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3ABE3NEYEHHSA BIIMOBOCTIMKOCTI CUCTEMHM OPIEHTAIIIi TA CTABUIIBALIII KOCMIYHUX AITAPATIB

CdopmoBaHa CTPYKTypa CHCTeMHU OpieHTalii Ta crabimizanii, sika 3a0e3mnedye 1i akTUBHY BiIMOBOCTiiiKicTh. [Tapamerpu3oBani BuaM
BITMOB (DYHKIIIOHAIBHUX €JIEMEHTIB CHUCTEMH, 1[0 XapaKTePHU3yIOTHCS 3MIHOIO BIACTHBOCTEH MEPETBOPIOBANBHUX €1eMeHTIB. OTpUMaHO
JiarHOCTHYHI (DYHKI[IOHATIBHI MOZIEII JUTSl BUPILIIEHHS 33/1a4 BUSIBJICHHS, TIOLIYKY MICIIs Ta BU3HAYECHHS KJacy BiTMOBH cucTeMH. Po3po6-
JICHO MOJIEITi 1 METOZIM CHCTEMHOTO MiAXOMy A0 BiIMOBOCTIHKOCTI 3 METOK €()eKTHBHOTO BUKOPUCTAHHS CUTHAJIBHOI, TApaMETPUIHOI Ta
CTPYKTYPHOI HaJUIMIIKOBOCTI Ta 0OpaHi IHCTPYMEHTH HapupyBaHHS. IIpoBefeHO eKCIepUMEHTANIbHI JOCIIPKEHHSI MAKETHOTO 3pa3kKa
aBTOMATHYHOI CHCTEMH OpIEHTAIl Ta cTa0umi3alii s JOCTIIKEeHHS BIACTUBOCTEH aKTHBHOI BiIMOBOCTIHKOCTI B aBapiffHUX pe:KUMax
poboru.

KuiouoBi cioBa: cucrema crabimizanii Ta opieHTanii KOCMIYHOTO anapary, BiIMOBOCTIHKICTb, IBUTYH MaxOBHK, JaTYUK KyTOBOI
LIBUKOCTI.
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AN ATTEMPT FOR 2-LAYER PERCEPTRON HIGH PERFORMANCE IN
CLASSIFYING SHIFTED MONOCHROME 60-BY-80-IMAGES VIA
TRAINING WITH PIXEL-DISTORTED SHIFTED IMAGES ON THE

PATTERN OF 26 ALPHABET LETTERS

Object classification problem is considered, where neocognitron and multilayer perceptron
may be applied. As neocognitron, solving almost any classification problem, performs too
dowly and expensively, then for recognizing shifted monochrome images there is attempted
the 2-layer perceptron, being fast only for pixel-distorted monochrome images, though. Having
assumed the original images set of 26 monochrome 60-by-80-images of the English alphabet
letters, there is formulated the task to clear out whether the 2-layer perceptron is capable to
ensure high performance in classifying shifted monochrome images. Thus it is disclosed that
the 2-layer perceptron performs as the good classifier of shifted monochrome images, when in
training its input is fed with training samples from shifted images, being pixel-distorted. For
this, however, it may need more passes of training samples through the 2-layer perceptron, but
nevertheless the total traintime will be shorter than for training the 2-layer perceptron with
only pixel-distortion-free shifted monochrome images.

Keywords: object classification, neocognitron, perceptron, pixel distortion, shift, mono-

chrome images, shifted monochrome images.

PROBLEM OF SHIFT-TURN-SCALE
PERCEPTRON RECOGNITION

Object recognition is an up-to-date technical problem,
dealing with alot of agpectsin itsformalization and solving
it. Themathematical principlefor recognizing objectsliesin
clustering and classifying them. Neural network, being the
universal approximator, isthefinest model of clusterization
and classification [1, 2]. It needs neither architecture
creation, nor training algorithm development. Only the
appropriate architecture must be selected among the
available ones [1, 3], and the corresponding training
algorithm should be enabled [4, 5]. Therenonethdlessstands
an important question of ensuring the high productivity up
with low resources consumption and short response del ay.
Thehighest productivity isensured by neocognitron, which
isthe smartest neural network, performing slowly, though
[6, 7]. It also takes too much of memory and data space for
clusterization and classification. Themultilayer perceptron,
consuming memory not so significantly, works much faster,
but its productivity is ensured high only for objects or
noised objects, which are not shifted, turned (skewed) or
scaled against the trai ning objectssample[8]. Certainly, this
is unreal situation in world of real events and processes.
And if the object, being under classification, isshifted, turned
or scaled againg its original in the training sample, then
perceptron cannot recognize it and classifies this object
erroneoudly. Thereforethe problem of shift-turn-scale (STS)
object recognition may be solved with making neocognitron
perform easier and faster or with making perceptron just
recognize ST S-property objects better.

© Romanuke V. V., 2013
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WAY OF INVESTIGATION

Clearly that both the said tasks of constructing fast
neocognitron and training perceptron STS-classifier are
tough for implementation [4, 6, 7]. Besides, neocognitronis
very huge model totry optimizing it in speed and resources
consumption. So, thereisatenableway of trying to prepare
multilayer perceptronsfor classifying objectsjust with one
from thethree STS-properties. shift, turn or scale. Theshift-
property isthe easiest to program it, while turn or scaleis
tougher to be modeled [6]. The simplest objects are plane
objectslike monochromeimages. However, even for shifted
monochromeimages (SMI) multilayer perceptronsperform
poorly. Although, multilayer perceptronsperformwell [4, 8]
for pixel-noised monochromeimages (PNMI). It outlinesthe
way to investigate possibility of increasing multilayer
perceptron performance in classifying SMI, whether they
arePNMI or not.

TASK FORMULATION

Will be considering the original set of 26 monochrome
60-by-80-imageswhich are 26 | etters of the English alphabet.
An alphabet | etter, feeding the classfier input, may beshifted
asit occurs usually while scanning and retrieving the text
information. The classifier must recognize it at high
performance. Cases with letters, being PNMI, are not
excluded, but the main caseis that input objects are SMI.
The extent of shift is going to be featured with a shift
constant. The task is to clear out whether the 2-layer
perceptron (2L P) is capabl eto ensure high performancefor
SMI. For that the model of PNMI and shift-noised
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monochromeimages (SNMI) must beformalized, whereupon
2L Pistrained to becometheclassifier.

MODEL OF PNMI
It isknown that 2LP is trained with blocks of feature-

vectorized objects, sog-thimageas matrix A g = (af,3> )
6080
isreshaped into 4800-1ength-column before processing it,

where aiy € {0, 1} by q =1 26. Denote A =(ajq),. -
asthematrix of all original 26 monochrome 60-by-80-images,

reshaped into 26 columns. Then model of PNMI isjust the
metrix

k k) =
AEJi>><eI =A+ Gi)i>><el 3 @
by standard deviation
<k> _ Gpri?<ae|X> k = )
e =g K Vk=1F
and itsmaximum csi)ri?(aelx> > Oat 4800 26-matrix Z of values

of normal variate with zero expectation and unit variance,
where number F indicates at smoothness in training the
perceptron [9]. Whilebeing trained, theinput of 2L Pisfed
with the set

~ ~ + F
Pran = (R s ={{A}.‘;, A } ®

k=1

of original images and pixel-distorted images by the set
of identifiers (targets)
=T = @
with identity 26 x 26-matrix |, wherenumber C indicatesat
how many replicas of undistorted images should be
recognized in thetraining process. Theset (3), being formed
by (1) and (2), is passed through 2L P with identifiers (4) for
Qpass times.
Oneof the fastest program implementations of 2L P can
be built within MATLAB with using thetraining function
«traingda». For setting the size of hidden layer of 2LP to

250 neurons at csgir;(? =1 C=2 F =8, Qpass =10, the
resultsof classifying SMI, when 2LPistrained with PNMI,
appear quite unacceptable (figure 1). These results are
obtained in routine of the batch testing of 2LP. Theresults
of theletter-by-letter testing of 2L P at some fixed standard
deviation for (1) disclose the trend in distribution of
recognition errors percentage over letters (figure 2). This
trend isseen that thereexist | ettersthat are recognized better
than others. For instance, letters «I» and «J» are more
recognizable, where letter «I» is classified wrong only in
every fourth case, roughly. But the averaged recognition
errors percentage nonethe ess remainsinadmissibly high.

90
|

Fig. 1. Percentage of recognition errors Peyyor Over standard

deviation range | O; 0—<max> of the shift intendity in SMI by
' Pshift

250 neurons in 2LP hidden layer and cs;n?i@ =1, csé?;adx> =0

(derived from 1000 batch testings of the trained 2LP with PNMI
(max)

MODEL OF S\MI

Just likein (1), model of PNMI consistsin adding the
normal noiseto thematrix of al 26 images. For onefromthe
three STS-properties, every image should be processed
separately. In model of SNMI each image is shifted
horizontally and vertically for some number of pixels. Thus
the shift constant is from two components, horizontal and
vertical, though there may be used the same standard
deviation

(max)

-k Vk=1F )

and cé??t’q > O at k-th part of forming the set that feedsthe

input of 2LP. Asthere are considered 60-by-80-imagesthen
horizontal pixd shift (HPS) is

o o5 e ()

X1—sign( (p(8cs<shki>Z Enor (k))‘ —80} .
. 1+sign( q)(&?ghk?ft ey (k))‘—SOj e

2

where &por (K) is value of normal variate with zero
expectation and unit variance, raffled at the k-th stage for
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Fig. 2. Distributions of recognition errors percentage over letters at fixed standard deviation G<max> =1for o
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Shift pixd = O (derived from

- - (max) _
1000 testings of the PNM I-trained-and-loaded 2L P at Gpixel =1, C=2,F=8 Qpass =10)

HPS, and function ¢( x) rounds x to the nearest integer less

than or equal to x. Concurrently, vertical pixd shift (VPS)is

e o) - v )

Xl—sign( (p(%gfl?fzt Eer (k))‘—60j )
. 1+sign( (p(66g;i>ﬂ Ever (k))‘—60] | o

2

where & (k) is value of normal variate with zero
expectation and unit variance, raffled at the k-th stage for
VPS

It is necessarily to mind that the image background is
white, whereasin MATLAB the white color is coded with
ones. So, contour and filling of |etters, being black, are coded
with zeros. By theway, thefilling is not continuous (figure
3), and the | etter black cast is sprinkled with white specks.
Hence, adding the horizontal shift noise to d-th image as

changes its elements into the

x80

matrix Aq :(a83>)
following. For s, (cgf]?ft) > Othesenew elementsare
éfﬁ)(k):lfor u=160 and v=1, s (céﬁ?ﬂ) (8)

by

583> (k)= aﬁ? at t=V—Sy (Géhk?ft)

for u=mandv=shor(cg§i>n)+l 80. ©)

For Shor (csgf]?ft ) < 0new dementsare
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Fig. 3. Monochrome 60-by-80-images of letters, viewed as
bitmap files, and the letter «W», viewed within MATLAB,
where it can be seen that the letter black cast is sprinkled
crosshatch-regularly with white specks

583> (k)= aﬁ? at t=Vv—=Syr (Géhk?ft)

TRA k
for u=1, 60 and v=1, 80+ Sy (cgh?ft) (10)

by
é&? (k)=1for

u=1,60 and v:80+shor(csg:i>ft)+l, 80. (1)

Clearly, for S, (cgﬁ?ﬂ ) — 0 theqrthimageisnot shifted

horizontally:

éfﬁ(k):afﬂ> for u=1 60 and v=180. (12
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After that horizontal shift isaccomplished, adding the
vertical shift noisetothehorizontally shifted g -thimageas

matrix Aq (k)= [éﬁ? (k)} changesits elementsinto

60x80

thefollowing. For Sy (cg.(\?ft ) > 0 these refreshed el ements

ae

§Sﬂ>(k):a$f}>(k) a r=U+Sye (Gghk?ft)
for  u=L60-5 (o) andv-180 (3
by

§fﬂ>(k):1for

U=60- S, (cgﬁ?ft)+x 60 andv=180. (14)
For S (G<k'> )<0
er | Ohift new elementsare

§Sﬂ>(k):1for u=1 —S\/er(cghk?ft) and v=1 80 (15)

by
9 (k)= () =5 o
for  u—-S (cg'j?ﬂ)ﬂ 60andv=180. (1)

Clearly, for Se (cg'j?ﬂ ) — Othe -th horizontally shifted
imageisnot shifted vertically:

39 (k)= a9 (k) for u=1 60 and v=180. (17)
After all 26 imageshavebecome SNMI, each g-thimage
as matrix ,&q (k) = [5&? (k)}60 . is reshaped into 4800-

length-column, Then the matrix

K[z
Aihgn :[ajq(k)onone of al 26 SNMI, reshaped into

26 columns, isincluded into the training set

~ ~ + F
Prain = {R }icle :{{A}Iil’ {Aghk?ft}kl} (18)

that feeds the input of 2LP, passing through 2LP with
identifiers(4) for Qpasstimes.

q=1 26.

Onceagain, for setting the size of hidden layer of 2LPto

250 neurons at cgﬁ‘i‘?ﬁ =1 C=2,F =8, Quass =10, and
using thetraining MATLAB-function «traingda», theresults
of classfying SMI, when 2L Pistrained with SNMI and batch-
tested, still appear unsatisfactory (figure 4). However, now
these results are much better than those ones, derived from
1000 batch testings of the PNMI-trained 2L Pin figure 1. But
thetraining process for SNMI isrunning very lingeringly.
Besides, this process may frequently be non-convergent,
where some performance goals aren’t met, or minimum
gradient isreached just after thefirst pass(in thiscase 2L P
cannot be called thetrained with SNMI). Theresults of the
| etter-by-letter testing of the SNMI-trained 2L P at somefixed
standard deviation for (6) and (7) disclosethepeculiar trend
in distribution of recognition errors percentage over letters
(figure5), whereletters«l» and «L» arethemost recognizable,
whereas letters «G», «K», «O», «R», «V» are classified
wrong in every second case, roughly. The averaged
recognition errors percentage, being lower than for the
PNMI-trained 2L P, nonethelessremainshigh.

Having analyzed the performance of the SNMI-lingering-
trained 2LP, there is a proposition to shorten the training
process by modifying thetype of noise. It isverisimilar that
adding some pixel noise along with not increasing or
lowering the shift intensity may relatively accelerate the
training processof 2L P Alsoit may decreasetherecognition
errors percentage. So, the following model is for making
pixd-shift-noi sed monochromeimages (PSNMI) to feed the
input of 2L P, asneither PNM I -trained 2L P, nor SNM I -trained
2L Pisthegood classifier of SMI.

Fig. 4. Percentage of recognition errors Perror Over standard

max
deviation range [0; G<Shift q by 250 neurons in 2LP hidden

layer and cg%atx ) =1, GEJ?:<2IX> = 0 (derived from 1000 batch
testings of the trained 2LP with SNMI by G&Tﬁ@ =1, C=2,
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Fig. 5. Distributions of recognition errors percentage over letters at fixed standard deviation ¢

20 25 30 0 5 10 15 20 25 30

(max) _

(max) _ M =

ahift 0O (derived from

=]1forc

1000 testings of the SNM |-trained-and-loaded 2LP at Géhm ) =1, C=2,F=8, Qpass =10,

MODEL OF PS\MI

Themain principleinmodding PSNMI isthat therefirstly
should be accomplished HPS (6) and VPS (7) for consecutive

o6 26
transformation of matrices {Aq}q 1:{[39} }
= 60x80
g=1

{Aq (k)}zil - {[éﬁ? (k)}smso}

(Agto]” =[[dw]_ L

k z g i
Agh?n - [ajq (k)] at k-th part of forming the set

4800x26
that feeds the input of 2LP by (5). With the matrix AL
therefallowsthe modd of PNMI (1), that is

26
through and

g=1

into the matrix
g=1

k k K)
A<pi>><e|-shift = Aghi>ft +6§)i>>(el = (19)
by (2) and (5). For PSNMI theinput of 2LPisfed with the

training set

~ ~ \C+F C k F

Rrain = {P} 4 = {{Ah:y {Ai)i?(el—shift }kl} (20
of Creplicas of undistorted images and pixel -shift-distorted
images by the set of identifiers (4).

Let csg:?p = ci)?:(? =1 The training process under
such relationship is pretty hard: there are needed many
passes, lasting for great numbers of epochs; the weak
convergence is very likely, and the hang-up is observed
after first 2030 passes are completed. That meansthat for
covering the bad shift noise (shift noise of high intensity)

Shift plxel> mustn’t beequal .
Truly, herepixd distortion should beeither strengthened or

2
loosened. Thus let Ggq??p 2125(‘%?;?

the standard deviations G< ax) and c<

. Unfortunately,
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under this ratio the training process has the same weak
convergence, and its hopeless hang-up is observed after
first 2030 passes are completed. Moreover, if to vary the
(max)

shift 2) by setting strictly

and c<

ratio between o pixel

(max)

Saqift . =1 then the training process hangs for any

élxel> >0,5. Letting cghﬁ> =1=2c élxd>, after having
been trained with the set (20) for Qs > 100, the PSNMI-

trained 2L P produces yet higher performance, which isstill

W2 and Qppes > 150,

the PSNMI-trained 2L P produces yet higher performance
than the SNM I -trained 2L P (figure 6) over standard deviation

unsatisfactory. For Gghm> =1= 4o<

range[o; cgg?f‘:q = [0: 1]. Testing the PSNM I -trained 2L P
for classifying SMI letter-by-letter at the highest noise
intensity certifiesit (figure7).

Clearly that the greater Qpass the lower peyo, OVer

standard deviation range[o; céﬂ?}"‘fq is, athoughitlingers

the training process almost to the long while as it for the
SNMI-trained 2LPis (and much longer). However, for the

PSNMI-trained 2L Pby ol = 4o’ =1almost 30-40

passes performance goals are met, and 2LP can betrained
with SNMI with many unmet performance goals. Letting

standard deviations o\re and o\jy | be different from

thelrrelatlonshlpcs< o) _ 4c5< >—]mays;llghtlychange

shift = 7 pixe
trendsin figures 6 and 7, but upon the whole, the trained

2LP with PSNMI by Qpass = 234 isthe good classifier of
SMI, especially when the shift intensity is defined within
standard deviation range (0; 0,4]. The averaged

recognition errors percentage doesn’'t exceed 3,5 %, and
this 2L P performswell in classifying shifted monochrome
60-by-80-imagesat maximal intensity shift noise, when HPS
and VPS areabout 1020 pixelsand Pgrror =15 with nearly
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Fig. 6. Percentage of recognition errors Pgyyq, Over standard

max
deviation range [0; G<Shift q by 250 neurons in 2LP hidden

(max) _; (max) _ o
layer and Cenift =1 Opixd = 0:
1 — derived from 1000 batch testings of the trained 2LP with

max
PSNMI by Gghift ) = 4G§JIX6|> =1, C=2F=8
QpaSS =175 (totd traintime is 278548 epochs); 2 — derived

from 1000 batch testings of the trained 2LP with PSNMI

by c’<sh|ft = 4G<plxe|> =1 C=2, F =8, Qpass = 200 (total

traintime is 315134 epochs) 3 — derived from 1000 batch
testings of the trained 2LP with PSNMI by

o) _ 46\) 1 G =2, F = 8 Qpaes = 225 (totd

traintime is 329376 epochs); 4 — derived from 1000 batch
testings of the trained 2LP with PSNMI by

Ggﬁ]?fat)o —4G§)|xe|> 1 C=2,F =8 Qpass = 234 (total

traintime is 339971 epochs); 5 — derived from 1000 batch
testings of the trained 2LP with SNMI by Gg.'?fatx> =1C=2,
F =8, Qpass =100 (total traintime is 229646 epochs)

0 30

every seventh letter is classified wrong (notethat letter «I»
isthemost recognizable, but letter «Dx» is classified wrong
in every fourth case).

CONCLUSON

Problems of classification of SMI are more widespread
than problems of classfying PNMI. But the PSNM I -trai ned
2L Pmay classify SMI with pixd distortion successfully also,
asthetraining set (20) containsmodded PNMI. Thepattern
for amonochrome 60-by-80-image, used here, isobviously
not general. Nevertheless, theletter isjust amode of image,
wherewith 2LP can betested for SMI classifier. And those
tests proved that introducing the model of PNMI into the
model of SNMI shortens the training process of 2LP and
improves its performance in classifying SMI or SMI with
pixel distortion. Hence, 2LP is capable to ensure high
performance for SMI. There only stays the question of in

shift plxel> should

be taken, that is how badly SMI must be distorted to reach
theoptimal traintime and recognition errors percentage. This
guestion will be examined in further investigations.
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Pomanrok B. B.

Kang. TexH. HayK, TOLEHT, XMeIbHUIIKUH HAlMOHAIIBHBIN YHUBEPCHUTET, YKpauHa

BBICOKASI TPOU3BOJIUTEJIBLHOCTH JIBYXCJAOMHOI'O MEPCENTPOHA B KTACCUDPUKAIIMA MOHOXPOM-
HBIX U30BPAYKEHUI ®OPMATA 60-HA-80 CO CABUTOM HA OCHOBE OBYUYEHUS 11O U30BPAKEHUSM CO
CABUI'OM U INTUKCEJbHBIMU UCKAKEHUSIMU B HABOPE U3 26 AJI®PABUTHBIX BYKB

PaccmarpuBaercst 3aaya 00bEKTHOM KinacCH(UKALUK, TIe MOIYT IIPUMEHSTHCSI HEOKOTHUTPOH U MHOTOCIHOMHEIN nepcentpoH. Ilo-
CKOJIbKY HEOKOTHUTPOH, pellasi IPaKTHIECKH JIFoOYIo 3ajauy KIacCH(DUKAIINY, pad0TaeT CIUIIKOM MEUICHHO U 3aTPaTHO, TO JJIS Paclo3-
HaBaHUs MOHOXPOMHBIX M300pa)KeHHH CO CABUIOM IIPE/IaraeTcsi UCpoOoBaTh ABYXCIOWHBINH MEPCENTPOH, XOTs OH SIBISETCS OBICTPO-
JIEHCTBYIOIMM TOJIBKO JUIl MOHOXPOMHBIX H300payKeHHH C MUKCEIbHBIMU HCKKSHUSIMH. [IpeiokiB Habop OpUrHHAIBHBIX H300paxe-
HUH U3 26 MOHOXPOMHBIX H300paXkeHu OykB aHIHMiickoro andasuta popmara 60-1a-80, hopMynupyercs 3agaua BEISICHUTE, CIIOCOOCH
JIM ABYXCJIOWHBIN NEPCENTPOH 00ECIEUHUTh BEICOKYIO TPOU3BOIUTEIBHOCTD IIPH KIIAacCH(HUKAINK MOHOXPOMHBIX H300paXKeHHH CO CIBHU-
roM. COOTBETCTBEHHO OOHAPYKUBACTCS, UTO JIBYXCIOHHBIH IepCenTpoH paboTaeT Kak XOPOLINii KiIacCH()UKaTOp MOHOXPOMHBIX H300pa-
’KEHUH CO CIIBUIOM, KOrza IIpy 00y4eHHH Ha €ro BXOJ IOCTYMAT 00y4arolie BBIOOPKU U3 H300paKeHHIH CO CABUIOM, IIMKCEIH KOTOPBIX
HCKaXKeHBI. J[Js1 3TOro, ofHAKO, MOXKET IOTPEOOBaThCsl OOJIBIE MPOXOJOB 00YJArOMINX BEIOOPOK Uepe3 ABYXCIIOHHBII MepcenTpoH, HO
TeM He MeHee o0liee BpeMs 00y4eHus OyeT MeHbIIe, YeM JUIsl 00ydeHHs ABYXCJIOHHOrO IepCcenTpoHa JIMIIb Ha MOHOXPOMHBIX H300pa-
JKEHHSX CO CIBUTOM Oe3 MUKCEeIbHBIX HCKaXKEHHUI.

KuroueBble c10Ba: 00beKkTHas KnaccH(UKaLUs, HEOKOTHUTPOH, IEPCETPOH, MUKCEIbHOE NCKKEHHE, CIBUT, MOHOXPOMHEIE U300-
pakeHNUs!, MOHOXPOMHBIE N300PKEHUS CO CABUTOM.

Pomanrok B. B.

Kann. TexH. HayK, TOLEHT, XMENbHUIIBKUIN HAIlIOHATBHUH yHIBEpCHUTET, YKpaiHa

BHCOKA MMPOIYKTUBHICTH JIBOIIAPOBOI'O MEPCEINTPOHY B KJIACU®IKAIII MOHOXPOMHMX 30BPA-
KEHb ®OPMATY 60-HA-80313CYBOM HA OCHOBIHABYAHHS 1O 30BPA’KEHHSIM 313CYBOM TA IIICKEJIBHU-
MU CITIOTBOPEHHSIMHU Y HABOPI 3 26 AJIGABITHUX JIITEP

PosnsinaeTses 3anaua 06’ ekTHOI Kiacupikail, 16 MOKYTh 3aCTOCOBYBAaTHCH HEOKOTHITPOH i GararomrapoBuii mepcenTpoH. OcKib-
KH HEOKOTHITPOH, PO3B’ A3yI0YH MPAKTUIHO OyIb-AKy 3aj1ady Kiacu(ikallii, Mparroe 3aHaJATo MOBUIBHO 1 3aTPaTHO, TO JUIA PO3Ii3HABaH-
HSI MOHOXPOMHHUX 300paK€Hb 31 3CyBOM IIPOIIOHYETHCS BUTIPOOYBAaTH IBOMIAPOBHIT IIEPCENTPOH, X0Ua BiH € MIBUIKOMIFOYNM TUTBKH UL
MOHOXPOMHHIX 300pa)KeHb 3 MIKCELHIMH CIIOTBOPEHHSMH. 3alPOITOHYBABIIN HA0Ip OpUTIHAIBHUX 300paXxKeHb 3 26 MOHOXPOMHHX 300-
paxkeHb JiTep aHDTiKchKOrO andasiTy ¢popmary 60-Ha-80, GpopMmynroeThCs 3a1a4a BUSACHUTH, YU 3[aTCH JBOLIAPOBHUI MEPCENTPOH
3a0e3MeUNTH BUCOKY POAYKTUBHICTh NPH Ki1acu(ikalii MOHOXPOMHHX 300payKeHb 31 3CyBOM. BiAIOBiTHO BHUSBISETHCS, IO TBOIIAPO-
BUH TTEPCENTPOH TPALIOE K XOPOIINH KIIacH(piKaTop MOHOXPOMHHX 300paKEHb 31 3CyBOM, KOJIM IIPH HaBYaHHI Ha HOTo BXi MOCTYNAIOTh
HaBYaJIbHI BHOIPKH 300pakeHb 31 3CYBOM, IIKCENi SIKUX CIIOTBOPeHi. /s 1boro, OqHaK, MOXKE 3HaJOOUTHCH OLIbIIE MTPOXO/IIB HaBYAIIb-
HUX BHOIPOK Yepe3 IBOIMIApOBHUIT MEPCENTPOH, ajle THM He MEHIIe 3araJbHUN Jac HaBYaHHS Oy/ie MEHIINM, HDK JUIs HABYaHHS JIBOIIApO-
BOT'O MEPCENTPOHY JIMIIE Ha MOHOXPOMHHX 300paXKeHHSIX 31 3CyBOM 0€3 MIKCENbHUX CIIOTBOPEHb.

KarwouoBi cioBa: 00’ ekTHa kiacudikaiis, HCOKOTHITPOH, IIEPCENTPOH, MIKCENbHE CIIOTBOPSHHS, 3CYB, MOHOXPOMHI 300paKeHHS,
MOHOXPOMHI 300payKeHHS 31 3CYBOM.
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THE EVOLVING ADAPTIVE NEURAL NETWORK FOR DATA
PROCESSING WITH MISSING OBSERVATIONS

The problem of computational intelligence systems synthesis in on-line mode, capable for
processing stochastic signals with missing observations in the data is considered. An adaptive
approach based on using of orthogona polynomials is developed.

Keywords: neura network, orthogona polynomials, Chebyshev polynomials, incomplete

data with missing observations.

INTRODUCTION

Artificial neural networks, neuro-fuzzy systems, hybrid
systems of computational intelligence currently are
widespread for solving data processing problems, Data
Mining, prediction, identification and control of nonlinear
stochastic and chaotic objects and systems [1-5].

Themost attractive properties of these systems aretheir
universal approximation properties and learning ability,
usually understood as a possibility of tuning the parameters
by optimizing some quality criterion (objective function,
learning criterion). In awider sensg, it ispossibleto configure
the system architecturetoo. Currently, thereexist number of
approaches, but the most widely used is so-called
congtructiveapproach in which the system of computational
intelligence, sarting with thesmplest architecture, gradualy
increasing itscomplexity and at the sametimetuning their
parameters to achieve the desired quality of the solution.
Thisapproach hasformed anew direction in computational
intelligence, known as evolving systems| 6, 7]. At thesame
time, most of these systems processinformation in abatch
mode, which makesthem difficult to usein cases wherethe
data for processing are fed in on-line mode in the form of
timeseries.

