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PosrnspaeTeca 3amaua HecTauiowapHoi QinsTpauii
BIATYKY CKNaAHOI KOJAMBAILHOI CHCTEMH Ha 3MiHY
ammiiTyaH i dasu curnany ii 30ymkenHs. Pimenns uiei
3amaqi 3BOAMTBCA A0 MiHimizauii ¢yHkuionana BTpar,
0 3a1eXHTh BIA CTaHy CHCTEMH, 3a OTIOMOTOIO
Ginetpa Kanmana. ¥V pesynbrarti noninwyerscs sKicTb
KEpYBaHHA M'E30€NEKTPHYHOIO KOMTEHCALIEI0 KOMHBAHb
YHACNi0K 3MEHILEHHA BIUIHBY NepexXiaHUX NpoLecis.

BCTYII

MeTon n'e30eneKTpUYHOT KOMMEeHcalii Mae LHMPOKe
NOWHPEHHA MPH rpanyioBaHHi riapodoHiB y Aiana3oHi
yactot 0,1...1000 I'u [1]. Ak npasuno, uei meron peasni-
3YETbCA B Kamepax Majoro of'emMy, xapakrepHuii po3mip
AKMX MEHLIE JOBXXHHH 3BYKOBOT XBHJI Y BiJIbHOMY Npo-
cropi. Kamepa, nokasana Ha puc. 1, asnse coforo a8a ko-
aKkciabHHX M'€30eneKTpuyHuX wwwiinapw 1,2, Ttopui
AKHMX 3aKPHTI KpHIIKaMU. MK uWiiHapaMu icHye npy-
KHHil 3B'930K. YcepeanHi KamepH, 3anoBHEHOIO BOIOIO
3, posmiaerses BunpoOysanuii rizpodon 4. B oany 3
KPHUWIOK YMOHTOBAaHWA AONOMIKHHI BUNpOMiHIOBa4Y 5.
Llefi sunpomiHiOBaY CTBOPIOE B Kamepi MepeMiHHHUH
TUCK Ha 3a[aHiif YacToTi, WO BUK/IMKAE pafiaibHi KOJIu-
BaHHA BHYTPIIHBLOrO WHIIHApA 2 — HyJb-iHAMKaTOpA.
KonupaHHA HyNb-iHAMKaTOpa KOMNEHCYIOTHCA T'€30€s1e-
KTPHYHOIO CHJIOK BHMNpOMiHIOBaya | — Hy/b-OpraHa.
Obunsa sunpominioBayi 30yIKYETbCA CHIIBHUM TeHe-
paTopom 6, 1110 103BOAAE 3MiHIOBaTH B Gioui 7 BigHOCHY
¢a3y it amnaiTyAy ABOX CHrHANIB, @, OTXeE, CHJI, 1O Mi-
10Tb Ha HyJib-opraH. MomeHTy KoMmnexcauii Bianosinae
NEPETBOPEHHA B HYJb aMIUIITYAH KOJNHBAHb HYJb-iHaM-
katopa. Y uell MOMEHT BMMIPSETbCA €NEKTPHYHA Ha-
npyra Ha BuXoni BunpoGyBaHoro rizpodoHa NnpuCTpoem
10. Tuck y kamepi po3paxoByeTbcs N0 oOMipioBaHiii
eNeKTpHuHiH Hanpy3si 30ymkeHHs Hylb-OpraHa B Mo-
MEHT KOMIEHcauli i cTanoi kamepy, 3Hal1eHoi B pexumi
KoMMeHcaulil BiloMOro THCKy npw ii arecTaui.

Jina aBroMartH3auii npouecy BMMipiB BUKOPHCTOBY-
€TbCA KOHTYP 3BOPOTHOTO HEraTHBHOTO 3B'A3Ky (Ha
puc.] nokasaHuil MyHKTUPHOIO JIHIEKD), 10 CKNAJacThCs
3 NPHCTPOIO NopiBHAHHSA 8 | Onoky (opmyBaHHs cHrHa-
niB KepyBaHHA 9, AKMI peanizye anropuUT™ perynioBaHHs
no BiaxunenHo. OG'ekT KepyBaHHA ABAfE cobO0O Ckia-
NHY €NEKTPOMEXAHIYHY KOMHBANbLHY CHCTEMY, IO Mac
KilbKa pe3oHaHCHHMX 4acToT. HaeiTh y ToMy BHnaaky,
KOJIM L 4acTOTH JIexKaTe yaanuHi Big pobouoro miana-
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30HY 4YacTOT, NP 3MiHi aMmuiTyan un (a3u KOMHBAHb
HYJIb-OpraHa 3'BAfIOTLCA MepexiiHi NpouecH, WO BHO-
cATh 30YpEeHHA B CHCTEMY KepyBaHHA KOMMEHCAUIcI0.
Hns 3uwkeHHAs uuX 30ypeds Oys BuKOpHCTaHuit -
HifiHo-KkBanpaTHukuil rayccie peryastop (LQG-peryns-
TOp), 110 CKNAAAAETHCA 3 JIiHIfIHO-KBAAPATHUYHOTO ONTH-
ManbHOro peryaatopa (LQ-perynstop) no craHy cHc-
TemH | dinbTpa Kanmana, akuii 1ae OUWiHKY UbOro cTaHy.
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Puc. 1. Cxema epadviosanns ciopoghonie aemodom
n'ezoenekmpuynOl KomMnencayil - Kavepu Manoeo
0b'emy.

1. AJITOPUTM KEPYBAHHSA

OO6'ekToM  KepyBaHHSi B HAWOMY BHNAAKY €
eNIEKTPOMEXaHIYHa CHCTEMA, LU0 CKNAJAEThCs 3 TPbOX
NpYKHO 3B'A3aHUN KOJAMBANbLHHMX niacuctTeM. Y pobouiii
obnacti 4acToT | Ha pezouaucm& 4acToTax Moadedb
CHCTEMH MOXKHA MpPeACTaBHTH Y BHMIi eKBiBaleHTHOI
NiHiHHOT cHCcTeMIl 3 30CepeKEHHMH NapameTpamyu [2].
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Ipoctip cranis cucremn dopMyeTses 3 asoBux
3MIHHMX, WO NpPEACTABNAOTh EKBIBAIEHTHI MeXaHiuHi
nepeMilienns (wanpyru) i mBmAkocti (ctpymu) i
enementiB. OG'ekT KepyBaHHs BiIHOCHTBCH O Kiacy
cuctem 3 OGaraTemMa BXOZAMH Ta OIHHM BMXOJOM
(MISO). Tlepmmii BXin cucremu (Hynb-opraH) e
KEPOBaHUM, APYruii BXiA (IonoMiKHHIA BHNIpOMiHIOBaY)
€ OTIOPHHUM i “3aMOPOXKYETCA” TapPMOHIAHHM CHTHAIOM
pobouoi yactoru. CriocTepiraeTses Tilbky oaHa dasosa
3MiHHA — BiATyK Hynb-iHAMKatopa. Cnix 3a3HauuTH, WO
BUMIDHMK wiel 3MiHHOI caM Mae iHepuifiHicTs i
npyxHicts. ToMmy minpocTip #oro craniB BKMOYEHO B
poswMpeHuii mpocTip cTaHiB 00'ekTa KepyBaHHA.
Junamika of'exta kepyBaHHA B NpOCTOpi CTaHiB
XapaKkTepH3y€eThCA HaCTYNMHUMH MaTpHYHHMH
piBHAHHAMH [3]:

X(t)=A -X(2)+B-u(t)+B, - s(f)
y(0)=C"-X(r)

3

ne  X(f) - BexkTop (a30BMX 3MIiHHMX, 10

XapaKTepu3ylOTh CTaH y MomeHT uacy [, y(f) -
CMOCTEpPEKYBaHa CKandpHa asoBa 3MiHHa, A —
PO3LIMPEHA MAaTPHUs, IO XAPAKTEPH3Ye BHYTPILLHIO
CTPYKTYpy cHcremu, B — BekTop, mo Bu3Hauae
KOOpAHHATH, J¢ NPUKJAJEHe KepYBaHHA, B MPOCTOPI
crauis, u(f) - xepywounii snaus,C — sexrop, mo

s . T .
BUAINAE CriocTepexyBaHy (asoBy 3minHy (° — onepauis
Tpancnonysanus), By - Bekrop, mo BusHauae

KOOPAMHATH, ¢ NMpHKAaneHHi onopuwii snaus, (1) —

OMNOPHHI CHTHAJL

Y HafinpocTiomy BHNanKy, AKILO BPaXyBaTH TijlbKu
iHEpUiiiHi | MpYXHi BAACTHBOCTI HyJb-OpraHa i Hynb-
IHAMKATOpPa, a MOOMOMDKHMA BUMPOMIHIOBAY BBaXKATH
ineankHUM,  AMHaMika  CHCTEMH  MOXe  OyTH
NpeACTaBAeHAa Yy  BHAI  CHCTEMM  3BMYAHHMX
nudepeHuianbHUX piBHAHB 4-r0 nopanky y hopmi Komi:

[dx, 1
— =X, +—u
dt m, m,
k
_dll_=k] T T
dt 7 -
4 2
dx, 1 1
s S xz_. .x4
o, m,
dxd:kz-x3—-k2 -x2+L.S
s 7, m,

AeX,,X; — (a3osi 3MiHHI, L0 BU3HAYAIOTH IBHAKICTH
IHepUIAHKX enemenTis (M, ,M, — iXHi eKBiBaneHTHI

MACH) HyJIb-OpraHa i HyNlb-iHaukaTopa, X, ,X , — (a3osi
3MIHHI, W0 BH3HAYalOTb TNEPEMIllCHHA MPYKHHMX
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enementis (k, .k, — ixui exsiBaneHTHi xoediuicHTi
MpPY)KHOCTI) HyNb-OpraHa i HyJb-iHIMKaTOpa, Pty
OMip [MCHNATHBHWX €EMEHTIB HYNb-OpraHa i Hylb-
iHOMKaTopa.

3agaya nominuieHHs SAKOCTI KEpYBaHHA MONArae B
Takifl KOpeKWii Kepylouoro BMAMBY, IO NO3BOJAE
YCYHYTH BIUIMB NEpexiAHHX NMPOUECIB y MOMEHT 3MiHH
aMnuiTyaM 44 ¢asu rapmoHiliHOro curmanmy, fkmil
MOJAETECA HA BXiA HyAb-OpraHa. PiwleHHs wuiei 3apaui
3BOIOMTBCA N0 MiHIMi3auil (yHKuioHana BTpart, wo
3aJIEKHUTD Bill CTAHY CHCTEMMU:

o __T-_'
J=o-X'X+u uldt, )

0

e O — BaroBHi KOE(illi€HT. L0 BM3HAYAE 3HAUMMICTS
NOMHAKH CMIOCTEPEXREHHA 3a CTAHOM MepexifHoro

npouecy, 4 — CHIHaj KepyBaHHA NEPEXiAHHM MPOLECOM
(y haHomMy BunanKy Bara MOMWIKM  KepyBaHHA
nepenbavyaeTbes PiBHO OAMHUL).

OnTumManbHa CTpaTeris perysiloBaHHA BU3HAYAETHCH
CHTHAJIOM KepyBaHHS

u'()=u(t)-L-X(@), @)

ne L — matpuus koediuientis 380potHoro 38'a3ky LQ-
perynsaTopa, ska MiHiMi3ye QyHKuioHan -

= 5] _T_
j=lo-y*+u uldr. (5)

OntumanbHa  ouivka  3MIHHMX  CTaHy  npH
BUNAAKOBUX  ymoBax  3abesneuyerscs  insTpom
Kanmana. ¥V pe3synbraTi 3aMKHYTa CHCTEMa KepyBaHHS,
WO YCYBA€ BIUIWB MEPEXiAHMX NPOUECIB, BUIHAYAETHCA
HACTYTHHMH PiBHAHHAMHK:

d1 X0 TA-B-L B-L X(1)

ar| x| L0 A-G-Cl x|
(6)
+ py u(t) + By (1) + : E(1) + 0 (1)
0 0 1 g

ne X(£)=X(7)—-X(t). X(t) - ouinka dazosnx
aMiHHMX  ¢inbTpom Kanmawa, G - wmatpuus
Koe(illiEHTIB 3BOPOTHOrO 3B'A3KY ¢inbTpa Kanmawua,
(1), n(f) — wym, wo nie Ha Hyab-OpraH i Hyfb-
iHAMKATOp BIANOBIAHO. L&

OnTUmManbHa CHCTEMa 3 3aMKHYTHUM  KOHTYPOM
nokasaHa Ha puc. 2.
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u(t)

=

Puc. 2. Brok-cxema 3amkrymoi cucmemu kepyeanis AUX
l! KOMREHCaylelo kamepu Manozo ob'emy.
. g -10 - _/\
: #
= —
2. PE3YJIBTAT MOAEJIKOBAHHS LY < \\ A
MonenoBaHHA KepyBaHHA KaMepow MpPOBOAMIOCA g =30 - < .
AN CHCTEMHM, JAMHaMika SKOT XapaKTepH3YyeThCs < -70 5
cnissianowenHAMK (2). ADUX po3iMKHYTOI cHCTeMH ~ i \
nokasaHa Ha puc. 3,a,B. Pe3oHaHcHa wacToTa Hylb- 9010 00 l 103 168
oprana V, =547Tu,  Hynb-innukaTopa - a) Yacrora.
V, = 3957 I'n, ix nobpotroeti O, ~4.6 i 0, ~6.4. AUX
Ha puc. 3,6 3o0pakena AUX Tiei %k cucTemu, ane 3 3 i
KOHTYPOM 3BOPOTHOIO 3B'A3KY MO CTaHy, MiAKIHOYEHOMY B =10 1} AN }
[0 Bxoay KepyBanHa. @YX 3aMkHYTOI i pO3iMKHYTOI < . o o0 \
CHCTEM  MPAKTHYHO  IAEHTHMYHI. 3  MNOpIBHAHHA g 30 P B <
NPeACTaBEHUX JAaHuX BHAHO, wWo LQG-perynstop s =50 &5 \/
YCYBa€ HH3bKOYACTOTHHH MOJIOC CUCTEMH, MPAKTHYHO ;;— 0 - a
He 3MiHOOuM Ti ¢asoBux BaacTHBOCcTEH. Y aaHoMy 70 £
BUNAAKYy  3HAYUMICTL  MOMHIKH  CIIOCTEPEKEeHHS -90 : _
g=10. 5 0 100 1107 1-10*
Ha puc. 4,a i 5,a 300paxeHi BIATYKH CHCTEMH NpH Hacrora, I'u
KOMMneHcauii, nposeaeHoi Ha vactori V= 100Tu. V ) OYX
MOMEHT 4acy [, 30BHIWHIM KEpyloYHM CHTHAJIOM 180
CHCTEMA NEPEBOMMNACA B PEXHM MOBHOI KOMMEHCALIi 5 45 | . ¢ i
3MiHOIO (a3 CHTHany KepyBaHHA Ha -900. Buano, uo 3 -90 \\‘r-— Wibtne b
LQG-perynaTop nocnabnse nepexiaHuii npouec, wio g
BUHHKAE MpH CTPUOKY ¢asu curHany kepyeaHua. Sk € s
BuaHo 3 puc. 4.6 i 56 (v=120 TI'uv, =164
—360
Fuv, =1189 Tu) edexr 3actocypanns LQG- B) 10 100 1-10° 10t
perynsTopa 3pocTtae npu HabauwkeHHi pobouoi 4acToTH Yacrora. I'n
10 YacTOTH pe3oHaHcy cuctemH. Binswn Toro, LQG- Puc. 3. AQYX (a, 6) pozivkuymoi i AYX (6)
peryifTopa ycyBa€ TakO¥ HU3bKOHAcTOTHI OWTTA, WO SAMKHYMOT CUCMEM: —— 6YI0 KEPYEAHHA, --- OHOPHLIL

BHHUKaIOTh MNpH pobOTI KaMepH B CTaUiOHApHOMY
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pexUMI, Konu poboya 4acToTa JEKHTh MK YacTOTAMH
PE30HaHCY HyJIb-OpraHa i Hynb-iHaukatopa (ame. puc.
481358, v=500Ty, v, = 109Ty, v, =792 In). Ak
BHIHO 3 TNOpIBHAHHA puc. 4,r i 5r (V=200TIwy,
V) =547Tn v, =3957Tu) y pekumi, BiamaneHomy
Bill CTaHy NOBHOI KOMMNEHcawii, LQG-perynatopa ne
pobuTL BIIHBY Ha NpoLEC KOMTMEHC AT
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Puc. 4. Bideyku posimkrymor cucmesu.

BUCHOBKH

3acTOCYBaHHA PEKYPCHBHOIO 3BOPOTHOTO 3B'A3KY,
o CKJIalacTECA 3 AiHIHHO-KBaAPaTHYHOTO
ONTHMAJLHOTO pPeryjisTopa Mo CTaHy peryjisoBaHoi
cucremu | QinbTpa Kanmauwa, mo nae ouinky usoro
CTaHy, [O03BONS€ MIiABMIIHTH SKICTh  KepyBaHH:
1'€30€NEKTPHUHOI0 KOMIIEH AL KOJIMBaHb
€/eKTPOMEXAHIYHOT KOJMBAIBHOI CHCTEMH, WO Mae
KibKa pe30HAHCHHMX 4acToT. [lis peryaaTopa 3acHoBaHa
Ha 3HWKEHHI BIUIMBY MEPEXilHUX MpoUeCiB, IO
BHHUKAIOTE Y MOMEHT 3MiHM aMmniTyam uu ¢asu
rapMOHIAHOIO CHIHATY Ha BXOJi KEpyBaHHS.
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Haiibinbwe epextuBHO perynstop aie B pexuni
KepyBaHHR, OJW3BKOMY [0 rOBHOI  KomneHcali
KONWBaHb. Y pexuMi, BilUlaeHOMY Bin CTany nosHol
KOMIEHCalii peryiaTop He poluTsL BNIMBY Ha npouec
komnencauii. Kpim Toro, perynatop n03sonse ycysati
HU3BKOYACTOTHI ouTTS, o BMHHMKAKOTh B
CTaLiOHAPHOMY PEXMMi, KoM poboua YacToTa JEKHTH
MK 9aCTOTaMM PE30HAHCY PeryabOBAHOT CHCTEMH.
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Puc. 5. Bideyxu savknymoi cucmenty .
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ABSTRACT

The generahzcd adaptive myriad filter framework
is proposed and the techmque for such filter design is de-
scribed. Within this framework and by applying two new
local activity indicators, the novel versions of locally
adaptive myriad filter are designed and tested. The ap-
propriately good performance of these new filters is
demonstrated for the case of intensive mixed additive
and impulsive noise. The recommendations concerning
the filter parameters selection are presented.

|

1. INTRODUCTION

For many p+actical applications of 1-D signal
processing it is typical that informational signal is cor-
rupted by mixed no‘Lse i.e. simultaneously present addi-
tive and impulsive noise. For improving the extraction of
useful information ﬁiom signal or for enhancing the accu-
racy of its post- processmg in these applications it is nec-
essary to reduce the influence of that type of noise. For
these purposes hneér filters cannot be applied due to
presence of 1mpulse$ and, furthermore, transitions in in-
formational signal of its own. Therefore, nonlinear filters
should be used since they are able to simultaneously re-
move spikes, suppress the additive noise component and
preserve transitions in signals well enough [1].

But nonlinear filters do not possess these “contra-
dictory” properties simultaneously. Filters can only pro-
vide some trade-off between additive noise suppression
efficiency, transition ‘ preservation and impulse rejection;
besides, this tradeoff for each nonlinear filter is fixed.
This shortcoming cAn be overcome in the recently mtro-
duced myriad filter 2]

The main feature of standard myriad ﬁlter (SMF)
is that it has a tunable parameter £ that controls its behav-
ior. For rather small k values the SMF works in essen-
tially nonlinear mode and possesses good robust proper-
ties. On the contrary, when £ is rather large, SMF practi-
cally performs as mean filter and, consequently, it has
good additive nms&suppresswn Thus, for SMF (in case
of the fixed scanmng window size N) the trade-off be-
tween the additive noise suppression efficiency and the
ability to remove spikes can be easily changed by means
of varying the tunable parameter k.

|
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Although it is possible to use non-adaptive myriad
filter with appropriately chosen parameter & [3], its adap-
tive version is more powerful and useful [4]. The two
versions of adaptive myriad filter (AMF) presented in [4]
are rather simple. In the first one, the tunable parameter &
for each running window position i is calculated as

k= kQ 'Qipq >
ence between the g-th and p-th order statistics for scan-

ning window size N) of data sample from the current
running window, and k, is a parameter. In the second

where QF7 is the quasi-range (the differ-

version, the parameter k is obtained as k; =k o -Q-f 3

where Qf is the output of the standard median filter

“with the same window size N applied to the array of the

values of quasi-range Q7
As it was shown in [4], these AMFs with appro-
priately chosen parameters k, and & s outperform

non-adaptive myriad filters. Moreover, in many cases the
performance of AMFs is better than for median and o-
trimmed filters (for the same N) that are widely used for
1-D signal processing. However, the determination of the
parameters k, and = is a rather difficult task. Be-

sides, in many practical situations the robustness of the
proposed AMFs is not appropriate. Hence, below we
propose some new versions of the AMF for which these
shortcomings are overcome.

2. GENERALIZED ADAPTIVE MYRIAD
FILTER FRAMEWORK

In general, the myriad filter adaptation means that
for each running window position i the value of some
local activity indicator (LAI) is calculated and then, tak-
ing into account the LAI value, the tunable parameter & is
adaptively adjusted, thus, k, = f(LA4I,) where fis some
function. As a function / we propose to use linear de-
pendence implying some coefficient k;,, since this ap-
proach was shown itself as rather effective one [4]. So,
let's further suppose that k; =&, ,, - LAI; . :

Furthermore, SMF is scale non-invariant [2], i.e.
its properties depend upon data scale, hence we propose
to use some normalized tunable parameter k/c, instead
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of parameter k, where o, is the standard deviation
(STD) of additive noise. So, as will be denoted below,
we assume that additive component of the mixed noise
obeys Gaussian distribution with the STD o, .
Summarizing the aforesaid, our design of the pro-
posed AMFs consists of two stages. At the first one, an
optimal value of (k/c, )op, that provides the best trade-

off between additive noise suppression efficiency, signal
transitions preservation and spike rejection abilities is
found. At the second stage a coefficient ky. = o, /LAl

that is simply the proportionality coefficient between
STD and LAI values for the constant level signal frag-
ment is determined. Finally, the k;,, value is calculated
as kbh' = (k/Ja)op:kSC 2

The requirements to the LAI are the following.
First, its value should characterize the scale of data sam-
ples in the scanning window that are not corrupted by
spikes, i.e. LAI should be robust to impulsive noise. Sec-
ond, for neighborhoods of sharp transitions in signal the
LAI values have to be approximately the same as for the
fragments of constant signal.

