b
according to the parameters of the regulator.
Adaptive system operate on the basis of the gradient
method using working signals. According to the
gradient method, the regulator parameters are
determined based on the expression:

Bi=BO-KZSe. Bkt . ()
0 0B,
Obviously:

R N
B de OB de OB,
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By usage the simple transformations, can be
shown that

D) _ ey O -

o5 =Gls)- 7 [ (s)]=G(s)
WMob 8 —

T, 6_ﬂ,-WR(ﬁ’S)

The last expression explains the construction of
the structural diagram of the whole systems and the
principle of its operation.

In a number of articles, much attention is paid to
the problem of synthesis adaptive tuning algorithms:
determining the form of analytical expressions of the
adaptation law and analytical proof of AACS
stability properties. In this thesis, a number of basic
schemes were considered adaptive control: adaptive
control with a reference model for state [6,7],

1

—X
1+ W,
®)

adaptive control with a reference model in output
using the extended error signal [8], adaptive systems
with an implicit reference model [6,8] and adaptive
observers [9].

Some papers [4, 6, 8] propose an approach to
solving the problem building adaptive systems for
object control where not all object parameters are
known. Dynamic objects class is considered, whose
mathematical description is:

X=f(xX)+W(x, )" 0+ g(x)u+5()
)
y=h(x),
where W (x,t) is the known matrix function; o(¢) -
uncontrolled external disturbance; ¢ - unknown
parameters.
Such a model is shown in fig. 3.
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Fig. 3. Adaptive system with self-tuning model

The purpose of the synthesis is to provide the
conditions:

lim Q(x,¢) =0, (10)

where Q>0 is the minimized aim function. Control

law defined as: u=U (y, é,t) and unknown
parameters are determined from the definition:

0 =0(y,1),

where 6 is an estimate of the vector 6 obtained
during the functioning of a closed system; ® is set
up function.

2.2. Self-Tuning Net Technology for Engine
Information System

An important feature of the IS ACS GTE is the
presence of heterogeneous hardware and software
(heterogeneity), which is often associated with a
long period of putting the system into operation (in
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parts), periodic (spontaneous) financing, and many
other factors. This necessitates the use of such
technologies for organizing work in the system that
would provide users with access to local information
resources regardless of the hardware and software
platforms on which they are installed, and
application software developers can be portable and
run on various platforms.

At present, there is an effective and well-
practiced approach to building such systems, which
allows satisfying user requests and the needs of
applied programmers, this is the use of -server
technology, network technologies, and database
technology [8, 9].

Massive service systems (MSS) were selected as
mathematical models for the analysis of the system’s
operating modes in operation, which is due, firstly,
to a wide experience of their application for the
analysis of various information processing systems,
and, secondly, to a sufficient variety of different
types of MSS, which makes it possible to select
models the most adequate in each specific case and,
thirdly, by a deep study of the analysis methods of
the selected MSSs to obtain practically useful results
[9].

The considered system consists of one serving
device (SD) and N hosts, request sources. Hosts
form requests for service at the SD. In this case, the
application server corresponds to the serving device.

All messages received from host create a
common queue and are served in the order received.

A host spends a certain time to form and send a
request, the duration of which is a random variable

Request Source 1

Request
Generation

\

Request Transfer

Request Source 2

. Request
Generation

Request Transfer

Request Source N

Request
Generation

\

Request Transfer

y >0 with a distribution function G(¢)=1-e", the
same for all clients.

All requests await service on the DS in the
general queue and are served in the order they are
received in the queue.

The duration of the request service, in the case
when n requests are in service at the DS, can be
considered a random variable p(n) with a

distribution function B(¢,n), where n is the number

of requests already served on the server (DS). Here,
the need to take into account the number of serviced
requests n is due to the fact that in practice
multitask servers are used and server performance
depends on the value of n. The maximum number
of requests that can be simultaneously served by the
server (multitasking coefficient) is K , i.e. on a SD
model there can be at most K requests at a time.

All random variables have finite first and second
moments:

0<b/(n)= TtdB(t,n),
0

. (11)
0 < by(n) = [dB(t,n) < .
0

All hosts work independently of each other,
requests are not lost and can wait for service for as
long as necessary, the service device does not stop if
there are requests ready for service in the queue

(Fig. 4).

Multitask
SERVER

Request
Sequence

Fig. 4. Request processing diagram
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Served requests instantly leave the DS and return
to the hosts that created them, where they are
delayed for a time determined by a random valuey ,

after which they again enter the service queue. Fig. 4
shows the request processing diagram.

GTE server

Coordinator

Remeater

14.3 kbit/sec

697 %
Operating Mode

90.5 kbit/sec

A wireless network model based on the star
topology in NetCracker software was created to
investigate the organization (adaptive request

processing) of the aviation engine automatic control
system (Fig. 5).