In many practica applicationsinvalving the processing
of sequences of rea data, there exists situation when some
observations of the controlled time series, for whatever
reasons, aremissing (lost). Itisunderstood that for thenormal
operation of the neural network or a hybrid system, these
missng data must somehow be restored. The problem of
restoring themissing values hasreceived sufficient attention
[8-10], in thiscaseasthe most effectiveare neural networks
[11-14]. However, the known approaches for restoration of
missing valuesin timeseriesareeffectiveonly in caseswhen
the whole data set is given a priori, the amount of missing
values isknown, and the time series has a fixed number of
observations. It isnatural that in problemswheredata arefed
for processng in real time, the number of missng valuesis
unknown beforehand and the sequence has nongationary
character, the known approachesareineffective.

© Shafronenko A., Pliss |., Bodyanskiy Ye., 2013

So, the problem of synthesis of computational
intelligence systemsin on-linemode, capabl e for processing
stochastic signals with missing observation in the data is
interesting and useful.

SEQUENTIAL RESTORATION OF MISSING
OBSERVATIONSINTHE TIME SERIES

The proposed approach is based on the use of classical
orthogonal polynomials [15] and first of all Chebyshev
polynomials (T-systems) [16, 17], that have a number of
good propertiesin terms of the approximation problem using
quadraticcriterion [16].

Generally Chebyshev polynomials can be compactly
represented using trigonometric functions

T, (X) =cos(l arccosx), xe[-11], =012,... (1)
or using recurrent relation
T () =2xT,_1 () =T _2(%). @

In somesituationsit iseasier to solvetheproblem inthe

interval X €[0,1], which can beused with biased Chebyshev
polynomials:

T2(x) =T (2x-1), @3)

T8(x) = (4x-2T,% (0 - T,2,(%). @

Itisalso easy towrite biased polynomialsfor any interval

X € [Xmin» Xmax ] -

To approximate arbitrary function of a scalar argument
y = f(x) given on aset of Nodes Xq, Xo,..., Xn; Y1, Y2, YN
let ustransform theoriginal datausing ssmplerelations

o Xk — Xmin
X =2y,
Xmax ~ Xmin

Yk=2—yk_ymin -1, k=12..,N

max ~ Ymin
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for the polynomials(1), (2) and

. :M; Vi :M, k=12..N
Xirex ™ Xin Ymax = Ymin
for (3), (4) and write approximating T-system as
h
TE(®) = X Wi (%),
1=0

whoseparameters W aredetermined by thesimplerelation

with conditions of orthogonality.
It is easy to see that these expressions are standard

estimatesof least squares. Thevalues T, (X, ) arecalculated
using therecurrent relations

To(%) = % — by,

Ti (%) = R =BT (%)~ aTi-2(%0),

> KT (%)
g =L
N2 7
D% T 2(%)
k=1
N | | -1-
D> RT1(%) Zxk Ti_2(X)
q _ I,\(|:1 1
ZXL‘lTl_l(xk) ZXL‘ZTl_z(xk)
k=1 k=1

and achievable accuracy of approximation — based on the
variance

N
G =0h1-WE Y Th (%),

k=1

N 1( N 2
-ty 55

Next, consider the time series %, k=1,2,..,N and
introduce approximating T-system
5 h
T ()= 2w (k). ©)

=0

120

but in this case, we assume that at some moments in the
discrete timek measuremens or have not been done or lost.
Let’sintroduce two subsets: Xp ={%,k}, that contains
Np < N available observations and Xg ={k}, contains
momentswith missng observations.
Then the coefficients of the approximating polynomial
can be calculated using thefollowing relations:

N
2 &TinK)
k=1
keXp
\M_ N )
> TRk
k=1
keX
1 N
_— z K
T Ne g
keXp

where index N in Ty means that the corresponding
polynomialsare orthogonal ontheinterval k e[1, N].

After thisit is easy to restore the missing observations
intheform

h
R =2 WTin (k) Vke Xg.
=0

Combining the available (%, € Xp) and restored
(X € Xg) valuesof thetime series, it's possible to form a
sequencecontaining all N values, referred %, X, ..., Xy

Next, let's introduce the parameter vector

W= (W, W, )T

polynomials Ty (k) = (Ton (K), Ty (K), -,
rewrite(5) in vector form

and T-system of orthogonal
T (KT and

T (k) =w Ty (K),

where vector w is calculated by the standard method of
least squares

-1

N N
wN) = Y TNRTIR | X Ty% =
k=1 k=1
keXp keXp
N
=P(N) 2 Tn(K)%- 6)
=

After that we can finally write

R =w' (N)Ty (K)Vk € Xg,
)’Zk = Xka (S Xp.
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Usingreations(6) and (7) processingisreaizedin batch
mode for afixed number of points N. If the data are fed to
the processing sequentially we have to organize on-line
data processing. In[17] for this purposeit was proposed to
use recurrent least-squaresmethod in theform

P(N —2)(%y —wW' (N - DTn(N))
1+T (N)P(N =Ty (N)

P(N =Ty (N)Ta (N)P(N —1) ®)
1+ T (N)P(N DTy (N)

W(N)=w(N-1)+

Tn (N),

P(N) = P(N-1)—

but it should benoted that with thearrival of thenew (N +1)-
th observation Xy ,4, the structure of the approximating
polynomials essentially changes, so that Ty (k) = Ty 1 (K).
It is clear that this fact significantly complicates the
realization of on-line processing. To keep the structure of
the approximating polynomials, we can organize data
processing on a sliding window s, with at each moment k,

wewill usethe computer timek =1,2,..., s, connected with
real time so that the calculations are provided only in
momentsk —s+1, k—s+2,...,k,

Tos(K) = 1

T (K) = / (2k s-1),

Tis(K) = (ai k+ h )Tl—l,s(k) -GT_2s(K).1=23,...h,

}dl (dl
€)
_ S+1}d“d

|—1 (d|+9|
(dy - 4)9|

d =2 +1,

o] =s2-12,

Then the estimate of type (6) with the fixed structure of
the polynomials Ts(N) can bewritten as

-1

s,N B 5 s,N 5
W(N)=| Y TRTTE| Y Tk%=
k=1, k=1,
k=N-s+1 k=N-s+1
keXp keXp
s,N . T
=R(N) Y T(RT9 (K) (10
k=1,
k=N-s+1
keXp

and estimates of missing observations
R = % =wg (N)Ts(K) Vke Xg.

Implementation of the described approach is very
convenient with theapparatus of artificial neural networks
using ortho-synapse [18], shown in Fig. 1 and trained by
thealgorithm (10). Ortho-synapse on the structure coincides
with the nonlinear synapse of neo-fuzzy neuron [19, 20],
but instead of the membership functions it contains the
orthogonal activation functions T, making the learning
process easier and quicker. It is alsoimportant that due to
using of a diding window, these activation functions are
not changed in thelearning process. Thevalueof thediding
window is selected from empirical considerations s> h+1
Thusif approximating sequenceis nonstationary, thevalue
should not significantly exceed the number of parameter
estimates.

ARCHITECTURE OF ORTHOGONAL NEURAL
NETWORK

Using orthogonal polynomials as activation functions
leadsto the creation of awhole group of orthogonal neural
networks[21-29] possess ng good approximating properties
and high speed learning of synaptic weights. In [30-33]
growing orthogonal networks based on the ortho-synapses
and ortho-neurons have been proposed [18]. These
networks are characterized by simplicity of learning of
synaptic weights and architecture.

Fig. 2 shows the architecture of orthogonal neural
network for data processing with thelost observations that
implementsa nonlinear mapping

n n h R
Bic= F(R) =2 D Wiy (), (11)
i=11=0
wherek =1, 2,... —current discretetime, w; —tuned synaptic

weights, Tj; (¢) — I-th orthogonal activation function of the
type (1) or (3) for theinput signal X, i =1,2,...,n

At the zero (receptive) layer of the network series of
observations %,; containing a priori unknown number of
missing values are fed. Notealso that the external training
signal ¥, also can contain gaps.

Fig. 1. Ortho-synapse
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= algorithm [ e,

Fig. 2. The orthogonal neura network for data processing with
the lost observations

The first hidden layer of the network is formed by n
ortho-synapses o_a'\" and serves to restore missing
observations.

The samefunction for thereferencetraining signal ¥

performsortho synapse O - SD/' .Asaresult, in on-linemode

thetimeseriesformed us y;;. Theoutput layer isformed

by ortho-neuron that coincideswith thearchitecture of neo-
fuzzy neuron, but with orthogonal activation functions
instead of the usual membership functions. Error

& = Yk — Yk
isused by learning algorithm to tune both the weights and
architecture,

The present architecture contains 2n + 1 ortho-synapses
and (h+1)(2n+1) synaptic weights to be estimated at the

same time it is very important that the output signal Y
depends linearly on the weights.

SYNAPTIC ADAPTATION

Let’sintroduce thestandard criterion of learning

N, N(, nbh RS
Ee=2680=2| Yk~ 2 2 WiTi () |
k=1 k=1 i=11=0
(h+)nx1l — vectors of activation functions

T (%) = (Tor (Ra)s T2 (Xer)s - T (Rea)
To2(R2) s T2 (Rc2)s s T (Ren)) T =

= (' (%).T2 Ri)s T (Rh))
and synaptic weights
W= (Wog, Wi, e Wit Wop, Whz-oos Whn) T = (W], W3, wip )T
and rewritethe output network (11) in acompact form
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N
P =W T (%) = 2w T (%). (12)
i=1
Totunethe vector of synaptic weights w in asequential
mode it’s possible to use a recurrent least squares method
(8) processing non-stationary signals is using adaptive
proceduresthat have tracking properties, such asthe same
method of least squares on the diding window, which in
this situation, can bewritten as

P(N =D)(yn W' (N-DT (%))
1+TT (R )P(N =T (%y)
P(N -1)T (X )T" (% )P(N -1)

LT (3 )PIN-DT (%) (13)
P(N)T (Rn—s)T " (Rn_s) P(N)
1-TT (n_s) P(N)T (Rns)
PIN)(Yn-s =W (N)T (Rn-s))
1-TT (Ry_s) P(N)T (Ry_s)

W(N) =w(N-1)+

T(%n)

P(N)=P(N-1) -

P(N) = P(N) +

W(N) = W(N) -

()’ZN—S)

or
N o 1N o,
w(N):( > T(R)T (xk) > TR =
k=N-s+1 k=N-s+1
N *
=R(N) > T()Yk (14)

k=N-s+1

thus, dueto the diagonality of matrix P;(N) calculation of
estimation (14) even at large n and h does not cause
difficulty.

ARCHITECTURAL ADAPTATION

The number of activation functions h+1in each ortho-
synapse O— § of output layer is chosen rather arbitrarily,
so if it is found that the synthesized neural network does
not provide the required quality of the information
processing, the number of these functions can beincreased
(or decreased, if necessary) in on-linemode directly in the
learning process. Thus network evol utionary properties by
adapting the structure, dueto orthogonality with activation
functions for the calculated correction synaptic weights
madesmply.

Suppose that at theinstant N = N it was decided that
each ortho-synapse O—S need to add an activation
function T, ; so that to the network should be introduced
n additional synaptic weights W1 ;.

The estimate w(N) (14) should be corrected in this
situation asfollows:
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where ((h+1)nxn) -matrix R p.1(X) formed by elements

N -1
N, PN o N
oy BTG Rinalio S TG Gg) 101 b i-12,m0
* k=N-s+1
B | == C i212..m (nxn)-matrix Ry.n(R) — formed by
|%Th+1(§(k) | I%1+],h+1(§(k) o N Hhe
elements k_NZ 1Th+Li(>”<H)Th+lj(>2H); (nx1) — the
" column  fngi(%) — formed by elements
T (%) Vi N o
k:NZ:‘SH e Z Theai (K ) Y-
N , (15) k=N-s+1
(%) Applying the Frobenius formula, estimate (15) can be
hi1 X rewritten as
Ps(N) + Ps(N)R 11 (ROH R RTha (RPN | =Ps(N)R 1 (R ) H (R
W(N)=| - . x
~H ™ (ROR it (R Po(N) | H™ (%)
N
T (%) Vi . . . . .
k:NZM Kk W(N) + Ps(N)R 1 (R ) H (R R (RiOWIN) = Ps(NDR iy (R ) H (R g ()
e (%) ~H (RO R i (ROWIN) + H (R (%)
where 3. Ndles, O. Nonlinear System Identification/ O. Nélles.—Berlin

H ™ (%) = Rutznin () = Rl (O R(N)R aa (%)
It'sobviousthat architectural adaptation is moredifficult
than synaptic. The possibility of itsimplementation in on-
linemode, by using of orthogonal activation functions, can
achi evethe required approximating propertiesin thelearning
process.

CONCLUSON

The evolving neural network that due to using
orthogonal activation functionstunesthe synaptic weights
and structure in the learning processis proposed. Another
important feature of the proposed network is connected
with the possibility to processin on-line modeinformation,
spoiled by missing valuesin the data. The neural network
under consideration is characterized by high speed and can
to process distorted nonlinear nonstationary stochastic and
chacticsignalsin real time.
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lapponenko A.L, Ilmicc 1.2, bonsucekuii €.

'AcnipanTka, XapKiBChbKUI HAIlIOHAIBHUN YHIBEPCHTET PaliOeeKTPOHIKH, YKpaiHa

2Kau/1. TeXH. HayK, CTapIIMK HAYKOBHI CHIBPOOITHUK, MPOBITHMIT HAYKOBHH CIIIBPOGITHHK, XapKiBCHKHI HAIlIOHATLHHI YHIBEPCHTET
panioeneKTpoHiKK, YKpaiHa

3]1-p TexH. Hayk, npo)ecop, HayKOBUH KepiBHUK, XapKiBChbKHI HAI[lOHATBLHUN yHIBEPCHTET PalioeleKTPOHIKH, YKpaiHa

EBOJIOIIOHYIOYA ATATITUBHA HEMPOHHA MEPEXA JJ5 OBPOBKH JAHUX 13 BTPAYEHUMH
CIHIOCTEPEKEHHSIMHA

Po3misiHyTO 3a/1a4y CHHTE3a EBOJIIOLIOHYI0UOI B ON-line pexxnmi cucteMi 00YHCITIOBAIIBHOTO iHTEIIEKTY, 3/1aTHOI 00poOIATH cToXac-
THYHI CHTHAJIH, 1[0 MICTATh MPOITYCKH B JAHHUX. 3aIIPOITIOHOBAHO aJAlITUBHUM ITiJXi]], B OCHOBI SIKOTO IOJISATa€ BUKOPHCTaHHS OPTOrOHANb-
HUX ITOJTIHOMIB.

Kurouosi ciioBa: HelipoHHa Meperka, OpTOroHaIbHI ITOJIHOMH, oNliHOMU YeOuIneBa, HEMOBHI J1aHi 3 BTpa4eHUMH CIIOCTEPEKESHHIMHU.

lapponenko AL, [Tmuce U.2, bonsucknii E.2

'AcninpanTka, XapbKOBCKHIM HAIIMOHAILHBIA YHHBEPCHTET PAJMOdIEKTPOHUKH, YKpanHa

2Kanj1. TeXH. HayK, CTApUIMH HAYYHBIH COTPYIHHUK, BEAYIIMH HAyYHBIH COTPYIHHUK, XapbKOBCKUN HAMOHAIBHBIH YHHUBEPCHTET
PanHMOIEKTPOHUKH, YKpanHa

3]1-p TexH. HayK, mpodeccop, HayUHbIH PYKOBOAHMTEND, XapbKOBCKUN HALMOHATBHBI YHUBEPCUTET PAJIMOEKTPOHUKH, YKpanHa

3BOJIOIIMOHUPYIOIIA S ATATITABHASI HEUPOHHAS CETD JIUIST OBPABOTKH IAHHBIX C TOTEPSTHHBIMH
HABJIIOJEHUSMU

PaccmoTpeHa 3a/1a4a CHHTE3a YBOTIOLMOHUPYIOLIEH B ON-liNe pexxume CHcTeMbl BEIYUCIUTEIRHOIO HHTEIUIEKTa, CIIOCOOHO# 06pabda-
TBHIBaTh CTOXAaCTHUYECKUE CHTHAIBI, COZIEprKallne MPOIMYCKH B TaHHEIX. [Ipe/uiokeH amanTUBHBIA MOIXOJ, B OCHOBE KOTOPOTO JICKHT
HCIIONB30BaHUE OPTOTOHAIBHBIX MTOJHHOMOB.
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R-PEAKS DETECTION USING WAVELET TECHNOLOGY

The given work presents the methodology of R-peaks detection in an electrocardiogram
signal based on Discrete Wavelet Transformation. The optimal level decomposition of the
detail coefficients can be determined by energy, frequency and cross-correlation analyses. The
effectiveness of the proposed algorithm has been tested by using records obtained from the

MIT/BIH Physionet arrhythmia database.

Keywords: ECG, wavelet transformation, R-peaks detection.

INTRODUCTION

An dectrocardiogram (ECG) is agraphic record of the
direction and magnitude of dectrical activity of theheart that
isgenerated by depol arization and repolari zation of theatria
and ventrides[1]. ECG givesinformation about the current
state of the cardiovascular system and the pathological
changesin theheart. Automatic analysisof theECG signal is
complex theoretical problem. Itisclosdy rdaedtothesgnal’s
physiological origin, which is the cause of its non-
determination, diversity, variability, unpredictability, non-
stationarity and susceptibility to many kinds of noise. A
number of modern mathematics methods have been
developed for non-gationary sgnals analysis. The most
famousoneiswave et transformation, which allows towork
with non-gtationary signal's, detect their featuresand determine
thesigna’sfrequency components' timelocalization unlike
Fourier transformation. Thewave et transformation issignal
decomposition into basis functions sets, which are derived
from a single prototype wavel et by scaling (dilatations and
contractions) and trandlations (shifts).

A typical ECG tracing of normal heartbeat (or cardiac
cycle) consigsof P-wave, QRS-complex and T-wave. A small
«U-wave» is normally visiblein 50 to 75 % of ECGs. The
baseline voltage of the electrocardiogram is known as the
isoelectric line [1-3]. The starting point for a number of
modern computer electrocardiography techniques is

© Dubrovin V. I., Tverdohleb J. V., Kharchenko V. V., 2013
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localizing of QRS-compl exes, which positionsaredetermined
by positions of their maxima— R-peaks. Now thereare alot
of methodsfor detecting thetime R-peaks locations, which
are based on finding the first and second derivatives, the
amplitude estimation etc. Existing methodsdo not meet the
requirements of researches, asthey often give insufficient
accuracy in R-peaks detection.

In thispaper the method of ECG R-peaks detection based
on the discrete wavel et transformation is proposed.

1 DISCRETE WAVELET TRANSFORMATION

Inthemultilevel discretewave et transformation thetree
connection of low-pass and high-passfilterswith different
cut-off frequencies is used to analyze the signal through
different scales. The approximation coefficients cA
(smoothed signal) and the detail coefficients cD (high-
frequency fluctuations of the signal) can be determined.
Theapproximation coefficientsare obtained by convolving
the input signal s through the low-pass filter transfer
function by formula (1) and then downsampling the
convolution result by 2;

A= D Sonk @

kezZ

where h, representsthek-th low-passfilter coefficient.
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Thedetail coefficientsareobtained by convolving theinput
signal swith ahigh-passfilter transfer function by formula(2)
and then downsampling the convolution result by 2:

cDp = ngSZn—k ,
kezZ

@

where gy denotesthe k-th high-passfilter coefficient.
2WAVELET BASIS SELECTION

The selection of mother wavelet isimportant problem
before starting of the detection procedure. But thereis no
universal method suggested selecting the wavelet basis.
The choice of thewavel et dependson theinitial signal.

In the given work the wavel et proposed in [4] was used
toanalyzethe ECG signal. It isawavel et from Daubechies
family («db6»). Daubechies wavel ets show similarity with
QRS-complexesand their energy spectrum isconcentrated
around thelow frequencies[4].

3 R-PEAKSDETECTION METHODOLOGY

Let’s consider the fragment of the ECG signal with
duration of 3 minutesfrom therecord No. 100 of MIT/BIH
arrhythmia database [5].The wavelet decomposition
structure of ECG signal using «db6» wavelet is shown in
Fig. 1. Theoriginal signal is shown at the top of the plot.
Thedecomposed signal’ s reconstructed componentswithin
eight wavel et scales are shown below.

Thedetail coefficientsof thefourth decomposition level
arechosen to detect the R-peaks based on energy, frequency
and cross-correlation analyses[4].

Energy analysis. Most of ECG energy of the QRS
complex isconcentrated in thefrequency rangefrom4 Hz to
50Hz. Normally isod ectric segments (PQ, ST and TP) contain
no energy and the signal amplitude is zero over these
corresponding intervals [4]. The distribution curve of the
signal decomposed levelsenergy isshown in Fig. 2.
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Fig. 2. Energy plot of wavelet decomposition structure
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The energy curve shows that the energy is highest at
leve -4. Therefore, we consider that it consststhesignificant
detailsof QRS-complexes.

Frequency analysis. Another justification of selecting
d4 signal isits available frequency components correl ated
with that of the QRS-complex. TheFourier Transform of the
d4 signal isperformed and shown in Fig. 3. The bandwidth
of thed4 signal is2,5-39,5Hz which isalmost same asthat
of aQRS-complex [1].

Asthe signal hasthe sampling frequency of 360 Hz, the
signal’s frequency spectrum is limited by the maximum
frequency of 180 Hz according to the Nyquist rule.

Correlation analysis. In addition to the above two
analyses the cross-correlation analysis between the
reconstructed components and the original ECG signal was
performed. This provides us the time domain relationship
between the original and the decomposed signals. The
analysisresultsareshown in table 1.

Table 1. Cross-correlation coefficients

Fromtablelitisclear that thecross-correation coefficient
value of d4 ishighest. So, it is obvious that the signal can
be reconstructed by one branch of the wavel et coefficients.
The 4th decomposition leve is highly correlated with the
original sgnal intimedomain.

The algorithm of R-peaks detection consists of the
following steps.

Sep 1. Computethesignal decomposition upto4 level.

Sep 2. Carry out the signal reconstruction of the 4th
decomposition level based on one branch of the wavelet
coefficients.

Sep 3. Determine the R-peaks locations as non-zero
samplesof d4.

Sep 4. Eliminate the fault founded R-peaks using the
following conditions:

—thenorma QRS-complex duration must be 100 ms;

—the minimum value of RR-interval must be 200 ms.

4 RESULTSAND DISCUSSON
The proposed algorithm for R-peaks detection was

Details Cro(fecf:ggglqatti on implemented in the MatL ab environment (v. 6.5) with the
a1 0.025 Wavel et Toolbox. The sample ECG signals of the present
© 0112 study were obtained from the MIT/BIH database via
d3 0,384 Physionet website [5]. MIT/BIH is a de facto standard of
d4 0,585 the testing of devices, systems and software intended for
d5 0,479 cardiac monitoring. The MIT/BIH arrhythmia database
dé 0,317 contains 48 two-channel records (each 30 minutes long)
d7 0,227 with thesampling frequency of 360 Hz annotated by qualified
d8 0,202 medical professionals. As the annotations are assumed to
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Fig. 3. Frequency distribution of details and ECG (record No. 100)
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be 100 % correct, the algorithm efficiency isdetermined by
comparing the obtained resultswith them.

To assess the performance two statistical measurements
were used [6]. These are the Sensitivity (Se), which gives
thefraction of real eventsthat are correctly detected and it
isdefined by formula (3):

TP

Se=——-100%, ®
TP+FN

and the Postive Predictivity ( P, ), which is the fraction of
detectionsthat arereal eventsand it isdefined by formula(4):

TP

P = .100%,
YTTPrER T @

where FN (Fal se Negatives) denotes the number of missed
detections, FP (False Positives) represents the number of
extra detections and TP (True Positives) is the number of
the correctly detected QRS-compl exes.

Theaverage Sensitivity of thealgorithmis 99,64 % and
itsPositive Predictivity is99,82 %.

CONCLUSON

The algorithm is presented for the detection of the R-
pesksin an ECG signal. Thisalgorithm isbased on thediscrete

Jlyoposun B. 1.1, Teepnoxiue6 10. B.%, Xapuenko B. B.2

wavd e transformation. The detail coefficients of thefourth
decomposition levd are chosen to detect the R-peaks based
on energy, frequency and cross-corrdation analyses. The
algorithmisevaluated for anumber of recordsobtained from
the MIT/BIH arrhythmia database. The accuracy of the
algorithm is high due to the criteria (average Sensitivity is
99,64 % and average Postive Predictivity i 99,82 %.).
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OHTOJNIOM'MYECKAA MOMOENb APXUTEKTYPbl UH®OPMALIMOHHON
CUCTEMbI HA OCHOBE CEPBUCHOI'O NOAXOAOA

B crarbe paccMOTpEHBI COBPEMEHHBIE NPECTABICHHS HOHATHUS <APXUTEKTYpPa», KOTOphIE
UCIOJB3YIOTCS B XOJ€ Pa3pabOTKU MH(MOPMAIMOHHBIX CHCTEM DPA3JIMYHOTO Ha3HAYEHHS.
PaccMOTpeHBI 0COOSHHOCTH CEPBUCHOTO ITOX0/1a K IPEACTABICHNIO HH(OPMALIMOHHON CHCTEMEL.
IIpennoxenbl yTouHEHHbIE MOHATUSA «apxuTekTypa MT-ycayr» u «apxurekrypa UT-
cepBucoB». PazpaboTaHbl Bu3yallbHble MOJENIH B3aMMOCBSI3U OCHOBHBIX JJIEMEHTOB,
00pa3yomuX MOHSATHS «CEPBHCHBIH MOAXOA K pa3paboTke MH(GOPMAILMOHHOW CHCTEMBD» U

«@PXUTEKTypa MH(OOPMALOHHON CHCTEMBI».

KaioueBnle cioBa: nndopmanuonnas cucrema, apxurekrypa, UT-ycayra, UT-cepsuc,

JuarpaMma KJiaCcCoB.

MPOBJIEMbI NPOEKTUPOBAHUSA COBPEMEH-
HbIX HTHOOPMAIIMOHHBIX CUCTEM

B coBpeMeHHBIX ycIOBUSIX AeUInTa (PHHAHCOBBIX pe-
CYPCOB 1 BBICOKMX PHCKOB CO3/IaHHS M BHEJIPEHUS HH(OP-
ManuoHHBIX cucteM (MC) 1 MHPOpPMAIMOHHBIX TEXHOJIOI Uit
(WT) Ha coBpeMeHHBIX MPEANPHATHIX IPHOOpETaeT 0coboe
3HAYeHUE MOIXON, (POPMHPYIOINI MpencTaBIeHne (QyHK-
oHaIbHOU cTpYKTYphI (PC) VIC Kak COBOKYITHOCTH B3aH-
MOCBSI3aHHBIX 9KOHOMHUYECKH Iesecooopasubix UT-ycmyr,
CBOEBPEMEHHOE TIPEAOCTABICHHE 1 BBHIIIOJIHEHHE KOTOPBIX
obecnieunBaeT 3P PEKTHBHYI0 M KaYeCTBEHHYIO NESTElNb-
HOCTb aBTOMAaTH3HPYEMOTr0 IPEANPHATHS (CEPBUCHBIH MO~
xon). [iaBHbIe MperMyIlecTBa CEpBUCHOTO MOAXoa K (hop-
mupoBaauo @C MC 3aximogarorcs: B BOSMOKHOCTH YCKOPE-
Hust popmupoBaHus HOBBIX BapuanToB ©C VC, yBemmaeHm
TIPON3BOAUTETEHOCTH pa3padorku MIC v MOBBIIIEHUH THOKO-
CTH 3JIEMEHTOB KOMITIEKCA CPEICTB apTomMarm3aruw [1]. On-
HaKO Ha MPaKTHKE PYyKOBOJACTBO MPEMIPUSTHS CKIIOHHO 3a-
OBIBaTH 0 HEOOXOAMMOCTH Y(P(HEKTHBHOTO yIpaBICHHS JaH-
HBIMH ¥ oTHenbHbIMA U T-ycryramu [2]. B pesymerare sToro
3aTpaThl (PMHAHCOBBIX M IPYTHX PECYPCOB HA SKCILTYaTALUIO
ornenbHbIX U T-yeyr UC npeanpusTrs CTaHOBSTCS HEOIPaB-
JTAHHBIMH 1 HE MOTYT OKYITUTBCA 32 cUeT dPQeKTa OT IKCILTY-
atamm VIC npemmpusTas B rienoM. [1onoOHbIe cUTyaImu 1mo-
pomumu 3ddekT, Kotopsiit B [3] HazBan «T-crenoroi» —
HecriocoOHocThIO cymecTByroumx VIC u T orpasurs mis
IOMb30BaTENEHN peajibHbIE POLIECCHI B TOW CPENiE, B KOTOPYIO
OHH BKITIOUeHHI. [loTOMY TpoGiemy hopMUpOBaHUS TaKOH
@®C UC, xoropasi, ¢ OTHOH CTOPOHEI, ObITa ObI HANOOITEE TIPEN-
MOYTUTENBLHOM IS IPEACTABUTENEN IPEIIIPUATHS-3aKa3UUKA
HUC, a ¢ apyroii cTOpOHBI, COOTBETCTBOBAJIA OBI BO3MOXKHOC-
TsM TpennpusTus-papadoranka VC, B HacTosIee BpeMs
CIIeyeT CUUTATh HEPEILICHHOH .