3. PROPOSED LOCAL ACTIVITY

INDICATORS

One disadvantage of the already used quasi-range
(QR) and median filtered quasi-range (MQR) LAls [4] is
their insufficient robustness (in cases of rather large
probabilities of spike occurrence). Another drawback of
QR and MQR is that their values are greatly influenced
by sharp signal transitions (for example, the neighbor-
hoods of samples with indices 50, 250, 300 of the test
signal shown in Figure). So, now we propose to use two
new LAls: 1) the median of the absolute deviation from
the median (MAD) [5], and 2) the so-called “minimized”
quasi-range (MQR) specially designed by us.

The MAD parameter for the running window po-
sition i s defined as MAD, =medfx, - medx, Jj,
where {x,} is the data sample formed from the values
within  the current running window and

Jj=i-N/2,i+N/2. The MQR parameter is expressed
as  MOR[" = min(Q}" ), l=m+1,N-m, where
{

O = xltrm) _ 1 (=m) and m is the parameter that corre-
sponds to the half of the inter-quantile distance (q— p)/ 2

in the usual quasi-range 07 .

The MAD parameter is widely used as robust lo-
cal scale estimator [5] and, as known, it is more robust
than quasi-range. Beside, MAD is less sensitive to the in-
fluence of signal sharp transitions.

The use of the minimization operation in the pro-
posed procedure of the MQR allows increasing robust-
ness of the standard QR in the case of identical sign
spikes. In such cases QR can reject only p-1 spikes while

MQR can reject 2m=g-p=N-2p+1 spikes. Since,
for the same considered window size N=9 and for =3
and g=N-p+1=7 QR can reject only two spikes while
MQR can reject four. Because of the same reason, this
modification has an improved insensitiveness of LAI to
sharp signal transitions.

All the LAI parameters are calculated for the
same scanning window position and size N as the pro-
posed AFM output is derived.

4. CONSIDERED SIGNAL/NOISE
MODEL AND FILTER PERFORMANCE
CRITERIA

As has been mentioned above, we suppose that
noise is mixed, and it contains additive and impulsive
components. Furthermore, we consider the most compli-
cated case of spikes with identical sign. So the model of
a 1-D sampled data sequence we used is

0) S(i)+n, (i), with probability 1-P l

i)=

A S(i) + Py (), with probability P M
where S(i) denotes the true signal value of the i-

th sample; n,(i/) is the zero mean Gaussian additive

noise with the variance o ; Ny (i) defines the ampli-

tude of impulsive noise that occurs with the probability
Fimp- The test signal shown in Figure consistsof differ-

ent fragments peculated to the most of real-live situa-
tions: 1) a constant signal (for example, the fragment
with indices from 5 to 45); 2) a step edge (positioned on
the 50-th sample); 3) piecewise linear curves (indices 90-
110 and 190-210); 4) linearly increasing and decreasing
signals (for example, the fragments with indices 110-140
and 160-190), 5) a peak-like maximum (90-110); 6) a
polynomial maximum (265-285), and 7) piecewise linear
and polynomial curves (the junction points have the indi-
ces 250 and 300).

As the general characteristic of the AMFs and
others concerned filters efficiency we used the MSE cri-
terion y, calculated for the entire test signal. Besides, in
order to analyze noise suppression efficiency and transi-
tions preservation separately we calculate some local

MSE values %, for different signal regions (sub-
indices of ¥, in Table 2 correspond to the fragment

margins).
5. AMF PARAMETER SELECTION

In order to determinate the kg~ value, the special

analysis has been performed. For the constant level sig-
nal fragment corrupted by only additive Gaussian noise

with several variance values of =0.01; 0.03; 0.05; 0.1
(o,=0.1; 0.17; 0.22; 0.32) the mean values of the LAI

parameters calculated for entire signal Were obtained. As
it has been established, these mean MAD and MQR LAI

values relate to o, as 0,~1.5 MAD (see also [5]) and
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0,~1.22 MOR , ie. kg =1.5 for MAD and 1.22 for
MQR.

Generalizing the previously obtained results con-
cerning myriad filter parameter selection [3,4] one can
conclude that the optimal (Ic/ o, )ap, value is within the

range 0.7+1.0. So, the optimal value of k,,; is expected

to be within the range 1.05+1.5 for MAD and 0.85+1.22
for MQR, respectively.

6. NUMERICAL SIMULATION RESULTS

Besides the new AMF versions based on MAD
(Adapt 1IT) and MQR with m=2 (Adapt 1V) we also simu-
lated two old AMF versions [4] based on QR with p=3
and =7 (Adapt 1) and MQR (Adapt I). For comparison
we obtained numerical simulation results for the standard
median (Median) and a-trimmed (a-Trim) filters. These
results for four different noise environments (different
parameters in model (1) - Cases 4, B, C, and D) are pre-
sented in Table 2. The best results (minimal y values)
for each AMF for different k;,, are marked by bold
formatting and the best result among all considered
AMFs is marked by beld italic formatting.

As seen from Table, for each AMF the optimal
value of the k;,; coefficient that provides the best gen-

eral characteristic y, of the filter can be found. The in-

creasing of k,,, value with respect to the value k{7

brings to noise suppression improving but signal transi-
tion preservation becomes worse. On the contrary, the
decreasing of k;,, value leads to noise suppression deg-

radation but signal transition preservation improves.
The best integral characteristics y, for all Cases

are obtained for Adapt IV filter (for optimal k7%, ). As

the analysis of the local MSE values shows, in Cases 4,
B, and C, when the level of the additive and impulsive
noise is relatively small, it happens only due to perfect
preservation of piecewise linear and polynomial curve
(indices 240-260) but for the rest test signal fragments
the best results are obtained for Adapt II filter. As for the
Case D, when the destructive influence of mixed noise is
very strong, the Adapt 1V filter is the best for almost all
test signal fragments, i.e. this filter is the most robust
among the considered AMFs.

The Adapt 1l filter occupies the intermediate
place between Adapt [l and Adapt IV filters. This means
that MSE y, for Adapt II1 filter is usually a little bit

worse than for Adapt IV, but it is better than for Adapr /1.
On the other hand, almost all %,  values (except

X 2a0-260) for the Adapt Il filter are better than for

Adapt 1V, but they are worse than for Adapt /1.

It is especially interesting that the proposed AMFs
provide better preservation of step edge than the standard
median filter commonly considered the best in this sense.

CONCLUSIONS
The proposed AMFs based on MAD and MQR
LAls possess good noise suppression efficiency and, at
the same time, accurate signal transitions preservation.
For the considered test signal and noise properties they
improve input SNR by 7...11 dB. These filters (in the
sense of total MSE z,) outperform the median and o-

trimmed filters that are widely used for 1-D signal proc-
essing. Moreover, the characteristics of the proposed
AMFs are better than for previously designed AMFs, es-
pecially for the case of very intensive additive and im-

£ - 2
pulsive noise (o, =0.03, P, =0.1).
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Table. The entire and local MSEs for the considered filters (N=9).

X Xio-a0 | Xao-60 | Xoo-110 | Xr10-140 | X140-160 | X160-190 | X190-210 | X 240-260 | X 265-28
Case A: 0,=0.01; P,_=0; n,, =0 -
Noise 0.01000 | 0.00995 0.01016 | 0.01000 | 0.01005 | 0.00998 | 0.01008 | 0.00981 | 0.00991 | 0.01001
Median 0.00273 | 0.00166 | 0.00407 | 0.00213 | 0.00237 | 0.00369 | 0.00309 | 0.00244 | 0.00542 | 0.00228
a-Trim 0.00441 | 0.00129 | 0.02206 | 0.00153 | 0.00145 | 0.00256 | 0.00154 | 0.00163 | 0.01485 | 0.00160
Adapt! 0.50 0.00316 | 0.00166 | 0.00795 | 0.00212 | 0.00232 | 0.00358 | 0.00291 | 0.00235 | 0.00723 | 0.00223
Adaptll 0.70 | 0.00316 | 0.00166 0.00795 | 0.00212 | 0.00232 | 0.00358 | 0.00291 | 0.00235 | 0.00723 | 0.00223
Adaptli 1.26 0.00333 | 0.00124 | 0.00288 | 0.00150 | 0.00146 | 0.00254 | 0.00147 | 0.00159 | 0.01581 | 0.00156
Adaptill 0.87 | 0.00290 | 0.00182 | 0.00258 | 0.00236 | 0.00272 | 0.00406 0.00357 | 0.00270 | 0.00581 | 0.00251
AdaptlIl 1.45 | 0.00229 | 0.00152 0.00434 | 0.00186 | 0.00197 | 0.00314 | 0.00230 | 0.00203 | 0.00392 | 0.00197
Adaptlll 2.32 | 0.00266 | 0.00133 0.00929 | 0.00157 | 0.00154 | 0.00264 | 0.00162 | 0.00169 | 0.00657 | 0.00167
AdaptlV 0.85 | 0.00256 | 0.00171 0.00246 | 0.00217 | 0.00243 | 0.00371 | 0.00307 | 0.00244 | 0.00462 | 0.00229
AdaptlV 1.28 | 0.00218 | 0.00148 | 0.00361 0.00181 | 0.00190 | 0.00305 | 0.00218 | 0.00197 | 0.00374 | 0.00191
AdaptlV 1.70 | 0.00227 | 0.00136 | 0.00573 | 0.00162 [ 0.00161 | 0.00273 | 0.00174 | 0.00175 | 0.00483 | 0.00172
Case B: o‘_2 =0.01; Pm =0.03;in,,=1.0
Noise 0.03993 | 0.03949 | 0.03783 | 0.04029 | 0.03934 | 0.04253 | 0.04102 | 0.03964 | 0.04015 | 0.04072
Median 0.00413 | 0.00185 | 0.00971 0.00244 | 0.00271 | 0.00399 | 0.00385 | 0.00304 | 0.01232 | 0.00235
a-Trim 0.00531 | 0.00159 | 0.02439 | 0.00192 | 0.00189 | 0.00293 | 0.00232 | 0.00231 | 0.01846 | 0.00179
Adaptl 0.50 0.00423 | 0.00178 0.01212 | 0.00222 | 0.00247 | 0.00375 | 0.00328 | 0.00268 | 0.01310 | 0.00226
Adaptll 0.70 | 0.00388 | 0.00159 | 0.00835 | 0.00203 0.00226 | 0.00341 | 0.00279 | 0.00243 | 0.01373 | 0.00201
Adaptil 1.26 0.00443 | 0.00142 | 0.00962 | 0.00169 | 0.00171 | 0.00280 | 0.00204 | 0.00207 | 0.01989 | 0.00169
Adaptlll 0.87 | 0.00412 | 0.00189 | 0.00919 | 0.00244 0.00280 | 0.00415 | 0.00384 | 0.00296 | 0.01200 | 0.0024%
AdaptIII 1.45 | 0.00334 | 0.00160 0.01034 | 0.00197 | 0.00211 | 0.00332 | 0.00269 | 0.00236 | 0.00873 | 0.00197
Adaptlll 2.32 | 0.00359 | 0.00145 | 0.01381 | 0.00176 | 0.00180 | 0.00295 0.00228 | 0.00215 | 0.01068 | 0.00173
AdaptlV 0.85 | 0.00372 | 0.00176 | 0.00915 0.00223 | 0.00251 | 0.00380 | 0.00333 | 0.00269 | 0.01043 | 0.00226
AdaptIV 1.28 | 0.00322 | 0.00155 | 0.00987 | 0.00192 | 0.00205 | 0.00324 0.00260 | 0.00231 | 0.00838 | 0.00191
AdaptlV 1.70 | 0.00326 | 0.00146 | 0.01134 | 0.00180 | 0.00186 | 0.00302 0.00236 | 0.00219 | 0.00899 ,r'0.00] 76
Case C: 0,=0.03; P, =0.03; n,,=1.0
Noise 0.06012 | 0.06009 | 0.06176 | 0.06121 0.06079 | 0.06154 | 0.05925 | 0.06031 | 0.05879 | 0.05974
Median 0.00844 | 0.00559 | 0.01628 | 0.00602 | 0.00638 | 0.00755 | 0.00724 | 0.00673 | 0.01945 | 0.00601
a-Trim 0.00852 | 0.00447 | 0.02839 | 0.00481 | 0.00481 | 0.00574 | 0.00508 | 0.00521 | 0.02332 | 0.00467
Adaptl 0.50 0.00817 | 0.00535 0.01754 | 0.00564 | 0.00605 | 0.00734 | 0.00680 | 0.00635 | 0.01854 | 0.00583
Adaptl1 0.70 | 0.00758 | 0.00475 0.01379 | 0.00512 | 0.00553 | 0.00682 | 0.00627 | 0.00574 | 0.01947 | 0.00527
Adaptll 1.26 0.00776 | 0.00424 | 0.01850 | 0.00453 | 0.00463 | 0.00569 | 0.00496 | 0.00495 | 0.02346 | 0.00456
Adaptll] 0.87 | 0.00852 | 0.00577 | 0.01542 | 0.00612 | 0.00667 | 0.00806 0.00762 | 0.00692 | 0.01893 | 0.00635
Adaptlll 1.45 | 0.00755 | 0.00489 | 0.01890 | 0.00516 0.00545 | 0.00664 | 0.00597 | 0.00575 | 0.01655 | 0.00529
Adaptill 2.32 | 0.00780 | 0.00447 | 0.02361 | 0.00475 0.00487 | 0.00590 | 0.00520 | 0.00523 | 0.01974 | 0.00477
AdaptIV 0.85 | 0.00795 | 0.00538 | 0.01554 0.00568 | 0.00615 | 0.00746 | 0.00691 | 0.00639 | 0.01729 | 0.00589
AdaptlV 1.28 | 0.00736 | 0.00478 | 0.01826 0.00505 | 0.00533 | 0.00649 | 0.00582 | 0.00562 | 0.01608 | 0.00518
AdaptlV 1.70 | 0.00745 | 0.00452 0.02111 0.00480 | 0.00497 | 0.00603 | 0.00534 | 0.00531 | 0.01760 | 0.00485
Case D: 0,=0.03: P,_=0.1; n, =10
Noise 0.13052 | 0.12980 0.13029 | 0.13455 | 0.13083 | 0.13012 | 0.12653 | 0.13243 | 0.12454 | 0.12877
Median 0.01398 | 0.00784 | 0.02967 | 0.01007 | 0.00978 | 0.01053 | 0.01183 | 0.01063 | 0.03580 | 0.00848
a-Trim 0.01513 | 0.00926 | 003775 | 0.01168 | 0.01048 | 0.01061 | 0.01128 | 0.01153 | 0.03551 | 0.00893
Adaptl 0.50 0.01266 | 0.00711 | 0.02872 | 0.00891 | 0.00852 | 0.00966 | 0.01010 | 0.00909 | 0.03274 | 0.00778
AdaptII 0.70 | 001267 | 0.00712 | 0.02831 | 0.00900 0.00838 | 0.00945 | 0.00987 | 0.00901 | 0.03376 | 0.00754
Adaptll 1.26 0.01451 | 0.00865 | 0.03271 | 0.01105 | 0.00987 | 0.01044 | 0.01088 | 0.01084 | 0.03665 0.00858
Adaptill 0.87 | 0.01267 | 0.00687 | 0.02825 | 0.00870 0.00848 | 0.00990 | 0.01042 | 0.00898 | 0.03345 | 0.00793
AdaptIIl 1.45 | 0.01209 | 0.00681 0.02959 | 0.00878 | 0.00824 | 0.00934 | 0.00988 | 0.00901 | 0.02964 | 0.00740
Adaptlll 2.32 | 0.01345 | 0.00772 0.03313 0.01011 0.00936 | 0.01003 | 0.01088 | 0.01033 | 0.03226 | 0.00805
AdaptlV 0.85 | 0.01213 | 0.00667 | 0.02811 | 0.00850 0.00815 | 0.00951 | 0.01000 | 0.00872 | 0.03101 | 0.00759
AdaptIV 1.28 | 0.01204 | 0.00683 | 0.02937 0.00888 | 0.00831 | 0.00938 | 0.01004 | 0.00911 | 0.02888 | 0.00742
AdaptlV 1.70 | 0.01283 | 0.00740 | 0.031 36 | 0.00975 | 0.00904 | 0.00982 | 0.01070 | 0.00997 | 0.03004 | 0.0078I

p 3
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XBuiabkoBe Ta Kapynena-JloeBa nepersopeHns
300paKeHb y peajibHOMY 4aci

Mycamenxo FO. C., Kypawos B. H.

JlaGopatopisa onTHYHOI Ta MiKpOXBHILOBOT 00pobkH iHdopMaLii Ta Teopii cepeaoBHLL,
paniodiznunuii paxkynsteT, Knischbkuit HauionanbHuil yrisepcutet imeni Tapaca [llesueHka
Ten. (044) 266-0483; E-mail: ysm@mail.univ.kiev.ua

B poboTi npeacTasneHmii po3podieHuit aBTopamu
nporpaMHuii NakeT Ana 30iHCHEHHA XBHJIbKOBOrO
(wavelet)' Ta Kapynena-Jloesa(KJI) nepersopeHs
300paxkeHb B pealibHOMY 4aci Ha NepcoHaNbHOMY
komm’toTepi. [Tpy po3pobui nakeTy MakcumanbHa
yBara  MpUALIANACL  OTPUMAaHHK  BHCOKOI
HIBHOKOMI. s 3a0e3neyeHHs BHCOKHMX
IWBHAKICHHX MOKa3HHKIB peani3alliio nepeTBopeHb
Oyn0 30IACHEHO B UIIMX YHMC/1aX 3 BAKOPHUCTAHHAM
TEXHOOTIT MMX. Po3pobnenuit naket
npu3HadeHuit ans  3abesmevenHs pobotm B
peanbHOMY 4aci CHCTEMH CTHUCHEHHA HabopiB
300pakeHb, po3polIieHOT aBTOpaMK paHitue.

BCTYII

OpToroHanbHi NEpeTBOPEHHA LUMPOKO
BHKOPHCTOBYIOTHCA B CHCTEMaX CTHCHEHHsS 300pakeHb.
Haiibinbly WHPOKO BUKOPUCTOBYBAHWUM, MalyTh, €
0104HE KOCHMHYCHE TEpeTBOPEHHS, Ha OCHOBI AKOro
nobyaosaHuii momyaspHi ctaHaapti ctucHenHs JPEG
ta MPEG-2. Tlpote, Ha cboroaHiwHii aeHe, Oyno
3anponoHOBaHO Oinbul e)eKTUBHI CHCTEMH CTHCHEHHA
Ha OCHOBI XBWJIbKOBOro nepersopeHHs [1-2] Ta
nepeteopeHa KJ1 [3] (B ToMy umcni aBTopamu jaaHoi
pobotu [4]). Sk npasuao, 6a30BHM aqrOPUTMOM s
JAHUX CHCTEM CTHCHeHHs € anroputv EZW[4] i
XBUIbKOBE MepeTBopeHHs. barato iHWHX cucTeM
CTHCHEHHA BHKOPHMCTOBYIOTb Moaudikauii AaHoro
AMropuTMy 3 JE€SKMMM nokpaweHHsMH. OnHum 3
OCHOBHHMX HENOJIKIB TaKMX CHCTeM € IiX BHIla
CKNaAHICTh peanizauii Ta HU3bKa WBWIKOLIA, LIO He
A03BONAE IM KOHKYDYBATH 3 BIAOMHMMM CTaHIapTamu B
3ajayax peanbHOr0 uacy TakMX #AK CTHCHEHHA Ta
nexomnpecis Bineo. OCHOBOIO HAWIOT ICHYIOYOI CHCTEMH
CTUCHEHHA € CXema [MepeTBOPEHHA Ha  OCHOBI
nepetBopeHHsa KJI B3a0oBXk oci Hacy Ta ABOBHMIPHOro
XBANBKOBOTO TMEPETBOPEHHA B [UIOLIMHI 300paxeHb 3
MONANbLIWMM  3aCTOCYBAHHAM  OPMIiHANBHOT  CXEMHM
kBaHTyBaHHA. Jna edexturHoi poboTu naHoro mertoamy
HeoOXxinHOO € edeKkTHBHA peanizauis KowHOI 3

Tepmin “XBHILKOBE TNEPETBOPEHHs € MEpeKnanoM 3
aHrmicebkol BHpasy “wavelet transtorm’. nanuii nepeknian
ABTOPH BBKAIOTH HAWDI. ki1l BAAIHM.

© UkrObraz’2002

ck1aa0Bux. B naniit poboTi npeacTaBAeHUA NaKeT, AKMA
3 BHCOKOK ILUBMIKONIEHD Ppeani3y€ 4acTHHY CHCTEMHU
CTHCHEHHs, fka BianoBinae mneperBopenHio KJ1 Ta
XBHJIbKOBOMY NEPETBOPEHHIO.

s XBHJIbKOBOTO NepeTBOpeHHA
BUKOPUCTOBYEThCA BIIOMHH (inbTp 9/7, AKWit € OAHMM 3
HalKkpaliMX 3 TOYKHM 30py BHMKOpDHCTaHHA B 3alayax
CTHCHEHHA 3 BTPATAMH.

Pobora ma€ Taky CTpykTypy. B nepiuomy
po3difi  KOPOTKO po3riaHyTo mnepeTBopeHHs KJI,
XBWIbKOBE  TNEpeTBOpeHHA Ta  BHKOPHCTOBYBaHI
anropuT™MM X 3ailicHeHHs. B HbOMY X MNpeNCTaBleHO
CXeMY PpO3BHHEHHA 1nA Akoi HeoOXinHo 3abe3neunTH
BHCOKY IUBHIKOAIK. B po3aini 2 po3rasHyTo peanizauito
3rajaHux NEPETBOPEHL B U,iHHX meapax 3
BHKOPHCTaHHAM TexHonorii MMX. B Tpetbomy po3aini
MPeiCTaBNE€HO Pe3yNbTATH TEeCTYBAaHHA LIBHIAKOLIT Ta
TOYHOCTI  BigHOBNeHHs.  HanpukiHwi  npuBeneHi
BHCHOBKH 3 pofoTH.