Operating Node

113.3 kbit/gec

G3.0 %

Operating Node

Fig. 5. Modeling of receiving and transmitting GTE net path

As network hosts, 3 IEEE 802.15.4 ACS GTE
nodes were used [10]. For the server special
software is selected to support SQL server's host
traffic. Repeater and PAN-Coordinator are used to
connect operating nodes and servers. The maximum
network load is about 88%.

3. Conclusions

As part of this work, conventional and new
information processing techniques were combined in
different ways to design stochastic control
information system the aviation gas turbine engine.
These methods were applied to data collected from
request source node to GTE control unit and seeded
self-tuning tests to verify the efficacy of the
integrated techniques.

The proposed GTE information system sequence
tasks are able to collect and process information
from remote subsystem nodes in a power signal with
a very high accuracy. The accuracy of the proposed
GTE control unit set up has been verified by tests
conducted to a computer-simulated signal and a field
signal. Two techniques are adopted to achieve
accurate self-tuning regulators.

Firstly, characteristic analyzer is used for the
determine the setting of the regulator parameters by

the Lyapunov function application that allows to
solve the problem of ensuring stability the
optimization processes and constructed in the form
of the state vector of the control object, symmetric
positive definite matrix, the vector of variables in
time coefficients, diagonal matrix of constant
coefficients.

Secondly, the self-tuning model is used an
identification method based on the analysis of
random processes with the Wiener-Hopf equation
that allows to determine the intensity of white noise
and impulse transition function. Therefore, the
control loop regulator is represented by white noise
generator, multi-channel time delay, multi-channel
multiplier and summing device, performance
analyzer and self-tuning device. According to the
definition of transfer function and sensitive
functions, the simple expression transformation of
regulator explains the construction and structural
diagram of the whole GTE stochastic information
system.

It is concluded that for designing the engine
information system, it is important to make a right
choice of the solutions wused to build a
telecommunication system (network technologies)
that provides information interaction between
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system elements and users. Here it is necessary to
define the network structure, the network software
used, the protocols of different levels, the network
hardware.

Solving these problems will reduce the load of
communication channels, reduce network traffic,
speed up the delivery of transmitted messages and
increase the reliability of connections.

Also can be identified the main problems that
need to be solved for design the define systems:

1) organization the interaction using host-server
technology;

2) organization the communication service of the
system with the use of network technologies -
creation of a calculated network the information
system;

3) formation and organization the operation of
the integrated database system of the information
system.

Solving these problems allows you to formulate
requirements for application and system software
that has been considered in this paper as a
interaction between serving device and request host
sources by implementation of the network model
GTE control unit receiving and transmitting GTE
path with the load of 88%.
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Po3poOka HaxiifHOl ccTeMy BU3HAYEHHS CaMOHAJAIITOBYBAaHUX MapaMeTpiB peryisaTopa B aBTOMATHYHUX
cucreMax KepyBaHHs Tra3oTypOinHumu nsuryHamu (CAK I'TJl) mpuHece KopHCTh AK BIHCBHKOBIH, Tak i
UMBUTBHIM aBiamii 3a paxyHOK IIBUIIEHHS HAJIIHOCTI Ta PEMOHTONPHAATHOCTI TOBITPSHOTO CYy/HA.
[IpencraBnena croxacruyHa iH(opMalliiiHa cucTeMa ra3oTypOiHHOTO JBUTYHA, sKa 00’ €Hye iH(opMarllito 3
PI3HUX Cy4acHMX METOJIB aHaNi3y KepyBaHHS Uil JOCSATHEHHS HaJiHOI MOiHGOPMOBAHOCTI KOHTYPY
CaMOHAJAIITOBYBAaHHSA. Y CTAaTTi TpENCTaBIeHI OOYMCIIOBANIBHI METOAM imeHTHdiKalii TOYHOI
MIOCITIZIOBHOCTI TMapaMeTpiB peryisropa 3a JOIMOMOror: Mo-Tiepiie, 3acTocyBaHHA (yHKHii JlsmyHoBa 3
aHai3aTOPOM  XapaKTEPUCTHK Uil  3a0e3leueHHs CTaOUIBHOCTI MpOIeciB  ONTHMI3alii; IO-Apyre,
3actocyBaHHs (yHkuii Binepa-Xonda 3 reneparopom 0i0ro mymy (BHIagKOBI IPOLIECH) AJsl BU3HAYECHHS
IHTEHCHBHOCTI Ta IMITyJIbCHOI IepexigHol (YHKLUIl CUTrHaNY, K pe3y/lbTaT, TOYHOIO HalallTyBaHHs OJNOKY
yIpaBiliHHS aBialifHUM JBUTYHOM. OCHOBHUH KOHTYp KepyBaHHS MpEICTABICHUH IepeaaBajibHOI0
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¢yHKIiero 00'ekTa Ta peryjsaTopa, iX MOJIENSMH CaMOHATAINTOBYBAaHHS, KPUTEPIIMH BCTaHOBIICHHS
MapaMeTpiB peryjsaTopa Ta 4YymIMBOK (yHKIiE. BaxkiauBoro ocobmuBicTiO iH(pOpMamiiHOI cHCTEMHU
ra3oTypOiHHOTO JBUTYHA € HASBHICTH HEOIHOPITHOTO amapaTHOro Ta MPOrpPaMHOT0 3a0e3MeYeHHS, SIKE 4acTO
MOB'A3aHE 3 TPUBAJMM IIEPiOJIOM MiATPUMYBaHHS EKCIUIyaTalii CHCTEMH, HEOOXiTHO BHUKOPHUCTOBYBaTH
MOOUIBHUMM OOCIYTOBYIOUHMM MPUCTPiH 1 XOCT 3amuTy JUIS 3aJI0BOJICHHS BUMOI MPAaBUJIBHOI eKCIUTyaTallii
JIBUTYHA.