AHAJIM3 PABBUTHSI APXUTEKTYPHOI'O
IPEJACTABJIEHUSI COBPEMEHHBIX
NH®OPMAIIMOHHBIX CUCTEM

B HacTosiliee BpeMsi OCHOBOM ISl PEIIEHUS] pacCMOT-
PEHHBIX BBIIIE TTPOOIIEM CIIEyeT CIATATH MOIX0M, 0000mTa-
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IO MHOKECTBO Pa3HOOOPA3HBIX KOHIIEMIIUIA, TEOPETH-
YEeCKUX Pa3pabOTOK U MPUKIIAIHBIX pabOT B paMKax CHCTe-
MbI cranaapToB. Oaun u3 Hux, cranaapt |SO/IEC 15288
«System Engineering — System life cycle processes» npen-
MOJIATAET, YTO CUCTEMA Pa3BUBAETCS HA MPOTSHKEHHUHU JKU3-
HEHHOT'0 [TUKJIa B pe3y/IbTaTe ICHCTBHIA, OCYIIECTBISIEMBIX U
VIIPABJISIEMbBIX JIFOJBMHU, pabOTaIOIIUe B OPraHU3aIMAX U
HCITOJB3YIOIINE OTIPEICTICHHBIC ITPOIIECCHI B CBOCH AEATEIb-
HOCTH. AHAJTU3 OMUCAHHI MOTOOHBIX MPOIECCOB KU3HEH-
HOT'O [UKJIA CHCTEMBI, H3JIOKEHHBIX B [4], OKa3bIBaET, 4TO
KJIIOYEBBHIM IIOHSTHEM, 38 JAIOIIUM OCOOCHHOCTH aHAIN3a U
CHHTE3a CHCTEM, MOJIEJIEH NX KU3HEHHBIX [[UKJIOB U APYTHX
ACIIEKTOB CYIIECTBOBAHUS ABIISETCS MOHIATUE KapPXUTEKTYpa
CHCTEMBI». B CBSI3M ¢ 3TUM IENecoo0pa3HO pacCMOTPETh
pa3BUTHE TPAKTOBOK JAHHOTO MOHSTHS U MPUKJIAHbIC ac-
MEeKThI IPUMECHEHUS TIOHATHSI APXUTEKTYpa CHCTEMBI» B
Tporeccax xu3HeHHoro muka VC.

B HacTosmee BpeMsi JEHCTBYIOIIMM ONPENEIIEHUEM I10-
HSITHUSL «QPXUTEKTYpa» CUUTACTCs OonpeerneHue, chopmymnu-
posannoe B cranaapre | SO/IEC/IEEE 42010 «Systems and
Software Engineering —Architecture Descri ption». Comac-
HO 9TOMY OIPE/ICIICHHUIO, APXUTEKTYPa CUCTEMBI IIPEICTABIIS-
er co0oit (hyHIaMEHTATBHBIE TIOHSTHS U CBOMCTBA CHICTEMBI B
OKPYXKAIOIIIEH ee cpe/ie, BOIUIOICHHBIE B €€ JIEMEeHTaX, OT-
HOILICHHSIX, @ TAKXKE B TIPUHIMIIAX €€ MPOSKTUPOBAHUSI M Pa3-
Burws [5]. JlanHOoe omperienienwue, o 3aMBICITy CO3/aTeleH,
SIBJISICTCS MAKCHMAITLHO OOIIIUM OMPEICIICHUEM, IPUTOIHBIM
JUTS1 OTTHICAHKS APXUTEKTYP MPAKTUYCSCKH JTFOOBIX CHCTEM.

Jlnst onucaHusl B3aUMOCBSI3€ll OCHOBHBIX TEPMUHOB U
TIOHATHI CHCTEMBI U €€ apxXuTeKTypHI B cranmapte | SO/IEC/
|EEE 42010 npemnaraeTcs psiJi KOHIENTyaIbHBIX MOJIEIICH,
BEITIOTHEHHBIX B HOTaImu auarpamMmel kiraccoB UML. Kon-
TEKCTHAs JUarpaMMa KIIacCoOB, OTPaXKAOII[asi OCHOBHBIC B3a-
MMOCBSI31 0a30BEIX MTOHATHH, IPUBEACHA Ha pHC. 1, a muar-
pamMMa KJ1acCcoB, OMUCHIBAIOIIAS SIIPO MOHSITHUSI KOMUCAHHE
APXUTEKTYPBI», IPHBEIeHa Ha puc. 2[5].

PaccmoTtpuM mompoOnee mpuBeneHHble HA puc. 1 u
pHC. 2 OCHOBHBIE MOHSTHSI.

Kaxmas cucrema (System) cyimecTByeT B CBOEH OKpy-
xartorreit cpezte (Environment). Crucrema Bo3zeiicTByer Ha
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Puc. 2. I[I/IanaMMa KJIaCCOB, ONUCHIBAIONIAA AAPO IMOHATHA «OIIMCAHUE apXUTEKTYpPbI»

9Ty cpeny U HaoOopoT. OKpyKaromas cpea CHCTEMBI OIT-
penensier nuana3oH BO3ACHCTBUI Ha cucTeMy. Takue BO3-
JIEUCTBUS OTHOCSITCA K Kareropun «Cuctemusie [TpoOembr»
(System Concern).

Kaxknas cucremMa NpeacTaBisieTcs yepe3 apXUTeKTypy
(Architecture). Ommmcanune apxurekTypsl (Architecture
Description, AD) nipencrasiisier co60it apredakT, KoTOpbIii
BBIpa)KaeT apXUTEKTYPBl. APXUTEKTOPBI H IPYTHe 3aHHTepe-

COBaHHBIE CTOPOHBI CHCTEMBI UCTIONB3YIOT AD, 9T00BI M0-
HSTB, IPOAHATU3UPOBATH M CPABHUTH BO3MOYKHBIE JUIS CHC-
TEMBI aPXHUTEKTYPBI, H 4aCTO KaK CBOETO POJa «ISPTEKU»
JUTSI IPOEKTUPOBAaHUS U KOHCTpyrpoBaHus. AD ommcriBaeT
OJIHY M3 BO3MOXKHBIX apXHUTEKTYp MPOOJIEMHO-OPUEHTUPO-
BAHHOI CHCTEMBI H MOXKET IPUHUMATH (OPMY JTOKYMEHTa,
HabOp MozIeTIel, MOZIEITH XPaHIIIHINA, FTH KaKyl0-TTHOO ApY-
ryio (popmat AD cranmgapToM He ompeneses).
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3amHTepecoBanHas cropoHa (Stakehol der) —arto orens-
HbIE JIMIA, TPYIIIBI JIHUL] WK OPraHU3alUH, HMEIOIINE IIPo-
0J1eMbI B MPOOJIEMHO-OPUEHTUPOBAHHBIX cUcTeMax. [Ipo-
611ema (Concern) —3to 000 HHTEpEeC 3aHHTEPECOBAHHBIX
JIUI B CHCTEME.

ApxutektypHas Touka 3peHus (Architecture Viewpoint)
NpeJCTaBIeT cOO0H HAOOp KOHBEHIIMIT KOHCTPYHPOBaHHS,
HHTEPIIPETAIMH, UCIIOIb30BaHUS U aHAIH3a KOHKPETHOIO
THIA B3ISIIa Ha apXUTEKTYPY U BKITFOYAET B ¢e0sl BUIBI MO-
JIeNield, TOYKH 3PSHHS Ha SI3BIKK U HOTALMU, METOIBI MOZICITH-
POBaHUS U aHAJTUTHYECKUE METOBI B paMKax OIpeeNcH-
HOro Habopa mpoOJIeM.

Bsmsin Ha apxutektypy (ArchitectureView) 8 AD Bripa-
KaeT apXUTEKTypy MPOOIEMHO-OPHEHTHPOBAHHON CHCTe-
MBI C TOYKHU 3PSHHS OTHOM HITH HECKOJIBKUX 3aHHTEPECOBaH-
HBIX CTOPOH JUTSl PelICHHs] KOHKPETHBIX IPOOJIeM, HCIIONb-
3ysl KOHBEHLIMH, YCTAHABIHBAIOLINE JTAHHYIO TOYKY 3PCHHSI.
B3miisi Ha apXHTEKTYpY COCTOUT M3 apXUTEKTYPHBIX MOJIe-
neit (Architecture Model). Kaxxnast Monenb cTpouTces B co-
OTBETCTBHH C KOHBEHLMSIMH, YUPESIKICHHBIMH JIISI TAHHOTO
BUJIa MOJICITH, KaK MPABHUIIO, OMPENENSETCS KaK 4acThb ee py-
KoBoOpsIIeH Touky 3penust. Bun mogenu (Model Kind) ompe-
JeJIsIeT KOHBEHIINH, 3aJAF0LIMe TPABIJIa MOCTPOCHHUS apXH-
TEKTYPHBIX MOJICIIEH .

Jlns oncaHuist CBsA3eil MKy SJIeMEHTaMH, 00pa3yroLI-
mu AD, ucrionbsyercs orsTie «COOTBETCTBHE. DTO MOHS-
THE, a TAKXKe NOHATHE «[ [paBHUII0 COOTBETCTBHS UCTIONB3YHOT-
cs1, 4TOOBI BBIPA3UTh H MOJICP)KUBATH APXHUTEKTYPY OTHOLLIE-
HHI, CpeIy KOTOPBIX MOXKHO BBIICIUTH OTHOLICHHUSI COCTaBa,
BBIJICTICHHS, TIOCIICIOBATENBHOCTH, MPOCIIC)KUBAEMOCTH, 3aBH-
CHMOCTH, OTPaHHYCHHUS U 00S3aTENBCTB, ASHCTBYIOIIKE B Ipe-
nenax omuoro AD v mesx ity Heckombkimu AD [5].

BBLIIEJIEHUE HEPELIEHHBIX YACTER
MPORJIEMBI IPOEKTUPOBAHMSI APXUTEKTYPBI
MH®OPMALIOHHOW CHCTEMBI
1 IOCTAHOBKA 3AJJAYM ICCJIEIOBAHUSI

B Hacrosmiee BpeMs IOHATHE «APXHTEKTypa» MOXET
HCIIONB30BATHCS [UIS OMTUCAHUST (PyHIaMEHTANBHBIX TOHSTHI
u cBoiicTB Kak UC, tak u ¢pyHkmit UC min e OTAeTbHBIX
BunoB obecrieuernit IC. B pe3ynbrare BO3HHKAET TEPMHU-
HOJIOTMYeCKast ITyTaHHIa, KOTopasi IPUBOAUT K HEOIPaB/IaH-
HO Y3KOMY B3IJIsiMy Ha paspabarsiBaemyro IC (Hampumep,
npeacraBienne MC kak CHCTEMEBI, apXHUTEKTypa KOTOpOU
oTpesieTIsIeTcsl HCKIIFOUNTETFHO 0OCOOEHHOCTSMH MPOrpaMM-
HOTO 00ECIICUCHHST ITOU CHCTEMBI).

[ToaTOMy Im1aBHOM LENBIO JAHHOTO UCCIEA0BAHUS HYXK-
HO CYHTATH Pa3pabOTKy OCHOBHBIX ONpEIEIeHIA MOHATHI
«apXUTEKTypa» Ha pa3lIMYHBIX YPOBHSX mpeacrasienus VC.
[Ipennaraemsie ompeneneHns] DOIKHBI COOTBETCTBOBATH
npemoxerHbM B ctadaapte | SO/ EC/IEEE 42010 onpene-
JICHUSIM U MX B3aUMOCBSI35IM, KOTOPBIE TIOKA3aHBI B BUIE M-
arpamm kiraccoB (puc. 1, 2). OCHOBHBIM HayYHBIM PE3Yilb-
TaTOM JIAHHOTO HCCIIEA0BAHMS OyIyT BU3YaIbHBIE MOIEIH,
YCTaHaBIMBAIOIINE ITIABHBIE OCOOCHHOCTH B3aUMOOTHOIIIE-
HUM OCHOBHBIX MOHATHI Npoliecca MPOSKTUPOBAHUS apXu-
texTypsl IC 1, B nanpHeiimeM, popMaTin30BaHHBIX OIHCA-
HUH 9TUX NOHATUH.
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OCHOBHBIM TEPMHHOM, ONPEAEISIONINM TIIaBHBIE 0CO-
OEHHOCTH CEpPBHCHOTO ITOAX0A, sBIseTcst TepMuH < T-yc-
Jyra». JTOT TEPMHH SIBIISIETCS], TIO CYTH, BADHAHTOM Iiepe-
BOJIa OPUTHHAIBHOTO TepMHUHA «| T-Service». OqHaKo TO ke
caMoe CIIOBO — «SE'ViCe» — HCMOIb3YeTCs TaKKe, HATPH-
Mep, [utst 0003HAYEHUsI ATIEMEHTOB ITPOTrPaMMHOI0 odecre-
yenust IC wmu UT, peanu3syroniero 3akoHYeHAYIO (DYHKITUIO
TIPEIOCTaBIICHUSI WITH 00paOOTKY JaHHBIX, IEPEBOJIS UX M3
OJIHOT'O LIEJIOCTHOTO COCTOsIHKA B Apyroe [6]. [Toatomy 3mech
BO M30eXKaHUE TEPMUHOIOTHUECKOW ITyTaHUIBI TOHITHUS
«T-cepBuc» u «MT-ycmyra» npeanaraercs pas3AeiuTh.
[onstnem «MT-cepBuc» B mporieccax pa3paboTKH, BHEAPE-
HUS, CONPOBOXKAeHMS U MoaepHu3ammu VIC cnexyer onu-
CBIBATh COBOKYITHOCTH Pa3JMYHBIX CPEICTB KOMIIJIEKCA
CpE/ICTB aBTOMATH3alNH, PEATU3YIOIINX 3aKOHUEHHYIO OTe-
PpaLUIo IPeI0CTaBICHNS HIIH 00pabOTKN TaHHBIX, TIEPEBOJIS
WX M3 OJHOTO [EJIOCTHOTO COCTOSIHUS B JIPYroe, HCIIOJIb3Ys
TIIPY 3TOM CTaHAAPTHBIE MIATGOPMO-HE3aBUCUMBIE HHTEP-
¢eticer. Torna nonstre «T-ycimyra» ciaemyeT HCIIONb30BaATh
JUIsS ONIMCAaHUS B3aUMOCBsI3aHHOM coBokymHocTH WU T-cep-
BHCOB, KOTOPAsi IPEJOCTABIISETCS TS BBITTOMTHEHHS OT/ENb-
HO# paboTHI poliecca NPEANPUATHs/OpraHu3 ALK WITH IS
yIpaBIieHus 3TN paboToii [7].

JlaHHBIE ompeneneHns MO3BOJIOT paccmarpuBats UT-
YCITyry Kak aHajior (yHKIMoHaIbpHOH 3anauu VIC, pesynsrar
KOTOpO# HCIIONB3YeTCs! IEPCOHATIOM B XO/I€ BBITIONIHEHHSI OT-
JENBHOM paboThI IIpolecca IPEAIPUATHS/OpraHU3a ! HITH
B XO7I€ yIpaBJIeHUs 3Toi paboToii. B To >xe Bpems BO3MOX-
HOCTB TPEICTABJICHUS TPOLIECCOB MPEIPUsTHs/OpraHi3a-
MU KaK OT/IETbHBIX paboT, KOTOpBIE, B CBOIO OYEPENb, MOTYT
OBITB pa3zerneHsl Ha Ooliee MeKie paboThI, TO3BOIISIET TPAK-
toBate UT-ycrmyry u kak aranor ¢yakmuu VIC, mienpro Koto-
POt B 00IIIEM CITydae SBIISIETCS TIOBBIIICHUE (P EKTUBHOCTH
M/WITH KaveCTBAa BBITIONHEHHS W/ ITH YIPABJICHHS COOTBETCTBY-
FOILUM TIPOLIECCOM TpemnpusThs/opranu3amum. Uto jxe Ka-
caercst TepMuHa «UT-cepBUC», TO €TO CIIEAYET BOCIIPHHU-
Marth KaK OIMH U3 CIOCOOOB OPTraHHU3aIMH KOMIUIEKCA CPEZICTB
aBTOMATH3aIMH, KOTOPBI 00eCIIeYnBaET BHITTONHEHUE (DYH-
KL ¥ OTJCITBHBIX (DYHKIMOHATBHBIX 3a1a4 VC.

Takoe conocraBieHIEe MO3BOISIET IIO-HHOMY C(OPMYITH-
poBaTh NMPUBEACHHOE BBILIE ornpenaeieHne Tepmuna «UT-
yeyra». CormacHo 31oi hopmymupoBke, UT-yemayra —3to
caMmocTosTeNbHas PyHKIMOHaIbHas 3a1a4a VIC, nenoms30-
BaHHUE KOTOPOH JUTSI BHITOTHEHHS OTACTBHON paOOTHI TIpo-
1ecca MpeAnpUsTHs/ OpraHM3alliH WK IS YIIPABICHHUS 3TOM
paboToif SKOHOMHUYECKH W TEXHUYECKH LEeIeco00pa3Ho.
Taxoe ompeneneHne MO3BOISIET pacCMaTPUBATh ITTABHYIO
1eshb AesTenbHocTH MC npeanpusiTHs WiTH OpraHU3aiH KaK
(hopMupoBaHUE U OTOOpAKEHUE EAWHOTO IEIIOCTHOTO WH-
(hOpPMAIIOHHOTO TIPEACTABICHHUS MPOLECCOB ATOrO Mpen-
MIPUSTHS WIN OPTaHU3alUK B PE3yIbTaTe OKa3aHUsS COBO-
kyrmoct UT-yenyr [7].

KonTekcTHas tuarpaMma KjaccoB, OTpaskaromiast OCHOB-
HBIE B3aNMOCBSI31 0a30BBIX MOHATHI CEPBHCHOTO ITOAX0A K
cozganauio MIC kak MHOKECTBA B3aNMOCBSI3aHHBIX 3JIEMEH-
TOB, CIIOCOOHBIX OKa3bIBaTh 3aMHTEPECOBAHHBIM JIUIIAM YC-
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JIYTH T10 BBITOJTHEHHUIO ONepalyii HaJl JaHHBIMHU, HE0OXOIH-
MBIX JUIS JOCTYKEHUsI [TIaBHOM 1ienu festensHocty C, mpu-
BeJieHa Ha pHc. 3.

OcHOBHast 4aCTb MOHATUH U TEPMUHOB, IOKA3aHHBIX Ha
puc. 3, yxe Obuta paccMoTpena Beiie. Kaxknas npobiema
3auHTepecoBaHHBIX JUIl (kaacc «CONCErN») MOXeT ObITh
BbIpa)keHa MHOYKECTBOM IIOTPEOHOCTEH pa3IMIHON IPUPO-
1l (knace «Need»), BricKka3bIBaeMbIX 3aMHTEPECOBAHHBIMU
CTOpOHAaMH B caMoi pasnmuHoi (opme. Kaxmas n3 stux
MOTpeOHOCTEH MOJKET OBITH YIOBJIETBOPEHA OHOM MM He-
ckonbkumMu U T-yeyramu (knace «l T-accommodation») i
ke omHUM Wi Heckonbkumu UT-cepBucamu (kiacc «lT-
Service»), peanusyrommmu cootsercTByromue UT-yemyru.
Torna mo6as UC MmoxeT OBITH IpeACTaBIIeHa KaK CHCTEMA,
cocrosimas u3 MHoXkectBa M T-yemyr, a mrobas UT-ycmyra
MOXeT OBITh pean3oBaHa MHOKecTBOM M T-cepBrCoB.

[Tono6noe npencraBnenne VIC no3BOISIET YCTaHOBHUTH
eIMHYI0 TEPMHUHOJIOTHYECKYIo 0a3y /st omucanus OC u
obecrnieunBaromiei wactu MIC. Harpumep, hyHKINOHATBHBIH
Monyib UC ¢ Touku 3peHHs CepBUCHOTO OIX0/1a IPECTaB-
nsieT coboit mogMHoxectBo UT-yciyr mo aBromarn3anun

BBITIOJTHEHMSI HEKMX MMEIOIINX CXOJIHBIE MPU3HAKH (PyHKITHI
UC, xoTopoe MOXKET 3KCIUTyaTHPOBAThCS U KaK CaMOCTOS-
tensHast MC, n kak coctaBHast 4acTb APYro#, Oomnee Kpyt-
Hoit IC. Tporpammuoe obecnieuerne MC ¢ Touku 3peHus
CEpPBHUCHOTO ITOAXO0/a IPEJICTABISIET OO0 CHCTEMY Ipo-
rpaMMHbIX U T-cepBuCOB, peanu3yronmx MHOXecTBO 1 T-
yeyr UC.

CdopmynupoBaHHBIe onpeneneHus monsTuit «UT-yciry-
ra» 1 «T-cepBUC» NO3BOMAIOT BBIAECIUTE U YTOYHHUTH OC-
HOBHBIE YPOBHH ITPEACTABIICHUSI IOHATHS «HH(POPMAIHOH-
Has cucteMa». Bmecto TpaguuuonHoro pasaenenus UC Ha
(YHKIMOHAJIBHYIO ¥ 00ECTIeYMBAIOIIYIO YacTH, Ipeasara-
€TCsl UCTIONB30BaTh CIEAYIOIINE YPOBHU NPEACTABICHUS
cozgasaemoit UC:

— YPOBEHB YIPABIISIEMbIX 00BEKTOB /UK POLIECCOB;

— 00IIeCHCTEMHBIN YPOBEHB;

—yposens UT-ycayr;

—yposens U T-cepBucoB.

Y Tounenus onpenenenus nousaTus «MC» Ha Kaka0M U3
IpeJIaraeMblX ypoBHEH npencTaBieHus cozgasaemoit UC
TIPUBENICHBI B Ta0. 1.
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Puc. 3. Konrekcruas JAuarpamma KJjaccoB, OTpakaroniasi OCHOBHBI€ B3aUMOCBA3U 06a30BBIX OHATHI CEPBUCHOI'0 MOAXO0J1a K CO31aHUIO

MH()OPMAIIOHHON CHCTEMBI

Ta6muna 1. OnpeneneHus NOHATHS <H()OPMAIIOHHAS CHCTEMa» Ha Pa3HBIX YPOBHSX IIPECTABICHHS

YpoBeHb npecTaBiIeHus

OmnpenieneHne NOHATHS «HHPOPMALIOHHAsI CHCTEMa»

VpPOBEHB YIPaBISIeMBIX 0OBEKTOB
u/vi IpoIeccoB

VC — oanH U3 MEXaHU3MOB YIIPaBIsIeMOro 00beKTa H/UIK mporecca, (GOpMHUpPYIOMIHA
U OTOOpaxaloluil eIMHOEe LEIOCTHOe HH(OPMAaLOHHOE NPEACTaBICHHE 3TOTO
o0bekTa wn/wiM Tpouecca B COOTBETCTBHM C IIOCTAaBICHHBIMH MEPed ITHM
MEXaHH3MOM LEJSIMH

OOIIeCUCTEMHBIIH

HC — cucrema, cocrosdmias U3 NepcoHana U KOMILIEKCAa CPEACTB aBTOMATU3ALMU, U
HalpaBJIeHHas Ha (OPMHUPOBaHHE M  OTOOpaKCHHWE EOWHOTO  IIEJOCTHOTO
MH()OPMAIIMOHHOTO TPEACTaBICHH OOBEKTAa WM TIPOIecca B COOTBETCTBHH C
MOCTABJICHHBIMH TIEPeL Hel HelsiMu

YpoBeHb NpeacTaBIeHUs

OnpeneneHre NOHATHS «UH(POPMAIIMOHHAS CHCTEMA»

VYposens UT-yciyr
(byukumonanshas yacts C)

UC — cucrema WUT-ycnyr, ucnosp3oBaHHe KOTOpPOH 1uisi 00beKTa WM IIpoliecca
9KOHOMMYECKH WM TEXHUUECKH 11eIeco00pas3Ho, HalpaBiieHHas Ha GOpMUPOBaHHE U
OTOOpa)keHHE EAMHOTO LEIOCTHOro HH(GOPMALMOHHOTO MPEICTABICHHA 3TOrO
00BEKTa WM TIPOLecca B COOTBETCTBUH C MOCTABICHHBIMH TIepes Hel LelsIMU

Yposens UT-cepBucos
(o6ecnieunBarorast yacts NC)

NC - cucrema HWT-cepBucoB, pealu3ylOUMUX COBOKYIIHOCTh  OIEpaluit
NPEOCTABICHNST WM OOpabOTKM IAHHBIX, HalpaBlieHHas Ha ()OPMUpPOBAHHE H
0TOOpaKEHNE eIIHOTO IEJIOCTHOTO HH(POPMAMOHHOTO IPECTaBICHHS 00BEKTa WK
IIPOLIECCa B COOTBETCTBUM C IIOCTaBJICHHBIMU IEpe]] CUCTEMON LMY
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B coorBercTBMM C pHBECHHBIMY B Ta0J. 1 yroyHeHHIMEI
TIOHATHUS «MH()OPMALIOHHASI CUCTEMa» CTaHOBUTCSI BO3MOX-
HBIM YTOUHHTH MOHATHS «aQpXUTEKTYpa» U «OMUCAHUE apXU-
TEKTYpBI» B PaAMKaX CEPBUCHOTO Noaxo/a k co3anuto MC.

KontekcTHas AuarpaMma KaccoB, OTpaXaronias OCHOB-
HBIE B3aMOCBSI31 OCHOBHBIX 3JIEMEHTOB, 00pa3yIoIInX I10-
HaTHe «apxuTtekTypa IC Ha 0CHOBE CEpBHUCHOTO MOAXOAA,
IIpuBe/ieHa Ha puc. 4.

OCHOBBIBASACH Ha PACCMOTPEHHOM OIPEAETIEHUN MOHS-
TUSL KAPXUTEKTypa CUCTEMBI», TOHATHE «apxutekrypa UT-
YCITYr>» MOYKHO OIPE/ICITUTD CIIEAYIOINM 00pa3oM: «ApXH-
textypa UT-yciyr — dyHaaMeHTanbHble IOHATHS U CBOM-
crBa komuiekca U T-ycryr, obpasyrommx MC B okpyxatomieit
€€ cpeJie, BOIUIOLIEHHBIE B QJIEMEHTAaX U OTHOLIEHUSIX 3TOrO
KOMILIEKCa, a TAK)KE B IPUHIUIAX €r0 IPOEKTUPOBAHUS U
pasButus». [IpuMepom MoHATHH, 00pa3yIOMIX apXUTEKTY-
py UT-yciyr, MoxeT ciyxuth moHsitne «pyHKus: HC»,
KOTOpoe ycTaHaBnuBaeT npefcrasienue UT-ycmyru xak
peoOpa3oBaHKsl MHOXKECTBA BXOJHBIX JAHHBIX B MHOXeE-
CTBO BBIXOJHBIX AaHHBIX. [IpMepOoM NPUHIUIIOB IPOEKTH-
poBaHust kommiuekca WT-ycimyr, B KOTOPBIX BOILIOIIAETCS
apxutektypa UT-yciryr, MOXET CITyXHUTb IPUHLIAI MOAYIIb-
Hoctd UT-ycmyr, ycTaHaBIUBAaIOIIUI BO3MOXKHOCTb OJHO-
BPEMEHHOI0 MPEJCTABICHNsI HEKOero noqMHoxecrsa 1 T-
YCIIYT ¥ KaK caMOoCTOsITeNbHO QyHKIMoHupyromei UC, n
Kak 3nemMeHTa 6omnee kpymHoi UC.

Torna nmonsTue «apxutekrypa UT-cepBUCOB» MOXKHO
OTIpEeNIeTINTh CIIEYyIonM 00pazoM: «Apxurektypa UT-cep-
BHCOB — (pyHTaMEHTaIbHbIE OHSTHUSI ¥ CBOHCTBA KOMILIEK-
ca U T-cepBHCOB 1 CBSI3BIBAIOIINX MX HHTEp(eEcoB, oOpa-
3ytomux UC B okpy»xarolieii ee cpesie, BOIIOIEHHBIE B HJie-
MEHTaX W OTHOLICHHUSIX 3TOTO KOMIIJIEKCa, a TaKXe B
MIPUHIHUIIAX €r0 TPOEKTHPOBAHMS U pa3BUTHA». [Ipumepom
TOHATHH, 00pa3yromux apxutekTypy UT-cepBucoB, MoryTt
CITY’KUTB TIOHSTHSI «KITHEHT» 1 «CEPBEP», KOTOPbIE yCTaHaB-
JIMBAIOT HEOOXOANMOCTD PA3/IETICHAS IPOrPAMMHBIX CEPBH-
COB Ha OTZIEIIBHBIE AIEMEHTHI, KOTOPBIE JOIKHBI pa3MelaTh-
cs1 ¥ QYyHKIIMOHNPOBATh Ha YIAIEHHBIX IPYT OT APYyra KOMII-
JIEKCaX TEXHUUECKNX CPEZICTB.