1. IEPETBOPEHHS CUI'HAJIIB
TA 30BPAXKEHD

1.1 lleperBopenns Kapynena-Jloesa

3wmict neperBopenHa KJI nondrae B MiHimizauii
. - = - . -
cepeaHbOkBaapaTHyHOl nNoXubku € 19 K-BUMIpHOT

NpoeKuii cHUrHamy {UeRd} g Beix K. lHwmmm
CIOBaMM, MH MAEMO 3HAWTH oOpToroHanbHMi Oasmc

d -
{ ¢”} TaKmii, IO 3a/I0BOJILHAE YMOBI:
(1]

K

_=min. (1)

K
Z k .0
£= Un—ZanqﬁK
k=1 f

I'n
Tyt |*l nosuavae L’ HOpMY, @ <*> - YCEpEJHEHHs M0
OyHKuUIT ¢2 . 1o

reHepanbHii  CyKYMHOCTI.

3a/10BONILHAIOTE YMOBI (1.1), yTBOpIotoTh Gazuc KJI ans
3ajadoro ancambmo [U): a Habip koediuieHTis {aﬁ }
k=12..d € «koebiuieHTaMM pO3K@any CHrHaJIB

ancamOmo B 6a3zuc. Bapiauiitna 3anaya (1) nac piBHAHHA
Ha BJIACHI 3HAYEHHA, KOTpe Binome, sk Teopema KJI [3]:
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ne G — kopensuiiina marpuus BuGipku U}, a A -
BracHi 4vucma Marpuui G. Ockinkku kopensuiiina
Matpuus nicas nepersopeHs KJI € niaronanbHolo, 1o
|kl . ;
KOOpAHHATH Fi f sektopis U, B npocropi,
oK
nopomkeHomy  6a3uCHUMU  BEKTOpPaMH Pt
HEKOpE/IbOBAaHHMH BHTIAIKOBUMH BEJIHYMHAMM.
OcHoBHOIO  npobnemoro, noB’sA3aHol 3
nepetsopeHHaM KJI. € rpoMi3akicte 4YHCENbHOro
PO3B’A3KYy piBHAHHA (2), Ake Mae cknamicth O(Nd +
d); N — obcar nasuaiouoi BHOIpKH.

1.1 XBHIbLKOBE NIEPETBOPEHHS

OcrandiMm  u1acom B cucremax o6pobku
iHdopMaLlii WHPOKO BUKOPHUCTOBYETHCA  XBHJIBKOBE
NEPETBOPEHHA. BoHo 3abe3nevye T.3B.
MYJIbTUPO3PI3HIOBATLHY LIEKOMITO3HLLIKO, nojae

aHcambns yepes Habip npomacwtabosanux "koniil” i €
NOTYXKHMM 3aco00M 4N aHanisy Ta CTHCHEHHSA
300paxeHb. BUIINEHHA 03HAK Ta PO3Ni3HaBaHHA 06pa3is.
OnHi€io 3 BaXIMBHX NepesBar LBOrO NEPETBOPEHHA €
HU3bKA CKJIANHICTb. BOHA NiHIWHO 3pPOCTaE 3 KUMBKICTH
BLUNIKIB. Huik4e MM PO3rIAHEMO OCHOBHI NMPHHUMNK
XBHJIbKOBOro nepergopenns|1-2).

[ToHATTA MyNLTHPOIPI3HIOBANLHOrO  aHaNi3y
HO3BONUNO BiAWYKaTH MeTONA MoGYNOBH XBHIIBKOBOTO
OpPTOHOpMOBaHOro 0Oasucy ANA MNPOCTOPY CHrHaniB
CKiH4eHHOI eneprii Ly(R). V 1989 poui Mamnat[2]
MPeACTaBUB UEH MaTeMaTHYHHHA METOM,” OCHOBHA iaes
AKOro noasrae B TtakoMy. MH MmaemMo nOCHAOBHICTH
mianpocropis }; < LoR) . V, c V., j € Z i dynkuito
@(x), TaKy, 1 TIOC/Ti AOBHICTH hyHKuii

0
2772927 x—n l n € Z, yTBOPIOE OPTOHOPMOBa-
! P!

Hui  Gasuc y V. Tpamuuiiivo W, nosHauae
OpTOoroHaibHe nonosHeHus F, B [, TaK wo

Viqa=V;®W,; ne cumson & NO3Ha4Yae cymy

nmianpocropis. Ilianpoctopu ¥, 06paHo Takum unHOM,
wo nianpocrops M € oproroHanbHi Mix c060i0. W,
MICTUTb JeTajli j-ro piBHA AHATI30BAHOTO CHrHANY,
TOMY, 110 BiH OTPUMY€THCA AK PI3HHUA NIANPOCTOPIB Vi
i 1 Vj, ki MICTATL anpokcumauii curhany j-/-ro i j-ro
piBHA BiANOBiZHO. MOXHA NOKa3aTH, WO MOXIMBO
CTBOPHTH MaTepUHCLKY (PYHKUIO y(Xx), TaKy, 1O Nocni-

NOBHICTb  (yHKU# {2””2 w(Z_fx —n) } nez,

YTBOpPIOE  OpTOHOpMOBaHWH Gasuc y W, 3sixcu
OYeBHIHO, 10 Habip hyHkii
{ 23 w(z iy~ n) : ne€Z, yTBOPIOE OPTOHOPMO-

BaHMii 6asuc y L,(R). Anpokcumaulia i aetani curHany
OTPUMYIOTHCA HOr0 OpPTOrOHATLHHM NPOEKTYBAHHAM Y
anpOKCHMYIOY i i pi3Heueswmii NiANpoCcTopH.
ludopmauia, kotpa micTuTeca y nianpoctopax F; Ta W,
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MOX€e pO3INANaTHChL AK anpoKCHMaLia Ta aeTani j-ro
piBus curHany f{x) sianoeigno. Ipoekuii curnany 8 j-
THH anpoOKCUMYFOYHi Ta pisHELIeBHIE MIANPOCTOPH €

¢l = If(x).2—1/2¢(2_1x—n)-ﬂ5r;
- €)
» +w 3 r
dy = ,[f(x) 272y @7 ). dk.

B nmificHocTi koediuieHTH nojaHHA cureamy, 1wWo
BIANOBiAAIOTE MiANpocTopam V; Ta W o6uncaio0Tses 3
MoNepeaHbOro piBHI anpoxcHMailii V.1 3a nonomoroin
napu ineTpis & i g 32 anroputmom Mannara:

ch = hen-k)-cf",
K

d) =% g@n-k)-of™. @)
k :

BigHosnenns curuany BiafyBaeTbcsa 3 BHKOPHCTAHHAM
Maike THX camHX QinbTpiB | 3BOPOTHBLOrO X0ay
aNropuTMy:

c;’,'_] =Z’7(”‘2")‘C}{+2g("_2k)'d’{‘ (5
k k

Tyt siaryku napu ¢inbrpis TpaauuUifiHO NO3HAYAKOTHCH
CHMBONIaMH /1 Ta g 1% BIAHOBIIOKMOT YacTHHM | /i (n)
g(n) mna amanizyrouoi uacTunn. Boum Mixk q'Bﬁmo
MOB’432Hi POCTHMH PIBHOCTAMH.

h(n)=h(-n),

g(n)=g(-n) . 6

Axuwo onepatopu A i G nosnauaots 3rOpPTKY CHrHaty
3 HHM3BKOYACTOTHUM Ta BHCOKOYACTOTHHM Bilrykamu h
Ta g BIANOBIZHO, TO NEKOMMO3HUIA curnany 3 (j-/)-ro
pisHs B j- piBeHb 3MIACHIOETHCA 3aCTOCYBAHHAM
oneparopie H i G 10 xoediuientie (j-/)-ro pisns. B
Pe3ynbTaTi UBOrO MpPOLECY MH OTPUMAEMO OiHaphe
nepeBo s 0OYMCHEHHS KOEQIUIEHTIB PO3BHHEHH B
Habip NiANpocTOPIB, KOTPHIl BU3HAYAETLCA XBHALKOBUM
MYNbTHPO3pi3HIOBANbHUM  aHanizom. Lle  nepeso
300paxeno Ha Puc.l. Ha kokHomy «kpoui mu
3NIACHIOEMO pO3KNafaHHs KoeiliEHTIB PO3IBHHEHHS
CHTHajly B IBI 4acTOTHi CMYTH 3a J0ONOMOrow0 QiIbTpiB
HiG ma PEKYPCHBHO NpOAOBXKYEMO WO (inbTpauiio
A4 HH3bKOYACTOTHOI 4YaCTHHHW DPO3BUHEHHS CHMTHAnY.
Koediuientu posknananxs no XxsuabkoBomy 6asucy
NHWATUMYTLCA Y ONOKax, KOTPi BHIINEHI Ha PUCYHKY.
BinHosnenHs 3AilicHIOETCA 32 TOAIGHOIO CXEMOID,
TUILKH B 3BOPOTHii Gik.

KpiM OpTOroHanbHMX XBUILKOBMX (insTpis
4acTO KOPUCTYIOTHCA HEOPTOTOHANBHMMH, CEpell AKMX
HaHMOWHPEHIWNMH € T.38. GiopToronansHi Gpinstpu. o
Takux QinbTpiB BiAHOCUTLCA | BHKOPHCTOBYBaHMit HaMH
Binomuii GineTp 9/7. OcobnusicTio unx GiAbTpis € Te,
L0 HE 3BAXKAKOYH HA BiJCYTHICTH op‘roronaﬁsnoc'ri BOHH
A03BONAIOTH NOBHE BIIHOBJICHHA, KPiM TOTO Ha BIAMIHY
BII OpPTOrOHaNLHUX OiNbTPIB BOHM MOXYTh OyTH
CUMETPHYHMMHM JUIa  JOBKMH (QinsTpa >2. TlosHe

e a—




BIIHOBJIEHHS MOXUTHBE 33 PaXyHOK TOro, 10 (inbTpauis
Briepen € NpPOEKTYBaHHAM B AeAkuil apiHHuA Gasuc, a
380poTHA (iibTpauia ABNAE COOOKW BIAHOBJCHHA 3a
JonoMorow Blacmuoro Oasucy. B 3B'a3ky 3 UMM

dinsTpn h Ta g noe’ssani 3 h(n) Ta g(n) 30BCIM
iHAKWIMM YMHOM, ane (inbTpauis NpPOBOAMTECA Tak

camo. CBowo Hasey (GioprorowambHi) ui ¢inbTpH
OTpMMANW 4epe3 Te. IO MOTapHO OPTOrOHAIbHHMH €

dinstpu h Ta g(n) i g Ta h(n). B Garatbox poborax

BiAMiYeHO BMLII MOKa3HuKM OiOPTOroHanbHUX GinbTpis
nopal 3 OPTOrOHANBHWMM B 3a]a4ax CTHCHEHHA
- 300paneHs.

ch
I O e
c,;“’l d,—.;'“
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Puc. 1 JlepeBo XBHIbKOBHX PO3BHHEHb.

ey D Dzl_zf
Dlz—sj D:-;J 1
2 3
Do f Do
2 3
D f RS

Puc. 2 Cxema 1BOBMMIPHOT0 XBH/IbKOBOTO
nepeTBOPEHHA.

[lpu 3acTocyBanHi 10 300paXeHb 4acTO KOPHCTYIOTHCA
MpPOCTHM cenapabeabHUM y3arajbHEHHAM
ONIHOBMMIPHOTO  XBM/JILKOBOrO  MEPETBOPEHHA  Ha
npoBuMipHH BUManok. Sk MOXHa MoKas3aTH, Cxema
NepeTBOpEHHs, TOAI Mae BMINIAN NpEACTaBAeHHA Ha

Puc.2. Tlpr usomy oneparop Dk j S k1,23
5-

BiANOBiZAE BimwykaHHIO AeTanedi j-ro piBHs 3 k-0

opieHTaliclo, a oneparop Ad_j f € oneparopom
2

nobynosu anpokcumauii cHrxany. B opHoBuMipHOMY
BUMAKy € 1Ba ONEpPaTOpPH, a B ABOBUMIPHOMY — YOTHPH,
AKi MOYXHA NoJaTH AK 106y TKH ONHOBHMIPHHUX.

Jina 3ama4 cTHCHeHHs HaOopis 300pakensb
HAMH  TIPOBOAMTLCH nepeTBOpeHHs  (akTHYHO
TpusMMipHoro Habopy nanux. [pn ubOMY 3AIACHIOETBCA
neperopedHs KJ1 no Bici wuacy, i JABoBHMipHe
XBHJILKOBE MEPETBOPEHHs B MIOMMHI 300paxens. [1pu
1ILOMY CXEMa NMEePETBOPEHHA BHIIIANAE TaK Ak Ha Puc.3.

2D xsunsxose | . ; L L

e /
| o

A

. 2, .
Puc. 3. Cxema po3pi3HeHHs NpH 3acTocyBaHHi
nepersopetts KJI no 4acosi# oci i 2D XBHIbKOBOIO
fepeTBOpeHHs B MIOWHHI 300paXeHb.

Jlani HaMH PO3rNAAATHMETECA AKMM YHHOM 3a6e3neynTH
31iWCHEHHA npecTaBJIeHOro TPUBHMIDHOIO
NepeTBOPEHHS B peaTbHOMY 4aci.

2. PEAJIIBALISI IEPETBOPEHD

Mobynosana edexkTHBHa  peajiisallini  OMHMCaHOro

TPUBHMIPHOTO TIEPETBOPEHHA MICTIIA TaKi CKIAI0BI.

1. V Beix HaifBaXuux [iNISHKaX BUKOPHCTOBYBAIHCA
uini uucna 3 Tounictio 16 Bir.

2. HaiBaxui  ob4uciEeHHSA 3pilicHiOBanuCca 3
BUKOpHCTAHHAM koman1 MMX.

Jna  nepersopenns  KJI i XBHIBKOBOTO

L8]

NepeTBOPEHHA npoBoAnnacs rpyHTOBHa
ONTUMi3allif CTpaTerii kewyBaHHA.
Tunoeum  aHcambnem, mns  axkoro  HeoOXiaHo

3nificHioBaTH nepeTsopertsa € 16 306paxens 768x768 3
raubuunoio ciporo 8 Gitis. 3po3ymino, wo onTuMizauis
NpoBOmMNAcs came IA  TOAGHMX  KOHGirypauid.
HaiiBaxuMMH JJIAHKAMH, SKi BHMaraim CYTTEBHX
onTuMisauii Oynu Taki:

e OGYMCNEHHA KOpeJAUINHOI MaTpHuli YacoBHX
nocnigoBHocTel - mikcenis. (BekTopis  4acoBHX
HOCHIOBHOCTEH CTiNbKH, CKilbKH TiKceNiB Y
306paxenHi, To610 MyKe Garatdy.’

e Otpumanus koediuientis nepersopenns KJI ana
KOXHOrO BEKTOpa YACOBOT MOCNIIOBHOCTI MiKCENiB.
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Tabawus 1. [NopiBHsabHA TAGNMLA WBKAKOIT aNFOPUTMIB NEPETBOPEHb peanizoBaHux 3 koMaHaamu MMX 1a 3
TJIaBaK0Y00 KOMOIO Aist aHcamMOmo 16 306paxerb 768x768 wa I1K Pentium 11l 1GHz.
[leperBo- Jns anroputmy 3 KoMaHaaMu MM X Jns anroputMy 3 naBaioy. KOMOIO [Tpuwsun
pEHHA ; : LEHHA,
Yac Yac naonHe | Takris Ha Yac Yac va ogne | Taxris Ha pasis
BCHOro, MC | 300pax., MC nikcenb BCLOTO, MC | 300pax., McC nikceab
KJI 336 21 35 20480 1280 2170 62
2D XwunbkoBe 672 42 70 27200 1700 2940 42
KJI+XBunbk. 1008 63 105 47680 2980 l 5110 48

e  QiabTpauis 3a Bupasamu (4)-(5) okpeMo ans psakis
Ta CTOBMLIB 300paxeHs.

Ilpu KodyBaHHI BXiAHHX 300paskeHs 3 TOUHICTIO § OiTiB
KLIbKICTb KPOKIB XBH/IbKOBOTO NepeTBOpeHHs oOMexeHa
4-ma. AKIWO HamaraTHcs BKJACTUCA B  TOYHICTb
npeactasneHHa 16 0it. 3 komana MMX iHTeHcHBHO
BMKOPHMCTOBYBaIHCA KOMaH/H1 BEKTOPH30BAHOTO
MHOXKEHHSA, [0AaBaHHA, 3CYBY | makyBaHHA. Merow
onTUMI3alii KewyBaHHA OyJo MIiHIMI3yBaTH KilbKiCTb
3aBaHTAXEHb BXIIHHX NaHWX B Kelll MEPIWIOro piBHA 3
OCHOBHOI Nam’aTi 4K Keuly apyroro pieHs. @instpauis
Ins pAAKiB Ta CTOBNUIB 300pakeHb NpOBOAMNACA
OKPEMO ONTHMI30BaHUMH ATIFTOPUTMAMH.

3. PE3YJIbTATU TECTYBAHHSI

TectyBanHs NpOBOAMNOCH 3 METOK  MOPIBHAHHA
WBKHAKOAIT 3 ICHYIOYHMM peanizalismMu B uucnax 3
MNaBalouold  KOMOK)  Ta  BM3HAYEHHS  TOYHOCTI
BIHOBICHHA. JINS OUIHKK WBUAKOIT BUKOPUCTOBYBAB-
ca aHcambnb 16 300paxeds 768x768. [Iposoauwnocs
NOPIBHAHHS PO3POOIEHOTO ANTOPHTMY PEALHOTO Hacy 3
TAKKMM CaMHMM airOpMTMOM peallizoBaHWM B YMCIax 3
nnaBar4o0 koMot Ha TIK Pentium [l 1GHz. Kpim
ULOTO NPOBOAMIOCA TMOPIBHAHHA JUIS CKIaJ0BHUX —
okpemo s nepetsoperHs KJI ta ans 2D xBunskosoro
NepeTBOpeHHA. Pe3ynbTaTv NOpiBHAHHA NMpPEACTaB/EH! B
Tabnuui 1. Bunwo, wmo mnposenedi onTuMizauii
A03BOJIMJIM OCATHYTH BENMKOTO BUrpally B WIBHIKOCTI,
a came, B 40-60 pasis. Sk BumgHO uyac oOpobku B
nepepaxyHky Ha o/1He 300pakeHHs € 63MC, 110 A03BONAE
00pobaaTH 15 306paxeHs 3a cekyHay, a A 306paxkeHs

512x512 Bpacteca o6poGnatu 30 300pakens Ha
CeKYHIY. [Monitri NOKa3HMKH JO3BOJIAKOTH
BUKODUCTOBYBaTH JlaHMH  airoputM B  CHCTEMax

peanbHOro 4acy. 3po3ymifno. WO WiIBUILEHHS 4acTOTH
npouecopa, Ta nepexia Bin komaHa MMX no SSE2
NacTh e N0JATKOBE MiABHUIEHHS WBHAKOAIT.

OckilbkH  TNEpeTBOpEHHA 3AIHCHIOBANUCA B
UUTHX YHMCaax 3 0OMENKeHOI TOUHICTIO. TO NPOBOANIIOCH
TECTYBaHHA AKOCTI BiHOBNeHHs. SIKicTh ouinioBanacs
Ha  ocHoBl  [likooro  Bigwowenns  Cwuruan
Lym(TBCLL) B neuwnbdenax, ske BU3IHAYAETHCH TAK:

MNBCL = 20 log(255/MSE) (7)

ae 255 - makcumalbHa amIuiTyla 3HAYeHb MIKCENiB B
300paxenHi. a MSE - BenuuuHa cepenHbOKBaAPaTHYHO-
ro BIAXHIEHHA NIKCEJB BiIHOBNEHOro 300pakeHHs Bix
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opuridany. Sk TecTOBHH BWKOPHCTOBYBABCS Habip

300paxeHs Mobile.

Tabnuua 2. SkicTe BinHoBneHHs (cepenniii NTBCIL, 16)
/Uil I3HMX aTOPHTMIB.

KJI 2D Xpunbkose | KJI + 2D Xsunbkose
61 ab 72 nb 50 ab
Ak  BuaHo cepeanii TIBCIL  gocuTh  BHCOKH,

Minimanenuit otpumanuii TIBCIL 6ys ~45 ab. B
3aja4ax CTHCHEHHA AKICTh BiIHOBJIEHHA pIiAKO KOIH
notpibna Buie 40 1b ToMy MM BBa¥aemMo OTpUMaHi
NOKa3HUKU LIUTKOM MPUHHATHUMM.

BHCHOBKH

¥,

B poboti npencrasnennii pospobrenuii agTopaMu
(pOrpaMHuii NakeT 1A 341ACHeHHA XBUIbKOBOTO Ta K
nepeTsopeHb  300pameHL B peanbHOMY uaci Ha
NEPCOHANLHOMY KOMI'HOTEPi 3 BHKOPUCTAHHAM KOMaH]l
MMX. HocarnyTuii BUrpail nopieHsHO 3 TpamanLiiHOK0
peanizauielo € 48 paszis. OTpumana IWBHAKOLIA
TpusumipHoro (KJ1 x 2D XBuibkoBe) nepeTBOpeHHs €
15 xampie Ha cexkynay ans avcambmo 16 300pakeHsb
768x768 na INK Pentium Il 1GHz. Kpim Bukopucranss
Ha [IK po3spoGnenuii anroputm um iioro cxnanosi
MOXYTb OYyTH JIETKO NEpeHeceHi MIA BUKOPUCTAHHA Ha
CUTHanibHOMY npouecopi tumy TMS320C64x, mo
A03BOJIATHME HOTO BUKOPHCTaHHSA B OKPEMHX MPHCTPOAX
oes3 [1K.
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CUCTEMA CTHCKY JAKTWIOCKOIIIYHUX 30BPA’KEHD
HA OCHOBI BEMBJIETHOI'O IIEPETBOPEHHS

Onez Kanwiii', Bozoan Pycuuz
'®MI HAH Vxpaiuu, JIssis 79601, sy:1.Haykosa 5a, T.(0322)65-45-30, dep32@ipm.lviv.ua
2OMI HAH Vxpaiun, Jlssis 79601, Byn.Haykosa 5a, T./$.(0322)63-41-09, rusyn@ipm.lviv.ua

AnoTauin B nauifl craTTi po3rNsHYTO METOA BTPAaTHOIO
CTHCKY 300pakeHb BiJOMTKIB MAIBIB JHOIIHH, 11O
fasyeTbcs Ha BEHBIET IlepeTBOpeHi 300paXeHHA.

OmucaHo  CTPYKTYpY  NpHCTPOIB  CTHCKY Ta
PEKOHCTpYKIiI 300paKeHHA, CTPYKTYpY HNAaHHX, fKi
moTpibHo  30epiratn.  IlpeacraBneHo — JOCATHYTI

pe3sy/isTaTH Ta IIPOAHAMI30BAHO NUISXH IIJBHINEHHA
piBHA CTMCKY 3a paxyHOK NOKpalleHHS KoJepa,
BpaXyBaHHS CTPYKTYPH IaHHMX, fKi CTHCKalThci. B
CHCTeMi CTHCKY BHKOPHCTOBYETBLCS IEpeyHCIIOBANBHAN
Komep.