KarwouoBi cioBa: caMoHanamToBYBaHHS; ra30TYpOIHHHMN IIBUTYH; CTOXaCTHYHI IMPOIECH; IMOCTIJOBHICTb
MEpEKEBOTO 3aIUTY
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Pa3paboTka HaZieXKHOM CHCTEMbl OOHAPYXEHUSI CAMOHACTPAUBAIONINXCS TTAPAMETPOB PETYIISATOpa B CUCTEME
ABTOMAaTHUYECKOTo yrpaBieHnus ra3oTypOunaHbeiMu nBuratensamu (CAY I'T/]) npuHecer monb3y Kak BOGHHOMH,
TaK U TPaXKJTaHCKOW aBHAIIMK 32 CYET TIOBBIIICHUS HAJIS)KHOCTH U PEMOHTONPUTOTHOCTH BO3IYIIIHOTO CY/IHA.
IIpencraBnena croxacTtudeckas WH(GOPMAIMOHHAS CHCTEMa Ta30TypOMHHOTO ABUTATENs, KOTOpas
o0beMHseT WHPOPMAIIUIO M3 PA3MYHBIX COBPEMEHHBIX METOJIOB aHAJIN3a YIPABJICHHS JUIS JIOCTHIKEHHS
HaJI©KHOTO CaMOHACTPaMBAIONIErocs KOHTypa. B MaHHOW cTaThe MpeicTaBiIeHbl BHIYUCIUTEIBHBIE MET OB
JUTSL MISHTH(UKAIIMHA TOYHOU PETYIISATOpa IMOCIeI0BATEIBHOCTH TApaMETPOB € HCIIOIb30BAHUEM: BO-TIEPBHIX,
npuMeHeHreM (yHknuu JIAmyHOBa € aHANM3aTOPOM XapaKTEPUCTUK JUIsi oOecliedeHHUs] CTaOMIBHOCTH
MPOIIECCOB ONTHUMH3AIIMK; BO-BTOPBIX, NMpUMeHeHHeM (GyHKIUU Bunepa-Xomnda c renepatopom 0enoro
myma (ciydaiiHble MPOIECCHl) JUIS ONpEIeTICHUsT WHTEHCUBHOCTH M HMMITYJIbCHOM TEPEXOJHON (QYHKIIUU
CHUTHaJa, B pe3ylbTaTeé YEro BBIIONHAETCS TOYHAs HACTpoiika OJioKa yNpaBiIeHWS aBHALMOHHBIM
npurateraeM. OCHOBHOW KOHTYp YIIpaBIICHHS MPEICTABIICH ITepeJaTOuHON QYHKIMEH 00bEKTa U PEryiaTopa,
WX CaMOHACTPAaWBAIOMIMMHUCA MOJENSAMH, KPUTEPUSMH HACTPOWKH IapaMeTpoB  perymsiropa U
YyBCTBUTENBbHOH (yHKIHEH. BaxHoW 0COOEHHOCTHIO WH(OPMAIMOHHONH CHCTEMBI Ta30TypOMHHOTO
JIBUTTEINS SBIISIETCS HATMYHE PA3HOPOIHOTO aIlIapaTHOTO U IPOrPaMMHOT0 00ECTIEYeHHS, YTO YACTO CBSA3aHO
C JIUTENBHBIM IIEPHOAOM BBOJA CHUCTEMBI B HKCIUTyaTalllio, HEOOXOIWMO HCIIOIB30BATh MOOMIIbHOE
00CITy)KMBaroIee yCTPOWCTBO M XOCT 3ampoca Uil YAOBJIETBOPEHHsS TpeOOBaHUI TMpaBHIBHON pabOTHI
JBUTATEIS.

KaloueBble  cjioBa:  CaMOHACTpPOWKa;  Ta30TypOMHHBIA  JIBUTATENb,  CIy4allHblE  TPOIECCHI;
MTOCTIEIOBATENFHOCTH CETEBOTO 3aIpoca
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