=

consists of

has interests in

includes L4

. JL.7] identifies

BbIBO/IbI M IEPCHEKTUBBI JAJIBHEMIIIAX
HCCJIEJJOBAHUM

IIpenyioxkeHHbIE ONpeNeNeHs U BU3YyalbHbIE MOJEIU
MO3BOJISIFOT PacCMaTpPUBATh MPOLECC IPOEKTUPOBAHUS ap-
xutekTypsl UC ¢ npuMEHEHHeM CepBUCHOIO MOAXOAa U
IIPHUHIMIA MOAYIEHOCTH KaK IIPOLECC CO3AAHUS U HHTETpa-
LINM OITMCAHUH apXUTEKTYpHl Ha OOIECHCTEMHOM YPOBHE,
ypoBHe UT-yciyr u yposHe U T-cepsucos. I1pu aTom mpo-
eKTUpoBaHue apxUTeKTypsl IC, KOTOpOe MOXET OCYILECTB-
JIAThCA KaK CBEPXY BHH3, TaK U CHU3Y BBEPX, IPEANONAraeT
00s13aTeNBbHYI0 HHTETpalyIo onrcanuii anementos MC, BbI-
TIOJTHEHHBIX HA PA3HBIX YPOBHSX MacIITaOMpPOBAHMS.

Torna omucanus apxutekrypsl IC u ee aneMeHTOB Ha
BCEX YKa3aHHBIX YPOBHSIX OYIyT NPENCTaBISATh CO00H Habo-
PHI GU3MUYECKN peaTn3yeMbIX aBTOHOMHBIX MOJyJeH, obec-
MIEYMBAOIINX PEATH3ALNIO ONPeeNICHHON (QyHKIIMOHAIb-
HOocTH. Kk TpIit TaKO# MOIYITE Ha JTF0OOM YPOBHE XapaKTe-
pusyercst HabopoMm nHTep(deiicoB, obecreynBalOIUX €ro
B3aUMOAEUCTBHUS ¢ BHEIIHeH cpenoil. Ilpu aTom BHemIHeN
CPemoi MOTYT ABIATHCA Apyrue Moaynu 3ol xe C, BHe-
IIHYE CUCTEMBI WM MOJIb30BATENH CUCTEMBI, B3aUMOJCH-
CTBYIOIIE C MOIYJIEM Yepe3 MOJIb30BaATENBCKUIT nHTEpdeiic.

Jist moBbInIeHns 3¢hdekra oT HOBTOPHOTO MCIOIb30Ba-
Hust TpeboBanmii k VIC Gornee mpenodTHTENEHO OCYIECTB-
JIATH TIPOLIeCC NMPOEKTUpOoBaHMs apXuTekTypsl UC «cHu3y
BBEpX». ITO 00YCIIOBJICHO HAIMYUEM ONOINOTEK TOTOBBIX
3JIEMEHTOB, AP (EKT OT MPUMEHEHHS KOTOPBIX YBEINIUBACT-
sl TIpY ONEpUPOBaHKNU oncaHueM 31eMeHToB YC, Bemon-
HEHHBIMH HA YPOBHE OTJEIBHBIX CEPBUCOB. JaHHBIN ypo-
BEHb ICTAIN3AIMH [TO3BOJISIET 00ECTIEYNTH TOBTOPHOE HCTIONb-
3oBaHnue UT-cepBucoB, Aaxxe B Clydae HEMOIHOHU
BOCTPeOOBAaHHOCTH (PyHKITHOHATBHOCTE cymiecTByrommx UT-
yeuyr, B koropble 5ToT U T-cepBuc MokeT OBITH BKITIOUEH. B
3TOM ciry4yae Takod UT-cepBUC CTAaHOBUTCS 3IIEMEHTOM HO-
Boit UT-ycyru. B To ke Bpems, JajbHENIIAs AeTaTU3aLHs
UT-cepBuca Ha OTHEeNbHBIC (DYHKIIMOHAIBHBIC OIEpaIin
TIO3BOJISIET ONEPHPOBATh TOIBKO C OTACTBHBIMH OIEPALIHs-
MH, PE3YNIBTaT BBITOTHEHHNE KOTOPBIX HE 00eCIednBaeT moi-

mvirement

situated in

Expreses 1"

= Architecture I Architecture Description)

Yposerns UT-yenym A

includes includes
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Puc. 4. Konrekcruas JAyarpamMma KiaccoB, OTpakaroljast OCHOBHBIC B3aUMOCB3U OCHOBHBIX 3JIEMEHTOB, 06pa3y}0m1/1x IIOHATHUC
CApXUTEKTypa PIH(bOpMaHPIOHHOﬁ CHUCTEMBI Ha OCHOBE CEPBUCHOI'O IIOAX0Aa>»
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OHTOJIOTTYHA MOJEJb APXITEKTYPH IH®OOPMALIHOI CHCTEMU HA OCHOBI CEPBICHOI'O IIIXO1Y

B crarTi po3nIsIHYTO CydacHi IPEJCTaBICHHS TEPMIHY «ApXiTEKTypa», siki BUKOPUCTOBYIOTBCS IiJi 4ac po3poOKH iHdopMariiHux
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€JIEMEHTIB, 1110 YTBOPIOIOTH TEPMIHH «CEPBICHUI MinXin 10 po3podky iHdopManiiHoi cucTeMu» Ta «@pXirekTypa iHdopMauiifHoi cuctemMm».
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ONTOLOGICAL MODEL OF INFORMATION SYSTEM ARCHITECTURE, BASED ON SERVICE APPROACH

The article describes the concept of modern ideas of «architecture», which are used in the development of information systems for
different purposes. The features of the service approach to the representation of the information system are considered. Proposed
refinement of the concept of «architecture of IT services» and «architecture of IT services». Visua models of the relationship major
elements for the concepts «service gpproach to the development of information systems» and «information system architecture» are
developed.

Keywords: information system, architecture, IT-accommodation, IT-service, class diagram.
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ANALYTICAL SUPPORT OF REQUIREMENTS DEVELOPMENT FOR
INTELLIGENT E-LEARNING SYSTEMS

The problems of analysis and modeling of requirements while development of e-learning
systems with feedback are considered. Subject area of requirements development is deter-
mined, choice of CASE-tools for creating models from generated subject area is explained.
Visua models of functional requirements and user requirements in the form of diagrams show-
ing the development of behavior and the logicd structure of the system are developed. Simula-
tion models explain the events and the corresponding response of the system and can represent
its processes of interaction on more higher level of abstraction and allow to reveal incorrect,
inconsistent, missing or redundant requirements. Consequence diagram, diagram of coopera-
tion and state transition diagram are considered as analytical support of requirements develop-

ment for intelligent e-learning systems.

Keywords: analytica support, e-learning, requirements development.

INTRODUCTION

Information and computer technologiesare an integrate
part of the present society, especially in the sphere of
education including higher education of Ukraine which is
under the influence of Bologna Process now. Learning
processin amodern university requiresusing of e-learning
tools as a part of independent work of undergraduate and
Master students. Creation of intelligent computer systems
allowing to master skillsand competencieswithout teacher’s
involvement isamaingtream of e-learning development and
enhancement [1].

E-learning sysem must perform not only function related
toproviding thetheoretical material, but also controlsfunction
of learning, testing, solving tasks and students estimation
with searching of «blind» spotsin their answersand providing
recommendations for returning to the part of theoretical
material, which has caused difficulties, or for additional
training in testing part. In addition, the recommendations
should contain information about errors appearing, ways of
their diminating and about the level of knowledge. So, the
distinctive feature of inteligent e-learning is a presence of
electronic feedback to students that can improve mastering
of material studied. Electronic feedback is maintained by
special interactive modules which are responsible for
edimation of student answers and diagnosis of place and
type of errors made (often poorly formalized) [2, 3].

The analyss of existing e-learning computer systems
shows that they are mostly presented as testing and
information systems without any kind of learning process
feedback, so they can not be consider astheinteligent ones.
One of the great disadvantage of such systems is that they
can not be used throughout the whole cycle of learning
processand limited by certain set of primitivefunctions(such
as e-books, educational databases, etc.). Thus, the practical
importance and actuality of given problem is proved by
necessity of elaboration computer sysems with eectronic
feedback that would make learning process more effective
and convenient for sdf-development of personstrained [4].

© Pishchukhina O. A., 2013
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PROBLEM STATEMENT

Theproblem of intel ligent computer systemselaboration
is considered as a creation of complex computer projects
and associated closely with the development of
requirements for their structure, functions and software
content. Requirements describe behavior of the system, the
properties of the system, its classes and attributes and
restrict the process of a computer system developing [5].

Analysisand modeling of requirement demand special
formalized approaches which could consider interests of all
persons involved in e-learning process: students with
different psycho-types, levels of basic knowledge, speed
of processing and perception of information and teachers
with theirs experience «<how to do», «how to teach», «how
to estimate» and «how to determine a genuine reason of a
mistake made». Moreover other external factssuch asnorms
of curriculums, learning catalogues, etc. should be taken
into account also.

Investigation of given poor formalized subject area
proves that elaboration of complex computer system is
impossible without analytical support of requirements
development. Analytical support of process of requirements
development for intelligent e-learning system must contain
formalized view of itsfunctions, statesand transitions, logical
aspects of actions sequence and collaboration between its
elementsin theform of adequate visual modelsof functional
and user requirements.

PROBLEM SOLVING

User requirements describe goals and tasks which e
learning system allowsto solve and indicate what a person
trained can dowith the system. Theways of presenting this
kind of requirements are options of scenarios usage and
approach «event-response» [5]. Functional requirements
determine software functionality that developers need to
build and users would be able to perform. To cover all
requirementsit isnecessary to develop model swhich display
them on a certain level of abstraction and allow to reveal
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incorrect, incond stent, missing or redundant requirements.
Dataflow diagrams, Satetransition diagrams, sequenceand
collaborations diagrams are referred to such conceptual
representation of given intelligent computer system. Each
model describes a specific aspect of the system, uses a set
of diagrams or formal descriptions and documents of
specified format and also reflects the point of view and is
the subject of a variety of people with specific interests ,
roles or tasks. These models provide a useful tool for
analyzing problems, software design and exchange of
information between modules developed. Simulation
enhances the functional and users requirements coverage
and handling and improves the quality of the system [6].
Themogt effective way of visual modd s creating isusing
the special standard language of object-oriented modeling —
Unified Modeling Language (UML) [7]. At the level of
abstractions diffraction, which is suitable for the analysis
of requirements, UML-notation is used for all types of
intelligent e-learning system diagrams. Analysismodeling
techniques are under supports of a variety of business
automation toolsand softwaredesign known as computer-
aided software engineering (CASE) [8]. Thischoiceisdue
tothenext advantagesover conventional means of drawing:
1) they easily allow toimprove thequality of thediagramsin
repeated requirements (since, onecan not create an exce lent
model with the first time and there are some external and
internal changes during simulation process, thus, iteration
can beakeyto successin simulation of sysems); 2) CASE-

tools support the rules for each modeling method and can
identify syntax errors, inconsistencies and detect semantic
errorsin thechart that isnot always possibleto do manually.

Onfig. 1 and fig. 2 sequence diagram and diagram of
collaboration which show transactions between separate
modul es of intelligent e-learning system are presented.

They reflect how systems modules exchange data in
dynamics and shows interactions of classes and messages
exchanged for better understanding user requirements. Part
of state transition diagram (acceptance of person’s answer
and comparing with theright one) ispresented on fig. 3 and
forms complete and clear understanding of the mechanism
of afinal number of states.

Statetrandgtion diagram containsthreetypes of d ements.
initial, final states and Satetransitions. Thediagram shows
the state transition as not a part of processes performed by
the system, but the only possible state changes, resulting
from these processes. Transition diagram helps to
understand the intended behavior of system and checking
whether all the necessary states and state transitions are
described correctly and fully in the functional requirements.

CONCLUSON

Simulation model s of user and functional requirements
wereelaborated on thebasis of CASE-toolsand providean
analytical support explaining the events and the
corresponding responses of the system. It represents
process of modules interaction on more higher level of

Fig. 1. Intelligent e-learning system collaboration diagram
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registration module 2 module 4 (right module 6
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: 2: theory stidy process

|
>
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9: offering a problem

1 10: choosing and sohing of problem

1: sending answersI

| 12: checking of answers
\

13: results for student

14: data for diagnosis
E——
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Fig. 2. Intelligent e-learning system sequence diagram
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request|for a higher level problem a:]cscv;(;elz

processing and comparing with right answer

answeris repassing
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— evaluated - cancelled
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Fig. 3. Part of intelligent e-learning system state transition diagram
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understanding than the onethat givesthetext specification
requirements. However, they could not replace the
Specification requirements on natural languageat all because
each simulation received has its advantages and its
limitations. Visual modeding of intelligent e-learning system
isaway of problems perception with visible abstractions,
concepts and reproducing of real-world objects. Modeling
is carried out through UML-language which includes
specified graphical e ements of the model and notations.
Presented model s arevariousdiagramsassociated with each
other and with their common data definitions in the data
dictionary that allowsto maintain themodel in aconsi stent
state and in accordance with the functional and users
requirementsfor software content.
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AHAJHATHAYECKAS HONIEPKKA PA3PABOTKHA TPEBOBAHUM JIUISI AHTEJUIEKTYAJIBHBIX KOMITbIOTEPHBIX
CHUCTEM OBYUYEHUA

PaccMOTpeHB! BOIIPOCH! aHAN3a U MOAGIMPOBAHUS TPEOOBAaHUH MpH pa3paboOTKe CPEICTB AIEKTPOHHOrO oOydeHUst ¢ 0OpaTHOM
cBs13bto. Omnpernieniena nmpeaMerHas obyacts GopmupoBanus TpeboBanuii, ooocHoBan BeiOop CASE-cpencTB 11t MOCTpoeHusT Mozieneit
copMupoBaHHO#T peMeTHOH oOnacTu. Pa3paboTansl BU3yaiabHbIe MOJENN (QyHKIMOHAIBHBIX TpeOOBaHUN 1 TpeOOBaHHH IT0JIb30BaTe-
JIsL B BUZIE AMArpaMM, OTPKAIONINX JUHAMIUKY HOBEACHHUS U JIOTHYECKYIO CTPYKTYPY CHCTeMbl. [IpiBeieHHbIe AuarpaMMbl IIpeICTaBIIs-
10T cO00H MHCTPYMEHTAIBHOE CPEACTBO aHAIMTHYECKOHN MOAAEPKKH Iponecca (OpMUPOBAaHUS TPeOOBAHUN K HHTEJUICKTYaIbHBIM KOM-
[BIOTEPHBIM CHCTEMaM 00y4CHHSI.

KiroueBble cji0Ba: aHAJIUTHYECKas TOIJCPKKA, DICKTPOHHOE 00y4eHHe, pa3paboTka TpeOOBaHMIl.

Mimyxina O. O.

Kann. TexH. Hayk, JTOLEHT, XapbKiBChbkuil HarioHambHUN yHIBEPCHTET PamiOCIeKTPOHIKH, YKpaiHa

AHAJITUYHA MIATPUMKA PO3POBKHU BUMOT IS IHTEJIEKTYAJIBHUX KOMIT' FOTEPHUX CUCTEM, IO
HABYAIOTH

PO3DISIHYTO MMTaHHS aHAN3y Ta MOJEIIOBAHHS BHMOT IIPU PO3POOII 3ac00iB €JIEKTPOHHOTO HABYAHHS 31 3BOPOTHHUM 3B’ SI3KOM.
BuzHaueHo npenmeTHy oOnacte GopMyBaHHS BHMOT, 00rpyHTOBaHO BHOip CASE-3ac00iB ts1 moOymoBr Mozeneil copmMoBaHoi Hpen-
MeTHOI obnacti. Po3pobieHo BizyapHi Mozeni GyHKIIOHATEHIX BHMOT 1 BUMOT KOPHCTYBa4a y BUIVISAII Jiarpam, IO BigoOpakarTh
JIMHAMIKY TIOBEIIHKH 1 JIOTTYHY CTPYKTYpY cUcTeMH . HaBeneHi niarpamu € iHCTPYMEHTAIBHUM 3ac000M aHANITUYHOI MIATPHMKH TIPOIIe-

cy opMyBaHHS BUMOT JIO IHTENIEKTYaIbHUX KOMIT IOTEPHUX CHCTEM HaBYAHHSI.
KunrouoBi cioBa: aHanmitiyHa IMiATPUMKa, €EKTPOHHE HABYaHHS, PO3POOKA BUMOT.
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MHOPOPMALIMOHHAA TEXHONOINMNA OMNPEAENNEHUA HOMEPA
HA YYTYHOBO3HOM KOBLIE

B cratbe paccmarpuBaeTcss MH(GOPMAIIMOHHAS TEXHOJIOTHUS OIpeAe]IeHHs] HoMepa Ha
YyryHOBO3HOM KOBIIE. BBIZEIEHBI M PAacKpHITHL dTanbl 00pabOTKU: IpeaBapUTeNbHAs
(GunbTpaIys ¥ HEeloJIHas Hoporosas 00paboTka No0aIbHOW OMHApU3aNUeH, JTOKaIH3aLus TPU
MOMOIIY KJIACTePU3ALUU H300paXKeHUs M UICHTU(DUKALHS, TIPY TOMOIIN OPHUTHHAIBHOIO METO/1a,
0a3MpyIOIIErocsl Ha HEYSTKOM IIPEJICTAaBICHHH M300paXKeHUH U CPaBHEHUM HX C HEYETKUMU
JTAJOHOMH. B pe3yinbTare mpoBeeHHBIX YKCIEPUMEHTOB IOATBEpiKAaeTcsi 2P HEeKTHBHOCT

06pa60TKI/I o npez[naraeMoﬁ TEXHOJIOTUH.

KuaroueBsbie cioBa: usobpaxenue, GyHKIHS SIPKOCTH, GuUIbTpanus, OMHapU3amus,
KJIaCTepH3alHsl, CErMEHT, CHTH(QUKALHs, HeYSTKOE IIPEACTABICHHUE, ITAJIOH.

BBEJIEHUE

JI1s TpaHCTIOPTUPOBKH YYTyHa OT AOMEHHBIX IeUer K
MHUKCEPHOMY OT/IEJIEHHIO KHCIIOPOIHO-KOHBEPTOPHOTO I1eXa
(KKLI) ncrionb3yroTcst KOBIIH. JIJist y4eTa 1 KOHTPOIS HaJl X
COCTOSTHHEM HCIOJIB3yeTCsl aBTOMAaTU3NPOBAaHHASI CHCTEMa
MOHHUTOPHHTA, OTCIISKUBAIOIAS TTEPEIBIKEHHE ITEPeBO3s-
KX KOBIIM T1atdopm. Takast cuicreMa He IpexycMaTpuBa-
€T CUTyallWIO, B KOTOpPOI KOBII OyleT yCTaHOBIICH HE Ha
«CBOIO» TIIAT(OPMY.

J1y1s1 ycOBepIICHCTBOBaHMS aBTOMATH3UPOBAHHOM cHC-
TEMBbl MOHHTOPHHTA JBHMKCHHUS! YyTYHOBO3HBIX KOBIIEH,
OBbUIO MPEIJIOKEHO MPUOETHYTH K ONTHYECKOMY pacIo3Ha-
BaHHUIO HOMEpa.

B x071€ TpaHCHIOPTHUPOBKH 1 BBITOIHEHHS TEXHOIOTHYEC-
KHMX Olepaluil KOBUIM MOJBEPTarOTCs BO3AEHCTBHUIO BBICO-
KHX TEMIEPATyp, MOTYT IPHOOPETATh HAIIUIETIKA YyTyHa U
TIOTEKH W3BECTH, 3HAUYNTENHHO MBIINTHCS. [loaToMy Ha mpo-
M3BOJICTBE UCIONIB3YETCS HAanOoJee yCTOMIUBBIN CITOCO0 —
BpyuHyto (6e3 Tpadapera) U3BECTHIO HAHOCUTCS HOMED.

COCTOSIHME BOITPOCA

AHanu3 JuTepaTypHbIX MCTOYHUKOB ITOKA3aJ, 4TO IS
PEIICHHUS AHAIOTUYHBIX 33/1a4 HCTIONB3YIOT PA3JINYHbIE CPE/I-
CTBa ISl pEIICHNS 3a/1a9H pacro3taBanus [ 1-4] —anantus-
HOE pacro3HaBaHHE CHMBOJIOB, MPUMEHEHHE KICTOYHBIX
aBTOMATOB, MOJICTIUPOBAHHE HEUPOCETH [UTsl PEIICHHS 3a11a-
9H uACHTH(HUKAIIH CHMBOITOB. Hanbomee Onm3koii k 3a1ade
pacrio3HaBaHUsI HOMepa Ha KOBIIE SIBISIETCSI paclo3HaBa-
HUSI HOMEpPa Ha JKeJIe3HOIOPOXKHBIX BaroHax [5]. I3BecTHbI
CHCTEMBI JUTs y4eTa KOHTeHHEPHBIX IEPEBO30K B ITOPTY, TEP-
MMHAJIE UM HAa COPTUPOBOYHOM ctaHiuu: Kapro-Uncnek-
top, Kortettnep-KOHTPOJIb; my1st KOHTPOIIS TOABIKHOTO
COCTaBa U IPYy30B, JOCTaBJISIEMBIX 10 JKeNE3HO# jopore:
Tpausur-Uucnekrop [6]; ARSCIS [7]; Buneonokarop [8];
RailwayDisp[9].

Pa3paboTaHHbIe CHCTEMBI U TPOrPAMMHBIE TPOILYKTHI
HMEIOT PSI] HEIOCTATKOB: HEYCTONYUBOCTD K ILIOXOMY Kade-
CTBY OCBEICHUSI, ISl yIOOCTBA JIOKATH3AIMK HOMEpa Ha
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00BEKTaX HAHECECHBI C IIOMOIIBIO TpahapeToB, IPOrPaMMBbI
HCIOJNB3YIOT TMPUBA3KY K IIA0JIOHAM HOMEPHBIX 3HAKOB
TPaHCIOPTHEIX CPENICTB KOHKPETHBIX CTPAH, JJIs1 KOTOPBIX OHH
paspaboransl. Eciu cucrema qaet Xxopormii pe3yasraT Jio-
KaJHM3alid U BBICOKYIO CKOPOCTH Pa0OTHI, TO OHA UMEET
BBICOKYIO CTOMMOCTb. B Takux crcTeMax ajaropuTM JIOKaJIH-
3aIMH ITPOU3BOJIHT ITOUCK 30H — IPSMOYTOJTBHBIX (hparMeH-
TOB H300paKCHUS, IPEATIONOKUTEITEHO COAEPIKAIIIX 00pa3
TEKCTOBOH METKH, C IIOMOIIBI0 CKAHUPYIOIIEro OKHA (PHK-
CHPOBAHHOTO pa3Mepa. Pe3yasrar ToKanu3aium CHIDKASTCS
TIPY CHITBHOM 3arpS3HEHHOCTH IUCTEPH U BATOHOB.

[ToaToMy paccMOTpPEHHBIE METOIbI JIOKAN3AINH He
MOTYT OBITH B YUCTOM BHJIE TPAMEHEHBI IS PEIICHUS IME-
rorerics 3agaun. HeoO0Xonnmo yimydmmTs HASHTH(DHKAIIIIO
3a c4eT HOBOH MH(OPMAIIMOHHON TEXHOJOTHH OIpeaese-
HUS HOMEpa Ha YyTYHOBO3HOM KOBIIIE.

ITOCTAHOBKA ITPOBJIEMbI

Kamepoii B rpamamsax ceporo 1BeTa norydaercs n300-
pakeHHE KOBIIAa C HOMepoM. Bxomsmee m3o0OpaxeHne
(puc. 1) MoxkeT GBITH 3allyMIICHO U COIEPIKATh SJIEMEHTHI,
HCKaKAIOIHe HACHTH(PUINPYEMBbI HoMep (ITOTeKH M3Bec-
TH, IyT'yHa, HATHIILIYIO TIBUTH U IIPOYEE); COACPIKATh HEUH-
(opMaTHBHBIE BBHICOKOSIPKOCTHEIE yuacTKH (Hebo, cTeHa,
9JIEMEHTBI OJIM3CTOSIIMX METAJUTOKOHCTPYKIIHIA); 00naath
pa3HBIM YPOBHEM OCBELICHHOCTH M3-32 BPEMEHH IHS, Me-
TeoycroBuii. HeoOxonmMo naeHTHOUIUPOBATh KOBII ITO
n300paKeHHIO ero HoMepa.

v omd

Puc. 1. [Tpumep ucxoqHbIX GoTon300paXkeHui
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KOHIIENTYAJIbHBIN IOIXO/

[IpoBoarMyr0 00pabOTKY MOKHO pa3/ICIUTh Ha TAIIEL:
npeiBapuTeIbHas 00paboTKa — puIbTpanus 1 OMHApU3a-
LU, JIOKAJIM3aLst HOMEpa M NICHTH(UKAIIHS.

HNPEABAPUTE/IBHASA OBPABOTKA
MN30BPA’KEHUA

Ha BX0J crcTeMbl mocTynaeT n300paXkeHue, IIUpUHA U
BBICOTa KOTOpOro mxn. M3o0paxeHne XapakTepU3yeTcs
GbyHkimeit sproctu (1):

fi,j 6[0,1] s (1)

e | e[O,m—l] y e[O,n—l].

CpenHsist IpKOCTh (hoTorpadun paccunuThIBACTCS:

m-1n-1
PIDILE
F=12000 @
nxn
Ha nannom srane Bxozsiue poTon300paskeH s HoaBep-
raroTcst ruIbTpanuy 1 OnHapu3ayu. beuty nccenoBansl 1
OIpoOOBaHbL: (HUIBTP apUPMETHIECKOE CpeiHee, MeIaH-
HBIHA GUIBTP, paHroBast GUIBTpaNys, afauTUBHAs (QUILTpa-
s Bunepa, ontuMu3npoBaHHas onepanust (GuiIbTpanun
[10]. B pesynbrare SKCIEPUMEHTOB HAMMEHBILIEES BpeMs
BBINOJIHEHNS TTOKa3all (PHIBTP «apu(METHIECKOE CPEIHEE>,
HO OKa3aJjcs HENpHeMJEMbIM, HOCKOJIBKY «CMa3bIBaeT»
o0JacTh MHTEpECca M pa3MBbIBAET IIyM, YBEIHUIHBAsI SPKOCTh
HenH(OPMaTHUBHBIX YacTeil u3odpakenus. Hanbomnee s¢-
(beKkTHBHOM OKa3aack pabora MeMaHHOTO (PUIIBTPA, ONTH-
MU3HPOBAHHOTO TT0 CKOPOCTH BEITIONHEHHS [ 11], KOTOpBIi 1
ObLT BBIOpaH [T TPEABAPUTEIHHON 00pabOTKHA BXOIHBIX
n300pakeHuit — OOJIaCTh MHTEpeca OYepUMBAETCS YeTde,
MEJIKUH IIyM HUBENUpyercs u Ooiiee KpymHBIE 00JacTu
BBICOKOH SIPKOCTH YMEHBLIAIOTCS.
Jlanee mpon3BoAXTCS HEMOIIHAS TOPOroBast 00padoTKa
100aIBHOM OMHAPH3AIHEH H300paKeHU

0, ecmu fi,j <T

fi,j! ecim fi,j >T: (3)

Pjj=

rae T —mopor.

Pacder moporoBoro 3Ha4€H¥ s IPOMCXOIUT aBTOMATHYEC-
KU Ha OCHOBE HH3KOYPOBHEBOH XapaKTepUCTUKH H300pa-
JKEHHSI — ero cpesHei ssprocTh [12]:

T=2F-F2. )
Bun momygaeMoro mpu mpoBeaeHnr 00padoTKu n300pa-
JKEHUs1 IPUBOIUTCS JaJiee B KOMITBIOTEPHOM JKCIIEPHMEHTE.

JIOKAJIM3BALIUS HOMEPA HA W30BPA’KEHN

DKCIIepUMEHTAIBFHO OBLIH PacCMOTPEHBI CIEIYIOIINE
METOJIbl: Hd OCHOBE HU3KOypPOBHEBBIX XapaKTEPHCTHK H300-
paxkenust (TOKa3ar J0CTOBEPHOCTD JTokam3armu 92 %) u Ha
OCHOBE ITOPOTrOBOM 0OPABOTKY U KiIacTepu3ayu (IoKasa
nocrosepHocTs 96 %) [12, 13].

[Tpu 06paboTke 10 ONKCHIBaEMO TEXHOJIOIMH UCTIOIb-
3yeTcs METOZ ¢ 00J1ee BBICOKOH JJOCTOBEPHOCTBIO JIOKAIH3a-
in. [1o aTomMy MeTomy, n300paskeHHe MOce IpeBapHTETh-
HOIT 00paboTKH, pa30UBaeTCsl HAa PaBHbBIC TYCHKH (IO IIH-
puHe — kx, 1o Beicote — Ky ). KonmiaecTBo 311eMeHTOB B stueiike

IO IIMPUHE — PX = %, IO BBICOTE — PY = yky Jlns kax-

J0¥ SIYCHKK PACCYMTBIBACTCS CPEaHsist sprocTs M j

px-1 py-1
2 Pk

o _1=0k=0 ©)
S Y
e i €[0,kx-1], j [0,ky—1],1 [0, px-1], k €[0, py—1].