KmouoBi cnoBa: BiIOMTKH TIANBINB, CTHCK, BEHBIET
NepeTBOpEHHS, 0e3BTpaTHE KOMYBaHHA.

BCTYI1

Binbutkn panbiie KOXKHOI JMIOIUHU € YHIKanbHHMH,
TOMY BOHM [03BOJIAIOTH ONHOZHAYMHO iJEHTH(QIKYBATH
ocoGHCTICTE. AJyie NpH BeNHKIH KITBKOCTI JHOIEH,
MacHBH JaKTHJIOCKONYHHX 300paxeHh TaKOK CTAlOTh
IyxKe BeIMKHMH, a IXHA pydYHa oOpoOka ycKIaIHEHOIO.
TomMy y BCIX  [JaKTHIOCKOINYHAX  €KCHEPTHHX
MiApo3Ziiax  BBOJATHECA CHCTEMM  aBTOMATHUHOIO
po3mi3HaBaHHd BiIOWTKIB. Bei cueremu Takoro THITY
BHKOPHCTOBYIOTb AJI MOPIBHAHHA He cami 300pakeHHs,
a nepHi HAaOOpH 03HAK OTPHMAHMX Imicns obpolku IHX
300paxensb. KilBKicTe 1 po3MipH 03HaK € BiJHOCHO
HEBEJNMKHMH, IO J1a€ MOXK/IHBICTH NPOBOJHTH NOIIYK MO
JAKTHIOCKOTIYHHX 6a3ax y BIIHOCHO KOPOTKi TEpMiHH.
Ane, BpaxOBYIOYH Te, II0 Taki cucteMu He naioth 100%
IMOBIDHOCTI pO3Mi3HABAHH], BOHH BHKOPHCTOBYIOTBCS
SK CHCTEMH TiITPUMKH NPHHHATIA pilleHb, AKI 3HAYHO
TONETHYIOTh po0OTY i3 BENHKMMH MACHBAMM JaHHX.
Taki cHcTeMH  BHMaraloTh  omepaTopiB, T06TO
HeoOxinHoCTi BinoOpaxenns 3o0pakeHs BinOHTKIB. 3
Zpyroro G0Ky, KOXHA i3 TAKUX CHCTEM MICTHTh JHIIE
Halip BiOMTKIB NCBHOI KiNBKOCTI MIONEH, TNpH HBOMY,
KO’KHA 3 HHX Ma€ CBOI BllacHi HaGopy O3HaK, 3a AKMMH
NpOBOIMTECA iMeHTH(]IKalid, TOMy BHHMKac 3a]aya
nepeja4i 300paskeHs BIIOHTKIB MiX cHcTeMaMH. SKmio
30epiraT MoBHi 300pakenHs BigGuTkie B Oasi, e Oyne
3aiiMaTH BenHdesHi o6’emu mam’sri. Tak, mi Gasm
naxTinokapT Ha 100 THC. 0cCi, npH po3Mipax 300pakeHb
512x512 Touok, 256 piBHAX Trpanganii ACKpaBOCTI,
sobpaxenns Oyayrs 3aiimarm ©6museko 26016
npocropy. ToMy mocTae 3ajmaya CTHCKY 300paxeHb.
BespTparHuii CTHCK NO3BONAE 3MEHIIMTH HeoOXimHmit
06’em MakcHMyM B 2 pa3H. I{poro € HeIOCTaTHBEO, TOMY
BHKOPHCTOBYIOTE BTpaTHI MeToay Kommpecii [2].

© UkrQObraz 2002

1. CTPYKTYPA CUCTEMH

Haiibinem BxMBaHa CTpPYKTYpHa CXeMa BTpaTHOL
KoMIipecii npeacTapieda Ha puc.l. Cxema MicTHTs 610K
TEpeTBOPEHHS 300pakeHHA, SKHH BHOCHTH RBTpAaTH,
(6nox 1) Ta GesprparHmit Komep (Onok 2). Bimmosimmo
TIPACTPiH peKOHCTPYKLIi MicTHTL Aekofep (6nok 3) Ta
IIpACTpi pexoHCTpyKuii 300paKeHHA 110 OTPUMAaHHX
JaHux (6nok 4).

Hani, mo
30epiraoTses

. Al —— i l‘ it e

: Biok 3
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i | Hesincona | :
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| [mepeTBOpeRHs \ | xonmysgHEs |

i ; 6oxiB

: ' E AMIHHOT 5

| | KeanTyBay | | | | nomkmEE | |

| Lo R TR

:_':::::i:::::: e o)

' Biok 2 i B 4 :

i Cxema | | (BinnoBnenns| |

| | xonypanms : ! | OPOKBAHTO- | |

5 Gitoxin . | |BAaHMX HaHHEX| |

| g s ! E T ;

_ :gmmm , || 3soporme ||

| | ZOBMHMHE | | [Tommg |+ sefimmer ||

[ Komep | | | (mepersopenns|

| Jlinva- : - :
i | JleBimcona

Puc.1l. CTpykTypHa cXeMa CHCTeMH KoMIIpecii

PoGota Giioky 1 nmonsirae y nepeTBopeHHi 300pakeHHs
y I2Hi, CIIOTBOPEHHS AKHX MEHIIE BIUIMBAac Ha came
300paXeHHs, aHDK CIOTBOPEHHA camoro 300pakeHHS
HampsMy. [Ipu mpoMy Taki maHi Tic/is MEpEeTBOPEHHS i
KOHTPONEOBAHOTO  CIIOTBOPEHHS = MalOTh  MaTH
HAJUTHIIKOBICTh, fKa Ti3HiIIE Moxe OyTH ycyHeHa B
Gmomi 2. Jlyxke TOMyIAPHHM IEPETROPIOBAYEM TaKOro

BHUJY € Niapa BeilBleT [epeTBOPIOBaY — KBaHTYBaY.
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Beiiner nepersopenns [1] neperomuts 306paxkenns y
Habip  ¢1aboKOpeMbOBAHMX  YaCTOTHO-NPOCTOPOBHX
CMYr, AKi JIO3BOAAIOTE  ONHO3HAYHO  BITHOBHTH
300pakenHs. Y HalmloMy airOpPHTMi BHKOPHCTOBYETHCH
GioproronansHa mapa  ¢inbTpi. Jnx  poborm
nepeTBOpIOBaya K NPH CTHCKY, Tak i IPH BiAHOBICHHI,
BiiOyBacThcs cHHTe3 GINBTPIB Ha OCHOBI  IXHIX
30cpexennx iMITyThCHEX XapakteprcTrk. L{i inmetpy €
He3MIHHMMH TIpH po0OTi 3i BeiMa 306pake HHAMH.

KeanTypau — Ne NMpHCTiH, fKmil BHOCHTH BTPAaTH y
NaHi 33 paxyHOK BiOOpaKeHHS HeNepepBHOI MHOXHHH
MOX/IHMBHX  3HaYeHbL Ha  OOMEXeHy  KilbKiCTh
mgiATepBatis. ¥ poboTi BHKOPHCTAaHO HepiBHOMipHHMH
KBaHTyBa4 i3 MEpTBOIO 30H0I0. [lapameTpu kBaHTYBaua
pO3paxoBYIOTBCA IS KOXHOI CMYTH  BeiiBleT
NEPeTBOPEHHS OKPEMO, Ha OCHOBI MapaMeTpiB 3aKOHiB
PO3MOMINIB NaHWX CMYT ILiCNA BeifBIET MepeTBOPEHHS Ta
Ha  OCHOBi  OaxaHoi  IIBMAKOCTI  CTBOpEHHS
NOBIIOMIEHHA r ((akTH4HO 1[MM  BH3HAYAETHCH
OGaxaHdH koe(imiceHT CTHCKY). 3HaYeHHS r 3aNacThes
KOpHCTyBayeM, abo MoOXe obpaxoByBaTHCA
aBTOMaTHYHO Ha OCHOBI 3a/]aHOr0 KOPHCTYBAaueM
MaKCHMAJILHO JOIYCTHMOTO PiBHA CIOTBOPEHb.

Jns obpaxyHky napaMeTpiB KBaHTYBa4a Ha CTODOHI
IeKoziepa HeoOXilHO MaTH IHIIC ONIHEHi NapaMeTpH
3aKOHIB PO3NOALNIB 3HAYEHb BEHBIET CMYT Ta 3a/laHHil
koediliedT r. SO NpPH IBOMY NATH MOXITHBICTH
cucteMi  BHOMpaTH  KiIBKiCTH  piBHIB  BelfBier
[EpETBOPEHHA B aBTOMATHIHOMY PEXHMi, TO B 3arabHy
iHpopManito, ska JojaTkoBo Oyle mepenaBaTHCA
IEKoAepy HeoOXiTHO BKMIOYMTH TaKOK | KUIBKICTH
PIBHIB TEPETBOPEHHA, Y NPOTHAKHOMY BHNAJKY, uei
NapaMeTp 3aIHINACTHCA HE3MIHHAM IS BCiX 300pakeHs.

BespTparunii woxep 3ajavero HLOTO HPHCTPOIO €
MaHIy/Islis JaHUMH Ta IX ICPeTBOPEHHSA TAKHM YHHOM,
o0 3MEeHIIUTH 00’eM, AKH BOHH 3aHMaloTh, 3 OHOTO
GoKy, Ta 3aIHIIMTH MOX/IHBICTH BITHOBJEHHS BHXiIHHX
nanux, 3 gApyroro. Haii6inem nonyaspruMmH €
eHTpOMiiHI KomepH. Y BHIAAKY, KONM IKEpelo €
CTAlliOHAPHHM Ta IMOBIPHOCTI NOSBH CHMBOJIB € Bifomi
~ Hye 9acTo BHKOPHCTOBYIOTH Kojep XajMmana, BiH €
OPOCTHM Ta JdocTatHe0 AoOpuM. OcHOBHHM Horo
HEIOMIKOM € CK/JajlHa MpoNeAypa aJanTauii A0 3MiH y
CTATHCTHLI TIOSBH CHMBOJIIB Y NOTOLI JaHHX.

[mmmii BUX Kodepa — ue apHMeTHunHil Komep [4].
3aMicTh  NPHCBOEHHA KOJNOBOTO  CJIOBA  KOKHOMY
OKpEMOMY CHMBOIY, 3K Ilie pobGure komep Xadwmana,
apu(MeTHIHNH KoJep KOAye MOCHJOBHOCTI CHMBOJIB.
Bin omepye 3 KyMy/IATHBHOWI CKIAfCHOIO iIMOBIpHICTIO,
00pax0BaHOIO 110 MOCIIIOBHOCTI CHMBOIIB, i BHBOIMUTS ii
3 TOYHICTIO, JOCTaTHBOK 1A  BIIHOBJEHHS
nocuitosHocti. Ile  Komep MOXe — IOCATHYTH
TeopetuyHoi rpannui Illenoma wipm xommpecii mammx.
OCHOBHHMHA HeFOMKAMH MeToay € #oro
o0uMCIOBaNbHA CKIANHICTE Ta CKNAIHICT peanizaii, a
TAaKOX Te, O METOJ Ha JaHHH MOMEHT 3aKpRTHil Ui
BHKOPHCTAHHS ITATCHTAMH.

3ip-Jlevmen xonypamns. lle jgyxe mnonyndpHa
METOIMKA, fKA MAE BEIHKY KiNbKiCTh BapianTiB. [ama
METONHKA IIPH KoMIpecii BHKOPHCTOBYE IHHaMidHi
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CIOBHHMKH, AKi (JOPMYyIOTECS Ha OCHOBI BXiJHHX JAHHX.
ITum focsracTses BHCOKA CTENIHB afanTamii Komepa 10
NOTOKY BXUTHHX NaHux. Cepell KolepiB ILOTO ciMeiicTa
e LZ77, LZ78, LZW Tta Garato ixmix MoHrdiKaiii.
Konepn usoro Tumy Moxyts 6yTH Hyxke edeKTHBHAMH
And  KONYBaHHA JOBIMX CTAllIOHAPHMX CHIHATB 3
HEBIIOMOIO CTATHCTHKOIO, alle BOHH MAIOTh OGMEXeHy
€(EKTHBHICTS JUIS HECTAlIOHAPHAX CHTHANIB.
TlepeuncnwoBanbunii koaep (enumerative coder) [3]
B anropuT™mi cTHCKY 3006paxkeHh BiIOHTKIB mABIiB
BHKODHCTaHO KONEp, sKHH poOHTE mNepeHyMepaniio
CTpivoK. ba3oBuii mpuEIEN poGoTH Kolepa monATac y
HacTynHoMy: Hexali naHo cTpiuKy CHMBOJIB JOBKHHOIO
n, AKa MICTHTb PIBHO W OJIMHHLE, & pElITa CHMBOJIBE -
Hyni. Hexaik w e BizomuM, Tom icHye
C(n,w)= -L*
wh(n — w)!
CTPIYKH y BIOPANKOBAHOMY HaGOpi TaKMX CTPiUOK
yHiKanbHO ii Bu3Havae. IlpH npoMy Homep cTpiuk:
MOJXKHA Tlepe/iaBaTH 3a Jonomorow mme log, (C(n, w))

bit. IcHye Garato MBHIKHX ANTOPHTMIB NS reHepaii i
INEKONYBaHHS HOMEpPaA, 0COOIMBO [ MAIHX 1 .

Ha pmanomy erami pospobku Mertomy kommpecil
BHKODHCTOBYEThCA CXeMa KoayBaHHs Jlinua-JleBincoHa.
AJTOpHTM po6OoTH KoJepa BHIVISAAE HACTYITHHM YHHOM
~ MOGITHO TpOT/sfacThCs BXiNHA CTPiUKa, MO MIiCTHTH
n CHMBOIIB, 3 SKAX w - ofMHMIL. Sxmo TeKyuHil
CHMBON DIBHHH OIMHMLI — 0O NiYMIBHHKA JOAAETHCH
YHCIO CTPIYOK, AKi MAIOTh Taki caMmi CHMBONH Y Beix
MOMEpefHiX  MO3MIiAX, MmO #  CTpiuka, sKa
NPOTIIANAETRCA, | HY/Ib B TEKY4IH TIO3HMILIT.

Hexonep, 3Hal0uM n Ta w, 39MTyeE HOMEp 3allucy,
AKui Mae goxuHy log,(C(n, w)), micns goro npaioe
32 HaCTYIHHM AJTOPHTMOM: IPHCBOIOE KOXHOMY
HACTYNMHOMY CHMBOIIY BHXIHOI mociigosHocti 0, sKmo
TEKy4dH  HOMEpD CIpiYKM €  MEHIMM 3
C(n—i-Lleft _1s), me i - Texy4e NONOKEHHA BHXITHOI
CTpidukH, lefi _ls- KinbKicTh OMHMIBL, sKi e He Gyno
3aIMCaH0 Yy BHXimHME moTIK. Sxmo Tekyuwii Homep
CTpiukH He € MeRmmM 32 C(n—i-1left _ls), Tom y
BHXIJIHHI TIOTIK 3aMACYEThCA 1, 3MEHUIYEThCS TeKydiit
HoMmep Ha C(n—i-1left _ls).

Ane s Takoro Kojepa HEOOXiIHO IS KOXHOL
MOCAUIOBHOCTI 3 »n  CUMBONIB IlepenaBaTH MpH
KONyBaHHI Yy BUXiflHMH NOTIK KUIBKICTE OJHHHIDb,
npucyTHIX B Gmomi. Jins ycyHeHHs uiei mpoGnemu,
BXiHI U4 KOJ[yBaHHS JaHi ToNepeaHso 06pobasioTses
338 JIONIOMOTOK0 CXEMH KOJAYBaHHA OJOKiB 3MiHHOL
HOBXMHM Yy OnOKHM oXHakoBOi HoBXMHW. IlpuHmED
poGoTH Kolepa TaKOi CXEMH IONSTa€ B HACTYITHOMY:
3aa€Teed n T2 w. IlpH NbOMY KUIBKICTH HYIBOBHX
CHMBOJIIB y BXIJHHX CTpiukax Oyne piBHOW z=n-—w.
Bxiguuii motik mobiTHO 3uMTyeThCH i mepegacrsca Ha
BMXiJl A0 THX IIip, NOKH KillbKiCTh NepeJaHuX OXHHHIL
Yd HyliB He cTaHe piBHOoW w un ¥ Bixmosigmo.
[TocnifioBRiCTE Ha BHXOHi NONOBHIOETHCS HYJSMH Y
NEpINOMY BHIIAAKY, UM ONHHHLAMM Yy ApYyroMy, moo ii

TAKHX CTPiYOK 1 HOMep i€l



Jopxkuua 6yna piBHOW 7 . TakHM YHHOM, Y BCIX CTPIYOK
Ha Buxofi GyZe MOBXHHY 7 Ta KUIBKICTH OJMHMIE W .
Tobto Ha cropoHy fAekoiepa HeoOXiHO nHme pa3s
mepegatd # Ta w. Jlani BHKOPHCTOBYETHCH AITOPHTM
Jlinua-/leBincona, mo Gy onucaHui BAIILE.

Jexomep [ cXeMH KOJyBaHHA OJIOKiB 3MiHHOI
IOBKHHH TIPAllFOE€ HACTYITHMM “MHOM: 3 BXIJIHOT'O
MOTOKY YHTAIOTh CHMMBOJM IO THX Tip, TIOKH KUIBKICTH
NPOYHTaHHX ONHHHIL UM HYNIB He Oyne piBHa w UM Z
BimoBigHo. I[jo wacTHHY CTpiuKH mepecHnalTh ¥y
BHXiIHMH TIOTiK, a pemITy CHMBOMIB 13 BXOXy, IO
NOTOBHIOKTE CTPI¥KY X0 JOBKHHH 1 OMYCKaKTh.

2. PEAJIIBALIIS] CHCTEMH
KOMITPECII

Jins peamizalii BeHBIET TIEPETBOPEHHA Ha CTOPOHI
KoMmpecil Ta Ha CTOPOHI BITHOBNEHHS 300paXkeHHA
36epiraloThess  IMIYNBCHI  XAapaKTepHCTHKH A
SiopToroHATEHAX GinBTpiB. Takox, s
NpHIIBHIIIEHHS Npolenyp Oe3BTpaTHOTO KOXyBaHHA Ta
JeKomyBaHHs 30epirarotbes Tabmuui 3mavens C(n,w),

s BCIX MOXIHBHX 3HayeHp n Ta w. Bximme
300pajkeHHs TIepe/lacThcsl Ha BeHBIET NepeTBOpIOBad,
micids YOoro JUIs KOKHOI CMYTH pO3paXxOBYIOTHCA
MapaMeTpH 3aKOHY pO3MOiNy 3HaYeHs CMYTH. B AKoCTi
anpOKCHMYI04Or0 3aKOHY pO3IONITy BHKOPHCTAHO
yaaranpHeHuii raycischkuil posmomin. Horo mapamertp
[ TepemacThcs B AKOCTI IONATKOBOI iH(popMalii Ha
CTOpOHY BiIHOBIEHHA /I KoxkHOI cMyrH. Takox B
SKOCTI J0AaTKoBOi iH(opMallii mepeacThes AWCIepCis
Ta po3Mipn koxHOi cMyrd. Ha ocHoBi po3spaxoBaHHX
mapaMmeTpiB, IS KOXHOI CMYIH pO3paXOBYEThCs CBiif
kpanTyBay. Ilicns KBaHTyBaya Ha BHXiZ Omoxky |
nepealoThCs He TIPOKBAHTOBAHI 3HAYEHHA, a HOMEPH
pIBHIB KBaHTYBaHHf, #Ki BINOBIJAIOTL 3HAUEHHSIM B
koxkHiM Touni cmyrd. lle mosponge B momanbmioMy
VHHKHYTH Olepalliff 3 YuclaMH 3 IIIABalovuolo KOMOIO,
mo 30i0bmye MEBHAKICTE cucTemu. Ilicns mboro s
KOXKHOI CMYrH CKnajaeTbcs OiHapHa  MaTpHIA
HEHYNLOBHX €NeMEHTIB, OiHapHa MaTpHLA 3HAaKiB
HEHYNIBOBHX  €IeMEHTIB, Ta MaTpuns  MOJIYIiB
HeHYNLOBHX eleMeHTIB. JInd KOXHOI 3 MaTpHils
BH3HAYAETHCA IMOBIPHICTE MOABH OXMHHIL B GiHApHOMY
npencrasnenHi Matpuui. Ha ocHosi miel indopmamii
BH3HAYAE€TBCA 1 Ta W, BHXONAYH 3 MAKCHMAIbHO
MoxcmaBoro wucna C(n, w), sKe MOKHA Topaxysati Oe3

okpyrnens. KoxHa 3 oTpuMaHux MaTpHih 0bpobnseTsed
3a JIOIMOMOTOI0 ONUCAaHOI BHIIE CXEMH KOAyBaHHA GJIOKiB
3MIHHOI [OBXHHH, a pesynkTaT — 3a JIOTIOMOTOI0
nepedrciioBaIbHOro xogepa. OTpuMaHi JaHI NMOTOKOM
nepefalThes Ha cucTeMy 30epeskenHs. Takox, B SKOCTI
momatkoBoi  impopmanii, ImepenaeTscs  KUIBKICTB
ojMHMIL y OiHapHOMY TIpeACTaBleHHI MaTpHIl Ta
KIIBKICTH ONOKIB JIaHWX OTPUMEHHX UL KOXKHOL
MaTpHIi TWicNd CXeMH KOIyBaHHA O/OKiB 3MiHHOL
noexwH. JIjd 3MeHIIen s KiMEKOCTI 6iT, 9Ki HeoOXiIHO
KOMYBATH JUIsi MATPHIs MOXYNIB HEHYILOBHX €IEMEHTIB,
I KOXKHOI TAaKOI MATPHI[L BH3HAYAETHCA MaKCHMAlIbHE
3Ha4YeHHs MONyNs i, BiIMOBINHO, KinkKicTh OIT, AKY

BAMAracTsca [UIA KOZAYBaHHS Takoro yHcia. KinbkicTs
OIT IepefiaeThes B SKOCTI TONATKOBOI iHpopManii,

Ha croponi BijHOBneHHs Ha OCHOBI iHQoOpManii mpo
KUIBKICTh OJMHMIE Yy KoOXHIH OiHapHiit Marpuni
BU3HAYAETRCS n Ta w. Ilicia 1bOTO NaHi MpOXONSTH
4yepe3 JeKolep MepedncMoBaIbHOTO KOJepa Ta AeKonep
CXeMM KOIyBaHHS OnoxiB 3MiHHOI noBxwHH (61ok 3).
Ilpy npoMy BHKODHCTOBYIOTECH I€peNaHi 3HAYCHHS
KUIbKOCTI ONOKIB MaHWMX Ui KOXHOI MaTpuui. B
pe3ynbTaTi OTPHMYIOTH BiIHOBIEHI HOMEPH piBHIB
KBaHTYBaHHA A KOXKHOI TOYKH BCIX CMYT.

3Hal09M NapaMeTpH 3aKOHIB PO3NOILTY 3HaueHb KOJKHOI
CcMYTH $opMyIOTbCA KBaHTyBadi AT KOKHOI CMYTH, MO
I03BONS€ MEpeHTH BiJi HOMePIB pIBHIB KBaHTYBaHHS JI0
nificanx 3HayeHb. [[i manmi nepenaloThes Ha Gnok
3BOPOTHOTO BeifBNeT MepeTBOPEHHA, Ha BHXOMI AKOTO
OTPHMYIOTEH PEKOHCTpYifoBaHe 300paxeHHs.
ExcnepumenTtannii focninxenns cucremu [epesipka
Bi3yambHOT AKOCTI BiIHOBIEHOTO 300pakeHHA A
Pi3HAX IIBHAKOCTEH CTBOPEHHS MOBioMIeHHA » (TOOTO
kinbkocTi OiT, SKi BHTpa4aloThCi Ha OJHH CHMBOJ)
nokazano, mo mnpd r=0.5-0.7, crnoTBopeHHs, HKi
BHOCATECA B 300paxkeHHs, NMOBHICTIO KOMIIEHCYIOThCS 3
IOTNOMOTOI0  METOAIB TomnepefiHboi  oOpobku, mo
po3paxoBaHi Ha MiIKpecIcHHA Ha 300paskeHi CTPYKTYpH
Binbutka. Tlpuxnag pexoHCTpyiioBaHOro 306pakeHHs
npa r=0.5 nokazaHo Ha puc.2r (BuxiHe 300pakeHHs -
puc.26). Ilpu 3Haueni r=0.5 TeopeTHYHO MOXHa

JIOCATHYTH CTHCKY 300pakKeHHs B Sb% 5 bjbs =16 pas.

PesynbTaTh JOCHIDKEHHS CHCTEMH KOMIIpecii TiofaHo y
tabnumi 1. Jns nopiBHAHHA NpHBENEHI po3MipH HabopiB
JaHuX OTPHMAaHHX ITic/A CTHCKY JaHMX Ha BHXOHI Gioky
1 3a monmomorolo nporpaM WinRar ta zip. Takox
MOJAHO 3HaYeHHd NIKOBOTO CIIBBIIHOMIEHHA CHTHAN —
HIYM JUIS BiTHOBIEHHX 300paskeHb

Tabmuus 1. Pesynstatn cTHeky 3006paxens (1=0.5)

Pucyrok|{Kommnpecop Poamip, Gaiit PSNR, 1b
Bnacuuit 556+34061=34617

Puc.2a |WinRar 29258 28.04
Zip 31546
Brnacuwmii 556+24131=24687

Puc.26 |WinRar 29369 28.93
Zip 32882
Bnacuwuit 556+22346=22902

Puc.28 |WinRar 26364 3522
Zip 28967

IlikaBuM Moxe OyTH BHKOPHCTaHHA pe3yIbTaTy
BeliBleT  NEPETBOPeHHA, a  caMe  HaiOulbm
HH3BKOYACTOTHOI CMYTH. 3a paxyHOK 3MCHIICHHA
pDO3NUIBHOI  3MaTHOCTI  300paxeHHs, BiZoOpaXeHHS
MaNiISpHUX MiHi# 3TIADKYIOTHCA | Ha MICIl BIacHe
BLIOHTKA 3aMMIIAETBCA TNPAKTHYHO OJHOPIJHA IUIAMa,
gKka 1O IHTEHCHBHOCTL BIPI3HAETBCA  Bil
HaBKonHiHbOro ¢Qody. Ile MoxkHa BHKOpHCTaTH JUiA
BiLIUIEHHS BiacHe Biabutka Bix (lony. MoxHa HaBiTh
BHKODHCTaTH  3BHMuaiiHy  OTepalil0c  IOpOroBoro
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posiineHHs, obpobuBLIM mic/id ILOTO OTpHMaHe OiHapHe
300paxkeHHd MeliaHHAM QLIBTPOM.

Puc.2 Tlpuxnaau 300paxkeHs BIAONTKIB (a,0,B) Ta Bil-
HOBJICHOTO MMicIsA KoMIpecii 300paxenHs (r) npu r=0.5

Hinaxn wnDokpamenHs piBaa Komnpecii Sxmo
pO3TJIAHYTH ricTOrpaMy pO3MOALTY HOMEpIB
TPOKBAHTOBAHHX PIBHIB B KOXKHIiil cMYy3i, TO THIOBa
ricrorpaMa Oylle MaTH BHTJIAX NOKasaHHH Ha puc4. Ilx
ricTorpaMa BiIOBiJla€ NPHITYMEHHIO TIPO T€, O 3aKOH
posmonily 3HaueHh B MeXaxX CMYTH BiINOBimac
y3aTalbHEHOMY TayCiBCBKOMY posmofilzy. Ane Bei
HOMEpH pIBHIB INpH Tepeladi Ha cXeMy KOIyBaHHS

Puc.4 Tunosa ricrorpamMi
PO3NOALTY 3HAYEHD
BEHBIETHHX CMYT

Puc.3 3o0paxenns
BEHBIIET CMYT JUIS
BiIOMTKA pHC.2B

6noKiB 3MIHHOI [JOBXKHHW KOAYIOTECA OIHAKOBOK
KizpkicTio OiT. BpaxoByioun Te, 10 MeHIII HOMepH
3ycTpivaloThesd 4YacTime, iX MOKHA 3aKOXYBATH 33
DONMOMOrol MeHmoi kinbkocti 6iT, a HiK Oinbmi
HoMepu. lle noGaBuTe me onms OGIOK Ha MOYATKY
Ge3BTPaTHO! JACTHHY, ale JO3BONHTE 30LNBIIHTH PiBeHD
kommpecii. 3 npyroro Goky, GiHapHe NpencTaBIeHHS
HOMEPIB PIBHIB € PI3HUM 110 KiNEKOCTi Ta PiBHOMIpHOCTI
PO3MIillCHHS OJMHHOL (U1 NpuKiaxy 7 B OiHapHOMY
npexcraBneni ue 0111, a 8 — 1000). Tyr Bunukae me
OAMH LILIX MOKpalleHHA KOAYBAHHA, @ CaMe — KOXKHOMY
CHMBOJIy Y BIUITIOBIHICT CTaBHTBCA HOBe OiHaphe
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npefCcTaBIEHHS Tak, 100 B MeKax CMYTH BCi CHMBOIH
MaaH TpHONH3HO OJHAKOBY DIBHOMIPHO pO3MillleHy
KIJIBKICTE ONMHHIL y OGiHapHOMYy NpencTaBieHHI. B
LLOMY BHIIAJKy NOKPallHThCA poboTa CXeMH KOIyBaHHA
6mokiB 3MiHHOl HomxkwHM. Ille oMy MISX 3MeHIIEHHI
po3Mipy HeobxinHoro o6’eMy moiMrae y BHKOpHCTaHHI
pauiuie 3rajiaHol ocoGmBoCTI BEHBIETHOIO
NEPETBOPEHHA, #AKE [03BOMNAC pOOHTH CerMeHTalniio
BracHe BigOutka. Toxmi ¢oH MoXHA 3aMiHITH
TNOBUIBHHMH JaHHMH, SKi pobnaTs 306paeHHs B LHLIOMY
Oimeln  piBHOMipHEM, aGo Bsaram Bigkumatd GoH i
KOZIYBaTH TiUTBKH 00NacTh BiOUTKa.

Taxox MOXHa OTPHMATH 3McHIICHHA Oinele HIK Y
IBa pa3H i JUIA JOJATKOBHX NaHHX. [lepm 3a Bce MOXHa
YCYHYTH iHpopMaIllilo PO KiNbKiCTh OIOKIB TaHHX MmicTs
CXeMH KOAyBaHHA OIOKIiB 3MiHHOI JOBKHHM 32 PaxyHOK
JOJaBaHHA JONATKOBHX OnokiB oOumcneHHs. OcKimbiu
PO3MIpH OKPEMHX CMYT BEMBIETHOrO NEPETBOPEHHN €
BUIOMMMH, TO TNpH JeKONyBaHHI MOXHaA CIIOYATKY
3YHTAaTH MATpHIIO HEHYNLOBHX efEMEHTIB, AKa Mae
pO3Mip pIBHHH KiTEKOCTi eleMeHTIB CMYTH. 3 Hel MOXKHa
BH3HAYMTH PO3MIPH MAaTpHIb Bil'€MHMX €IICMEHTIB Ta
MOJyJiB €JEMEHTIB, BOHH PiBHI KiIBKOCTI OJMHHIL B
MaTpHIli HEHY/IbOBHX e/IEMEHTiB. Takok Ha JIaHOMY
eTam po3pobku 30epiracThes KiNBKiCTh OJMHMIE IS
KOXHOI MaTpHii B OiHapHOMY IIpe/ICTaBICHI. Ane
ocobnmBicTIO npouexypH oOpaxyHKy mapaMeTpiB
KBaHTYBa4ya € Te, 1IN0 IapanelbHO O00paxoBYHOTHCA
TEOpEeTHYHI IMOBIDHOCTI TONAJaHHA CHMBOMB ¥
{HTepBAIM KBaHTyBaya. 3HAOYM 1i iMOBipHOCTI Ta
GiToBe mMpeAcTaBACHHA CHMBOJIB MOXHa oGpaxysary i
KUIBKICTE ONMHMIbL Yy OiHapHHX Ipe/CTAB/ICHHAX

MaTpPHIIE.
BUCHOBKH

Po3pobneno cucremy crtHCKY 300pakeHs BiZOHTKIB
manelliB, 3a0e3Neuyc CTHCK 300paXeHL PO3MIpOM
512x512 npuban3no B 9.6 paza npu 36epexeHHi IKOCTI
300paxkeHHd BiAOMTKa B MexaxX, HeoOXiiHHX A%
30epekeHHs MOXIHBOCTI Tofansliol  pobotH i3
BigOuTKOM. IToKa3aHo IUIAXH MTOKpaUTeHHs PiBHS CTHCKY
Ha OCHOBI aHami3y TiCTOTpaMH pO3MOALIY 3HaYeHb
NMpOKBAHTOBaHAX BEHBIETHHX cMyT. B mnomaneimomy
MIAHYETRCSA JIOCATHYTH Iie OiNblnoro piBHS CTHCKY, 3a
PaxyHOK MOJIETIOBAHHA CTPYKTYpH BIIOHTKa.
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MIABUILEHHSA AKOCTI BITHOBJEHHA 30bPAKEHHAA
IMITYJIbCHUX IMPOTSXKHUX OB'EKTIB

O.B.Aumonos, KO.M.I'epacumos, M.B.Pyoicenyes
Hauionaneaa Axanemis Hayk Ykpainu
Paj1ioaCTpOHOMIYHHIA IHCTHTYT
61002, Xapkis, MCII, YepBoHonpanopHa, 4
Ten.: 44-83-51, Fax: (380)-572-476506, E-mail: ruzh@rian.kharkov.ua

V po6oTi po3risHacTbCs AKICTh BIIHOBICHHS
300paXeHHs  IMIYJbCHOTO  MPOTXKHOrO  00'exTa
HeNliHiffHAM iTepauifiHuM MeTomOM 3 OOMEXEHHAMH -
obnikom anpiopHoi iH(opMallii MPO HEHEraTHBHICTH
pilmeHHs i mpocTopoBuii po3mip ob'ekta. [TokasaHo, wio
BBeJICHHA 0OMEKEeHb NIPHBOINTD 10 e(EKTy HaABUCOKOI
pO3AiNBHOI 3MATHOCTI TNPH BIAHOBNEHHI TPAHHULE
of'exta: Onnak metasni Horo MoBepXHi BiIHOBIIOKOTHCHA
HemocTaTHbo 4iTko. KpiM Toro, y BiJIHOBICHOMY
so0paxenHi nmoGnu3y rpaHuub O00'€KTa BUHMKAIOTH
napasuTHi KOMMBaHHA. Po3risHyTO MPHYHHM TNOABH
3a3Ha4€HHX HENONIKIB i 3ampONOHOBAHHH aANTOPHTM
ixaporo ycyHeHHs. [lonepense BHKIIOHYEHHA 3
BilHOB/IOBAHOTO 300paxeHHs OCHOBHOI -
[IETEPMIHOBAHOI KOMIOHEHTH 300paxeHHA NO3BOJISE
YCYHyTH Bia3HaueHi Henonmiku. Indopmauis npo
OCHOBHY KOMIIOHEHTY 300paxeHns o0'exkTa
BCTAHOBMIOETHCH MO  HOro peajnpHOMY  3aIllucy.
MaremMaTHYHE MOIEMIOBAHHA MIATBEPKYE 3HA4HE
MIBHINEHHA  AKOCTI  BiNHOBNEHHA  300pakeHHs
3anpOnoHOBAHUM ANropuTMOM.

1. BCTYII

V pisHuX 06J1aCTAX HAYKH TA TEXHIKH, TAKUX AK
acTpOHOMisi, ~ MMCTAaHUiliHe  30HAyBaHHs 1 TN,
peMETOM  AOCAILKEeHb € 300paxeHHs OO'€KTIB.
BuknMkaHo L€ THM, 10 JeTanbHa CTPYKTypa
300paeHHs JaHMX O0'eKTiB 103BONSE  BHAINATH
BXK/IMBY iH(OpPMAaLiI0 Npo iXHi BNACTHBOCTI, MEXAHI3MH
yTBOpeHHA i eBosouii. [ToBHOTa OTpMMaHOl iHpopMaLiT
y Tiepiy 4epry 3alexXuTh Bill AKOCTi peecTpanii 06'exTiB,
IO CTIOCTEpiraioThes, TOOTO BiAl PO3AINBHOT 30aTHOCTI,
AKY Mac MpHiaz, wo 31ilcCHIOE peecTpauil. Y Takui
crioci6 posjinbHA 31aTHICTb, WO Ti Mae npunajg and
peecTpallii, € Y4HHUKOM, 3IaTHUM iCTOTHO OOMEKyBaTH
MOXMBOCTI pi3HMX HOCAUDKEHb | EKCNEPHUMEHTIB.
[linBumienHs AKOCTi peecTpauii 300paXeHb MOXKHA
3abe3meyuTH  PI3HUMM  MeTOJaMH  BIIHOBIIEHHS
300pakeHHs. IcHyioTh pi3Hi niWiliHi Ta HeniHifHi
MeTonM BinHosieHns 300paxents [1]. Jlinifini metonn,
3acHOBaHI Ha Kopekuil 300pakeHHA 33 OTOMOrOI0

© UkrObraz’2002

4acTOTHOro (inbTpa, XapakTEepPHCTHKA SKOrO 3BOPOTHA
no anapaTHoi (YHKUII [OpHiamy, IO PEECTpye,
J03BOJIAIOTL TOMIMIIMTH AKICTH 300paxkeHHs. OmHak y
ILOMY BHIAAKY BilHOBJICHE 300paXeHHA He Mac
MiIBALUIEHOT PO3AiNbHOI 3JATHOCTI, L0 BH3HAYAETHCA
mMpyuHOW anapatHoi QyHKUII npunagy, B Mexax fKoi
BUKOHYETHCA BiIHOBJICHHA.

Indopmauis npo CTpyKrypy 3o0paxenhs, WO
sarybnesa y BuXigHOMY 300paXeHHI NpWiaxy, WO
peecTpye, Moxe OyTH BiIHOBNEHa, AKIIO B MPOLECI
BiIHOBJEHHA  300pakeHHs  BpaxyBarTH  amplopHy
inpopmanito npo Aocnimkyeanui ob'ekt. IlonibHa
indopmallis € rpaHH4YHOIO, TOMY METOIH BiJ}HOBJIEHHﬂ
300paxenHs, SKi BpaxoBYIOTb anpiopHy inpepmaui, €
HENiHIHHUMH.

O6nix obmexeHb NPHBOAMTH 10 MiJABUILEHHS
TIPOCTOPOBMX [PAMEHTIB y BiIHOBNEHOMY 300paxeHHi,
TOOTO [0 PO3LIHPEHHA CMEKTPa MPOCTOPOBHX HacToT
300paKeHHs 32 MEXi CMYTH 4acToT, AkKi MPOMYCKalThCA
anapaTHol (yHKUi€l0 Npunamy, WO eKBiBaJCHTHO
oepkaHHi0 eeKTy HAJABHCOKOI PO3ALILHOI 34aTHOCTI.
daktuyno o6ik anpiopHoi indopmauii B Tpoueci
BiHOBJEHHS OpPHBONMTL 1O TIeHepauii coekTpa
NPOCTOPOBMX 4acToT, 1o OyB MOJABICHHWH anapaTHoIo
¢dyHKUi€eo npunany.

OueBuaHO, YM OLtbiie ampiopHoi iHpopMali
npo of'eKT BMBYEHHA MOXHA BpaxyBaTH B MNpoweci
BiIHOBJICHHS 300paKeHHs, THM BHLIE eEKT HANABUCOKO!
po3ainbHOi 3maTHOCTI i THM 3 OUTLIIOI TOYHICTIO
BiIHOBIIOETHCA 300paKeHHA.

Pizni HemiHiliHi MeTONM, LIO BPaxoBYIOTh
OJIHOTUIHY anpiopHy iHGOpMaLiio, JOCHTh EKBIBANEHTHI
MK coB0l0 3a OIepKyBaHMMH pe3y/IbTaTaMH |
PO3PI3HAIOTLCS JIMLIE OUIbII-MEHLI CKITAIHHM CrIocoGoM

peanizaiii.
Haiibinemn mpoctumM 3 norAxy  obmiky
anpiopuoi  indopmauii  cnocoGom  peanizaumii €

iTepauiiiHuii HeNiHIHUN METOJ BiIHOBJIIEHHA, Y AKOMY
NMPOBOAMTBCS  TMOC/TINOBHA  MOKPOKOBA  KOPEKLUA
BiHOBIIOBaHOro 300paxeHna. [Ipy HboMy 3'ABIAETHCA
MONK/IMBICTb  KOHTPOJIIOBATH TNpOLEC  BiAHOBJIEHH,
BU3HAYATH AKICTb BiIHOBJEeHHs B 3aflékuocTi BiA 4Mcna

iTepauiii. Ananis  e(eKTUBHOCTI  BIAHOBJIEHHS
300pakeHHs  HeNiHiliHAM  iTepallifHMM  METOIOM
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NoKasye, W0 BOHA 3al€XHTh Bil THNY o006'exTa.
HaliGinbwr cknagwum € BiHOBNEHHS 306paxenHs
IMIyIBCHHX OPOTAKHUX o6'exTiB. Tunosum
MPEACTABHHKOM Takoro 0G'€KTa MOXKE CHYKHTH OHCK
CoHus, Ha mnOBepXHi SKOrO0 pPO3TAIOBAHI AKTMBHI
YTBOPEHHSA 3 NiABHILEHOIO SICKpaBiCTIO
BUMPOMIHIOBaHHA. BinHOBneHHs Takoro  o6'ekta
iTepalliifHiM METONOM 3 ypaxyBaHHAM iHdopMalii npo
fioro posmip NpHBOAMTE 1O MOSABM Ha HOTO MOBEpPXHi
Napa3suTHUX KOJHMBaHb.

- 3ajavero NaHoi po6OTH € MiOBWIMEHHA AKOCTI
BIIHOBJCHHS  300paXeHHA  WAAXOM  po3pobkw
AIrOpUTMY 3aCTOCYBAHHA ITepauiifiHoro metomy, Wio
YCYBa€ MapasHTHI KOJIUBAHHS.

2.'OJIOBHA YACTHHA

Posrnanemo pesynbTaTH 3aCTOCYBaHHSA
HeNHIAHOroO  iTepalliifHOro  MeTooy  BifHOBJEHHS
300paXeHHA [0 3aja4i BiAHOBJAEHH: iIMMYJABCHOrO
NpOTHKHOTO 06'eKTa.

ITepauifinuit METO/ BiXHOBIEHHA € PO3BHTKOM
MiHIAHOTO MeTony iHBepcHoOi ¢insTpauii, y skomy
300paXkeHHA BIHOBNIOETHCA LUIAXOM KOPEKUii Horo
CHEKTpa MPOCTOPOBHX YacTOT 32 JOTIOMOTOI0 OnepaTopa
3BOPOTHOTO BHAY anapatHoi (yHkuii npunagy, wo
peectpye. PosknanasHs 3a3HaueHOro oneparopa B psa,
IO CXOAMTLCA, J03BO/SE NEPEBECTH Pa3OBY MPOUEHYPY
inBepcHoi QinbTpauii B mocnizoBHMI  iTepauiiHuii
TNPOLIEC MOKPOKOBOT KOPEKLi, 1o CXOOMTHCA, ChekTpa
NPOCTOPOBHX YaCTOT BLIHOBNIOBaHOro 306paeHHs. 3a
AONOMOroro 3BopoTHOro Pyp'e nepeTBOpeHHs naHMil
HpOLEC iTepauiiiHoro BiHOBIEHHS MOXHA MEPEBECTH B
npocTopoBy obaacte. [Tepexin Bin inBepcHoi dinsrpauii
A0 iTepauiiiHoro mpouecy € JiHiliHUM i B TakoMy BHIi
obuaBa METOAM € eKBIBAIEHTHHMH N0  SKOCTI
BiZHOBJIEHHs 300paxeHHs. OnHak Ha BiaMiHy Bin
inBepcHOi  QinkTpauil B irepauifinomy  meroni
IABIACTECA  MOXNIMBICTD  HAa  KOXKHOMY  Kpoui
BIJHOBJIEHHS ONEPXYBaHHIH Pe3yNbTaT MOPIBHIOBATH 3
anpiopHoto iH(opMauier0 AK MO CTPYKTYpi 300pakeHHs,

Tak i 10 Horo cnektpy. Pesymntat nopiBHAHHA
BPaxOBYETHCA HA HACTYNMHOMY KpOLI BigHOBNeHHs. V
MACYMKY npouec BiZHOBNIEHHA BHABJAETLCA
HeJTHIHHIM i BIIHOBIIOBaHE 300paxeHHs

HAOpaBIAETBCA B Kiac 06'eKTiB, 3aJaHuMX anpiopHOWO
iHdopmanieio.