Jlanee BBITIOMHSIETCS KIacTepH3anus H300paskeHns 1o
SIPKOCTH S[Y€EK, T.€. 110 3HaUeHnsIM MaTpuis! M. Knacrepu-
3anus IPOM3BOJUTCS METOIOM ITOHCKa OJvKaiiniero coce-
Jla ¢ MOIU(UKAIMEH ITONCKA M UCIOIB30BAHUEM CKOMbB3sI-
mero okHa. COOTBETCTBEHHO MaccHBY || 0Opa3oBBIBaeT-
ca MaccuB K, coaepkamuii umena kiactepos. Ilepen
00paboTKON BCE IIEMEHTHI PUHA/IEKAT HYJIeBOMY Kiac-
Tepy. Ecin ananusupyemoe suauenue M; ; MMEET APKOCTH
foipLLe IOPOra G —TO COOTBETCTBYIOLIEMY 3Ha4eHNUIO K; j
Ha3HavaeTcst UM KJlacTepa, KOTOpoe YKe ITPUCBOCHO OTHO-
My u3 snementos B aneprype — Ki_y j, Ki,q j, Ki jq wm
Ki j+1, ecm ero 3nauenne 0 — 10 Kj. j a€TCA HOBOE MM,
CJIE/TYIOIIEE TI0 CUETY YMCIIO MOCIIE Y’KEe IPUCBOCHHBIX.

Jlis nokanuzanuy HHPOPMATHBHOM 00J1aCTH aHATIM3H-
pyercs maccuB K: oncIUTHIBAETCS KOINYECTBO AEMEHTOB
B Ka)kZIoM Kiactepe. MHpopMaTHBHON 001aCTHIO CIUTACT-
s KImacrep, o0Iagarommii HanOONBIITM KOJTHIECTBOM dJIe-
MEHTOB. BOKpyT 3TOro Kjactepa 1mo caMbIM BBIUPAIOIINAM
TOYKaM OMNHCHIBAETCS MPSIMOYTOIBHHK, KOOPAWHATHI MHK-
CeTIeii, BXOISIINX B MPSIMOYTOBHUK, PUKCHpYroTcs. [1o mo-
KaJH30BaHHOW 001acTu (hOPMHUPYETCs BBIXOAHON CETMEHT,
BHEIITHMI BHJ KOTOPOTO MPUBOAUTCS Aajee B KOMITbIOTEP-
HOM DKCIIEpHMEHTE.

WIEHTA®UKAISI HOMEPA

Wpnentudukaiys HOMepa YyryHOBO3ZHOTO KOBILA MPO-
HCXOAUT TPH MOMOIIK OPUTHHAIBHOIO METO/1a, 0a3upyro-
LIEroCs Ha HEYETKOM ITPECTABICHUH N300PAYKEHUH U CpaB-
HEHWH WX C DTATOHHBIMH cermenTamu [14]. Wnes metona
HUACHTH(HUKAIIIH COCTOHT B CIESAYIOIIEM: BHAYAJIE HEO0X0-
JTUMO HaWTH OOMIYIO 00JIaCTh ABYX COMOCTABIIIEMBIX Pa3HO-
BEJIMKHX CETMEHTOB, HIMEHYEMBIX SIJIPOM; C 3TUM SIIPOM He-
00XOIMMO CBSI3aTh CUCTEMY KOOPJMHAT U MIEPECYUTATH K-
CeIbHOE TMPENCTABICHUE 000MX M300pakeHUIl B OOHY
CHCTEMY KOOpJIUHAT.

Hauaiio cucteMbl KOOPIMHAT sIJpa IOMECTUTh B XapaKTe-
PHUCTHYECKYIO TOUKY IPEICTABICHHUS H300paskeHust udp —
9TO TOYKA, KOTOpasi PACCUUTHIBACTCS KaK LIEHTP TSHKECTH
n300pakeHus1. Slapa aHaNIM3upyeMOro CerMeHTa  mpoTo-

ina {A"},{B"} pas6usaorcs Ha GoKH Qj | pasmepom
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"

nx n. Koruaectso 6moxos mis muoxects {A"},{B"} pac-
cuntbiBaercs: C = round(W/n); D = round(H/n).

MHOXECTBO OJOKOB sifiep M300pa)KeHUS W MPOTOTUIIA
0003HAYNM

QA

A
(ot

B B
0 :{Qns

r=f@5=55}

r:IEs=fB}

OrtxaenbHble OJIOKH Qﬁ,s " QE s MHOXKECTB QA " QB,

COOTBETCTBEHHO, 33/J1at0TCS IBYMS XapaKTCPUCTUKAMU: MHO-
JKECTBOM KOOPpAUHAT HHKCGHeﬁ, BXOJAIIUX B OJIOK:

O =P ={(i.))]i=(C-1)n+1Cnj=(D-1)-n+1Dn),
U MHOXECTBOM OMHAPU3UPOBAHBIX (DYHKIIHH SPKOCTH:
oA OB
ga: QI’,S g [0,1], Op - QI’,S - [0,1]
BBoauM /1Ba HEUYETKUX MHOKECTBA QA, QB, KOTOpBIE

OIpeIeNIeHbl Ha YHUBEPCATIbHBIX MHOXKECTBAX 04 0B ux
(YHKIIMY PUHA/IIEKHOCTH !

> 9alii)

A i,jeQ’
HaoA Qs |= rSA ,
- ~ Qr's
2 9e(i)
i,jeQ; g
oo | o |- 0 . ©
-0 ‘Qr,s

B pesynbrare nomydaeMm HeUETKHE MHOKECTBA.:

o (029} 02~ oo 020

3aTem HaxoauM OTHOCHUTEIIBHOE PACCTOAHUE XeMMuHTA:

QA:{QﬁS

22 Hon QrA,s —HoB QrB,s

p(QA’QB):rﬂs:l ‘;A‘ - @

JInst aHAMM3UPYEeMOro CerMeHTa M BCeX HPOTOTHIIOB,
MMEIONIMXCS B 0a3e JaHHBIX, PACCUUTHIBATH 3HAYCHHS OTHO-
CHTEJIBHOTO PACCTOSHUS XEeMMHHIa X OTCOPTUPOBATB UX T10
yOBIBaHHIO.

OBCYXJIEHUME PE3YJIbTATOB
KOMIIBIOTEPHOI'O 3KCIIEPUMEHTA

Brmmoraera nostamHast 00paboTka BXOIHOTO H300paske-
HUS C WUTIOCTpalel NoydaeMbIX pe3ynsraToB. [Ipencras-
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JeHa 00paboTka n300paxkeHui koBmiel ¢ Homepamu 026 u
030. ITpu naeHTUUKAIIH C pa3TNIHBIMH 3TaJIOHAMU IIPO-
BEJICHO CPaBHEHHUE CEerMeHTa n300paxeHns kosia ¢ Ne 026.

Oman 1 — npedsapumensras oopabomka.

Ha Bxoz nopaBasnmch n300paskeHus1, TOKa3aHHbIE Ha PHC.
1. Pe3ynsrar nokasaH Ha puc. 2.

Oman 2 — noxanuzayusi.

Ha Bxoz nonaBasnmch n300paskeHus1, TOKa3aHHbIE HA PHC.
2. Pe3ynpTupyrommue cerMeHTh! IPUBEAEHBI Ha pHC. 3.

Oman 3 —udenmugpuxayus.

Bruto npoBeseHoO cpaBHEHME MOJTYYEHHBIX CETMEHTOB
KOBILIEH CO BCEMHU CETMEHTaMHU-TIPOTOTHIIAMH, XPaHAIINMH-
cs B 6a3ze maHHBIX. [1o HAUMEHbBIIEMY 3HAUYEHHIO PaccTos-
HUE XeMMUHTa OIPE/ISIISIICS 3TaJIOH U COOTBETCTBYIOLINI
HOMEp Ha n300paxkeHnn KoBIa. 13 puc. 4 BUIHO, 4TO aHa-
JU3HPYEMOMY CETMEHTY COOTBETCTBYET ATAJIOH C HOMEPOM
026, T. . uIeHTU(PUKAIIHS YCTICTITHA.

BbIBO/JbI

KoMmbroTepHBIi SKCEpUMEHT WAESHTU(QHKAILINN HOMe-
Pa KOBIIIa MO TIPEIOKEHHOH B CTaThe TEXHOJIOT WU ITONTBEP-
JIAJT TOCTATOYHO BBICOKYIO 3¢ (EeKTUBHOCTE 00padoTkH. Taxk,
OTHOCHTEJIBPHOE PaccTOsHHEe XEMMUHra MpH CpaBHEHHWH
n300pakeHni CErMEHTOB (JOTO OHOTO M TOTO K€ KOBIIA

Puc. 3. [Ipumeps! BeIIEIEHHBIX o0sIacTell HHTEpeca

06
05
04
03+
02 4

0.1
o HL L N

1 3 8 22 26 26 30 33 34 36 37 38 39 40 43 56
Homepa KoBmeN

OTHOCHTENLEHO 8
PacT oAHHe XeMMHHra

Puc. 4. OTHOCHTENBHOE PACCTOSTHUE XEMMUHTa IIPU CPaBHEHHHU
cermenTa koBia Ne 026 u stanoHoB koBeid ¢ Homepamu: Ne 01,
03, 08, 022, 026, 026, 030, 033, 034, 036, 037, 038, 039, 040,
043, 056
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Ut pa3HbIX yenoBwit coctamio 0,01+0,16, mist pa3HBIX KOB- 7. Cucrema pacro3HaBaHUsi HOMEPOB BAarOHOB, yUe€T BArOHOB,
et — 0,26+0,49, 4To 10CTaTOUHO IS TIPUMHSTHS PEIIEHNS O KOHTpOJIb BaroHoB, yuer npocros 3aroHos, TPAH, MET-
HAXOKJIEHHH OLIEHKH OIIM30CTH B HAa30HE BapHALIMIA BHE- TJEP TOJIEHO // Cucrema pacrio3HaBaHusi HOMEPOB Baro-

HOB «“ARSCIS» n aBTOMaTH3MpOBaHHEIE CUCTEMBI yIIpaBIIe-
HHS JKEJIe3HOIOPOXKHBIME rpy3omnepeBoskamu URL: http://
www.mallenom.ru/arscis.php (nara o6pamenus: 07.07.2013).
Pacrioznasanne HomepoB JKJI Baronos // TexHosorust «Bu-

ITHAX YCIIOBHUHA ChEMKH HOMEpa KOBIIIA, COOTBETCTBYIOIICH
ATAJIOHY WM HE TIPUHAIeKAIICH 3TOMY 3Tanony. Omuoku
niepBoro pona Haxomsares B auarazone 0+-0,07, BToporo poma 8

B uanasone 0+0,01. Cpenusis norpeiHocTs uaeHTuduka- neomnokarop» URL: http://www.iss.ru/products/transit/ (nara

1 cocrasuia 4 %. obpautenus: 07.07.2013)

9. Cucrema pacrno3HaBaHHs HOMEPOB JKEJIE3HOLOPOKHBIX Baro-
CIMCOK JINTEPATYPBI Hos RailwayDisp // Intlab URL: http://www.intlab.ru/
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THOOPMAIIMHA TEXHOJOT'ISI BUSHAYEHHSA HOMEPA HA YABYHOBO3HOMY KOBIII

VY crarti po3misnaerses iHopMaliiiHa TEXHOJOTiS BU3HAYCHHS HOMEpa Ha YaBYHOBI3HOMY KOBIIi. BupineHi i po3kpuTi etanu
00poOKH: TonepenHs GUIBTpallis i HeMoBHA rpaHWYHA 00poOKa II00ATBHO OiHAPHU3AIMIETO, JIOKAII3ALlis 32 JOIIOMOTOI0 KIIacTepH3aIlil
300pakeHHs i imeHTH(iKalisg, 32 JONOMOTOK OPUTIHAIBHOIO METONY, II0 0a3yeThCsl HAa HEWITKOMY IpEACTaBIeHHI 300paKeHp i 1o-
PIBHSHHI iX 3 HEUITKAMH €TaJOHaMH. Y Pe3ylbTarTi IPOBEICHUX EKCIIEPHMEHTIB IMATBEPIKYETHCS eEeKTHBHICTh 0OOPOOKHU 3a MPOIOHO-
BaHOIO TEXHOJIOTIEIO.

KarouoBi cioBa: 300pakeHHs, QyHKILISA SCKpaBOCTi, (inpTpamis, OiHapi3alis, KiIacTepu3amis, CETMEHT, iIeHTHdiKalis, HeTiTKe
MIPEJICTABIICHHS, CTaJIOH.

Sergienko A. V.1, Kargin A. A2

lAssistant, Priazovskyi State Technical University, Mariupol, Ukraine

?Doctor of technica science, professor, Doneckkyi National University, Doneck, Ukraine

INFORMATION TECHNOLOGY FOR RECOGNITION OFTHENUMBER ON THEHOTMETAL TRANSFER LADLE

The article describes the information technology for recognition of the number on the hot metal transfer ladle. Processing stages have
been identified and described: preliminary processing, localization and number identification. The filtration and incomplete thresholding
by means of globa binarization with an automatic choice of a threshold have been analyzed. Localization is executed by a single linkage
(the nearest neighbour) method with the modified windowing search agorithm. After locdization area has been identified, a segment is
generated. Identification is accomplished by means of a unique method, which is based on an indistinct representation of images and their
comparison with indistinct standards. Combining in a characteristic point the segment which is being analyzed with a prototype segment
kernels are formed. Those are then fractured into blocks. Based on these blocks two fuzzy sets are obtained — one for the segment that
is being analyzed and one for the prototype. For these sets the relative Hamming distance is then caculated. The calculated vaue shows
the degree of similarity of the segments. During the tests it was proved that the Hamming distance for the segments with identical
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numbers is 0,01+0,16, whereas for the segments with numbers of different ladles it is 0,26+0,49, which is enough for a successful
identification of a ladle by the image of its number.
Keywords: image, brightness function, filtration, binarization, clusterization, segment, identification, indistinct representation,

prototype.
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KOMMNPECCUA ULTRA HD-BUAEOUH®OPMALIUU
B PACNPEOENEHHON KOMMNbIOTEPHOU CUCTEME

PaccMOTpeHBI MPEeHUMYIIECTBA U HEJOCTATKH COBPEMEHHOTO (hopMaTa MpeICTaBICHHUS
sujteonrdopmanuu Ultra HD. Beinonsena omeHKa BHIYMCIUTENBHON CIOXKHOCTH OIEpaIuu
MOMCKa BEKTOPOB JBHXKEHUsS B BHUJEOIOCiIea0BaTebHOCTU. [Ipoananu3upoBan MeTon
pacrpeeneHus BUCONH(BOPMAIIIH O Y3J1aM Pacpe/1eNICHHOI CHCTEMBI, KOTOPbIil HCIIOJIb30BaH
IUIsL pacmapalieIMBaHUusl Mpolecca KOMIPECCHH BUICOMH(DOpPMAIMU Ha KiacTepe.
DKCIIEPUMEHTAIbHO UCCIEN0BaHbl OObEKTHBHBIE TTOKa3aTeNnu pesyinsrara kommpeccuu Ultra
HD-BumeonHpopMaIuu B pacupene]eHHON CHCTEMe B 3aBUCHMOCTH OT MPUMEHSIEMOTO
aITOPHUTMA OIICHKH JIBHKCHHUS U IIUPUHBI 00JIACTH MOUCKA BEKTOPOB JIBHIKCHUS.

Kawuessie cioBa: Ultra HD-Buneonndopmauus, pacupeneieHHas KOMIbIOTEpHAs
cucTeMa, KOMIIPECCHs, OUTPEHT, KOd(PUIIMEHT CKATHs, YPOBEHb MCKAXKEHHsI, KOPPEIISLUSL.

BBEJIEHUE

AKTHBHOE pa3BUTHE (QopMara TEIEBUIACHHS BBHICOKOM
yetkoctd (HD television) mo BceMy MUpY CIOCOOCTBOBAIIO
3HAYUTEIILHOMY TOBBIIICHHUIO KAaUeCTBa IPEACTaBICHUS BH-
neoxonTeHTa. B 2013 rony Ha MexxayHapoaHOH KOH(epeH-
1 Consumer Electronics Show 6b11 nipencraieH popmaT
UltraHD, cyTb KOTOPOTo 3aKJII0YaeTCs B MOBBIMICHHHU Pa3-
pemenust BuneokoHTeHTa ¢ 1920x1080 mukcenoB 10
3840x2160 (4K UHD) u 7680x4320 (8K UHD), Mmakcumasib-
Has 9acToTa Kaapos nossiieHa ¢ 50 1o 120 nporpeccuBHBIX
KaapoB B cekyHAay [1]. TIoMHMMO HONOXUTETBHBIX MOMEH-
TOB, HOBBIH (pOpMaT TENEBUICHNS BHOCHUT LEINBIN PSII IIPO-
OyeM: 3HaYUTENHHOE YBEITMUCHNE 00BEMOB XPaHUMBIX JIaH-
HBIX, TIOBBIIICHNE TPEOOBAHHUI K IIPOU3BOIHUTEIILHOCTH KOM-
MBIOTEPHBIX CHCTEM, OCYIIECTBIAIONINX 00paboOTKy U
KOMIIPECCHIO TAKOH BUIICONH()OPMALIIH, Y)KECTOUSHHE Tpe-
OOBaHMI K KaHAIaM epeaqy JaHHbIX.

OmHuM U3 ITyTel perIeHus TAKUX Mpo0IeM MOXKET OBITh
NpUMEHEHNE apaJuIeTbHBIX H PaCIIpeleIeHHBIX KOMIBIO-
TepHBIX cucTeM st kommpeccnn Ultra HD-suneonrdopma-
MU, DTO ITO3BOIHT TOOUTHCS YCKOPEHHS BBIYHCIUTEIBHO-
TO IpoLIecca U CHU3HUTH BPEeMs CKATHsI BUICOKOHTEHTA.

ITOCTAHOBKA 3AJTAYN

PaccMOTpuM OCHOBHYIO OIIEpAIHIo IF0O0T0 COBPEMEH-
HOT'O allTOPUTMA CXKAaTHUs BHIIEOIOCIIEIOBATENEHOCTEH, 00-
JIAIATONIYI0 HAOOJBIIIeH BEIMUCIUTEIBHOM CIIOKHOCTEIO BO
BCel CTPYKType CXKaTHs, — OIEPAIIUIO OLICHKH JBIKCHUS
(O[1) GrokoB kampos BrmEoTOCTEnOBaTenbHOCTH [2]. Ee cyTh
3aKIIIOYAETCS B CIEAYIOMIEM: KaIphl pa30MBaroTCs Ha 0J10-
KH, naiee Bermonasiercs O], mpu KOTOpoii B TEKyIIeM Kaipe,
JUTS KaXKI0r0 OJIOKa OCYIIIECTBIIETCS TIOMCK B TIPEIBIAYIIIEM
KaJpe HanOoIlee «IOXOXKEro» OJI0Ka, CMEIIEHHOTO Ha BEK-
TOp, Ha3BIBAEMBIH BEKTOPOM JIBHKCHUS.

Taxum 00pa3zom, st Kaxaoro O1o0ka Cn B TEKyIIEM KajI-
pe ¢ HOMEPOM N BBIMOJIHAETCS MOUCK Onoka C, B orpanu-
YEeHHOU 00JaCTH TPEIBIAYINEro Kaapa ¢ HomepoM K<n,
COOTBETCTBYIOMIAN MUHHUMAJIFHOMY 3HAYEHHIO HEKOTOPO-

© Ckpyncexkwuii C. 10., 2013

ro Kputepusi. B kauecTBe TAKOro KpUTEPHSI Yalle BCEro Mpu-
MEHSIETCSI CyMMa a0COMIOTHBIX pa3Inyuii 3HAYCHUI MTHKCe-
J10B 6110K0B (SAD —> min):

SADW) = Y [Cal W) -Culx+viy+vy)|, (1)
(x,¥)eCp

e v = (vx,vy) — BEKTOp JABIKEHHUS; |VX| <Qu |Vy| <Q,

Q — mmumpuna obnactu noucka; C (X, y) — 3HaYeHHUs APKO-
CTHBIX U I[BETOPA3HOCTHBIX KOMIIOHEHT MUKCENA C KOOPIH-

Haramu (X, y) B Gnoke C; Ck (x+Vvy, Y+ Vy) — sHauenus
SIPKOCTHBIX U [[BETOPA3HOCTHBIX KOMITOHEHT ITHKCEIa C KO-

opauHatamu (X +Vyx,Y+Vy) B 6noke Cy, CMeIeHHOM Ha
BEKTOp JABMKEHUS V.

Halinennsle BekTOpa IBHKEHMS KaJpa UCHOJIb3YIOTCS
TIPU €T0 KOANPOBAHHH, YTO MO3BOJISIET COKPATUTh BPEMEH-
HYIO WJIM MHTEPKAIPOBYIO M30BITOYHOCTH BHIEOIIOCIEO-
BaTEBHOCTH.

BbI1o1HMM OLIEHKY BBIYMCITUTENBHOM CIIOKHOCTH aJITOPUT-
Ma ITOJTHOTO IIepebopa BEKTOPOB JBIKEHHS BHICOIIOCIIEI0BA-
TEJILHOCTH. J[aHHBIN alNropuT™ MO3BOJISET NOITYYUTh HAWITYY-
II1ee Ka4eCTBO PE3YIIBTaTa CKATHs TPY HANOONBINEH BBIYHCITH-
TEIBHOU CJIOKHOCTH. ET0 BEIMICIUTEFHYIO CIIOKHOCTB OyrieM
HCIONB30BATh [UTS OLEHKN HANXY/IIIETO CITydast BpeMEHH CxKa-
THS BUZIEOTIOCTIEIoBaTebHOCTH. [ TycTh BuieonoceoBaTens-
HocTs coctouT 13 N kapoB pasperrenriem VWkH rrkcernoB kax-
IIBIH. AJITOPUTM OLIEHKH IBIDKCHIS IETIUT Kazp Ha OJIOKH pa3-
mepom @, xb,  mmkcenos. IToMCcK BEKTOPOB JBHKEHHS

BBITIONTHSETCS B 00JIACTH IMIMPUHOH () THKCENoB. Torma oreHKa

BEIUHCITATENBHOM ciokHOCTH O] BUIEOmOCIen0BaTeTbHOCTH
B 00IIEM ciTydae U BCEX IIBETOBBIX MOJesei MOXKeT OBITh
MPEJICTABJICHA B BU/IE CIICYIOIIETO BHIPAYKCHHS

W-H

O/ (N-1)- (2-Q+1? | @

size "Msize
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W3 31001 hopMyITBl HECTIOKHO 3aMETHTb, YTO YBEJIHYe-
HHE pa3peleHust KaJipa BUAEONOCIeI0BaTEIbHOCTH B hop-
mare Ultra HD npuBenet k JTHHEHHOMY TMOBBILICHUIO Bpe-
MeHn BeimonHeHust O/ it cxxatnsi. AITOPUTMBI TaK Ha3bl-
BaeMOH «OBICTPOI» OLEHKH ABWKeHHUs BoimonHsiorT O/] B
OrpaHHYCHHON HEKOTOPHIM IIaOIOHOM (HampuMmep, Kpecr,
LICCTHYTOJBHUK U T. J1.) 00MacTH noucka [2]. 1o mo3Bomnser
CYIIECTBEHHO YMEHBIINTD BEIIMUUHY () U, TEM CaMbIM, I1e-
HO CHIDKEHHS Ka4eCTBa Pe3ylbTaTa COKPATHTh BPEeMsI CKa-
THSI BU/ICOTIOCIIIOBATEIILHOCTH.

Lenpro maHHOM pabOTHI ABISETCS pacHapauIeInBaHue
nporecca kommnpeccuu Ultra HD-BuneonHpopmanmu B pac-
npeneneHHoi cucteme (cekuun 1 u 2), nonyyeHue 00bek-
TUBHBIX ITOKa3aTenel pe3yibTraTa KOMIPECCHH P pa3iiny-
HBIX MapameTpax Kozepa (Cexuus 3), a Tak ke OLeHKa COBpe-
MEHHOT'O CTaHJapTa CXKaTHs BHIEOINOCIIEI0BATEIBHOCTEH
H.264 nns Takoit BUIEOHHpOpMAIIHH.

1 PACTIAPAJUIEJINBAHUME ITPOLIECCA
KOMITIPECCHH ULTRA HD-BUAEOUMH®OPMALINA

Ji1s1 pacriapasuteNMBaHus KOMIIPECCHHU BHICOMH(pOpMa-
LMK B paclpee]IeHHON CHCTEME CYIIECTBYIOT HECKOJIBKO
TIO/TXOJIOB, KOTOPBIE MPUHIUITHAIBHO PA3INYaroTCs 3EpHHC-
TOCTBIO Mapajutenusma. K Hanbornee 9acTo npuMeHsieMbIM
MOJIXOAAaM MOXHO OTHECTH cienyroruue [3-5]:

1. Jlenenne kaapa Ha OJIOKHM M HE3aBHCUMOE CXKaThe 0J10-
KOB Ha y3J1aX CUCTeMBI. TaKol ITOX0/1 ITO3BONISIET YCTPAHSITh
TOJIBKO ITPOCTPAHCTBEHHYIO WIIM HHTPAKaAPOBYIO H30BITOU-
HOCTb, TIOCKOJIBKY JUISl YCTPaHEHHS! BpEMEHHOH M30bITOU-
HOCTH HEOOXOIIMBI MUHIMYM JIBa CMEXHBIX KaJpa. Buieo-
unpopmauus B popmare Ultra HD obnanaer Gonee Bbico-
KM pa3pelreHreM Kajpa 1o cpaBHeHuro ¢ HD, BcrencTBre
9Eero, YKMCIIo 00pa3yeMbIX OJIOKOB OyzieT BEUKO (HarpuMmep,
8100 6mokoB pasmepoM 64x64 ukcesa) U 3epHUCTOCTE T1a-
pajuenn3Ma OyneT CIMIIKOM MeJIKast. JJpyrumM HeocTaTkoM
TAKOTo MOJXO0/IA SBIISETCS YBEINUSHUE HAKIIa JHBIX 3aTpar:
TPAHCIOPTHUPOBKA IT0 CETH U 00BETMHEHUE OOBIIOTO YHC-
71 GJIOKOB OT PA3JIMYHBIX Y37I0B B KA IPHI.

2. He3aBucnMoe CkaTHe OTASIBHBIX KaIpOB Ha Y371aX CHC-
TEMBI. DTOT MOAXOJ TAK JKE TIO3BOJISIET YCTPAHSATD TOJIBKO IIPO-
CTPAHCTBEHHYIO H30BITOYHOCTB, OMHAKO 3ePHUCTOCTB ITapall-
JIeNU3Ma KpYyIHEe, YeM B TPEABIIYIEeM MOIXO0/e U HAKIIa -
Hble 3aTparsl MeHblie. [lapamtensubiii axroputm MJIPEG
HCIOJB3YeT STOT HOIX O ISl CKATHS BUICOMH(DOpMALHH.

3. HezaBucumoe cxxaTe OTHEIBHBIX TPYIIT CMEXHBIX
kazapoB. [Togxox Mo3BosSeT MapajuiebHO YCTPAHATh Kak
BPEMEHHYIO, TaK ¥ IPOCTPAHCTBEHHYIO H30BITOYHOCTD BH-
neorH(popMarn. OIHAKO, PE3YIBTHPYIOIINHN CpeTHA ONT-
PEHT U KO PHUIUCHT CHKATHSA 3aBUCAT OT KOHKPETHBIX MECT
JIeJIEHNs] BUIEOIIOCIIENOBATEIBHOCTH Ha TPYIIIBI KaJIpoB.
3epHHUCTOCTh Mapaulelli3Ma caMast KpyIHasi U3 paccMoT-
PEHHBIX TIOJIXO/I0B, HAKIIATHbIE 3aTPATHI CAMBIC MaJICHBKHE.

B pesynprate ananu3a HauboJee 4acTo MPUMEHSIEMbIX
TIOJIXOIOB K pacrapasiIeIABAHHIO KOMIIPECCHU BUIIEOMH(OD-
MalllH 3aMETHO, YTO CAMBIM MEPCIIEKTHBHBIM OIXO0I0M K
pacmapaIeTMBaHIIO CKATHSA BUICOHH(pOpMAIH B popma-
te Ultra HD siBnisteTcst He3aBHCHMOE CiKaTHe TPYIIT CMEK-
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HBIX KaapoB. J{7st 3¢ (eKTHBHOM KOMIIPECCHH TaKoi BHUI€0-
nHpopManny HeoOXOIUMO YCTpaHEHHE U TPOCTPAHCTBEH-
HOH 1 BpeMEHHOH U30bITOYHOCTH.

[Mpumenenwe rpaduaeckoro nporeccopa (GPU) mst pac-
TIapaJUIeIMBaHMS IIPOLIECCa KOMITPECCHH BUICONH(OPMAITHI
TIO3BOJISIET TTOTYYUTH CYIIECTBEHHOE YCKOPEHHUE 0 CpaBHe-
HHIO C HeHTpasibHBIM nporeccopoM (CPU), onnako 3to npu-
BOIMT K CHIXKCHHIO KadecTpa pesynbrara cxartust 10 10%[6].