.Y npocroposiii obnacti itepauiiinuit anroput™
BiIHOBJIEHHS 306paXeHHs Mae HACTYNHuMi Burnsn [1]:

L) ={T F)+ A[ TP - T} F)* AR | F

e T - BEKTOp KOODAWHAT ENIEMEHTIB noBepxHi 06'exTa,
T,(r) - sckpasicha Temnepatypa 300paxkeHHs Ha

BHXOAI MpUIafy, MIO PEECTPye, 3 HOPMOBAHOKO
NpOCTOPOBOID  XapaKTEPUCTHKOI -  Jiarpamolo

Hanpamaerocti (JIH) A(F), T: (F) . - scxpaeicua
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Temneparypa 3o6pakenns micas k- of irepamii, A -
koedilieHT UIBHAKOCTI 36KHOCTI npouecy
BIIHOBIEHHA, * - 3Hak 3ropTkn Qyskuil, F -
onepatop  obMexeHb, 10  BpaXOBye  ampiOpHY
iHpopmanio B mpocToposiit o6macri. Omnepatop F
npnﬁmac 3HadeHHs 0 abo 1 y 3anexHocrti Bix
BiANOBiAHOCTI obuncneHux 3HAYCH
T (7) anpiopnm ymosam.

Y naHoMy anropMTMi WIBMAKICTb BiIHOBNEHHS
perymoetsea koedinientom A. Moro makcumambhe
3HAYEHHS OOMEXYETBCS BEJTMYMHOK, MEPEBHILEHHS K0T
MPUBOUTL O NPOLECY BIAHOBIEHHSA, WO PO3XOINTHCA.
Ua Benwumna s3s'asama 3 koedimientoM nepenaui
anapatHoi ¢yHkuii npunamy, wo peectpye. Skmo
anapatHa (YHKIIA HOPMOBaHAa, TO MaKCHMANbHE
3HayeHHa koediunienta A nopismioe KBOM.

Haiibinpm OYEBHIHOIO anpiopHoto
IHQOPMALiEI0 € yMOBAa HEHEraTHBHOCTI BiIHOBIEHONO
300pawenns. i 3acrocyBamns pmossonse  3mauHo
MOMIMUMTH  AKiCTh  BiIHOBIEHOro  300paxeHHf,
3abe3neunTy BUAINCHHS 3r1aKeHUX feTaneil.

Y BHNanky BiZoMOro posmipy BiIHOBIIOBaHOMO
ob'ekTa mpoueAypa BiHOBAEHHs WHOro 306pakeHHs
OOMeXyeThCA B  3alaHWX po3MipaX, WO TAKOK
NPU3BONMTE 10 MIABHIIEHHA AKOCTi 300paxenHs. B
iTepauiiiHomMy meToni BiTHOBneHHs omepatop F moxe
Binbusatu 00aik i 6yas-gxoro iworo BHIY anpmpum
indopmari.

[Ipame 3aCTOCYBaHHSA HeJNiHiHHOro
iTepauifinoro Merony 3 pisHEME oneparopam#
OOMENEHb, IO KOHTPOJIOIOTh MOKPOKOBY IPOLSAYPY
BIHOBNIEHHS, [03BOJE  VCHINIHO  BiJHOBIIOBATH
WHpOKUK Kknac of'exTiB. OnHAaK NpH BiJHOBIEHH
IMITYbCHUX MPOTAXKHHUX OO'€KTIB AKICTh BiZHOBNEHHS
BHABJIAETECA HENOCTATHBO BHCOKOW. [IpH Gyab-axux
onepaTtopax oOMexeHs y BiIHOBIEHOMY 300pakKeHH
HaHUX O0'€KTIB CTIOCTEPIraloThCs NapasHTHi KOMHBAHHS,
WO MOTipyIoTh sAKicTh 300paxenHs. Kpim Toro
HCBHCOKHM BHABJAETHCA AKICTh BINHOBNEHHA NeTaneil
NOBEPXHi 00'ekTa.

Buseury  npupony wHemonikis  mpamoro
3aCTOCYBaHHs HelNiHiliHOro iTepauiiiHoro merogy 10
BiIHOBNICHHS 300paKEeHHA IMIYABCHHX NPOTHKHHX
O0'eKTIB | BM3HAYWTH WIIAXM iX YCYHEHHS IO3BONAE
aHalli3 pe3yNbTaTiB MATEMaTHIHOTO MOJEFOBAHHS.

Ak 00'exT MOJIETHOBAHHA BHOEpEMO
300paxkenns Couug 3 KyToBHM posmipom 32 i
ACKpaBicHO Temnepatypowo 6'10° K, Ha TIOBEPXHi AKOr0
po3MilieHi TPH ACKpPaBMX  aKTHBHHX YTBOPEHHS
raycosoro BHAY 3 KyTOBHM DO3MipOM MOpAZKY 3 Ha
piBHi M0NOBHEHOI noTykHOCTi (Man. 1). Sk niarpama
HanpsAMIJIEHOCTI npunany, o peectpye -
panioTelieckona BMUKOPHCTOBYETHCS po3paxyHkosa JIH
napadonoina 3 IDHPHHOK Ha piBHi  MONOBHHHOI
noTyxkHocTi, pisHoi 7' (Man. 2). Ockinbku mupuna JIH
panioTeneckona iCTOTHO nepeBuIILye Kytosuii poamip
NeTaned Ha MOBEPXHI MONENi iMITy/JIBCHOTO MPOTAKHOIO
o0'exTa, TO BHI IX 3rOPTKH - 300pakeHHs Ha BHXOM
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Man. 1. Mozens iMITy/IbCHOTO NPOTAMKHOrO 06'€KTa B KyTOBHX koopauHatax @ - cyuinsra mimis. [lymxrtapsa mimis -
300paxkeHHs MOJIENi Ha BHXO/i MpUAany, O PeecTpye.
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Man. 2. HopmoBsaHa jiarpama HanpsAMJIeHOCTI NPUiafy, IO PEEcTpye, Y KyTOBHX & xoopaunarax .
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Man. 3 Binnosnene 300paKenHs MOAENi 3 ONEpaTopoM OGMEXeHb NO BiAOMOMY po3Mipy of'exTa - cyuinbua miHis.
TlyHKTHpHA NiHis - 306paKeHHs MOJIENi Ha BHXOJi IPUaNy, IO PeecTpye.

pagioteneckona BHABNAETHCA ICTOTHO 3IVIAIDKEHHM

(man. 1).

BigHOBEMO OTpMMaHe 3rjlakeHe 300paeHH:
Mojeni 06'exra po3rnAHYTHM iTepauiiiHMM anropuTMoM,
y SKOMYy OnepaTop oOMexeHb KOHTPOJIOE BiaoOMHI
samanuil po3Mip 06'exta. PesynbTar BiAHOBNEHHA MicCns
1000 irepauiii mpu makcumanbHiii 36DxHOCTI mpouecy,
mo Bimmoeimae koediuienty A =2, npuBenenui Ha
Man. 3.

Ouinumo AKicTh BiIHOBJEHHA 300paxkeHHs
mozneni of'exta gk BiZHOLIEHHA NWCTIEPCii BHXUIHOIO
srnamkeHoro of'ekra momo Mmoaeni of'exra i
BiIHORNEHOIO 300paxkeHHs BiAHOCHO Mojeni ob'exra. V
JAHOMY BHINAAKy 3MEHIIEHHs MUCMepCii BiHOBJEHOTO
300paxkenss cknaano 4,6 pasd. AHaJNOriYHi pe3yabTaTH
MONEMIOBAaHHA OTpHMaHi [pd  PHIOMY . OnepaTopi
o6MexeHDb, IO BpaxOBYE HEHEraTHBHICTh BLIHOBIEHOTO
300parkeHHs.
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Y  takmii cnocib, mnpsmMe  3acTOCyBaHHA
HeJliHiMHOro iTepalliffHOro aNTOpHTMY IO BiXHOBIEHHS
IMITYJIBCHOTO MpOTsKHOTO 00'ekTa He Jae HeoOXimuoi
AKOCTI BiJHOBNIEHHA HOr'o NOBEPXHI.

INpuynHOI0 BiA3HAYEHHX HEOONIKIB € Te, WO
MpOLEC BIAHOBAEHHA 3 YpAaxyBaHHAM 3a3HAYEHMX
oOMexeHb OpIEHTOBAHMIA Ha BIIHOBJIEHHS OCHOBHOT
€HepreTHYHOI ckinanoBoi ob'ekta. Bona BH3HauaeThCH
BHCOKOIO CEPEAHBOI0 ACKPaBiCHOIO TEMIEpaTypolo, fKa
CKOHLIEHTPOBAHAa B Ppi3KHMX rpaHuusx ob6'ekra. Tomy
OTPUMaHHH pe3ynbTaT Mae Many iH(pOpPMaTHBHICTS.
Po3mip o6'exta anpiopi Binomuii, a cepeaHs AcKpasicHa
TeMreparypa OMHUCYETHCA HHU3BKOYACTOTHHUMH
CKJIaJIOBHMH CHIEKTPAa MPOCTOPOBMX YaCTOT, WO Malo
CNOTBOPIOIOTECA  amapatHolo  ¢yHkuieo.  Jlauuit
napameTp 00'€KTa MOXHA 3 TapHOK TOYHICTIO OLIHMTH
no 306paXkeHHIO Ha BUXOAi Mpuiany.

Lle no3Boase nepea npoueaypolo itepauifHoro
BiHOBIEHHA BIIHATH 3i 3riamKeHOTO 306pakeHHs
3rOpTKY  BCTAHOBIEHOTO  OCHOBHOTO  KOMIIOHEHTa
300paxeHHA | TNpOBECTH  BIJHOBNEHHA  TINBLKM
JIOIATKOBOTO KOMIOHEHTA, Y AKOMY 3HaXOAAThCA AeTani

T.K

nosepxHi ob'exra. IIpn ubomy oneparopom oOMEXeHs
e(PeKTHBHO [MpallOE€ yMOBa NP0  HEHEraTHBHICTS
piwienns. [licnd BHKOHaHHA JaHOrO BiJHOBJIEHHA
OTpHMaHe 300paKeHHA N0acThCA 0 BHILUICHO! paHilue
OCHOBHOI  Y4CTHHH, JalO4YHd [OBHE  BiJHOBJEHE
300pakeHHA  IMITyIbCHOTO  NPOTHKHOTO  00'eKTa.
OueBuMiiHO, NPH TakOMy IFOPHTMi iTepauiiisoro
BIJHOB/ICHHA HE TpPOBOAMTLCH BIAHOBJIEHHS BiIOMMX
Mek 00'€kTa | He BHHHKAIOTh NapasHTHI KOJIHBaHHA
fioro mosepxHi. KpiM Toro, BBeseHMH omepatop
O0MeXEeHb HAa HEHEraTHBHICTH pilleHHs Ge3nocepennbo
KOHTDONIOE BIJHOBNEHHS JHeTaneil mosepxHi ob'exTa i
peanizye edexT iX HaBUCOKOT PO3ALILHOT 34aTHOCTI.

Pesynerar BiJHOBNEHHS 3rnaKeHoro
300paxkeHHs MOZIeNi 10 JaHOMy anroputmy npu A =2
nicns 1000 irepauiii npusenesuit va man. 4. BizHosnene
306panenHs myxe Gnusbke mo BximHoi moxeni. Moro
AMCTIEPCiA B MOpPIBHAHHI 3i 3rAakeHMM 300paeHHsM
3MeHWMNacs B 54 pasu i 6inbim Hixk y 10 pasis meHiue,
HiX Yy BHMaAKy Ge3nocepefHLOro BiJHOBJEHHS Ha Mal.
N
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Man. 4. Binxosnene 306paskeHHs Monesi No 3amporoOHOBAHOMY ANrOPUTMY 3aCTOCYBAHHA HeJiHiMHOTO iTepauiiiHoro
METOAA - CyuiibHa NiKis. [TyHKTHPHA JIidis - 306pakeHHs MOAEN] HA BHXOI NpUIay, IO PEECTpye.

3. BUCHOBKH

VY pesynbTari npoBeAeHWX AOCHIAKEHb SKOCTI
BIAHOBNEGHHA 300paXKeHHA IMMYJbCHUX MPOTHKHUX
00'exTiB HeJliHIHHUM ITepauiiHuM METOAOM
3aNpONOHOBAHUA  ANrOpUTM  BiAHOBJIEHHA,  AKMH
J03BOJIAE ICTOTHO MIABHILMTH fAKicTh BigHOBAeHHA. [laHi
pesynbTaTH MIATBEPIUKEH] MOJETBHHMU PO3PAaXyHKAMH.
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3anponoHoBaHUii anrOpHTM MOXHAa BHKOPMCTOBYBAaTH
Npy BiIHOBNEHHI IMITYbCHUX MPOTSXKHMX 06'EXTIB, AKi
peabHO CNOCTEPIraloTHCA Ha PafioTeNECKONT,
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BAE€COBCBHKI HEMPOHHI MEPEXI: lIOPIBHf_IJ[bHI/Iﬁ
AHAJII3 TOYHOCTI KJIACA®IKAIUII

O. M. Axmemuwun, []. ¢p. - m. 1., O.0. Kupeusos, Mazicmp

JluinponeTpoBCHKHI HalliOHANBHUH yHIBepCcHTeT, YKpaina, 49050,
M. JlninponeTpoBchk, mp. Haykoswii 13.
Enextponsa nomra: akhm@mail.dsu.dp.ua

B craTTi npuBeneHi TeopeTHYHI BLIOMOCTI
npo Baecosceki Ta FimoBipuicri Helpoumi
mepexi — kracHdikamiiiai Mepexi, 3acHOBaHi Ha
GaecoBCEKIM BHpIiMIanEHIM IpaBuIIi.
IlpencraBieHo CTPYKTYpH Ta MeTO[ NOOYIOBH
Mepex, 4 TakoX pe3ynpTaTh Kiacuikauii Ha
npHKNani MenxHdHOI Gasy HaHMX OHKOJOTIYHMX
3aXBOPIOBaHb.

1.BCTYII

BinpliicTe 3agay — BKMOYalYM iarHOCTHKY
3aXBOPIOBaHb, PO3Mi3HaBaHHA 00pa3iB Ta NPOPOKYBAHHA
MOXYTh OyTH MpeAcTaBieHi sk 3amayi Kracudikamii, Tak
AK KOXHa BHMarae ifeHTH(ikamii CcTaHy Ta Mae
MHOXHHY TnapameTpis, mo ix omucywoTs. CTBOpEeHHS
TOYHHX KJacH(ikaTopiB 3 MpenKIacH(ikOBAHHX JaHHX
ABNAETHCA Ba¥JIMBUM Ta aKTHBHO pO3BHBANYHMCS
po3MinoM B MAIUMHHOMY HaBYaHHI Ta JOCIiHKEHHIO
JaHHX.

[pu no0ynoBi aBTOMaTUIHHX CHCTEM
kracudikauii, BHHMKAIOTE TPH OCHOBHI  3a1adl:
NpeACTaBleHHA [aHHX, BHAUIEHHA 1HOOPMATHBHHX
03Hak Ta mobynosa CHCTEMH KiIacHpixalii.

OmHuMH 3 METONIB, HAa OCHOBI AKHX MOXHA
TIpHUIHATH PilIeHHs PO Kiac HOBOro odpasa, ABIAIOTECS
obuMcneHHs  LeHTpoiza  kokHOro  kmacy, abo
BUKODUCTaHHsA KpuTepi "Haiibmuok4oro cyciga". bulbm
"BHTOHYEHI" METONM Ha MONATOK O PO3MIANy BilCTaHI
BPaxoBYIOTh IIUTBHICT PO3MOALTY cycinHix oOpasis.

B ocHoBi no6ya0BH ONTHMANEHHX aBTOMATHYHHX
cucteM  knacubikamil, B  3ararbHOMY  BHIAMKY,
BUKOPHCTOBYETLCS HaecoBchke Knacudikanitine
npaBuyio abo Horo pisHoBuan. Llei mixxin, 3acHoBaHWi
Ha TpWMyImeHHi, o 3agaya BuOOpy pimeHHs
chopmynsoBaHa B TepMmiHax Teopii iiMoBipHOCTEH i
BimoMi BCi ¥MOBIpHI BENMMHHH, IO NPEACTABJIAIOTH
intepec. OcTaHHIM YacoM OypXIHBO PO3BMBAIOYMMCH
meTogom € baecoBcbki Helponni knacuixauiini
Mepexi, W0 BPAaXOBYIOTh OKpPIM OKDEMOro BMICTY
KOXHOrO  TapaMeTpy, [0 ONHCYIoThb  00pasu
rnacupikamii, we i B3aeMO3B’ I3KH MK HEMH.

lpeactasumo aBi  HelipoHHI Mepexi, W10
BHKOHYIOTH kiacH(ikauiro maHux 3a 06accoBCHKHM
npasmioM [1]:

e ImoBipHicCHi  HelfpoHHI
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mepexi (IHM) -

BHKOPHCTOBYIOTh JIMIIE YMOBHI CHLJBHI IMLTBHOCTI
PO3TOLTY NapaMeTpiB KOXKHOIO KJIacy JaHHX.

e DBaecoBceki  Hedponni  mepexi (BHM) -
BHKOPHCTOBYIOTh YMOBHI CHiNbHI  INiNBHOCTI
posmominy napaMeTpiB 4K J00YTOK YMOBHHX
IWNBHOCTEH KOXKHOTO 3 IapaMeTpiB, BPaxOBYIOYH
3aNeKHOCTI MDK HUMH I KOXHOTO Kiacy JaHHX
[2:3].

2 IMOBIPHICHI HEVPOHHI
MEPEXI

OmuH 3 BULIB  HEHPOHHHX  Mepex, WO
BPaxoBYIOTh LIUILHICTS po3noiny oOpasis, 'axi MoxHa
BHKODHCTOBYBAaTH i KiacuQikauii Ha3MBalOTbCA
fimogipHicHi HelipoHHi Mmepexi (IHM). B ocHosy
xnacudikanii y mepexi [HM noknazese BHKOpHCTaHHSA
npasuia Baeca. lle BuMarae OLiHKH QYHKIII MIILHOCTI
#imopipHocTelt. OwiHKa NPOBOOMTECA 3a JOMOMOTOK
merony [lapseHa, y SKOMy BHKODHCTOBYETHCS Barosa
byHKIiA, MmO Ma€ UEHTP y TOYLi, WO TNpPEeACTABISE
HapyaneHui o6pa3. Taka Barosa (QyHKIiA Ha3UBAETHCA
(dyHkuieio noreruiany abo sapom:

2
T e
J(r)=exp(-r")=exp( e o {3
g
Ipuxnan apxitekTypH Mepexi ais pileHHs
3ajgayvi Kiackikauii noxasaHui Ha puc. 1.
3apauei0 BXIMHOrO wWIapy € PpO3MNOAIN JaHWX
BXigHoro obpasa s Iapy HelipoHiB. Y pmaHOMYy

fa(r)
gkl
Buxiguui
map
1lap

Illap nmcyuo!ykamm
HEeHpOHIB

Puc. 1. INpuxnan apxitextypn IHM
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BHMAAKy KOXKeH BXifHMH Habip JaHMX Mae YOTHPH

napametpu. Lllap HelipoHiB Mae No OJHOMY €JNEMEHTY
wis xoxHoro ofpasa 3 Habopy HaBYalbHUX NAHHX.

Bxignu#t map i wap HeHpoHIB YTBOPATH MOBHO3B A3HY

P1 WiWa..ooeans Wgr

P2 /

‘ . p f(r)
it Nk

¥ (4]

Pr 1

Puc.2. TTpuknan apXiTeKTypH pafialbHOro Heipona

CTpYKTYpy. JU1a BXiJHHX B eNeMEHT mapy HefipoHis
3B'A3KiB BaroBi 3HA4YeHHs BCTAHOBIIOIOTBCA PIBHHMH
eneMeHTaM BimnopigHoro ofGpaza. Ha pmc. 2
npeAcTaBNeHHil pamianbHuil Helfpon i3 BxomoM p i
BaramMu W po3MipHocTi R.

Sikmo pisHHIA MDK p i W 3MEHIIYETHCH, TO

3paueHns OQyHkuii 36inpmyerscs. YV Takmit croci6
HelpoH nmi€ Ak gAetexTop BimoGpaxaroumil CTymiHB
6M3BKOCTI BXiHOIO BEKTOpa p N0 BEKTOpa W, 3CyB O
J03BOJIAE PETY/IOBATH Yy T/IHBICTh Heilipona [2].
Illap migcymMOBYBaHHS Mac 1O OAHOMY €NEMEHTY Ui
KOXKHOTO KJacy 3 HapdansHoi obnacti namux. Jlo 6yns-
AKOrO e/ieMEHTa Iapy MiJICyMOBYBaHHA HIyTs 3B'A3KY
TUILKH Bin HeWpoOHiB, IO HaneXaTh BiANOBiAHOMY
xinacy. EneMeHT mificyMOBYBaHHA MiZICYMOBYE BHXifHi
3HavyeHHs HeliponiB. Ll cyma pnae OWIHKY 3HAYEHHA
OyHkuii mWinbHOCTI  posnofiny HMoBipHOCTEH AUA
CYKyNHOCTi €K3eMIUIApiB BiamosigHoro kiacy Ta
anpioproi HMOBIipHOCTI KOXHOTO Kiacy. BuxinHui
eneMeHT sABAfE oGO0 IMCKpHMiHATOp, WO BKAa3ye
€eMEHT [apy IMiACYMOBYBAHHA 3 MAaKCHMaibHi
3nagenHsM akTusHoOCTL. [lna mepexi IHM He notpibHo
HaBYaHHA B TiM 3MicTi, sKke noTpiGHO MiA Mepex i3
3BOPOTHMM TMOWIMPEHHAM NOMMWIOK, TOMY INO BCi
napamerpn Mepexi THM (4ncio eneMeHTiB i 3HAYEHHA
Bar) BH3HavYalOThCA Oe3nocepeNHs0 HaBYATBHHMH
HaHHMH.

Mepexi IHM  ofmexyeTscs — 3ajaqamu
knacudikaiii, HOMYyCKalOTh HajABHICTD NOMHJIKOBHX
nauux i 3afesnedyioTh KOPHCHI pe3y/bTaTH HaBiTh Ha
Manux Habopax HaBYaIBHHUX JAHUX.

3 BAECOBCBHKI HEMPOHHI
MEPEXI

Hefiponna mepexa Baeca - rpadiuna monems S,
10 MOJENIOE CrTbHKIA po3noin #Moripaocti P(X) ans
muoxurn N 3mimmmx X = {X,,......Xn}, CBO€WO
CTPYKTYpOIO, Y BH/i OPi€HTOBaHOTO alMKJIiYHOro rpada,
BinoGpaxcae peanbHy B3a€MOJII0 3MIHHMX MOZeni i aisA
sagay Knacudikaumii SK BHCHOBKM  NpPEACTaBIAE
iMOBIDHICTh NPHHANEXHOCTI WIS KOXHOrO 3 Kiacis
panux [2]. Bepmpsu 8 S BianopigaloTs 3MiHHEM X, iX

180

]

3

TAKOK MOXHA TPEICTABHTH K Mepexy 3B’A3HHK |
wetiponis. Hexaif X, - o3masae sk 3MiHHY, TaK i
BianoBiaHy epmuny y S, a Pa; - o3navac GaThkis
BepIMHE X, , TOGTO 3MiHHHX Bin Akt sanexuts X,
TOAi CHiNbHAH po3noftin #moBipHOCTEH Ana 3miHEEX X
CTPYKTYpH S:

N
P(X)=_HIP(X,-IPG,-) @
i=

ne  P(X;|Pa;) - ymoBHuil posnozin

iMmoBipHOCTi. Po3rnsHemo JoBUTBHMH opieHTOBaHMI
(awuxnivenii) rpad, puc. 3: ‘

Jns paroro rpadpa 3 mpaswia CHINBHOTO |
posnoniny imoBipHocTelt MaEMO: |

P(4,B,D,E) = P(4)P(B)P(D| A)-P(E| 4,B) (3)

ImoBipHiCcTh BepmnHE A , BpaXOBYIOUH JIOKaIbHI
po3nofimi  ¥iMOBipHOCTEH, OGUMCTIOETHCA:

Puc 3 Ipuknan BaecoBebkoi Mepexi.
P(A)P(B)P(D| A)P(E| 4B)
S P(A)P(B)P(D| A)P(E| &
___PUAP(D| APE| 4,B)
Y4 P(A)P(D| A)P(E| 4, B)

Obnacti 3actocyBaHHA bBa€cCOBCBKHX Mepex:
OUiHKA IMUIBHOCTI pO3MOAiNY 3MiHHHMX, KnacHQikauis,
perpecis,  KnacTepmsallis, eKCNEepTHi  Mepexi,
BH3HAYCHHA CTYNEHA BIUIMBY CKJIAJOBHX MoIemi i
pe3yasTaTiB 1i aMiHK.

P(A|B,D,E)=
»B)
“)

3.1 BAECOBCBHKI KJIACH®IKAIIIIHI
MEPEXI

Baecoscska mepexa (BM) knacudikanil
B = <N, A, ©> - cnpaMoBanmii ammkniuHmi rpad
<N,A>, ne koxHa BepmmHa n € N sBise coB0I0 O3HAKY
Habopy JaHMX, a KOXKHA Ayra a € A MiX BepUIIHHAMH,
aBafe cobolo iMOBIpHICHY 3anexHiCTh. 3 KOXHOK
BEPHIMHOIO N; 38'A3aHa il YMOBHA HILIBHICTE PO3MOALTY
imosipsocTti 6; (VLLIPI). BM MoXe BHKOPHCTOBYBATHCA
s oGUUCHeHAs YMOBHOI IMOBIPHOCTI OZIHI€T BEPIIHHA,
3 OrMIAAY HA 3HAYEHHN NPUBNIACHEHI iHIIMM BEPIIHHAM,
omke, BM MOXke BHKOPHCTOBYBATHCA AK KiacHpikarop,
IO Ja€ anocTepiopHy HMOBIpHICTh BepmIHHH Kiacy (4).
Bignosiaxo, knacudikauifina cucremMa moOBepTac HOMEp
knacy 3 HaiGinbmow anocTepiopHOW - HMOBipHicTIO.
Onna 3 nepesar BM y nopiBHAHHI 3 IHIIHM THUNaMm
wiacudikaropis, Tuny HeliponHol Mepexi, - Te, mo BM
BPaxoBYIOTh B3a€EMO3B'A3KYy cepea Halopy oO3Hak.
3actocysanns BM s 3apaq wiacHdikauii BKmodae Asi



niazanadi:

¢ pu3HavcHHA rpadiyHoi Moaeni BM;

¢ BH3Ha4YeHHA anpiopHux HMoBipHOCTEH Ta yMOBHHX
posnoniniB #AMoBipHOCTEH;

* BHUKOHaHHA KIacHikawii;

V 3apavax, D0 € ONTHMAIBHHMH, TOOTO WA
noBHux Habopis jgammx — s Bu3HaueHns YIIIPI
BHKODUCTOBYE €MIIPHYHO YMOBHY 4YacToTy MaHHX,
inakme HeoGXimHo pobuTH Ti BinHOBNeHHA. [lany 3anauy
MOXHA BHPILIATH, CKODHCTABLIHCh METOAOM BiKOH
[ap3ena.

Jis Bu3HaYeHHA cTpykTypH BM MaioThcd 1Ba
MAXOmy:

e BM - cTpykTypa, IO KOAYE CIUIBHHIH PO3MOALT
osHak. Lle o3navae, mo Haiikpaumia BM - mepexa, ska
HajikpaumM cnocoboM OINUCYe CHiNbHE PO3MOALIEHHS
naHux Mozeni [2].

e BM - crpykTypa, WO KOAYE IPylly YMOBHHX
BinHocHH  He3zanexxHocti (YH) cepen  BepimH.
BHKOpDUCTOBYIOYM CTaTHCTMYHMI KpuTepili B3aemHOI
inpopmanii, Moxemo 3HaxomMTH Yyci YH Ta
BHKODHCTOBYBATH X K KpuTepiit mobynosu BM [3].

3.2 BUIU KJIACHOPIKAIIMHUX BHM

Hwkge npencrasneno n'ate BHEiB BHM
knacudikatopis, #xi  BianoBigawTh  anpiopHOMY
NpeACTaBieHHIO B3aemonil 3MiHHEX cuctemu: IIpocra
BM, Jlepesomoniona BM, Posmupena BM, Myastd BM
i 3Buuaiina BM.

3.2.1 [lpoera BM

ITpocta BM [2] € cTpyKTYypOIO, IO MA€E BEPLIHHY
knacy C sk 6GaTbKiBCbKY BEPIUMHY BCiX IHHIMX BEPLIHH
sminHi X, X3, Xs, Xy (Puc. 4). Hiski iHmi 3'eqsanns B
[IpocTuii BM He po3rnaaarwThes.

Ha BiamiHy BiI  HWKYe  mepesideHHX
knacudikatopis, Ilpocta BM nerka B noGynosi,
OCKiTbKM CTPYKTypa JHaeThcs anpiopHo i He Tpeba
BUKOPMCTOBYBATH IpoLenypy noOynoBH  Mepexi.

)
& ® & ®

Puc. 4 Tlpocta BM

74NN

Puc. 5 [ipeBoniozi6xa BM

IMpocra BM npurmyckae, uio Bci 3MiHHI He3aJIeKHi OfMH
Bill ONHOTO, Ta MPEACTABIAC HETOraHi pe3yNbTaTH B
NOpiBHAHHI 31 CKIaHAMH KIAcH(ikaTopaMH Ha BeJHKil
KUIBKOCTI JaHHX, SKi He MalOTh CIIIbHOT Kopensuii [5].

3.2.2 JlepeBononiéna BM

HepesonoaibHi bBM kinacudikatopu
posmmpooTs IIpocti BM, B npHmymieHi, mo 3MiHHI
mepexi dopmylots aepeso (Puc.5). Taki mepexi €
4acTKOBMM BUMagkoM Posmmpenux BM [2].

3.2.3 Posmnpena BM

Posmmpeni BM xinacudikatopd [AONOBHIOKIOTH
HepeBononibni BM, [03BONSIOYH 3MIiHHHM Mepexi
tdopmyBaTH noBinbHKE aunkniunui rpad ( Puc .6).

Bukopucranns Posmmpennx i Jlepesononibuux
BM wmenmmn edextuBHe B TODIBHAHHI 3  HIDKYE
puKIageHuMH BM, OCKiTBKH I KOXKHOTO Kjiacy

GEENG

Puc. 6: Posmupena BM

nepenbaYacTsCs ONHAKOBHH BHJ 3aNEXHOCTI MiX
3MIHHHMH i BEPIIKHOIO Kacy AaHHX.

3.2.4 Myastu BM

Mynbty BM  [3] cknamaeThcs 3 MHOXKHHH
JNOKAIEHHX MEPEK, KOXKHA 3 AKHH BiANOBIJae 3HAUEHHIO,
o MoXe npuitMaTH BepmuHa kiacy (Puc 7). Mynsti
BM Mmoxe po3ryisgaTics SK y3arajibHeHHA PosmmpeHux
BM. V Posmmpenux BM chiBBigHOLIEHHS Cepeil
3MIHHUMH € OJHAKOBMM /UM BCiX 3HA4Y€Hb BEPIIHHH
Knacy; 3 innioi croporr B Mynbt BM cniBBiaHOmEHHS
cepen 3MIHHHUMH JUIs PI3HUX KIACiB MOXYTE OYTH pi3Hi -
T06TO, Mis pi3HMX 3HAueHb BEPIIWHM Kiacy, 3MiHHI

°:o\®

() B
G a=o
Puc. 7 : MynsT BM
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MOKYTh (OpMyBaTH pi3Hi JIOKajNbHI Mepexi 3 Ppi3HOI0
CTPYKTYPOIO.

3.2.5 3suuaiina BM

3puuaiina BM (3EM) - Bun HeoOMexeHoro BM

Sl Offerg )
et

Puc. 8 : 3uvaiina BM

knacuikaTopa, mo Mae OCOONHMBICTH, HE BJIACTHBY
NepepaxoBaHHM BHINE MepexaM. 3araibHa 0cobauBicTh
nepenigerux BM - Te, mo BepInmHA KJIAaCy TPaKTYEThCA
AK cremiatbHa BepIIHHa — BOHA € 0aTbKOM YCix
smiHEuX. Onnak, 3BM Tpakrye BepuIMHY Kiacy Ak
3puyaiiny sepmuHy (Puc.8), To6To Hemae 000B'I3K0BOT
YMOBH, 1110 BOHA € 6aTbkoM ycix aminxux. [lopiBHIONOYH
3BM i Mynste BM, Gaunmo, mo 3BM npumyckae, mo
ICHye €iHMHa ¥MOBIDHOCHA 3aJIeXHICTh [IA BCHOrO
Habopy JaHuX; i3 Ayrol cTopoHH, y Mynste BM s
PI3HHX 3HaYCHb BEPIIWHH KJIacy 3HaXONATHCA pisHi
iMOBIpHICHI 3a1€XKHOCTI.

4 PE3YJIbTATH

EKcnepuMeHTH nNpOBONMNWCH HA MEIWIHHX
HNaHMX PaKkOBHX 3aXBOPIOBaHb [6]. 3amwcu onucyBamn
300pakeHHA NyHKUiM nauieHTiB Ta ManM HACTyNHi

napaMeTpH:

1. CepenHs TOBUIMHA 3ryCTKIB.

2. OpnHopinHICTL pO3MipiB 3TYCTKIB.
3. OnropiaHicTs GoOpM 3rycTKiB.

4. T'ycTuHa 3rycTKiB.

5. Eniteniansauit po3mipis 3rycTkis.
6. [IlpoueHT 3rycTKiB 6€3 000JOHKH.
7. XpomaTuH.

8. Miros.

9.

ITpoueHT HOpMaJIBHUX 3IYCTKIB.

Ycworo Gyno 684 3anucis.

Sk ykasyBanoch y mkepeni, npu knacudikaiii 3
AONOMOTOMO TiNepIuIONMH Ta HaBYaHHI no nepumuM 50%
H3aHMX, pe3yJbTaTH BIpHO KiIacH(iKOBaHMX NaHWX Ha
iHmiA yactuui He nepepumyBanu 93,5%. Ilpyu HaB4anHi
Ha 67% pmaHWX, pe3yabTaTH BipHO KnacHpikoBaHHWX
NaHMX Ha iHWili yacTuHi (33%) He nNepeBHINYBAIH
95,9%. Tlprm wiacudikauii 3 7ONMOMOTOX MeETOMY
HalibmwKk4oro cycina Ta HaByaHHi Ha 67% [aHux,
pe3ynbTaT BipHO Knacudikosanux — 93,7%

[Iposenemo knacudikaniro JaHHX 3 JOMOMOIOH0
IHM, Tipocroi BHM Ta Myasts BHM i3 Tumu x
ymoBamu Hap4anHs. [Tommnka knacudikauii Ta cepemsi
fimoBipHOCTi MOMHIIOK NpwBeieni y Ta6.1 Ta Ta6.2.

3 pesynsTaTiB  BHAHO, W0 BHKODHCTAHHS
6acCoOBCBKOrO mMpaBWia Ta BpaxyBaHHA 3aIEKHOCTEN
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MiX [apaMeTpaMH NMpHBOAE A0 CYTTEBOrO MiIBHIICHHS

TogHOCTI Knacuikanii HapiTe ©§pH HaBYaHHI Ha
noNoBHHI Habopy faHux.
Tabnuua Nel.
HaBuanus — 50% nanux, TectyBanHA — iHuni 50%.
Ipocra | Mynsti | THM:
BHM: | BHM:
Cepenns
WmosipHicTs 0.0091 | 2.9%10° | 0.0388
INomunxu
IMommnka
Knacugikanii, % | 8.7977 1.7595 16.715
Tabnuna Ne2.
Hagpuanns — 67% naHux, TecTyBaHus — inmi 33%.
Mpocra | Mymetn | IHM:
BHM: | BHM:
Cepenns
VimogipHicTs 0.0067 | 0.3*107 | 0.0425
IToMunku
IMomunka
Knacudikauii, % | 7.8221 1.7699 15.929
S BUCHOBOK

B crarti Gyno nponeuoucmonago HOBHH
meron knacudikamii, 3acHoBamuii Ha BaecoBchbkiii
HEHpOHHIM Mepexi, 3 JONOMOroK SKOTO MPOBEHEHO
KJIacH(IKallilo JaHUX OHKONOTIYHHUX 3aXBOPIOBAHb.

3 nopiBHAHB  pe3yAbTAaTiB  BHAHO, LIO
BHKODHCTAHHA  B3a€EMO3B'S3KIB MK MapameTpamu
NifIBHILYE TOYHICTH KnacHikaiii JaHux.

Takum unHOM, BpaxyBaHHA 3alEKHOCTEH Mix
napaMeTpaMy Ta MTBHOCTEH IX pOo3noALIeHHs, 3HAYHO
MiIBHIIye TOYHICTE  Knacudikawii  OHKOJIOriuHMX
3aXBOPIOBaHb.
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The mathematical model of the adaptive
network for number array sorting using the pair
exchange method was proposed. The structure of the
sorting neural-like network was considered. The
peculiarities of abstract structure of neural-like S-
network model were shown.

Beryn

JlaBunOMONiIOHE 3pOCTaHHA
nyGnikauit 3 HeHpOCTPYKTYp Ta HelpooGuHCIeHB
CBIITHTH npo HarpaMKY
obuncIoBaNBEHOT noB’s3aHe 3

KiTBKOCTI

NEPCIIEKTHBHICTH
TEXHikH, @O
MOJEMOBAHHAM HEeHPOHHHX Ta HelfpomomiGHKX Mepex
[1,2]. B Gararsox BHNaaxax HOBi po3poOKH CTOCYIOTECS
HOBHX  cdep  BHKODHCTAHHA  BXe  BiIOMHX
HeHipocTpykTYp ~ abo
Heliporsux mepex (HM) 3 opiextamieio Ha HOBIiTHI
eneMeHTHI 6a3ncH, 30KpeMa, Ha ONTOENEKTPOHIKyY [3,4].

BIOCKOHANEHHA  oOpramisanii

Anengenmnmmmxneoﬁximimpeaﬂaam’i‘uaﬁhﬂ
HOBHX AQUIOPWTMIiB TNPHBOAMTE [0 3MiHenHs abo
NepeTBOPEeHHNA CTPYKTYPH Bizomux HM [5,6].

B poboTi HaBOAWTBCA NPHKIAN TONANBIIOrO
PO3BHTKY CTPYKTYpPH JBOHANpAMICHOI acomiaTHBHOI
pmam’sati (JIAII), fika € pe3ymbTaTOM BIOCKOHANCHHA

pimomoi wmepexi Xondpinma [7].  Ockimeku
3anpoNoHOBana HeliponoaiGua Mepexa Mae cnenu@iaHy
opramizamil0 i TpH3EAYeHa VA BHKOHAHHA

MapanenbHOrO COPTYBAHHA MAacHBY 4HCel, il MOXHA B
NOJANBIIOMY PO3IJIANATH 5K S — MEPEXKY.

© UkrObraz’2002

Crpykrypa apanTtuBHOI Helipomoaibmoi

Mepexi VIS aJIrOPHTMY COPTYBaHHS
B pofoti posrigHYTO peanisamiio anropHTMY

COPTYBAaHHA MacHBY 9HCEJl METOJOM HapHOro oOMiy 3
NMiApaxyHKOM, KUl BBAKACTHCH OJHAM 3i MBHIKICHHX
anapaTHHX Meromis coprysanns [8]. OcoGmasicTio
IEOr0 METOAy € HEeOOXiAHICTE 3aCTOCYBAHHA PAHTiB, AKi
NPH3HAYAIOTHCA KOKHOMY €/IEMEHTY YHCIOBOIO Macusy,
B MpOLIECi COpTyBaHHA HaOyBalOTh HANEKHOIO 3HAYCHHA
B 3QNEKHOCTI BIiX TO3MINT KOXKHONO ENeMeHTa Yy
BiicopTroBaHoMy MacHBi, i B
BHKODHCTOBYIOTBCS SK aipeca IIpH nocsiaosHOMy
JuATYyBaHHI enemenTis MacuBy [9]. B mnpomeci
AOCHTIKEHSs 3’ACYBaNoCh, MO HeTpaaHiiliHe KOAyBaHHS
panrie, a came, OIWHHYHOIO
No3MLiiHOro KoMy, AO3BOJIAE Peali3yBaTH IPOCTOPOBO-
po3noOAiNieHy OCOONMBICTD NpPEACTABACHHA YHCIOBOI

NogaIbIoMy

BHKOPHCTAaHHA

inpopmanii 8 meomy xomi [10] npu acomiaTHBHOMY
obpobnenni indopmaitii, A0 AKOro MOXHA BiJHECTH
npouexypy coprysanns [11].

Ha puc. 1 npeacTaBieHO  aJanTHBHY
HelipononiGHy Mepexy, IO peamisye aIrOpHTM
COPTYBAHHA MAaCHBY YHCENl METOJIOM MapHoro o6MiHy 3
migpaxyskoM. Bona  MicTHTE  HaBuameHy i
o6uMCIOBANEHY YAaCTHHM. BXiguuii BEKTOp NaHHX
X ={x1,...,x,,} NOJIAETECA HA BXOAM ON0Ka HaBYANBHOL
yactunn (HY), Ha BHXOAax sKoro QopMyerscs BEKTOp
3B’M3KiB q = {q,,...,q,,}. Kpim Toro, Ha Bxomu Gnoka
HY Takok mTOAAETbCA TNOYATKOBA MATPHIOA Bard

L i
G° ={gf,,...,g:,}. a Gnok HU cknamaetsest 3 BOX
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|| | Komyrarop| 9 Mam'sTs . | Buxigwwi| | .
I Kz q; paHrie : 6nok E £
i : Bt
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: G Ob6uucniosanbHa |

YyacTvHa l

| |
besipiaamenin s as L riscn ay crnceila L "

Puc. 1 CTpykTypa afanTHBHOI MEpEexi:
Xy3ees X, - BXimamit Bextop manmx; G °y G - nowarxosa i notouna marpuui saru Binmosinuo; /...l - Buximmuit
Bextop komyTatopa Ki; ¢...,, - BEKTOP 38°53KiB; V) ;,...,V,; - BEKTOD MACTAHOBKH; G} 5.rvs )y 5§y 5+--5 ,, - BHXITHI

sexropu komytatopa K3; X, ,..., X, ; - norounmii BuxinHuii BeKTOp NaHKX.

A

By3nis: komyraropa K; i rpynu k Ginapuux HeHpoHiB 3 ne k=[n/2] - naiiGmmxue Gimbme umcno.
[OPOroBOIO YHKIIEK0 BATIANY: KomyTarop K, peaiisye BeKTOpHE-MATPHTIHE MHOXEHHS
3 hopMmyBanHAM BHXiaHOTO BekTopa | BHrmAmy [12]:
1, AKwo Xy < Xy, _
q = f (x,.) =S L4
0, axwo x,,_; = x,;, I=x-G.
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O6uncmosansHa uactuHa (OY) micrure 1Ba
6noku. Ha Bxin mepmoro GJioka NONAIOTECA BEKTOP
38’53KiB q i nouaTkoBa MaTpuus Bard G °. B pesyubTari
iTepaTHBHOrO mpoLecy Ha BHXOJax mporo Gnoka
dopmyeThcs MaTprns Bard G, a KiHIEBHM pe3y/bTaTOM

{vu,...,v,y}, j=Ln,

€ BEKTOp MiACTAHOBKH V; =

skuif BigmoBimac ampeci j — ro KOMIOHEHTa Y
BiAcopToBaHOMY MacHBi. MaTpuus Baru G noaacTses Ha
sxoxm Gnoka HY i nepmoro Gnoka OY Ha Beix itepamizx
o0poOneHns, KpiM nepmoi, OCKUIBKH TOAI Ha IMX
BXONax (ikcyeThcs mouaTkosa matpuus Barn G °. Ha
Bxoau apyroro Gnoka OY, sxwit € BHXigHEM GlOKOM,

TOAAIOTECA BEKTOPH X i V , @ Ha BHXOJaX (OPMYETHCH

MOCMINIOBHICTE BEKTOpiB X; = {x,j,...,x,,j}, ne Ha

KOXHOMY j — My KpOILli NEBHE YHCJIOBE 3HAYEHHA

npriiMac JHIe ouH eneMent X,, i =1, n, 3 Bxinnoro

BEKTOpa X ={x,,...,xﬂ}, a Bci MmN MAlOTh HyNBOBE

3HayeHHs. TakuM 4YHHOM BHKOHYETHCA IOCHINOBHE
JYHTYBAHHA €JIEMEHTIB BiACOPTOBAaHOrO MacHBy (3a
3pocTaHHAM a00 CHajaHHAM YHCIOBHX 3HAY€Hb
eJIEMEHTIB).