PaccMoTpuM npenioskeHHBIN B [ 7] MeToz pactpenese-
HUS BUJCONH(OPMAIINH TI0 y3J1aM pacIpe/IeIeHHOMN CHCTe-
MBbI. OH OCHOBaH Ha KOPPEIALHOHHOM aHaJIN3e, C ANHAMU-
YEeCKOH YyBCTBUTEILHOCTBIO aHAIN3aTOpa, CMEXKHBIX KaJl-
POB BHIEOIOCIENIOBATEILHOCTH, PaCCMaTPUBAEMBIX B
KayecTBe BpeMEHHBIX psoB. CyTh MeTo/a 3aKJIIOYaeTCs B
TOM, UTO /IS KaKJJOH apbl CMEXKHBIX KaJJPOB BBIYHCIISIETCS

KO3 QUITHEHT KOPPEISIIAN r\l((ul\(;'l

(k—Homep kazpa), yuu-
TBHIBAIOIINI SPKOCTHYIO M LIBETOPA3HOCTHBIC KOMIIOHEHTHI
MIHUKCEJIOB, & TAK JKE BBIYKMCIIACTCS 3HaYCHUE (DYHKIMHU 1yB-
CTBUTEIILHOCTH K CMEHE CLICH aHAJIM3aTOpa BHICOOCIIEI0-
BarenbHOCTH O(K). CKOpoCTh pocTa (hyHKLHH YyBCTBUTEb-
HOCTH YIpaBiseTcs mapaMmeTpoM. Jlanee cpaBHUBaeTCs
MOIYJTb KO3 (ULIMEHTa KOPPETSILIMH AJIs1 TAHHOU Maphl CMEX-
HBIX KaIpOB U 3HaYeHUE (DYHKLMU 1yBCTBUTEIBHOCTH. Eciu

k, k+1
IOy~ [>@(K), Torna ananus BUIEONOCIEA0BATENLHOCTH
k, k+1

IPOIOIKAETCS: BhIMCISIOTCS [y, 1 @(K) mist cnemyro-
LI mapsl KaJpoB M CHOBA BBIMOJHACTCS cpaBHeHue. VHa-
4e, BUJCOIOCIICA0BATEILHOCTD Pa3AeiisieTCs Ha ABE YaCTH:

nepBas 4aCTb COACPIKUT KaJAPbI aHaJ'IPBpreMOﬁ BUOCOIIOC-

JIEZIOBATEIBHOCTH JI0 MECTa, B KOTOPOM |r\'(‘0{(,+1 [<o(k), u

OHA OTIIPABIISICTCS HA Y3JIBI CHCTEMBI JUTS BBITTOJTHEHUS CKa-
THS, BTOPAs 9aCTh COACPIKUT KaIPHI IOCTIE TAHHOTO MECTa ’
€€ aHAJIN3 TIPOIOIDKASTCS.

[IpenmytiecTBOM JAHHOTO METOIA SIBJISETCS HUBETIHPO-
BaHHWE POCTa OUTpEiTa IPH CKATHN BUICOMOCIIEIOBATEIb-
HOCTH B PACIpENeICHHON CHCTEME IPU COXPaHEHUH TOTO
K€ YPOBHS HCKa)KEHHS, YTO U IIPH TTOCIEIOBATEITHHON KOM-
npeccun. To ecTh KO3 GUIHUEHT CKATHS BUIEOIOCIICIOBA-
TEFHOCTH HE YXYAIIIAETCS BCICACTBUE PACapaLICIIBAHIIS.
Taxue BHIEOIOCIIEI0BATEIFHOCTH ITOCTIE pa3IeIeHUs Orpa-
HUYEHBI OTHON CLIEHOM 1 MX CMEKHBIE KaJAphl XapaKTepU3y-
FOTCSI 3HAYMTEITbHON KOPPEIAMOHHON 3aBHCHMOCTEIO, OJ1a-
romaps yemy O]l MoxeT OBITH BEITIOTHEHA Ha OTHOCHTEINb-
HO HeOONBINOoN obnactu moncka Q. Hemocrarkom merona
SIBIIICTCS] POCT HAKJIAJHBIX pacXoioB. Tak, mpu cxxaTuu BU-
neonrdopmarmu B hopmare HD 1920x 1080 o cranmapry
MPEGA4/H.264 naxnaHbie pacxobl IPUMEHEHUS METOIA
cocraBisiioT 7,83 % oT 00111er0 BpeMEHH BEIYHCITUTELHOIO
niporiecca [7].

st pacnipenenenus Ultra HD-suneonnpopmanuim mo
y3JIaM KOMIBIOTEPHON CHCTEMBI OyIeM HCIIONh30BaTh pac-
CMOTpEHHBIN METOI.

2 OPTAHM3ALIUS DKCIIEPUMEHTOB

[enpro SKCTIEpHMEHTOB SIBIISIETCS YCTAHOBJICHHE OOBEK-
THBHBIX IIOKa3aTesel pe3ylsrara KOMIPECCHH BUIEOHH(Op-
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Mal|H, a TaK ke TMokaszareneil 3()(peKTHBHOCTH IpUMEHe-
HUS pacIipeIeIeHHON CHCTEMBI:

—BpEMsI CKaTHsl, 3aTPaueHHOE Ha IIPOIIECC KOMITPECCHHI
BHICOIIOCIIEIOBATENEHOCTH;

— YPOBEHb UCK)KEHHUS CHKaTON BHJIEOIIOCIIEIOBATEIILHO-
CTH OTHOCHUTENIFHO HCXOIHOM, KOTOPBIN XapakTepu3yeT Ka-
4ecTBO cxkaTusl. B maHHON paboTe on m3Mepsiercs B 1b npu
nomonn Metprkr PSNR[8];

— KOO(QQHUITMEHT CXKaTHs BUJIEOTIOCIIEN0BATEIEHOCTH —
OTHOIIEHHE pa3Mepa (aiina, CoaepKallero cxxaTyro BUIE0-
TIOCTIEZIOBATEIBHOCTS, K pa3Mepy (aiina ¢ Hec)KaToi BUIeo-
TIOCIIEZIOBATENLHOCTHIO,

— YCKOpPEHHUE BBIYMCIUTEIBHOTO Ipoliecca — OTHOIIe-
HHE BPEMEHH C)KaTHsI BCEX TECTOBBIX BHEOIIOCIIEIOBATEb-
HOCTEH Ha OIHOM Y3JIe CHCTEMBI KO BPEMEHH CXKaTHs Ha
BCEX 337I€HICTBOBAHHBIX y3J1aX CHCTEMBI;

— 3()(heKTUBHOCTD pacIpeelIeHHOH CHCTEMBI — OTHO-
IIEHNE YCKOPEHHs BBIYMCIUTENIEHOIO IIporecca K YUCIy
3a/IeHICTBOBaHHBIX Y3JIOB.

Jl1s opraHu3anyuM 3KCIIEPUMEHTOB HCIIOJIH30BaHbI
IIECTh OOLIENPHHATHIX IS TECTUPOBAHMUSI METOJIOB CHKaTUS
BHIEONIOCTIEIOBAaTEIFHOCTEH: TpH U3 HUX B (hopmate CIF
(352x288 mukcenor) [9], a Tpu B dopmare Ultra HD
(3840x2160) [ 10] —«Foreman», «News», «Coastguard». Bce
BHUzieonoceoBarensHocTr conepskat o 300 kaapos.

B pacnpeneneHHOI KOMITbIOTEPHOM CUCTEME Ha y37e-1l1a-
HHPOBIIMKE YCTaHABINBAETCSI aHATIN3aTOp BUIEOIIOCIIEI0Ba-
TENILHOCTEH, TPUHUMAIOIINH BXOHYIO BUICONMH(DOPMAIHIO
1 BBIITOTHSIIOIINI €€ pacrpeesieHue 1o y3J1aM KOMIIbIoTep-
HOM CHCTEMBI METOIOM [ 7], IPH 9TOM YyBCTBUTEIEHOCTD aHa-
JIM3aTopa 3aaeTcsl OueHb BBICOKOI. [1o Mepe nosiBneHus ya-
CTH BUJICOTIOCIIE/IOBATENIBHOCTEH CTaHOBSTCS B ouepens FI FO,
HAaIPaBJICHHYIO Ha BBIYMCIIUTENBHBIC Y3116l Kak TombKo ocBo-
O0XKIaeTcs y3€JI CHCTEMBI, OH M3BIMAET BUICOTIOCIIEI0BATENb-
HOCTB M3 O4epe/Id, CKAMAET ee JITOpUTMaMH cTaHapTa H.264
IIPU TIOMOIIX CBOOOIHO PacIpOCTPaHSIEMOr0 OTKPHITOIO
Bumeokoneka FFmMpeg [11] u Bo3Bparmaet pe3yabrar MiaHu-
POBIIIHKY, TJIE BBITOMHAETCS COOp M KOHKAaTEHAIMS CHKATBIX
BHJIEOTIOCIIENOBATENbHOCTEN. ECiM Bee pecypehbl 3aHATHI, Ya-

CTH BUJICOIIOCIIEN0BATENBHOCTEH OXKUIAIOT B OYEPe Iy, TTOKa
He ocBoOoauTcs XOTst Obl ontuH y3en. [Ipn aTom Oaprepras
CHHXPOHH3AIS HE BBITTOIHAETCS, TO €CTh IPOLIECCHI CKATHS
BUJIEOIIOCIIE/IOBATELHOCTEH Y3/IaMH IIPOUCXOAT ACHHXPOH-
HO M HE3aBHCHMO JIPYT OT Apyra. DTO MO3BOJISIET YMEHBIINTh
HAaKJIa/IHbIE PAcXO/Ibl Ha OXKUIAHUE OCBOOOXKIEHNSI BCEX 3aKa-
3aHHBIX B PaCIpeIeIeHHOH CUCTEME PECYPCOB U CHHXPOHH-
3aIHIO0 y3JI0B CHCTEMBI.

B skcnieprMenTax 3a1eficTBOBaHO 4 JIOTHUECKHX Y311, TIpe-
JIOCTaBJICHHBIX JUTSl MCCIIEIOBaHMH Kitactepa MHcTuTyTa po-
onem MoznempoBanus B sHepretuke (UIIMD) M. [E. [Tyxosa
I. KueB. V31161 IOCTpOEHBI Ha IBYX LIEHTPATBHBIX IIPOLIECCOPax
Intel Xeon 5405 kaxpiii ¢ 81’6 DDR-2. KoMMyHUKaIMOHHAS
cpena InfiniBand 20 I'6/c. Jlorueckue y3ibl popMHUPYHOTCS
n3 cocraBa (pusHUeckux y3710B. Ha y3max ycTaHOBIIeH I1aHu-
posumk Torquena OC ScientificLinux 6.3.

OrieHka JBMKEHHS OJIOKOB JUTSI SKCTIEPUMEHTOB BBITTON-
HSIETCS IBYMSI JITOPUTMAMH. TIOHBIH 11epebop, BHITIOIHSIO-
M OKCK BO Beel obnacTv (2, ¥ OZIMH 13 AJITOPUTMOB «OBI-
CTpOI» OLIEHKH JABWIKEHHS, & UMEHHO, aJTOPUTM <IIIECTH-
YrOJNBHUKa», 3HAYNTEIFHO COKPALIAIOIINK 00J1acTh MOKCKA.
B pe3ynbraTe SKCIIepIMEHTOB PErUCTPUPYETCs BpeMs Cka-
TUSI K&KIOH BHEOIOCIIEIOBATEILHOCTH, 001IIee BPEMSI BBI-
YHUCIIMTEIBHOTO ITPOLIECcCca, YPOBEHb NCKAKEHHS, KO3 PrIm-
€HT CKaTusl. 3aTeM BBIYMCIISETCS] YCKOPEHNE BBIYNCIHTENb-
HOTO rporiecca ¥ 3¢ PEeKTUBHOCTD pacIpee/ICHHOH CHCTEMBI.

3 PE3YJILTATBI UCCJIEJOBAHUAI

Jis BuneornocnenoBarensHocTel B popmare ClF ycranos-
nien ourpeiit 1 Mowut/c, a st UltraHD — 20 Mowut/c. J{is anro-
pHUTMa MOJHOro mepedopa 00NacTh MOKUCKA YCTaHOBIICHA
32 mmkcena (Ha rpadukax obosHauaercs «I1I1 32»), 3aTtem —
16 mmkcenos (Ha rpadukax —<«I I 16). [iist anropuTMa «Irec-
THYTOJIBHAKA» 00JIaCTh Mowcka — 32 TmKcena (Ha rpadukax
obo3Hauaercs «Alll 32»), 3atem — 16 mukcenos (<AL 16»).
Bce ocranbHbIe mapaMeTphl KOZepa YCTAHOBJICHBI 10 yMOTda-
HuIo 715t ctanzapra H.264. 3aBrucuMOoCTh BpEeMEHH CHKaTusI BU-
JIEOTOCIIeIOBATENTHHOCTEH OT aJITOPUTMA C BRIOPAHHOM IIAPH-
HOM 00JT1acTH OUCKA MOKa3aHa Ha puc. 1.

Puc. 1. 3aBuCHMOCTB BpeMeHHU CxKaTHs BUIEONOCIen0BaTenbHOCTeil oT anroputMa O] ¢ BEIOpaHHOH MHUPHHOM 00J1acTH MOMCKa
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B taGnuue 1 nmoka3zaHsl XapaKTepPUCTUKU 3(1)(1)eKTI/IBHOC- Ta6auna 1. Xapakrepuctiku 3Qp(HEeKTHBHOCTH UCIIONBE30BaHHOM
TU paclpeesIeHHON CUCTEMBbI, UCIIOIb30BAaHHOM IS CXKa- Pacpe/IeeHHON CHCTEMbI
THS BUICOTIOCIIEIOBATENLHOCTEH: T — 00IIiee BpeMst BBIYUC-

JUTENLHOTO Tporiecca; 1) — HaK/IaHble 3aTPaThl Ha Mepe- Anroputm O | T,c | T, % | T, % S E
CBbUIKH, T a —HAaKJIaJHbIC 3aTPAThI HA aHAJIU3 U pACTIPEACIICHUC TIII 32 4003 1571 711 2921 053
4acTeil BUICONOCICIOBATEIEHOCTH; S— YCKOPSHUE BBIYHC-
. 11T 16 2651 | 23,73 | 10,57 | 2,02 0,51
JUTEIBHOTO Tporecca; E —adpekTuBHOCTD pacnpeneneH-
HOM CHUCTEMEI. Alll 32 2277 | 27,62 12,3 1,72 0,43
3aBHUCUMOCTb YPOBHS HCKAXEHHS CXKATBIX BUEONOCIIE- AL 16 2019 | 31,15 | 1387 | 1,71 | 043
JI0BaTeIbHOCTEN OTHOCUTENBHO UCXOIHBIX, OT aJITOPUTMA C
BBIOPAHHOM IMUPUHOM 00JIACTH MTOKCKA [TOKAa3aHa Ha PHUC. 2.
Ha puc. 3 Bunno kak Bimsier anroputm O] Buneonocienosa-
TEJILHOCTH Ha KO3 (DHUIIMEHT CHKATHSL.
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Puc. 2. 3aBHCHMOCTD YPOBHS HCKOKEHHUS CXKATHIX BHICOIOCIEI0BaTeNbHOCTeH OT anroputma O/l ¢ BRIOpaHHOW MIMPHHONW 007IacTH
TIOHCKa
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Puc. 3. 3aBucuMocCTs KO PHUIMECHTA CXKATHS BHICONOCIEA0BaTeNbHOCTEH 0T anroputMa O/ ¢ BEIOpaHHO! MHMPHHOM 00J1aCTH TIOHCKa
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BbIBO/JbI

B pesynsrare sKCriepiMeHTaIEHOTO UCCIIe0BaHMS TPO-
necca cxarus UltraHD-BuaeonocienoBaTebHOCTEH B pac-
TIPEeIeNICHHON CHCTEME MOXXHO C(OPMYIHPOBAThH CIEMYIO-
III7€ BBIBOJIBL

—BpEMSI CKaTUs BUICONOCIIEA0BATEILHOCTEH AT OpUT-
MOM TIOJTHOTO IIepebopa BEKTOPOB JIBIKEHNUS JIMHEHHO 3a-
BHCHT OT pa3penieHus Kajpa 1 ITUPUHBI 00JIaCTH MOKCKa,

—B aJITOPUTMAaX «OBICTPON» OLIEHKH JABMKEHUS], B 4aCTHO-
CTH, B @JITOPUTME IIECTUYTOJIbHIKA>» COKPAIlEHUE 001aCTH
TIOKMCKA JIMIIb HE3HAYUTETHHO YMEHbBIIAET BPEMSI CXKaTHs,

—BpeMs CXKaTHs BUZEOIIOCIIeIOBATENBHOCTEH Oe3 MHTEH-
CHBHOTO ABWXeHHs (Hanpumep, «NEwWS») 3HaYUTENbHO KO-
poue BpEMEHH CKaTHsl BUIEOOCIIEA0BATENBHOCTEN, CONEp-
KAaIIMX WHTEHCHBHOE JBIDKeHHE 00BbeKkToB («Foreman»,
«Coastguard»). ITo cBSI3aHO ¢ IPUMEHEHHUEM ONTUMH3HU-
PYIOIIHX anroput™MoB B craHmapte H.264, mo3Bonsromux
TIPOIYCKAaTh ITOUCK BEKTOPOB ABKEHHUS JJISI CMEKHBIX KaJl-
POB, HE Cozlep KaIINX JBIKEHHE OJIOKOB;

— YPOBEHb HCKa)KEHHSI COOTBETCTBYIOIINX BHUAEONOCTIE-
JIOBATEIBHOCTEH, IPeBapUTENIFHO pa3/IeIeHHbIX Ha YaCTH
MeTOfOM [ 7] ¥ pacipeneNieHHbIX MO y371aM KOMITBEOTEPHOI
CHCTEMBI, N3MEHSETCSl HECYIIECTBEHHO B 3aBUCUMOCTH OT
mMprHBI o0acTy roncka B anropurme OJ]. Dto 00ycios-
JIGHO TEM, YTO TIOCJIE Pa3/Ie/IeHHs] Ha YaCTH CMEXXHBIE KaIpbl
TaKUX BUJICOTIOCIIEI0BATENILHOCTEH XapaKTEepU3YIOTCsI 3HA-
YHUTEIBHON KOPPENSLMOHHON 3aBUCHMOCTBIO, CIIE/IOBATEb-
HO, BEKTOpa JIBM)KEHUsSI HE BBIXOIAT 3a Onpkaiiime 010Ky 1
OLICHKA JIBIYKEHUSI MOXKET OBITH BHIIIOITHEHA HA HEOOJBIIIOH
00J1aCTH IIOKCKA;

— aJITOPUTM «OBICTPOW» OIEHKU IBIDKECHHS IEMOHCTPH-
PYeT HE3HAYMTENBHOE CHIDKCHUE KadyecTBa pesynbrara (1o
merprke PSNR) mpu CyIiecTBEHHOM COKpPAIIEHHH BPEMEHH
CXKaTHs 10 CPaBHEHHIO ¢ aJITOPUTMOM TOJIHOTO Iepedopa;

— K03 PHUIIMEHT CHKATHS COOTBETCTBYIOIUX BUAEOIIOC-
JIeZI0BaTENBHOCTEH MPAKTHYECKU HE 3aBUCHUT OT IIMPHHBI
00J1aCTH ITIOMCKA BEKTOPOB JIBIDKCHHS M OT IPHMEHAEMOTO
anroputma O/];

—BpeMs1, 3aTpayeHHOE Ha TPaHCIIOPTHPOBKY BUIECOIOC-
nemosarensHOCTEH B popmate UltraHD B pactipeseneHHoi
cucreMe, coctaBuio 10 31,15 % ot Bcero BBIMUCIUTEILHOIO
npolecca W CyIIECTBEHHO CHH3WJIO YCKOPEHHE Iporiecca
cKaTust ¥ 9PPEKTUBHOCTh CUCTEMBI. DTO SBISCTCS 3HAYH-
TENBHBIM (PaKTOPOM, BIHSIOIIMM Ha MPOU3BOIUTEIILHOCTD
BBIYHCIIHTEIEHOTO TIpOoLecca,;

— HaKJIaTHbIC 3aTPaThl Ha aHAJIN3 BUICOIIOCIIEIOBATENb-
HOCTeH MeTomoM [7] TpsIMO TIPOIIOPIIHOHATBHBI pa3pelie-
HHIO KaJIpa BUJCOTIOCIISIOBATEIBHOCTH U KOITUYECTBY TAKHX
KazpoB. st BUzeonocaenoBarenbHocreit B popmare Ultra
HD nHakagHbIe 3aTpaThl HA AHAIN3 IPHEMIIEMBI i COCTABIIS-
10T 710 13,87 % BpemeHH BCero BIMUCTUTENHHOTO ITPOLEeCCa;

— [IPU CKaTUH BHIEOIIOCIIEIOBATEILHOCTEH B hopmaTte
UltraHD anroput™msr cranmapta H.264 npomeMoHcTprpo-
BaJIM TIpHeMJIeMBble TIOKa3aTenu Kod(Q(QHUIIeHTa CKATUS U
YPOBHS HCKa)XEHUsI, OIHAKO, BPEMs CKATHsI TAKHX BHIEO-
MOCTIEAOBATENbHOCTEH CIUILIKOM BEJIMKO. B HOBOM cTanaap-
Te H.265, mpuHATOM CEeKTOpOM CTaHIAPTU3AINH AIEKTPO-

cBs13u MexayHapoaHOTO coro3a ekrpocsi3u | TU-T B am-
pene 2013 roxa mpegycMaTpuBaeTcs MOBHIIIEHHE Y dek-
THUBHOCTH C)KaTusi BuneonHdopmanuu (CHmwkeHue Ko3hdu-
LUEHTA CXKATHs IIPH TOM XK€ YPOBHE MCKAKEHUSI, KOTOPBIH
JIEMOHCTPHPYIOT aJIrOPUTMBI cTaHaapta H.264) B Tom uncie
3a CYeT yCIIOKHEHHS aJITOPUTMOB OLICHKH JIBHKEHHS BHIIEO-
nocrneoBaTenbHocTei [12].

[pencraBmnsieTcss MepCreKTHBHBIM HCCIEI0BaHUE, Ha-
TIpaBJICHHOE Ha CHIPKEHHUE BBIYMCIUTEIEHOM CIIOKHOCTH aJl-
TOPUTMOB OLIEHKH JABHKEHHS BU/ICOIOCIIE0BATEIHLHOCTEH,
NPUMEHUTENBHO K BuneonHpopmarmu B popmare UltraHD.
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KOMIIPECISI ULTRA HD-BIZEOIH®OPMAIII Y PO3NOALIEHIA KOMIT FOTEPHIA CUCTEMI

Po3misiHyTO IepeBaru Ta HeJOJiKH cydacHoro ¢opmary BinreopeHHst Bineoindopmarii Ultra HD. BukoHaHo OLIHKY OGYHCIIOBAIb-
HOT CKJIQJIHOCTI omepallii MOIIyKy BEKTOpPIB pyXy y BimeonociinoBHocTi. [IpoanaiizoBaHo MeToa po3noiily BizeoiH(popmMamii mo By3iax
KOMIT' FOT€PHOI CHCTeMH, SIKMil BUKOPHCTAHO U PO3NapaleloBaHHs Ipolecy KoMipecii BineoiHpopmarii Ha xiacrepi. Excriepumen-
TaJIBHO JOCIIIKEHO 00’ €KTUBHI MOKa3HUKH pe3ynbrary komnpecii Ultra HD-ineoindopmartii y po3nozineHiit cucremi B 3aJIe)KHOCTI Bix
BHKOPHCTOBYBAHOTO ITOPUTMY OLIHKH PyXy Ta IIMPHHHU OOJIACTi MOIIYKY BEKTOPIB PYXYy.

Kurouosi ciioBa: Ultra HD-Bineoindopmartist, po3mozineHa KoMl FoTepHa CHCTeMa, KOMIIpecist, OiTpeiT, KoedilieHT yiiibHeHHs,
piBEHb BUKPHBICHHS, KOPEIIisl.

Skrupsky S. Y.

Ph.D., senior lecturer, Zaporizhian National Technical University, Ukraine

ULTRAHD-VIDEOINFORMATION COMPRESSION IN DISTRIBUTED COMPUTER SYSTEM

The article deals with the parallelization of Ultra HD-videoinformation compression process in distributed system. The advantages
and disadvantages of modern UltraHD video format have been discussed. The evaluation of the computational complexity of the motion
estimation operation in video sequences has been performed. The method for video distribution over the nodes of a distributed system,
based on correlation analysis of video frames with the dynamic sensitivity function, has been analyzed. It has been used for paral€lization
of videoinformation compression process at Pukhov Institute for Modelling in Energy Engineering cluster. The objective indicators of
Ultra HD-videoinformation compression results in a distributed system depending on used motion estimation algorithm and the width
of the motion vectors search region have been investigated experimentally. The overheads of videoinformation compression process in
distributed system have been analyzed.

Keywords: Ultra HD-videoinformation, distributed computer system, compression, bit rate, compression ratio, distortion level,
correlation.
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CONTROL
INTECHNICAL SYSTEMS

Y/1K621.313

Opnosckuin . A.

[-p mexH. Hayk, npogheccop, 3anopoxcKkull HayuoHasbHbIU mexHu4Yeckul yHueepcumem, YkpauHa, E-mail: i_orlovsky @mail.ru

YMNPABJIEHUE JNTABOPATOPHbIM CTEHOOM MAHUNYNATOPA MI-9C
C NOMOLLBIO MATEMATUYECKOI'O NAKETA MOOENNPOBAHUA

Pazpaboran 1abopaTopHbIi CTEH] KOMIIBIOTEPHOro yrpasieHus Manumyiastopom MII-9C
u3 makera Simulink cucremsr Matlab. Onucano mopkioueHne CTEHAa K KOMIIBIOTEPY C
ucnonb3oanueM miatsl PCl 1711 u 6noka PCLD-6710. IIpuBenen npuMep CUCTEMEI yIIPaBIICHHS
B nmakere Simulink. PaccMoTpeH mopsiiok BBIMOIHEHHs J1a00paTOPHBIX paboT Ha CTEHJIE.
OcyIecTBIICHUE KOMITBIOTEPHOTO YIIPABJICHUS ITO3BOJIMIIO NPOBEPUTH TEOPETHUECKHUE 3HAHMS
CTYIGHTOB II0 CHHTE3Yy AUCKPETHBIX aBTOMATOB IIPU yHpPaBJIEHUU B PEaJbHOM BpPEeMEHHU
MaHUITYJISITOPOM U MOJIy9UTh NPAKTHYECKUE HABBIKK PabOTHI ¢ 000pYI0BaHHEM.

Karwuessbie ciioBa: nabopatopHslii crenn, manunyinstop MII-9C, cucrema Matlab,
KOMIIBIOTEPHOE YIIPABICHUE, AUCKPETHBIH aBTOMAT.

BBEJEHHE

OO0y4eHue CTYIEHTOB CHCTeMaM aBTOMATH3AIIH TEXHO-
JIOTMYECKHX TTPOIIECCOB IOIDKHO ITOCTOSTHHO COBEPIIIEHCTBO-
BaThCS W OTBEYATh TPEOOBAHMSAM COBPEMEHHBIX TEXHOJO-
ruid. BakHOW cocTaBIIsroOmIei 00yIeHUs SIBIISETCS TOITyde-
HHE CTyJeHTaMH HAaBBIKOB MOHTaXa, HAJAIKH,
00CTyKUBaHUS M MCTIOIB30BAHHS COBPEMEHHOH 3JIEMEHT-
HOI 0a3bl CHCTEM aBTOMATH3AIWU TIPH Pa3pabOTKe U MO-
nepHU3anmn obopynoBanus. [TomydeHne STuX HAaBBIKOB BO3-
JI0KEHO Ha JTa00PaTOPHEIHA IPAKTHKYM IT0 PO ECCHOHATH-
HBIM JUCOUIUIMHAM. B yclIOBHSAX OTCYTCTBHS
(uHAHCHPOBaHMS Ha OOHOBJICHHE JTa0OPaTOpHOI 0a3Hl,
00y4JeHHE MPAKTUIECKUM HaBBIKaM BO3MOXKHO IIPH MOJIEp-
HHU3aIUH C YIaCTHEM CTYACHTOB CHCTEM yIPABIICHNS CyIIIe-
CTBYIOIINX JJA0OPaTOPHBIX CTEHIOB C COXPAHEHHEM CIIOXK-
HOM JOPOroCTOALIEH IMEKTPOMEXAaHNYECKON YacTH.

Pa3paboTka COOCTBEHHBIMH CHIJIAMH JTa0OPaTOPHBIX
CTEHJIOB TI0 HANPaBJICHUIO TIOATOTOBKH «JIEKTPOMEXaHH-
Ka» [POMCXOANT BO BCEX By3ax YKpauHsl. Tak B Kpemenuyr-
CKOM HAIlOHAIGHOM YHHBEPCHTETE MPEUIOKEHa KOHIIETI-
¥ TOCTPOCHUS MAJIOra0apHUTHBIX JIAO0PATOPHBIX KOMILICK-
coB [1]. B 3amoposkckoM HAalMOHAJILHOM TEXHHIECKOM
YHHUBEpCHUTETE Ha Kaheipe HNEKTPONPUBOA X aBTOMATH3A-

© Opnoscekuit, 2013

IIMY TIPOMBIIIICHHBIX YCTAaHOBOK Pa3paboTaHO HECKOIBKO
cTeHzoB [2]. MomepHH3UpOBaH ¢ HCIIONb30BaHHEM 000pY-
nmoBauust pupmel VIPA maGopaTopHBIii CTEHI ¢ MAHUTTYIIS-
Topom M10IT. Co31aHbl COBpeMeHHbIE 1Ta00paTOPHBIE CTEH-
II61 KOMITBEIOTEPHOTO YIPaBJICHHS IIAarOBBIM ABUTATENIEM OT
SCADA cuctemsr TRACE MODE. MozepHHU3HpoBaHa crc-
TeMa YIpaBJIeHHUs TabOpaTOPHOro CTeH A TIOABECHOTO KOH-
Beliepa ¢ ucronp3oBanreM Moyt LOGO [3]. B J{oubac-
CKOM T'OCYIapCTBEHHOM TEXHHYECKOM YHHBEPCHUTETE
(. AmrueBck) [4] paspaboTaHa SKCIIEpUMEHTATBHAS YCTAHOB-
Ka, TperHa3HaYeHHas Kak JJsi OOydeHHs CTYICHTOB NPH
MIPOBEICHNH TPAKTHICCKUX U JJAOOPATOPHBIX padoT, Tak U
JUTS| HAyYHBIX HCCIIEIOBAHHUHN aJITOPUTMOB HACHTH(HKALIIH,
YIpaBIeHHs 1 HAOIFOICHHS Pa3IMIHBIX AIEKTPOMEXaHHIeC-
KHX CHCTEM C HeolpeJeleHHBIMH apaMerpaMu. B Onec-
CKOW HAIlMOHAJIBHON MOPCKOHM akaJeMuu AJisl pakThyec-
KOH MOATOTOBKY CYIOBBIX 3JIEKTPOMEXaHHKOB pa3paboTaH
TIOTHOMACIITAOHBIH TPEHAKEPHBIN KOMILIEKC CYIOBOH aB-
TOMAaTU3UPOBAHHOM AJIEKTPOIHEPTETUUECKON U IEKTPOME-
XaHn4yeckoi cucteMsl [5]. B HaluoHaibHOM TEXHHYECKOM
yauBepcutere «XI1M» Ha kadeape aBTOMAaTH3UPOBAHHBIX
AIIEKTPOMEXaHIIECKHX CUCTEM CO37IaH J1A00paTOPHBIH CTEHN
IUISL MCCIICTIOBAaHHS PEKYIIEPAaTHBHBIX PEKUMOB TATOBOTO
SIIEKTPOIIPHUBO/IA SIIEKTPOMOOHIIS [6].
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AXTyasTbHBIM SIBIISIETCS TIPOJIOJDKEHHE pa3paboTOK CoBpe-
MEHHBIX JJa0OPAaTOPHBIX CTEHIOB MPOMBIIIIEHHBIX MEXaHN3-
MOB, B TOM YHUCJI€ MAHUIIYIATOPOB, YTO CBSI3aHO C MOBBIIIE-
HHEM TpeOOBaHMH K CHCTEMaM aBTOMATH3alLlMN MPOU3BOJI-
CTBEHHBIX NIPOLIECCOB C MUCHOIB30BAHUEM MPOMBIIIIEHHBIX
KOHTPOJUIEPOB U KOMIBIOTEPOB. OIHUM U3 MPUMEPOB BO3-
MOXXHOW MOAEPHU3ALMH SBJIAETCS CTEHH, U3TOTOBJICHHBIH,
ere B 80-€ ro/ip! IPOILTOTo CTOJIETHS VTS I3YYEHHUs! YCTPOU-
CTBa M OCOOCHHOCTEN yNpaBIEHHs! TEXHOJIOTMYECKUM IIHK-
JIoM npoMbiinteHHoro podora MIT-9C (B nanepHeliieM B cTa-
ThE OH Ha3BaH — MAaHUIYIATOPOM), OCHAIICHHOTO TTHEBMO-
npuBogaMu. B cTeHme oTpaboTka mepemMemeHui
MaHHITYJISITOPA OCYLIECTBIISETCS CUCTEMON yNpaBlIeHUs Ha
JKECTKOH JIOTUKE, B KOTOPOU IporpaMma yrpasJaeHHs 3a0aeT-
sl BpY4HYIO NIEpeKITIodaTessiMi Ha HabopHoM rone. OHako
Ha TaKOM CTEHJIE CTYJICHT OOJIbIIIE OCBANBACT HABBIKM PaOOTHI
oriepaTtopa, 4eM pa3paboTdmka cucteMsl yrpasieHus. [Ipu
9TOM Ha JIEKIIMOHHBIX Kypcax H3y4aeTcs TEOpPHs CHHTE3a AUC-
KPETHBIX CUCTEM YIIPABJICHHS B BUE NUCKPETHBIX aBTOMATOB,
MOZIETUPOBAHKE U HaJIa [Ka KOTOPBIX BBIMOIHAETCS Ha KOMITb-
I0Tepe B MaTeMaTHYeCKoM Makete mozenupoBanus (MIIM)
[7]. B cBS131 C OTCYTCTBIEM COBPEMEHHBIX JIA00PATOPHBIX CTCH-
JIOB IpeHA3HAYEHHBIX JJIs1 U3Y4E€HHS CHCTEM KOMITBIOTEPHO-
O yIpaBJICHUs] MAaHUITYISITOpoM ¢ omoiso MIIM, paspa-
0O0TKa TaKOTO CTEH/IA SBISIETCS aKTyaJIbHOH 3a1a4eii. K romy
e, OCBOCHHE TEXHOJIOTHH yIpaBiieHnst oobexramu u3 MIIM
MO’KET OBITh HCITIONB30BAHO 1 ITPU U3yUIEHNH IPYTHX KYpPCOB.

Heas crarbu. Pa3paborka madbopaTopHOro cTeHna KoM-
IIBIOTEPHOT O yIIpasiieHus Manumysitopom MII-9C c momo-
a0 MITM.

1 TEXHUYECKOE OIITMCAHUE CTEHJA

JlaGoparopubiii crenx cocTout (puc. 1) u3 MexaHudec-
kot yactu Manutmynsitopa MIT-9C ¢ naeBmMonpuBonamu — 1,
3JIEKTPOHHOTO IIMKJIOBOTO IPOrPaMMHOI0 YCTPOHCTBA C
mynsToM yrpasenwst (JLITY) — 2, mrarst PCl 1711 u Giroka
PCLD-6710— 3 u kommibroTepa —4.

Manunynstop MIT-9C mpenHa3HaueH asst 00CTyK1Ba-
HHS IITAMITOBOYHBIX IIPECCOB, & TAKKE IS aBTOMATH3AIUH
JPYrUX TEXHOIOTMYECKHX MTPOLIECCOB, e HEOOXOAUMO OCY-
IIECTBHUTH 3aXBaT, IEPEHOC U YCTaHOBKY AETaJIH HA TEXHOJIO-
rugeckoe odopynoBanue. TeXHHIecKue JaHHBIE: TPY30I0Nb-
emuocts — 0,2 k1, BeIBIKeHHE pykn — 150 MM, moabem
pyku — 30 MM, TOBOpOT pyku — 120 °, Bpemsi MAaKCUMATbHBIX
nepeMellieHunil: BhIIBIKEHHE U oabeM — He 6omnee 0,5 c,
noBopotT — He 6ombiie 0,6 ¢. MakcumanbHast abCOMOTHAS
MOTPEeIITHOCTE no3unnonnpoBanust —+0,1 mm. Tun npuso-
Ja MHEeBMaTHYeCKHid, pabouee HaBIEeHHE BO3IyXa —
0,4-0,5MITa (4-5 kr/cM?), THIT CHCTEMBI YIIPABIICHHS — [THK-
Judeckuid. Yucio To4YeK MO3WLMOHUPOBAHUS MO KaXKIOU
CTEIICHH MOABIKHOCTH — 2. Macca MaHHUITYIIATOpa, He 00-
nee 32 Kr. DIEKTPOITUTAHIE — CETh TIEPEMEHHOr0 TOKa Ha-
npspxernem 220 B, gacroroii 50 I'u. Hanpsbkenue nuranms
JATYMKOB TEXHOJIOTHYECKOTO 000PYIOBAaHHUS M ANIEKTPOKIIa-
MTaHOB MaHUITYIIsITOpa — 24 B.

Ha kaxxzoe ABM)KEHHE YCTAHOBJICH AJICKTPOITHEBMATH-
yeckuil kinanas. [ aMopTH3auul OCTAaHOBKH JBMKEHUI
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Puc. 1. O6umii Buxa 1abopaTopHOro cTeHaa

ycTaHOBIIEHB! ieMndepsl. [Iporpamma IBIKeHNI 3a1aeTcs
Ha HabopHoM none DLIITY. Brigaua komaH b1 Ha BHITIONHE-
HUE CIEIYIOIIEro BIKEHHS IPOU3BOAUTCSA MOCTIE MOITyde-
HUS CUT'HAJIa OTBETA O BBIOIHEHUH MTPEIBIAYIIEi KOMaH bl
OT JATYHKOB MOJIOXKEHHUS (KOHTAKTHI MarHUTOYIIPABIsIEMbIe
KBM-2 0J10). DIITY BBIMIOIHEHO IO IPUHITUITY CHHXPOH-
HOTO IPOrpaMMHOI0 aBTOMATa € KECTKHM IIUKJIOM YIIpaB-
JIeHusl. DIIeMEHTHOI 0a30i SBJIsIETCS MHTETPAIbHBIC MHK-
pocxems cepun K155. ObecrieunBaeTcst CBETOBas MHIMKA-
LS BKJIIOYEHHS] CETH, paOOTHI 110 TIPOrpaMMe, COCTOSTHUS
3BEHBEB MAHUIYIATOpa M UHU(POBas WHIUKAIMS HOMeEpa
KaJjpa IporpaMMel. BeImonHeHne onepanuii CHHXpOHHU3H-
pyeTcs ¢ BHEIIHUMY TEXHOJIIOTHUECKUMH YCTPOUCTBAMU.

2 MOAK/IIOYEHUE CTEHJA K KOMIIBIOTEPY

J111s1 oCyIleCTRIICHHS YIPaBIICHIST MAHHITY/IATOPOM OT KOM-
MBIOTEPA B CTEHIIE BBIMOJHEHA CIICAYIOIIAsS MOICPHHU3ALHS:
pa3paboTaH OJOK MEepEeKITIOYEHHUs CHTHAJIOB YIPaBICHUS
(puc. 2) or DLITY win KOMITBIOTEPA, Ha IYIIETE YIPABICHHUS
ycranoBieH TymOnep «IIIITY/komrisrorep» (st iepekIToue-
HUsI YIPABIICHUS), YCTAHOBIICH JOIOMHUTENbHBIA Pa3beM B
omoke DLIITY, xotopslii KryToM coemuHeH ¢ Omokom PCLD-
8710 (st mepenatu yrnpasIIsOIIHX CHTHAIOB OT KOMITHIOTEpa
B DIITY ¥ BBIIauM B KOMITHIOTED CHTHAJIOB OT IATYHKOB).

Jns conpsixenus nporpamm B MIIM u crenna ucnosnb-
syercst oiata PCl 1711 (puc. 3) u 60k PCLD-6710 nyist moz-
KJTFOUEHHS yCTPOMCTB K rutare [8]. XapakrepucTuka IaTh:
aHanoro-1uQgpoBoil Mpeodpa3oBaTeNb ¢ Pa3pITHOCTHIO —
12 6ur, yacroroit nepenaun — 1o 100 kI'1r; 16 aHamoroBbix
BXOJIOB; porpammupyemoe ycuenne (1, 2, 4, 8, 16) kaxo-
0 BXOIHOT'O KaHaJIa; aBTOMaTHIECKOe CKAHUPOBAHUE KaHa-
noB; 6ycep FIFO Ha 1K orcueros; 2 kanana IJAIT o 12 6wur;
16 mdpoBeIx BX0m0B 1 16 11ripoBbIX BEIX0mOB (TTL).

ITpu MomepHHU3ALKH CTCH A YIUTHIBATIACH BO3MOJKHOCTD
YIpPaBICHUS MAHUITYIISITOPOM OT KOMITBIOTEPA KaK B PyJHOM,
TaK ¥ aBTOMATHYECKOM pexuMaXx. [yt yno6CTBa OTIIa ke mpo-
rpaMM YIIpaBIIEHUsI UX NpoBepka nposoamwiack B MIIM Ha
MaTeMaTHYECKIX MOJIEISIX KaK CHCTEMBI YIIPABJICHHS, TAK U
MaHumysiTopa. Ha Momessix oTpabarsIBaoTCsl TE XKe ABIKE-
HISI MAHUITYILITOPa, 9TO U Ha CTeHzae. MoIenb CUCTEMBI yII-
pasJenus (porpamma B MITM) rcrionp30Baiach M Ui yiI-
PAaBIICHHUS PEabHBIM MAHHITYIATOPOM. IIporpamma yrpas-
JIEHWsT MaHHUITYIATOPOM (pHC. 4) COCTOMT M3 CIIEAYIOIINX



ISSN 1607-3274.

Panioenexrponika, indopmaruka, ynpasiinas. 2013. Ne 2

e |

Puc. 2. CrpykTypHas cxeMa 1ab0paTOpPHOro cTeHIa

Puc. 3. O6mwmii Bux MHOrO(YHKIMOHAJIBHOH TIaThl cOopa
nanubeix PCl 1711 ¢ 6ioxkom PCLD-6710

OJIOKOB. OJIOKa 3a/TaHUs] KOHEYHOTO TIOJIOXKEHHUS 3aXBaTa Ma-
HUITYJISITOpa B BUJIE BOCBMHU Tiepektiouarereit SB1-SB8; mmd-
paropa CHTrHaJIOB 3aIaHusl ToJIoKeHns — O1mok «Shifrators;
6110Ka 00pabOTKM CHTHAIIOB OT fHardnkoB — «Datchikis; cuc-
TEMBI YIIPABJICHUS] MAHUTTYISITOPOM B BHJIE TIOCIIEIOBATEIb-
HOCTHOTO JTUCKpeTHOTO aBroMara (61mok «Logikaw); 61okoB
niepenaan curHasioB B opt U1-U8 u mprema n3 mopToB KoM-
meiotepa D1-D8 ¢ ncrionp3oBanreM maTel cOopa JaHHBIX
PCI 1711 ¢ 6imoxom PCLD-6710; MaremaTiueckoil MOIEIH Ma-

HumysiTopa — ook «Model manipulatora» (ucnone3yercst
TIPH IIPOBEPKE U OTJIaAKE Ha KOMITBIOTEPE CUCTEMBI yIIpaBJie-
Hust). [Ipu HacTpoiike Onokos BeiBoaa U1-U8w BBoga D1-D8
3aIAl0TCS IU1ATa, KaHAJ Ha IUTATE U THII JaHHBIX. BBIXO/IHBIE
curHaisl 1-6 61oka «Logikay sSBIISIoTCS TTepeMeHHBIMHU CO-
cTostHUsE aBTOMaTa. [0KITFOUeHHE CUCTEMBI YIIPABIICHHS K
MOJIENTN WK K 00BEKTY (MAHHITYIIITOPY) OCYIIIECTBIIETCS TTe-
peximouarerem «M odel/object».

3 MIOPSIIOK BBITTOJTHEHHS JIABOPATOPHBIX
PABOT HA CTEHJIE

Lenb m1abopaTOpHBIX pabOT — H3yIEHIE BO3MOXKHOCTEH
TIOKITIOYEHNST K KOMIBIOTEPY IMYJIbTa YIpaBJIeHHs, 00MO-
TOK 3JIEKTPOITHEBMOKJIAMIAHOB, AATYMKOB M OPTaHU3AINA
obmena uHpopMaIel Mexxay nporpamMmmoit B MIIM u pe-
anpHpIM MaHumynstopom MII-9C, a takxke 3akperuieHue
TEOPETHIECKHUX 3HAHNI CTYIEHTOB IT0 TEOPHUH CHHTE32 JINCK-
PETHBIX aBTOMATOB IIPH YIPABICHNH B PEATHEHOM BPEMEHN
TEXHOJIOTHIECKIM OOBEKTOM U MONyIEHHE MPAKTHIECKUX
HAaBBIKOB TIPH paboTe ¢ 000pyIOBaHUEM.

[Ipu moxaroToBke K 1a0OpPaTOPHEIM PadOTaM CTYIEHTHI
N3y4aloT YCTPOHCTBO CTEHAA, IPOrpaMMHpPOBAHNE MaHH-
MyJISITOpa ¢ HaOOPHOTO OIS ¥ IIPUMEPHI IPOTPaMM yIpas-
sienus u3 MIIM, npuBeieHHBIE B METOJUUYECKHUX YKa3aHUSIX.
CocTaBnsIOT MaTeMaTHIECKUEe MOAEIN TPUBOJIOB ITEpeMe-
IIEHUH MaHWIYIIATOpA, IIPOrpaMMy OTPabOTKH IMKJIa pa-
0OTBI MAHUTIYJISITOPA ¢ HAOOPHOTO TOITST. BXOIHBIME CHTHA-
JIAMH CUCTEMBI YIIPABIICHUS SIBJISIOTCS CUTHAJIBI OT KHOIIOK
(vmu TyMOIIEPOB) M CUTHAITBI OT JATYHKOB mostoykeHust. CTy-
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Puc. 4. Ilpumep nmporpammel B MIIM  yrpaBineHUsl MaHUITYJIITOPOM B aBTOMAaTHYECKOM PEKUME

JICHTHI pa3padaThIBAIOT AUCKPETHBIM aBTOMAT, KOTOPHBIH TpH
MIOJy"IeHUN CHUTHaja OT KHOMKH (hOPMHPYET yIpaBJICHHE
HCTIOJTHUTENbHBIMHI MEXaHI3MaMH NIEPEMEILCHIUS MAHUITY-
JSITOpa B TIOJIOXKEHHUE, COOTBETCTBYIOIIEE HAXKATON KHOTIKE.
ITo ycroBusIM TEXHOIOTMYIECKOTO IIPOIIECCa YacTh TPAEKTO-
puii IBIKCHHS MAHUITYJIATOPA 3alpenieHs! (3a1a0Tcs pas-
JIMYHBIE PACHOIIOKEHHUS TEXHOJIOTNIECKHX TPEISITCTBHI B
30HE MEPEMEILCHHI MaHUITYIATOpa), 9T0 TpebyeT ocyie-
CTBJICHUSI IEPEMEIIEHHH 0 PA3ITMIHBIM TPACKTOPHUSIM.

[Tpu BBIMIOTHEHNH JTA00PATOPHBIX pa0OT COCTABIISIOTCS
CJIEIYIOIIME MPOrpaMMBbl YIPABICHUS MAHHUITYIIITOPOM

— py4HOe ynpasiieHue ¢ nomouso MIIM;

— aBToMarnyeckoe ynpasiaenue B MIIM matemaruyec-
KO MOJIEJIbI0 MAHUMYISTOPA OT CHHTE3UPOBAHHOM CXEMBI
aBTOMATa;

—aBTOMATHYECKOE YIIPABJICHNE MAHUITYIISITOPOM OT CHH-
TE3UpPOBaHHOM cxeMbl aBTomara B MIIM, cortacHo BapuaH-
Ty 33JaHUS PACHIOIIOKEHHS PETIITCTBHH.

[Tpn ympaBneHnn HaOMIONAIOTCS CHUTHAIBI B CHCTEME
yhpaBiieHUsI Ha BbIxoJax 3nemMenToB B MIIM, a Taxoke cpas-
HHUBAETCS yIPaBICHNE MaTEMaTHIECKOH MOJIENBIO ¢ pabo-
TOW PEAIbHOTO MaHUITYJIATOPA.
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KommbrorepHast MofepHHU3anusl CUCTEMBI yIPaBICHUS
712a00paTOPHOTO CTEH/Ia MAaHUIYIIATOpPA MO3BOMISIET 10 pa3-
paboTaHHOI METOINKE COBEPIICHCTBOBATEH YUeOHBIH MPO-
LIECC M3YUYCHUs CTYyIEeHTaMU yCTPOWCTBA MaHMITYISTOPA,
TIOKITFOYEHHMS €T0 K KOMITBIOTEpY, 0OCOOEHHOCTEH yrpaBiie-
HUSI MaHHITYJSITOPOM M OpraHU3anuy riepeaayn HHpopmMa-
uuu u3 nporpammbl B MIIM Ha 351€KTpOITHEBMOKJIANIaHbl U
nepezady B MPOrpaMMy COCTOSHHS JaTIHKOB MOIOKEHUS.
OcyIiecTBIeHHE KOMITBIOTEPHOTO YIPABJICHHS TO3BOJISIET
MIPOBEPUTH TEOPETHIECKNE 3HAHKS 110 CHHTE3Y ANCKPETHBIX
aBTOMATOB TIPH YNIPABICHUH B PEAIFHOM BPEMEHH MaHH-
MYJSITOPOM | TIONTYyYNTh MPAKTUYECKUE HABBIKH PAOOTHI C
000pyIOBaHUEM.
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KEPYBAHHS JIABOPATOPHUM CTEHJIOM MAHIIYJIAATOPA MII-O9C 3A JOIIOMOI'OI0 MATEMATHYHOT'O
MNAKETY MOJAEJIIOBAHHS

Po3po6iieHo 1abopaTopHuii CTEH ] KOMIT FOTEPHOTO KepyBaHHs MasimyisitopoM MIT-9C 3 makery Simulink cucremu Matlab. Onuca-
HO ITJKIIIOYEHHs CTeH/Ty 10 KoMl foTepa 3 Bukopucranusam miatu PCl 1711 i 6noxy PCLD-6710. HaBeneHo mpyKiIan CHCTEMH KepyBaH-
Hst B maketi Simulink. Po3nisiHyTo mopsiok BUKOHAHHS! TabopaTopHUX poGiT Ha cTeH i 3MiHCHEHHS KOMIT FOTEPHOrO KepyBaHHsI 03BO-
JIMJIO TIEPEBIPUTH TEOPETHYHI 3HAHHS CTYICHTIB 3 CHHTE3y AUCKPETHHX aBTOMATIB IIPU KEPyBaHHI y pealbHOMY 4aci MaHIIYISITOPOM i
OTpUMATH IPAKTUYHI HABUYKH POOOTH 3 00JIaIHAHHSM.

Kurouosi ciioBa: naGoparopruii crena, Mauinyiastop MIT-9C, cucrema Matlab, komm’ toTepHe KepyBaHHsI, IUCKPETHHI aBTOMAT.

Orlovskyi I. A.

Professor, Doctor of Technical Sciences, Zaporozhye National Technical University, Ukraine

CONTROL LABORATORY BENCH OF MANIPULATORMP-9CWITH THEHELPOFMATHEMATICAL MODELING
PACKAGE

An important component of student learning process automation systems is to provide skills installation, commissioning, maintenance
and use of theoretical knowledge in the projects of modernization of equipment. To improve laboratory practice in the Zaporozhye
National Technical University in the department of industrial electric and automation systems with the participation of students
developed computer control (using the theory of discrete automata) of the package Simulink of Matlab laboratory bench manipulator
MP-9C. Technical description is given of the laboratory bench, consisting of: the mechanical part of the robot arm, pneumatic, manipulator
control system for logic elements, position sensors, remote control, connector board and the computer. Modernization of the stand
allowed by the developed technique to improve student learning devices and features computer control arm, as well as the practica
application of the theory of synthesis of discrete automata.

Keywords: laboratory bench, the aam MP-9C, the system Matlab, computer control, digital automat.
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OCOBEHHOCTWU PEINYIIMPOBAHUA 3NEKTPOMNPUBOOOB
C KOCBEHHbIM UBMEPEHUEM CKOPOCTH

[IpuBoasTcsa pe3ynbTaThl UCCIEJOBAHUS CUCTEM PErYIUpPOBAaHUS JIEKTPONpPHUBOAA
IIOCTOSIHHOTO TOKA U aCHMHXPOHHOTO 3JIEKTPOIPUBOAA ¢ KOCBEHHBIM M3MEPEHHEM CKOPOCTH C
y4eTOM BIMSAHUS OOpaTHBIX CBS3€H II0 TOKY M HANpPsDKCHHIO Ha YCTOMUUMBOCTH CUCTEMBI.
OmnpezeneHsl yCIOBUS YCTOMUUBOCTH  CUCTEMBI PETyIHPOBaHUs IPU IOJI0KUTENILHOM 00paTHO
CBSI3M II0 TOKY; KOHTYpa PEryINPOBAHUs C THPUCTOPHBIM Ipeodpa3oBareseM IpH HUPPOBOM
CIIaXKMBaHUHM MYJIbCAIIMH; aCHHXPOHHOTO IBUTATelIst Kak 00beKkTa perymipoBanus. OG0CHOBaHBI
CTPYKTYPHBIE CXEMBI U IIapaMeTpbl CUCTEMBbI, 00eCIeYHBalOIIUe KaueCTBEHHOE PeryIHpOBaHUE.

KiarwueBsble ciioBa: QJIEKTPOIIPUBOMA, CUCTEMA PEryIUPOBaAHUSA, yCTOﬁ‘{HBOCTB.

BBEJIEHUE

VirydiieHne peryinupoBaHus CKOPOCTH AJIEKTPOIIPHBO-
noB (OI1) ¢ BBIYKCIEHHEM CKOPOCTH TI0 TOKY U HATPSIKe-
HUIO HATAJKUBACTCS HA TPOOJIEMY YCTOHYUBOCTH PaOOTHI
KOHTYpa KOMITCHCAIINHN CTATHICCKON OIIMOKH PETyTUPOBa-
Hus ckopocTh. [Tomumo 31oro B D11 MOCTOSTHHOTO TOKA BO3-
HHUKAeT IpodiieMa YCTOMIMBOCTH PaOOTHI KOHTYpa PEryiH-
pOBaHUS HampsDKeHUs; B acHHXpoHHOM I — mpobiema
YCTOHYHMBOCTH PabOTHl aCHHXPOHHOT'O AJIEKTPOIPUBOIA
(ADII) u obecnieyeHs ero yCTONYMBOCTH O€3 MOTEepH CTa-
THYECKON TOYHOCTH PETyIIHPOBAHUS.

AHAJIN3 NPEJIBIIYIIAX UCCIEIOBAHUIA

KomrteHcarus cTaTiueckoil OIUOKH PeryTHpOBaHUSL
CKOPOCTH IIPH YBEIWYCHHUH HATPY3KH JJIEKTPONBHIATEIIS
(3I) ocymiecTBIISIETCS BBEICHUEM MTOJIOKHUTETBHOM 00paT-
Hoii cBs13u (OC) —110 Toky B DI mocrostaroro ToKa (DTIIT)
H [T0 aKTUBHOM cocTanisromieit Toka B ADIT [1]. TTyrem yBe-
mmaenust nonoxkutensHoit OC B OIIIIT MoxHO cBecTH cTa-
THU3M JI0 HyJIsl TPY HEKOTOPOM CpEIHEM 3HaYeHUH TeMIepa-
Typbl JJ1 ¢ HonynieHneM epEeKOMITCHCAIUH CTaTH3Ma MU
TeMIepaTypHOM YMEHBIIICHUH CONPOTHBICHU D], Takum
00pa3oM MOXXHO MOBBICUTH CTATHYECKYIO TOYHOCTB PEry-
nuposanust. B [2] mokasamo, uto, eciu ipeHeOperars BITHs-
auem OC no D/IC D1, xapakTepu3yeMbIM JIeKTPOMEXaHH-
YECKOH MOCTOSIHHOW BPEMEHHM, TO MU MOIHOM KOMIIEHCa-
IIUM CTaTH3Ma CHCTEMa aBTOMAaTHYECKOI'O PEeryIHpOBaHUS
(CAP) Haxomwtcs Ha TpaHHIE YCTOMYHBOCTH. [lomydeHo
BBIP@KEHHUE IS IPEETBHOTO C TOUKH 3PEHHS YCTOHIHBOC-
TH K03 QHULIMEHTa TepEKOMIICHCAIHH, YIUTHIBAIOLICE BIIH-
stane OC o JJIC. Bripaxenue monydeHo 0e3 ydera uHep-
IIMOHHOCTH JIATYHKA HANIPsDKEHUs. Tak Kak HHepIMOHHOCTb
JATYNKA HATIPSKEHHS] MOYKET JTULIB YXYIIIHT YCTOHUHBOCTb,
B OIIIT npemnokeHo ee CBOAUT K MUHUMYMY, a IS yMEHb-
IICHUS YJTBCAIMI TPeIaraeTcsi HCIoNb30BaTh HU(PPOBOE
CIIa)KMBaHUE ITyTEM MHOTOKPATHOTO YTEHUS U YCPSIHCHUS
CHTHaJIa Ha IepHOJe AUCKPETHOCTH PeoOpa3oBaTes MHK-
porporieccopHoii cucremoii yripasnenus (MIICY). Vkazan-

© YenkyHoB P. A., Jlesunzon [I. 1., 2013

HOE BBIPAKEHHUE J1a€T BO3MOXKHOCTD BBIOpATh MapaMeTphl
peryisTopa, Ipy KOTOPBIX JIOMyCTAMast BEIMYNHA EPEKOM-
TIeHcanuy OOJbIe BO3HHKAIOIIEH M3-32 TEeMIIEpaTypHOrO
HM3MEHEHUs conpotusnenus O/I.

OnHaKo mapaMeTphI PEryIIITopa IOIKHBI BEIOMPAThCs C
Y4EeTOM BO3MOXKHOH HEYCTOWYMBOCTH pabOThI BHYTPEHHUX
KOHTYPOB PETYIHNPOBAHUS.