Iepmmit 6nox OY cknafacTscs 3 ABOX BYiB:
komyTaropa K, i maM’ari pasris. Ilpadomy komyraTop
K, peanisye BexTOpHe-MaTpH4YHe NEPEMHOXEHHA |

(g0 ron g2

I

dopmMye nBa BekTopH: q

q= {ql . q;}numw [12]):

q+ll= q . GTp ]
9,=9 ‘G,

re G, , Gy — marpuni Barn G, sxi QopMmyroThCs
BianoBiaHo 3 Henapuux (p=1) i mapuux (p=2) croBmuiB
matpuui Baru G; p €{1,2}; q°,, q', - BHXimHi BeKTOpH,
AKi NpH3BOAATH BiANOBiAHO Ao 30UTbINEHHA Ta
IMEHIICHHS Ha OJMHMINO paHris y napHoMy abo
HeMapHOMY P — MY LMKJi COPTyBaHHA cOpTyBaHHS; T —
CHMBOJI TPAHCTIOHYBaHHA.

IMam’sTe paHriB Ma€c MaTpHYHY CTPYKTypY, B
sKili OCHOBHOIO OMEpalli€el0 € PpeBepCHBHHI 3CYyB
inpopMamii B3NOBX PAAKIB MaTpHlll, @ TaKOX
nepenfadeHo sfK MapajieNbHE 3YHTYBaHHA MOTOYHOI
Matpuni Barm G, TaKk i 3YMTYBaHHA BEKTOpa
MiACTaHOBKH V; y BHTTIAAI ONHOPO3PAXHOIO 3pisy BCiX
paakis (cnaiizy) [13].

V  mpani  [14]

OOBelEcHA  CHNYIIHICTh

MATEMaTH4YHOI  MOJENI  HABEACHOT0  ANTOPHTMY
COpPTYBAHHA MacHBY YHCEL.
BucHoBKkH

1. Takum umHOM, B abcTpakTHilt CTpyKTYpi
y3aranbHeHOl COpPTYBaIbHOI Mepexi 3a
aHasiorielo 3 BizoMoo mopewno [15] MoxHa BHALIATH

Moneni

OBi YacTHHM: Tnepmy — obuucmoBaibHy i Apyry —
HaBYaJbHy. BiamiHHICTS monATae B ToMy, mo aume HY
MmicTHTh wWap HelipoHiB i dopMye BekTOp 3B'A3KIB q,
HyNbOBE 3HAYEHHA BCIX ENEMEHTIB AKOIO IPHIHHAE
AvHaMivHKi npouec y coprysanbHil Mepexi a B OY
3aMicTh mapy Hel{poHiB BHKOPHCTOBYETBCA IPOCTOPOBO-
po3mnofiieHa TaM’STh PaHTiB, MO A03BoNAE GopMyBaTH
HE TUIBKH BEKTOp MiACTAaHOBKH V, aje i MaTpHINO Baru
G nns mapy uefiponis HY.

2. Came  cpeumdiunicte  ctpyktypn  OU
NpH3BOAMTL IO TOro, IIO 3aNpONOHOBAHA MOJENh
COPTYBANIBHOI MeEpexi BilPi3HACTBCA Bil KIACHIHOI
crpyktypu JAII [7]. Le niarBepmkye, W0 CKiaaHa
npoueaypa CcopTyBaHHs Moxe OyTW  anapaTHO
peanizoBaHa Ha acOIIaTHBHOMY MpOLECOpi, OCHOBHHM
KOMIIOHEHTOM fKOr0 € acouiaTuBHa nam’ste [9,11]. 3
uiei NpUYMHM HaBEJeHa COPTYBalbHA MepeXa MOkKe
GyTH BH3HAYEHA K HelipononiGHa.

3. PoarmsiHyra S— Mepexa JOCATae CTallioBapHOTO
crady MakcuMyMm 3a (n+l) irepamii  (umMKmis).
MozemoBaHHS YacOBHX XapPaKTEPHCTHK COPTYBaHHS
MAacHBY YHCENll [aHHM METOJIOM MOKa3ano mpaMy
3ANEKHICTh CEpeHBOro Yacy COPTYBAHHA Bill KibKOCTI
efieMeHTiB umcnoBoro Macusy [16]. Takum umHOM,

TUIBKH BHKODHCTAHHA LIBHAKOAIIOYOI ONTOEJIEKTPOHHOI
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eneMeHTHOI 6a3u Moxe 3abe3NednTH ONpalboBYBaHHSA

BEJIAKHX MAacHBiB YHceN y peansHomy 9aci [13].
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cucmem AK noxasuuka sxocmi. /pyea memoouxa
suxopucmosye Koepiyicnm Kopenayii SuxiOHux
CUZHANIB AK NOKASHUK AKOCHII.

There are several requirements to an imaging
system (IS) that defines the performance - energetic,
spatial and temporal resolutions [1,2]. Energetic
resolution is ability to distinguish small difference of
output signal amplitudes that is limited by noise.
Spatial resolution is ability to differ small objects or
small parts of object image where the principal
limitation factor is reduction of high spatial
frequencies. Temporal resolution is ability to differ fast
changing of output signal amplitude when object
moves in a field of view. Its limitation factor is
reduction of high temporal frequencies. Generally the
energetic and spatial resolutions are the most important
requirements in IS design.

The key problem of IS design is to maximize
the integrate parameter of IS quality called
performance [1,2]. It is obvious that the performance
depends on the mentioned requirements. Thus the
results of design procedures will be defined by the
technique of performance evaluation. Now the
classical approach for performance evaluation is
calculation of MRTD and probability of target
discrimination using the experimental data of human
vision characteristics [1,2]. This technique has become
FLIR90, FLIR92 standards [1,2,3]. But it has two
principal disadvantages. First, we can apply it only for
IS with human observer [1]. Now many IS can operates
in automatic and semi-automatic mode when an
embedded does target discrimination procedures.
Second, it is difficult to apply this techniques for
optimization of analog-digital or analog-digital-analog
IS because effects connected with analog-digital
conversion like aliasing, phasing effects make dramatic
influence that can not be represented by a shape of
MRTD [2,3]. Summarizing said above it is clear how it
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is important to investigate the objective techniques for
performance evaluation that consider all principal
effects of analog-digital and analog-digital-analog IS
with or without human observer.

The objective techniques demands an objective
measure of IS quality. An IS is used for image
representation, for example, an analog-digital IS
represents the input optical signal in form of a matrix
of digital values, analog-digital-analog IS represents it
in a form of a definite realization of analog signal.
Thus the objective measure of IS quality will be
defined by the distortions introduced by an IS info
output signal. To calculate these distortions it is
convenient to create mathematical abstraction as an
idealized IS. The idealized IS is a model of an IS with
infinity spatial, temporal and energetic resolutions.
Infinity spatial resolutions mean that spatial an
temporal MTF are equal to one and a detector and
electronic do not produce noise. Mathemailcaﬂy we
can calculate the output signal of this IS that is
completely repeats input optical signal. Now we can
introduce performance as a measure of similarity
between output signals from an investigated IS and an
idealized one. Of course, there are some possibilities to
calculate signal difference. The least-square error
shows the absolute value of the difference, coefficient
of correlation clears the difference between linear
combinations of the signal and the losses of
information represents the difference of amplitude
distributions [4,5,6]. But all these measures have two
principal advantages. First, they are objective and we
can use them for IS with human observer or without
him/her. Second, they allow building for IS
optimization a merit function which describes energetic
and spatial resolutions.

The fidelity reflects the absolute difference
between the output signals of investigated and
idealized IS in sense of normalized least-square error
[4,5]. When the input and output signals are analog the
fidelity is calculated by the expression:

TG y) -G y)Y asay
F = ] =r e +@m 4@ (l)
[ JU G, y) axdy
-0 =00 .

where F - the fidelity,
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X, y - the coordinates,
U(x.y), Uc(x,y) - the output analog signals of
the idealized IS and the real one, respectively.
In case of analog-digital IS when the output
signal is digital it can be rewritten by the following

ways [5]:

N

> W6 )-UcG i)Y
Foailm 2oL o (2)

NZfU(f.j)z

i=1 j=1

M=

L
1

where i, j - the coordinates of pixels,
Nx, Ny - the dimensions of the output signal
matrix,

.Mz

U(i,j), Uc(ij) - the output signals of the
idealized IS and the real one that are two-dimensional
arrays of pixels, respectively. The output signal of the
real IS contains two parts: the signal losses after spatial
transformations including spatial filtering, sampling,
digital processing - Ug(i,j) and noise Un(i,j) [4,5]:

Uc(,))=UG.j)-Ug G, ))+ UG /) @&

We accept an assumption about absence of
correlation between noise and the losses Ug (i,j) and
noise Uy(i,j). Now we can rewrite (2) in the following
form doing some transformations:

Y 06)- W6 )-Us G i)+ UG -

F=]-"F y— @
?;XU(LJ)Z
=1 j=1I
25;%(: D %3046 iiUn(u)’ 3 3 v, Gy
e i S _ =l =i el i=. = i=l j= 2
2%(1(:‘,1‘)’ ziu(i,j)’ iﬁu(: iy fiu(; iy
i=l j=1 i=1 j= i=1 j=1 i=1 j=
= 1-(NSL* + NEL?) :
¢
)
where NSL - the normalized spatial losses F = I*(NSLE +NEL2)=

coefficient that characterizes the relationship between
the signal losses and energy of an output signal of an

idealized IS:
N. N
b LA 7% ) 8
Sl b —

%fffv(i.j)’

i=l j=1

NEL - the normalized energetic losses
coefficient that characterizes the relationship between
variance of noise and energy of the output signal of an
idealized IS:

It is possible to apply the expression (4) for
optimization considering NSL and NEL as functions of
IS parameters and coefficients of a digital filter:
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where  p,,p;..py — the parameters of an IS,
€1,€2...cx — the coefficients of a digital filter.

According to (5) optimization changes a ratio
between NSL and NEL to reach an optimum balance
between energetic and spatial resolutions to guarantee
the highest similarity of the output signals. Note, NSL
and NEL can be found for any IS without human
observer. But by adding characteristics of human
vision into the process of calculation of NSL and NEL
it is possible to get fidelity F for an IS with human
observer [1,2]. It is obvious that F=1 when an IS do not
introduce any distortions into the output signal, other
word when the IS acts as an idealized one. The case
F=0 represents the situation when energy of the total
distortions is equal to one of the output signal of
idealized IS and the output signal of an IS is almost
corrupted.

The coefficient of correlation between
difference between the output signals of an idealized
IS and a real one is an estimation of difference
between its linear combinations [4]. The different gain




and average levels do no influence to the correlation
and only differences of signal shapes reduce it. So the
coefficient of correlation is also suitable measure of

similarity of the output signals. For an analog-digital
IS correlation coefficient can be written by the

following way:

N

3 506 )6 5)

i=l j=J]

”J”ﬁuo;r § S v,y

i=1 j=1I i=l j=1

>

where r(U,Us) — the coefficient of correlation
between the output signals from an idealized IS and the
real one.

We can do several transformation of (6) to
define a relationship between correlation and fidelity:
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where r(U,Us.) — the coefficient of correlation
between the output signal from an idealized IS and the
spatial losses introduced by a real IS.

The expression (7) shows how to calculate the
coefficient r using fidelity F and the coefficients

r

I r(U Ug :P1»P3--Pu +€15€;- cn) NSL (P;,P; P 1€;:€;. "'N)

r(U,Us) multiplied by NSL which describes spatial
transformations of output signal. At the same time
fidelity F represents influence of noise and distortion
of spatial structure of the output signal. The coefficient
r as measure of similarity of the output signals can also
play a role of a merit function for IS optimization:

(3)

—> max

Now we have two merit functions: the first one
(5) characterizes the absolute difference and the second
one (8)- relative difference of the output signals. As a
fidelity (5) the correlation coefficient can be applied

\/2 (1—"(U U8 P3Py sC5vC;. "N) NSL (P} P;-Py »€;,€;. CN)) F

for optimization of IS with or without human observer.
Both of them help to find an optimal balance between
energetic and spatial resolutions btg the weights of
these resolutions will be different.
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To illustrate the proposed technique we investigate
performance of a typical staring thermal imager that
has diffraction limited optics with numerical aperture
1:2, photon noise limited 256 x 256 focal plane array
working in 8 — 12 mkm optical range with 0.04 sec
frame period. Fig.1 shows dependence F (5) and r (8)
from dimensions of a photosensitive element for a four
bars test-object [1,2]. This test-object according to the
international standards is characterized temperature
difference AT, background temperature T and angular
period of a bar a [1,2] (Fig.1). The growth of the
dimensions causes bigger spatial losses due to high
harmonics reduction and it increases signal-to-noise
ratio due to the bigger absorbed radiant flux. Note, that
maximum position of correlation coefficient is shifted
into bigger values of the dimensions because it is less
sensitive to spatial distortions than fidelity (Fig.1). It is
important that in case of large and contrast test-objects
dependence of different measures of performance from
IS parameters is rather weak. In case of small
dimensions and small contrast this dependence
becomes strong and depended on the performance
measure.

We introduced a model of an idealized imaging
system as a powerful tool for performance evaluation.
Now performance is considered as a measure of
similarity of output signal from idealized IS and
investigated one. The first possible measure is absolute
- fidelity which represents absolute difference of

amplitude values. The second one is relative -
correlation coefficient which reflects only changes of
signal shapes. These two interconnected measures can
help to maximize performance by optimization balance
between energetic and spatial resolutions.
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Fig.1. Relationship between the fidelity F, the correlation coefficient r and the dimension of
a photo-sensitive element x ( case 1 —four bars test-object with temperature difference AT =0.05 K
and angular period of a bar = 1°; case 2- AT =0.1 K, a=4’, background temperature — T=293K).
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Two-point method for image contrast enhancement.
Roman Vorobel, Olena Berehulyak The analysis of
contrast enhancement for gray-scale monochrome images
with the usage of local contrast enhancement under its
linear description is realised. Two-point method of
contrast enhancement of images based on definition of
the sum of two neighbour elements’ contrast relative to
local background is proposed and proved. Example
which illustrates the efficiency of proposed method by
the way of generalised contrast enhancement is
submitted.

1. BCTYII

Onuum 3 napameTpiB MOHOXPOMHOTO
300paxkeHHs, KU CyTTEBO BNIMBAE Ha HOro fAKICTh, €
koHTpacT. ToMy, Hamararyuch MNOAIMNIIHTH AKICTh
300paxeHHA, CTapalOThCA [EPeTBOPIOBATH HOro Tak,
1106 3aBAAKH HAIE)KHOMY KOHTpacTy MoxHa Gysno nobpe
po3pisHATH netani 00’ekTiB, WO MalTh OMM3bKI 32
3uaueHHsM ackpasocti. Cepen GaraTeox knacis MeTonis
NoNiMeHHs AKOCTI 300paxeHs, AK B HaCTOTHil obmacTi
[1], Tax i B mnpocroposiii [2], BuningeTecs MeTOA
NEepeTBOPEHHS JOKANBHUX KOHTDACTIB, 3aMo4aTKOBaHHiA
y poGorti [3]. Biu 6yB possunyTHii nani y po6orax [4-5],
OfHaK Horo cyThb MpH LbOMY He 3MiHMAack. CrninbHAM
HENONIKOM METONIB UBOr0 KiHacy € HEJOCTaTHA IX
epextuBHpCcTs. Tomy 3a MeTy y pawili poboti obpano
MiABMIIEHHS e(EeKTHBHOCTI METOLY MEepPEeTBOPEHHA
JIOKANbHHX KOHTPACTiB TNpH TOKpallaHHi 300pakeHb.
Jins i peanizauii posrisHemMo Bimomuii amroput™ [6]
NEepeTBOPEHHs JIOKAJIBHUX KOHTPACTiB Ta cnocid ¥oro
monndixauil.

2. OJHOTOYKOBHI METO/
NIJICUJIEHHSA JOKAJBHUX
KOHTPACTIB

Onucanuii y pobori [6] MeToa miacHieHHA
NOKaNILHUX KOHTpacTiB noOynoBaHuil 3a TPHETANHOWO
CXeMOH | BHUKOPHCTOBYE OIHOTOYKOBE BH3HAYEHHSH
NOKaibHOTO  KOHTPAacTy  LEHTPANbHOTO  EleMeHTa
KOB3HOIO OKOMTy 3 KoopauHatamu (i, j)
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|G, )~ L6, )
L jls——————-, 1
(O¥)) TP (M
e Z(i, Jj) ue ycepeaHEHe 3HAYEHHA ACKPABOCTEH

e/IEMEHTIB JIOKAJILHOTO OKOJTY, PO3MIpOM nxm :

Lii+k, j+1),

a LMAX — MakCHMalbHO MOXIHBA SCKPaBiCTh
eneMeHTiB 300paxenns L.

Jpyrum eTanoM MeTONy € HeJiHifHe MiICHIeHHs
NOKANLHOTO KOHTPAcTy, fKe TonArac y peanisauii
MEPEeTBOPEHHSA BUIY

3
ne 3a F(C(i, j)) obpano MOHOTOHHI, onykai QyHKuii
muny C*,0<a <1, In(l+a), th(a) Taiu.

TperiM eTanoM € BiJHOBIEHHA TOMIMIIEHOTO
BXiAHOro 300paXeHHs, fKe Ppeali3oByeTeCs uepes
o0uHCIEHHA BUPaA3y

L(i, j)-C*(i, j)- LMAX,
o npu L(i, j) < L@, j),
LE(L T =7 3
N tapecran .
npu L(i, j) > f(i, Bl

Onuak onucaHWii MeTojl Mae HENOCTAaTHIO
epexTuBHicTei0  Jlnd il  30inbIeHHs HaMH
3anponoHoBaHa MoaW(ikalis 1BOro MeTody, sKa
onucaHa aai.

2. IBOTOYKOBHI METO/]
NIICUJIEHHS JJOKAJIBHUX
KOHTPACTIB

Ines moaubikauii Meromy OasyeTeca Ha
dopmysanHi CyMapHOro jokambHoro KoHtpacty Cy,

BH3HAYEHOTro IS OBOX cycimHix Towok L(4,j7) i
*
L(i,j+1) [T]:
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|LG, - L6, )

b e
](I'}.’) LMAX
3 4)
o1 o L ED-TU
e I T TNl
3BIJIKH
C](f,j)"‘Cz(f,j),
Cy(,))=1 npu|C(i,j)+CyG | <1, )

L, npulCy (i, ) + Cy (i, j)| > 1,

YHM 3aBepUIyEThCs mepmmif eran. Ha apyromy erani

NPOBOAMTECA  AHANOriYyHe 10 MnepeTBOpeHHs  (2)
HeliHilfiHe  TIOCHAGHHS  CYMapHOTO  JIOKANBHOro
KOHTpacTy:

Cs(i, )= F{Cs G, )

3 BAKODUCTAHHAM MOHOTOHHHX, ONHO3HAYHHX 1 OMYKIHX
dyHkuii. A Ha TpeTbOMY eTani  BiIHOBTIOEMO
noniniueHe BXifHe 3006paXKeHHA BHUKOPHUCTOBYIOUM MPH
OMY BHpa3H, fiki BuIUMBaThL 3 Gopmyn (4) i (5), a
came

2L, j)- LG, j+1)+Cx(iy J)- LMAX,
npu Gy(i, j) >0 i C5(i. j) >0,
L(i, j+1)+C5 (i, j)- LMAX,
npu C\(i, ) >0iC(i, j)<0,

L*(i, j) =1 . (6)
L, j+1)=Cs (i, j)- LMAX,

npu Cl(l,j) <0 lCz(l. j) > 0,
2L, )= LG, j+1D)~C5 . /) LMAX,

npuCy(i, ) <0i G, j)<0.

[TopiBHiolouM oTpuManHuii Bupas (6) ans
BiIHOBJIEHHS BXiZIHOro 300pakeHHA 3 BINOMHMM BHpa3oM
(3) 3a3pauuMo, MO BOHM NOAIOHI y NBOX BMMadKax, a
came npH GG, )N>0iC(,,N=0 Ta
G, ))<0iCy(i,j)>0. VY Bcix IiHWHX BHMaAKax
3anponoHoBaHuiét Meron wMmae OGinbwe Bk y (3)
TMICHICHHS JIOKQNbHOIO KOHTPAacTy Ha BEJIHYHHY
LG, j)-L(i,j+1). lle no3sonse CTBEpPLKYBaTH, UIO
sanponoHoBaHu#t Metoa Ginbln  edexkTHBHMH, HIX
onucaHuii y pobori [6].

3a kinbkicHy oOWiHKY edekTHBHOCTI MeTomy
o0paHo BejMuuMHY y3aranbHeHoro koutpacty Co,,

300pakeHHs, npW JiHiHOMY onuci  KOHTpacTy
enemenTiB [7]. Jlna nepeBipku e(eKkTHBHOCTI MeTOmY
npoBefieHo 00pobky 300paxeHp Ha iioro ocHOBi. Sk
TIPHKIAA, HA PUCYHKY MoKasaHo 300paxenus “Jlena” (a)
Ta “T'opu” (6), wo obpolbysaincs 3a METOAOM ONHCAHHM
y pobori [4] 3 BHKOpPUCTAHHAM BH3HA4YEHHA 3a
L(i, j) cepentboapupMEeTHYHOTO 3HAUEHHS ACKPABOCTEH
KOB3HOro okoity — puc. (8) i (2); 3a meTosom [6] — puc.
(r) i (0) Ta 3anponOHOBaHUM METOIOM — pHC. (€) i (). 3a
¢yHKILil0 nepeTBOpeHHA JokankHoro koutpacty F(C)

BuOMpanacs crenexesa ¢ynxkuwisa C% 3 =075, a
ycepenHeHe 3HauyewHs L(i,j) BH3HA4anoch y Bikmi
15x15 enemenTiB. OTpuMaHi 3HAYEHHA Y3araJbHEHOro
KOHTpacTy 306pakens C,., MATBEPKYIOTs Horo

30IbLIEHHS NpU 00pobieHHi 3aNPOTIOHOBAHHM METOIOM
B NOPiBHAHHI 3 BIIOMHMH.

4. BACHOBKH
3anponoHoBaHHi JBOTOYKOBHI METOJ
MiABHIUEHHA KOHTPacTHOCTI 300paxeHbp  J03BONAE

otpuMarH Ginble MiICUNEHHS NOKATbHHX KOHTPACTiB
yepe3 AeTanbHille BPaxXyBaHHA OKONY LEHTPAILHOIO
enemMeHTa 3 KoopauHataMu (i, j) eneMeHTOM 3

koopanHatamu (i, j +1). Lle cnpuse TouHimomy i 6iibm

NOBHOMY TEPETBODEHHIO  SICKPAaBOCTEH  €NeMEeHTIB
300pakeHHs.
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