B OIIIT npu yMeHbIIEHNH WHEPLIMOHHOCTH JAaTYHKA
HaIpsDKeHNsT HanOojee KPUTHYHBIM K aBTOKOJICOAHUSIM,
CBSI3aHHBIM C JIICKPETHOCTBHIO IIPE00pa30BaTes, IBISETCS
KOHTYP PEryJIMpOBaHMs HaNpsDKEHHs. YCIOBHS yCTOWYNBO-
CTH TIpH IIM(POBOM CIVIAKHBAHHU ITylbcanuii curaana OC
noy<eHs! B [3]. DTHMH YCIOBUSMH CYIIIECTBEHHO OTPaHH-
YUBaeTCs KO GUIMEHT YCHIICHNS KOHTYpa PETYTHPOBaHNUS
HaINpsDKEHHS, 9TO, B CBOIO OYEPEIb, OPAaHMINBAET OBICTPO-
JIEHCTBUE pEryIupoBaHus CKOpocTH. HaiineHo cpeactso
TIOBBIIICHUSI OBICTPOAEIHCTBYS, a IOMYTHO, MOBBIIIEHUS CTa-
THUYECKON TOYHOCTH PETYINPOBAHHS CKOPOCTU M YIIPOIIE-
HYS HACTPOMKH peryisropa [4].

Acuaxponnsiit 1 ¢ yaerom OC mo JJIC Takxe mpen-
CTaBISIET OO0 3aMKHYTHIN KOHTYp PETYIHpPOBAHUS, B KO-
TOPOM MOTYT BO3HHKAaTh aBTOKoieOaHws. Hammane momo-
skurenbHon OC 110 akTHBHOM cocTaBlrstromei Toka B ADII ¢
KOCBEHHBIM H3MEPEHHEM CKOPOCTH MOXKET CIIOCOOCTBOBATH
TIOSIBJICHHIO aBTOKONIEOAHMH, KOTOPBIE MOTJIH HE ITPOSIBIISTH-
cst ipu otpruatenbHbx OC wim npu ux orcyreTBuu. [1poBo-
JIMMBIE PaHEee NCCIIEA0BAHMUS YCTOMYNBOCTH ACHHXPOHHOTO
1 [5] MeTomoM aHaInM3a YaCTOTHBIX XapAKTEPHCTUK TPH
JMHEapU3alny CUCTEMBI YPaBHEHUH ITO3BOJIMIIN JIUIIH Ka-
YECTBEHHO MCCIIEIOBATh YCTOMUMBOCTE. B [6] mpoBeneHo
HCCIIEIOBAHKE IEKTPOMEXaHNUECKNX aBTOKONIEOaHMH, BO3-
HHUKAIOMNX B ACHHXPOHHOM JJI, METOIOM MaTeMaTH4ecKo-
T'O MOZICITUPOBAHMS MTOJTHON CHCTEMBI TU()(hepeHITATBHBIX
ypaBHeHuit J]1, comepkamux B cede mpOon3BeCHNUS Tiepe-
MeHHBIX. [Ipr 5ToM rpaHuma obmactu yctoauBocta D]
OTIpeZIeNsIach MyTEM MHOTOKPATHOTO aBTOMAaTHYECKOrO
nepebopa BApHAHTOB pacdeTa o CIICNHaTbHOMY allrOpHT-
My. 13 BO3MOXKHBIX CIIOCOOOB IOABIICHMS JIEKTPOMEXa-
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HUYECKHX aBToKoneOaHuit BeIOpaH criocob BBeaeHuss OC o
PEaKTUBHOW COCTABIISIONIEH TOKA C BO3/ICHCTBHEM HA yac-
ToTy f, Tak Kak pu 3TOM He YXyIALIaeTCsl TOYHOCTh PEryiu-
POBaHUS CKOPOCTH.

[Tpu nonep>xaHuK MOCTOSTHHBIM MOTOKOCIIEIIEHUSI pO-
TOpa BBIpAYKEHHE JUTS IOIyCTUMOM BEITMYUHBI IEPEKOMITCH-
cauu yist DI T cnpasenmmBo u 1uis ADII, eciu npouecchbl
paccMaTpUBarOTCS 110 OTHOLIEHHIO K aKTHBHON COCTABJISIIO-
1iei Toka craropa [2].

Heabio manHOIT pabOTHI SABJISIETCS 000OMICHUE PE3YITh-
TATOB paHee NPOBEICHHBIX HCCIEI0BAaHNI YCTOMYMBOCTH 1
paccMOTpEHHUE UX PAKTHYECKOTO HCTIOIb30BaHNUS.

MATEPHAJI ! PE3YJILTATHI UCCJIEJJOBAHAI

OIIPE/JIEJIEHHE OBJIACTH YCTOHYHBOCTH
PABOTBHI KOHTYPA PET'YJIHPOBAHHA C THPHC-
TOPHBIM ITPEOBPA3OBATEJIEM IIPH ITH®PO-
BOH ®HIBTPAIIHH CUT'HAJIA OFPATHOH CBA3H

JLyist icCIeNOBa s YCTONIMBOCTH PabOThI KOHTYpa MpH-
MeHeH anmapat Z-npeobpasoBanust. OTIMYUTENbHAS OCOOEH-
HOCTb JIAHHOT'O aHAIIN3a OT TIPEIBIIYIIUX HCCTeI0Banmi [6] —
Hanmare iadposoro GpunbTpa curaana OC cBsA3M ¢ nepea-
Tounoit hymximeit Gg (P) = (L— exp( - pT ))/ P, e T—-
IIEPUOJ AUCKPETHOCTH NPeodpa3oBaTelsL.

B pesynsrare aHannsa onpesielieHa Cenyronias 3aBUcH-
MOCTB [PEENBHOr0 KodhduimenTa yeunenus cucteMbl K
OT TIOCTOAHHO# BpeMeHH aTauka Hanpsokerus 7, (puc.1):

1+exp(-T/T T
o<1 ey O
2Tipe J1-exp(-T/Tqu)  Tim
e T.

int — TIOCTOSHHAS! BPEMEHH HHTETPUPOBAHHMS KOHTYpA.

s cpaBHEeHNS Ha prc. 1 mpuBeIeHBI H3BECTHBIE 00JI1ac-
TH YCTOWYIHUBOCTH [ 7] TIpH yIIpaBJICHAM TIpeobpa3oBaTeieM
o metogam LIVIM-| u IHNM-11. 3 cpaBHEHUS BUAHO, YTO
CAP c TII u undpoBsIM CIakKUBaHUEM IYJIbCAIHH IO yC-
TOIYMBOCTH 3aHUMAET IIPOMEKYTOYHOE ITOTIOKEHHE TI0 OT-
HOIICHHIO K YKa3aHHBIM METOaM YIPaBJICHHS.

J17151 TOBBIIICHAS] TOYHOCTH PETYITMPOBAHUS CKOPOCTH TPe-
Oyercs yBenmueHue K03 hurmenTa K, 910 BOSMOXHO, Kak
clieyeT U3 puc. 1, pr OTHOBPEMEHHOM YBEITNYEHHH IOCTO-
SHHOM BPEMEHH JaT4HKa HANPSKCHHS T . OnHaKo Ipu 3TOM
YXyIIaeTcs: JMHAMUKA 1 YMEHbIIAeTCs TOIyCTHMAsl BEIH-

Tou/T

Puc. 1. Obnactu ycroitunBoctu CAP ¢ TI1
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YHHA EPEKOMIICHCAIINH, BbI3bIBAEMasi H3MEHEHHEM TeMITe-
patypbl. [iis ycTpaHeHus BIMSHUS 3ama3IbIBaHus JaTIHKa
HAIPSDKEHHUS PEIIAraeTcs UCTIONB30BaTh ACUMITOTHYCCKHI
g epeHIaTop, KOTOpBIil MO3BONSET MPOBOAUTH TAKXKE
MHTErpUpOBaHue U ycpeaneHue [8].

YCTOHYHBOCTH CAP ITPH ITEPEKOMITEHCA-
IIHUH CTATH3MA

CrpyKTypHas cxeMa Haubosee pacipoCcTpaHeHHOH OTHO-
kpatHO uHTerpupyromeii CAP ¢ KOCBEHHBIM H3MEpEHHEM
CKOpOCTH (pHC. 2) CONEPKUT KOHTYp PeryupoBanus Toka | ¢
MU perynsropom Toka PT, THpucTopHBIM mpeobOpa3oBate-
siem TTI, niernsto sixopst ]I ¢ mocTosHHOM Bpemenu 7, Conpo-
THBJICHHEM SIKOPsi R, IaT4MKOM TOKa ¢ niapamMerpoM R KoH-
Typ PETyIMpOBanus Hanpsokenns U, ¢ napaMeTpaMu J1aTiu-
Ka T, Ky peryisTopa HanpsokeHus ¢ koadpummenTom K ;
KOHTYp TOKOBOH KoMIieHcanmu ¢ koddduumrentom K . [Tpu
MIOCTOSIHHOM MarHuTHOM 1oToke ckopocts V u OJIC E mpo-
MOPLUUOHABHBL ApYT Apyry. [IyHKTUpHas CBsI3b MOKa HE pac-
CMaTpHUBAETCSI M O Hel OyIeT Cka3aHo Jajee.

Kak ormedeHo BbIle, O0IbIast HHEPIMOHHOCTD JaT4H-
Ka HaNpsHKEHHS CHIKAET BO3MOXKHOCTD ITOTHOM KOMIIEHCa-
LM CTaTU3Ma C YUETOM IepPEKOMIICHCALEN TP TeMIIEpa-
TypHOM U3MeHeHuH comnporusieHus Of]. B To xke Bpems,
MaJjas HHEPIMOHHOCTb JaTYMKA HAPSHKEHUS IPaKTHYECKU
HE BJIUSET HAa IPOLECCHl U3MEHEHUs CKopocTu. [IpuHumas
Ty = 0 u npeneOperas quckperHoctbio TII, mponeccs B
CUCTEME IPU MOTHON KOMIIEHCALUH CTaTU3Ma MOXKHO OIH-
catb qu(epeHIaIbHBIM ypaBHEHHEM TPEThEH CTeTeHH,
KOTOpPO€ MO3BONSIET NOIYYUTh YCIOBUE YCTOHUUBOCTH CUC-
TEMBI B aHAJTUTUYECKOM BUE. DTO YCIOBHE MOIYYEHO IO
OTHONICHHIO K KOA(PPHUINESHTY KOMITCHCAITNT

k= (Rﬂ.pacq - R}I )/ R}I- (2)

KoshpurmieHT KoMIIeHCAII|H OIIpeAessieT OTHOCHTEIb-
HYIO Pa3HHIy MEXIY PacdeTHBIM COIPOTHUBIICHHEM LEIH
asurarens Ry, HCX0/1sl U3 KOTOPOrO KOMIICHCHPYeTCsI Majie-
HHE HalPSHKEHUS, U (PaKTHIECKUM COIPOTUBIICHHEM LIS
asuratens R, 3aBUCAIEro OT M3MEHEHHs TEMIIEPATypPEI,

2
1+Kpy(L+ Kpy )-_lrj—m+_:—”—\/[1+ Kpy L+ Kpy )% +TT—’7] —4Kpy 1+ Kpy )%
M Tint M Tint M, (3)

k<

2Kpy

rne T, = T/K,; —TmocTosHHas BpeMEH! HHTETPUPOBAHHS
KOHTYypa pETYITUPOBaHUS HaNpsOKEHUS
Kiu =K KoK K Kpy = Ky KKK — x0o¢du-
IUEHTH] YCHJICHHUS] pa30MKHYTOTO KOHTYpa PeryIHpOBaHUS
HaNpsOKEHUS ¢ y9eToM Ko3(h(hMIIMEHTOB yCHIICHUsI HHTET-
panbHO# K; 1 mporoprnonanbHo# K 9acTel perynaTopa.
U3 3Tor0 00IIero yciaoBus YCTOMIHMBOCTH MOXKHO OIpee-
JIUTH OTAENBHBIC CITyJau:

Kk < Tint
Tu [1+T’7], mpu Kpy =0; @)
int
k <0, mpu Tt /Ty — 0. ©)
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Puc. 2. Crpykrypnas cxema CAP DIIIIT ¢ KOCBEHHBIM M3MEPEHHEM CKOPOCTH

VYenoue yeroitunBocTH (5) 03Ha4aeT, 4TO eCid He Y4H-
thiBaTh OC no JJIC aBuraresns, 4To MHOLA JOMYCKAETCsl, TO
cHcTeMa TpH MepeKOMITEHCAMH HEYCTOHYHNBA M MOATOMY
TiepeKoMITeHCanys He JoIryckaercs. Ha camom nene, Omaro-
nmaps OC no DJ1C gBurarens, MOKHO 00€CIICINTh KOMITCH-
CaIMIO CTaTH3MAa U ee TMIEPEKOMIICHCAIINIO TIPH N3MEHEHU!
TeMnepaTypsl. Beipaxxenue (3), kotopoe yunutsiBaer OC mo
O/1C, no3BoIsieT BEIOMpATh COOTBETCTBYIOIINE apaMeTPhI
peryisTopa, Ipy KOTOPBIX JIOIMYCTHMOE 3Ha4eHHe Kod(hhu-
IIMEHTa KOMIIEHCAIINN MEHbIIIE PeajbHO BO3MOXHOr0. O0-
JIACTH YCTOHYMBOCTH COINIACHO BBIpaXKeHUIO (3) MPUBENCHBI
Ha puc. 3.

C yaerom (1) menecoobpas3Ho BEIOHPATH KO3(DPHUITHEHT
MIPOITOPIMOHATIBHON YaCTH KOHTYpa HAIPsHKEHUS OTU3KUM
K MaKCHMAaJIbHO J0IycTHMOMY ripu 7', <05T:K,,=1.TIpu
TaKoM KO3(P(QUITMEHTE U3 YCIOBHS BO3SMOKHOCTEH IIepeKOM-
MIEHCAIMK TP TEMIIEPaTypHOM HW3MEHEHHH COIPOTHBIIE-
aus ienm asurarens Ha 20 % (k= 0,2) us Beipaxenust (3) u
rpadukoB (puc. 3) MOXKHO ONMpPENETUTh, YTO TIOCTOSHHAS
BPEMEHH WHTETPHPOBAHUS KOHTYpa JODKHA PAaBHATHCS
T, = (0,2.0,3)T,, npu NOCTOAHHOH BPEMEHH IEMU KOS
T,=(0,1..0,4)T,,. Betbupas mocTosHHyI0 BpeMeHu T, erme
0oIbIIIE, MOKHO YBEITMUHUTS 3aI1ac yCTOWINBOCTH CHCTEMBI.
OpHAKO TIpH 3TOM CHCTEMa CTAaHOBHUTCS Ooee WHEPIMOH-
Hoil. [To3TOMY NpaBUIBLHOMU SABISETCA HACTPOMKA CUCTEMBI
C HEIOKOMIIEHCAIMEN sl OOHOM YacTH TEMIIEPaTypHOIo
JIana3oHa, 9TO YMEHBIIAET IEPEKOMIICHCAIIHIO BO BTOPOH
JaCTH TEMITEPATYPHOTO JUANa30Ha.

ITOBBIIIIEHUE KAYECTBA PEI'YJIHPOBA-
HHUA B JIIIIT C KOCBEHHBIM H3MEPEHUEM
CKOPOCTH

Venosue yeroitunBoctr (1) Ut KOHTYpa HalpsOKEHUS
OrpaHHYHBacT OBICTPOACHCTBUE PETYITHPOBAHHS CKOPOCTH.
3a cuer nonoxutenpHoir OC MO0 TOKY TpH MIPABIIIEHBIM
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Puc. 3. ['pannunbie 3HaYeHHs K0d()(HUIMEHTA KOMIEHCAIINT

BBIOOpE KO3 PUIHMEnTa TOKOBOH Kommnencanmuu K 310
CHIDKEHHUE OBICTPOICHCTBIS MOXXHO KOMIICHCUPOBATh. Eciu
pasznenuts nmonokuTenbHylo OC Ha IBE COCTaBILIIONINE, TTe-
peHecst OTHY U3 COCTAaBIIIOIIMX Ha BXO Y3JIa OrPaHHYCHUS,
Kak TI0Ka3aHo MyHKTHPHOM JTnHueH Ha puc. 2 [4], To ocTas-
mrasicst 9acTh nonoxkutensHoi OC 1o ToKy OyIeT oTBedyarsh
TOJIBKO 32 TOKOBYIO KOMIICHCAIIMIO, a IEPEHECeHHAas YacTh
YCTPaHUT CTATU3M PEryIHpoBaHus HanpspkeHus. [Ipu ma-
JIBIX OTKJIOHEHHUSIX CKOPOCTH OT 3aJaHHOTO 3HAYSHHSI T10JI0-
XKUTenbHas u orpunartensHas OC Mo TOKy KOMIIEHCHPYIOT
npyr npyra, 1 CAP mpeBpaiaercst B acTaTHIECKUN PETyIs-
TOp cKopocTH. [Ipr GONMBIIMX OMMMOKAaX PEryITUpOBaHHS CKO-
POCTH CHTHAJI 33JIaHHs TOKA BBIXOIUT Ha orpanndenue. [Ipu-
4geM 3a cuer AehcTBus nmonoxurenbHor OC 1Mo TOKy ypo-
BEHb OTPAHWYCHUS OCTHUTAETCS PaHbIIe, a BEIXOX H3
OrpaHIYEHHS IIPOUCXOIUT T03xKe. TOK B TeUCHHE OOIBILETr0
BPEMEHH M3MEHSETCS ¢ MAKCHMAaJIbHBIM TEMIIOM, 33 CUET
4ero U o0ecieunBaeTcs MOBBIIIEHHE ObIcTponericTrs. [1pn
BXOJI B AKTUBHYIO 30HY IIEPEXOXHBIN IPOLIECC TPOUCKOINUT
TIPY OTHOCHTEIEHO MaJIoM 3HaYEHUH BXOJHOTO CHI'HaJA. 3a
CUeT 9TOT0 YMEHBIIaeTCs epeperyauposanue (puc. 4). Bor-
IIeCKa3aHHOE BUTHO M3 OCIMIUIOrPAMMBI IIEPEXOIHOTO IIPO-
1iecca, IpuBeICHO Ha puc. 4.

159



VIIPABJIIHHA ¥ TEXHIYHUX CUCTEMAX

Puc. 4. TlepexoaHslil nporecc Mpy CKavKe 3a1aHus

YTOYHEHHUE OBJIACTH YCTOHYHUBOCTH
ACHHXPOHHOIO 3/1. ITO/JAB/IEHHE
ABTOKOJIEBAHHH

[TpoBeneHHbIe HA MaTEeMaTHYECKOW MOJIENH pacueThl [5]
CHCTEMATH3UPOBAHBI B BHJE 00JIaCTEH YCTOHYMBOCTH B KO-
opauHaTax: K03((UINEHT pacCestHUsI MArHUTHOTO MOTOKa
MEXIy CTaTOPOM U POTOPOM G M MEXaHHYeCKasl ITOCTOSH-
Has BPEMEHHU T,, [10 OTHOLIEHHIO K IIOCTOSHHOH BpeMEHH
CTaTopa T; OTHOLICHUE IOCTOSHHBIX BPEMEHH POTOpA U
craropa T, /11 =1, 2, 3(puc. 5). PacueTs! npoBomMIHCE UL
3aBHCHMOCTH HAIPSDKEHUS OT YacTOTHI C y4eTOM KOMIICH-
calu I1a/ICHNs] HAPSDKEHNS Ha aKTHBHOM COTIPOTHBIICHHN
cTaTopa.

Y4uTHIBas, YTO ITOCTOSTHHBIE BpEMEHN 00PaTHO MPOIIop-
IIMOHAJILHBI COMTPOTHUBIIEHHSIM, U3 MIPEJICTABJICHHBIX KPHBBIX
BHJIHO, B KaKOH CTETICHH yBEJIMUUBAETCS 00JIaCTh HEYCTON-
YUBOCTH TP YBEITMUEHUH CONIPOTHBIIEHHS LIETTH CTaTopa, B
TOM YHcIe IpH yrasteHnn JJ1 ot npeodpazoBaTes Ha 60Ib-
IIM€ PACCTOSHHSI.

ABTokonebaunus (ocHmIorpaMMa IpUBeacHA Ha
puc. 6, @) MOKHO TTOaBUTh OTpuIaTenbHoi OC Mo aKTHB-
HOH COCTaBIITIONIEH TOKa, TOATOMY B psime D11 aprokonebda-
HWS Ha TIPOSIBILINCK. [TyTem MopenipoBaHys BBISIBICH MPEA-
MIOYTHTEIIBHBIN CIIOCO0 IMOAABIICHNS aBTOKOIEOaHNIT BBEIE-
HUEeM NookuTebHO OC 1Mo peakTUBHOM COCTaBIITIOIIECH
Toxa | (puc. 6, 6).

CTpyKTypHasi cCXeMa CHCTEMBI PETYIIMPOBAaHHS CKOpOC-
TH acHHXPOHHOTO DIl ¢ BBYHMCIEHHEM CKOPOCTH IIPH I10-
CTOSTHHOM MOTOKOCIIEIIJIEHHH POTOPa aHAJIOTHIHA ITPEICTaB-
nenHo# Ha puc. 2 DI1 NOCTOSHHOrO TOKa. DTy CXeMy Uist
TIEPEMEHHBIX B OTHOCHTEIBHBIX €IMHUIAX MOKHO ITPUBECTH
K By puc. 7, tae | e~ AKTHBHAs cocTapnstomas Toka [T4 o
orromenwmto k IJIC poropa; | . — ycTaHOBHBLIEECS 3HAYE-
HHUE aKTUBHOM cocTaBiistromiell Toka [1Y mo oTHoIIeHHuIo K
OJIC poropa; T, T, — mapaMeTpsl perynsaropa Toka; 1, —
SKBUBAJICHTHAS IOCTOSTHHASI BDEMEHH LIETIH CTaTopa.

OmnpezeneHsl mapaMeTphl PeryiIsTopa, IpH KOTOPIX CH-
cTeMa TIPH MTOITHOM KOMIIeHCaInu cKobxenust (K = 1) nme-
€T I0CTaTOYHBIY 3anac ycroiunBocTH. [lepeMeHHas cocras-
Tsromas mojokutesHoi OC 1Mo peaKTUBHOM COCTaBIISIIO-

IIEH TOKa | yg JUIS TONABIEHHS BO3SMOXKHBIX ABTOKOJIIEOAHNIA

Al IpaKTHYeCKH HE BIUSET Ha TPOLIECCH PETYIIMPOBAHHS.
[TorpemnocTs onpeneneHns akTUBHON COCTABIISIOLIEHN TOKa
poTopa ompenensercs 1Mo JaHHBIM H3MEPEHUS TOKOB JIBYX
(a3. 13-3a BO3MOXXHOM HEMACHTUIHOCTH TATIUKOB TIOTPEII-
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Puc. 6. OcummwiorpamMmel Toka A/l Iipu CHHYCOMTATBHO
MOJYIHPOBAaHHOM HANPsDKEHHN CTaTopa:
a — 6e3 oOpaTHOU CBs3H; 6 — ¢ OOPATHOW CBS3BIO IO PEAKTHB-
HOI COCTaBJISIIOIIEHA TOKa

HOCTb OIIpEeNICHNs TOKa 0osblie, 9eM B D11 mocTosHHOTO
TOKa, ¥ B TEUEHHE IIEpHoa BEIXOAHOI yacToTs! T4 BbIamc-
JICHHBIE 3HAYEHHS MOTYT OTJIMIAThCS, TIPH TOM UMEET Mec-
TO MEPUOINIECKOE U3MEHEHUE 3HAUEHUI aKTUBHOM COCTaB-
JISIOUIEH TOKa, U ponopuroHanbHas yactb [11-perynstopa
MOXET BBI3BaTh HECTAOMIBHOCTD YACTOTHI 1AXKE B YCTAHO-
BuBIIeMcs pexume padorsr ITH. [TosTomy nienecoodpa3Ho
HCTIONB30BAHHE HHTErpaTbHOTO perymsropa (7,=0), koTopsrit
¢ yaetom OC mpeBpamiaercss B ”HEPIUOHHOE 3BEHO, KOTO-
poe ycpenHseT pa3dpoc B N3MEpeHNH aKTHBHOM COCTABIIS-
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Puc. 7. CrpykrypHas cxema CAP ADII ¢ KOCBEHHBIM M3MEPEHHEM CKOPOCTH

1o11el Toka poTtopa. [Ipu 3ToM ycrnoBre yCTONYUBOCTH IIPH-
HuMaeT By (4) ¢ TOi pa3HHLEH, YTO BMECTO MOCTOSHHOM
BpEMEHU sKopst T, CIeyeT UMETh BBU/IY SKBUBAJIEHTHYIO
MOCTOSIHHYIO BpeMeHH nienu craropa 7. Vi3 aToro ycinosus
CJIeNyeT, 4To JUId o0ecHedyeHHsl JOCTaTOYHOro 3araca yc-
TOHYMBOCTH TIOCTOSHHYFO BPEMEHU WHTETPUPOBaHMA T
cJlelyeT BRIOMpaTh CPaBHUMOM C MEXaHHMYECKOH MOCTOSIH-
HOM BpemeHu jigurarens 7, .

PaccmorpenHas cucteMa perylnupoBaHus peaar30BaHa
Ha 0a3e MukpokoHTposiepoB KR196CA, dsPIC30F,
dsPIC33F [9] B aneKTponpHBOaX MOCTOSHHOTO U [IEPEMeH-
HOTO TOKA, BhllTyckaeMblx [TAO «3anopoxckuii aneKkrpoar-
napaTHbIX 3aBoa» U OAO «YkpHUU cuitoBoil a5eKTpoHUKH
«[Ipeobpa3zoBaTenb».

BbIBO/JbI

Hcnionp30BaHne MpeaaraeMblX CTPYKTYPHBIX CXEM U
METOANK ONPEETICHHS TapaMeTPOB PETYIIATOpa YITydIIacT
KaueCTBO PEryIMPOBaHHMS 3JIEKTPOIPUBOIOB ¢ KOCBEHHBIM
N3MEPEHUEM CKOPOCTH.
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OCOBJIMBOCTI PEI'YIIOBAHHS EJIEKTPOIIPUBOIB 3 HEITPAMUM BUMIPIOBAHHSIM HIBUJAKOCTI

ITpuBOAATECS pe3yIbTaTH JOCIIKEHHS] CHCTEMH PETyIIOBaHHS €IeKTPOIPHBOAA MOCTIHHOTO CTPYMY i aCHHXPOHHOTO EJIEKTPOIPH-
BOJIa 3 HENPSIMHUM BUMIPIOBAHHSM IIBUJIKOCTI 3 ypaxXyBaHHSM BIUIMBY 3BOPOTHHX 3B’ SI3KiB 32 CTPYMOM i HaIIPyTOl0 Ha CTIHKICTh CHCTEMH.
Bu3HaueHi yMOBH CTIHKOCTI: CHCTEMH DETyIIOBaHHS HpPHU JOJATHOMY 3BOPOTHOMY 3B'SI3KYy 3a CTPYMOM; KOHTYpPY PEryIIOBaHHS 3
THPHCTOPHHUM HEPEeTBOPIOBAaUEM P IU(POBOMY 3IIIaIKyBaHHI MylIbcallii; aCHHXPOHHOTO IBUTYHA SIK KoJla peryioBaHHs. OOrpyHTO-
BaHO CTPYKTYPHI CXEMH 1 apaMeTpH CHUCTEMH, sIKi 3a0€3MeUYIOTh SIKICHE PEeTYIIOBAaHHS.

KunrouoBi ciioBa: eneKkTponpuBoj, CHCTEMa PEryTIOBaHHS, CTIHKICTb.

161



Chepkunov R. A%, Levinzon D. 1.2

IScientist, Science research institute of the power electronics, Zaporizhja, Ukraine
2Doctor of Technical Sciences, professor, Classic private University, Zaporizhja, Ukraine
FEATURESOF CONTROL OF THEELECTRIC DRIVESWITH INDIRECT SPEED MEASURING
The features of control of the electric drives with the indirect measuring of speed are related by the presence of positive feed-back on
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3acT. TOJIOBHOTO peaKkTopa — KaH.I. TexH. Hayk JlyoposiH B. 1.

Komr' toTepHe MOJIETTIOBaHHS Ta BEPCTAaHHS 3y6 C. B.
Penakrop aHTIIACHKUX TEKCTIB Cipenxo O. C.

OpuriHan-MakeT HiArOTOBICHO y peAakuiiHO-BuaaBHIYOMY Binaim 3HTY

CBIIOITBO TPO JIEpiKaBHY PEECTPALLIO
KB Ne 6904 Bin 29.01.2003.

IHionucano 0o opyxy 07.02.2014. ®opmam 60X 84/8.
Ilanip ogc.Pizoep. opyk Ym. opyk. apk. 19,07.
Tupasc 300 npum. 3am. Ne 71.

69063, M. 3anopixcaca, 3HTY, opyxapus, eya. Kykosecvkozo, 64

CBiouTBo Cy0’ €KTa BUIABHUYOI CIIPABH
JIK Ne 2394 gin 27.12.2005.





