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OnauM 3 METONiB MiJCHICHHS KOHTPACTHOCTI HAMIBTOHOBHX 300paxeHb, Skui Halys
IMPOKON0 BHKODHCTaHHS, € METOX BHPIBHIOBAaHHS (exBasi3amii) ﬁcm_maun [1-3].
Bin 6ys possuHyTH#l B polori [4] sSx MeTOx NOKATBLHONO (KOB3AIOYONO) BHDIBHIOBAHHS
ricTorpamu. OcHoBolo unx Meronis € noSynosa ricrorpamMu 300paxeHES i KYMY ASTHBHOI
TiCTOrpaMH K dynxuii, mo sinobpaxaore 3anexHiCTh 6iXydyoro 3HaueHHS inrerpary
rCTOrpaMH BiJf BE/IHUMHH SCKPaBOCTI 300paXeHHS y BCbOMY Jiana3oHi 3MiHH SCK-
paBoCTeH. Ilicns mporo Gynyerscs Tabmmuna cbymcmn NEPETBOPCHHS SCKPAaBOCTEH K
BiTHOmIEHHN O6iXy4yoro 3HaUEHHS KYMYJSTHBHOI TiCTOTpaMH N0 3HAYEHHS iHTErpany
ricTorpaMu 6ins npasoi rpaEmMui. 3HauYEeHHS SCKPaBOCTEH BXigHOrO 300paxeHHs (abo
TUIKH OJHC 3HAYCHHY SCKPABOCTi LEHTPANTHHONO EJEMEHTY aneprypH 3o0paxeHns —
S JIOKAJBHOTO BHDIiBHIOBAHHSA) 3aMiHIOIOTBCS BiIATIOBIIHAMH 3HAYCHHAMH SCKpPaBOCTi,
OoTpHMaHEMHE 10 Talmmni nepersopens. [lpm Takifi o6pofui BAAETHCS NiABHINATH
KOHTPAcTHICTh 300paxenb. OHAK NpH CIaGOKOHTPaCTHHX 300paxeHHSX &bemnmm
POSrAISHYTHX METOAIB € HEAOCTaTHbOW. Tomy B [5~7] 3anponoHOBaHO iHmHMH MeTOn
JIOKaNIbHOMO ANANTHBHOIO MiABHIICHHA KOHTPacTHOCTI 300paxenns. B upomy Meroni
OOYHCIIOETCS 3HAYEHHS JIOKAJIBHOIO xrmpac[y lsa dopmynoio
Gij — E;

TG BT o
Ae G, — 3HaYCHHA SCKPABOCTI B NEHTPANBbHIA TOWNi JOKanbHOI aneprypw; E, —
yce CHEC 3HAYCHHS SCKPAaBOCTI B MEXaX JIOKaabHOI aneprypu. [lani 3mificHIOETBCS
¢yHxnioRaNbHE NEpEeTBOPEHHS 3HAYEHb KOHTPACTHOCTI y BHIISAi

Cj=F(Cy). "

Ockinbka cbym,u nepersopenb F Mae 6yTH ONHO3HAYHOI, TO BHKOPHCTOBYBaHi
NEPETBOPEHHS NOBHHHI BiANOBIJATH TAaKHM YMOBaM

Cyel0,1]; F(Cy)=Cy; F(Cy€EI0,1]. 3
Touy BHKODHCTOBYBANHCS Taki (YHKIUil NEpeTBOPCHHS F(Cv)
(Cy)”%, ne a<b; 1-exp(-nCy); In(1+nCy); th(nCy). @
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IMicns ofumcriens .32 NOMOMOIO BIANOBIAHONO (QYHKIIOHANEHOIO mepeTBOpenHs (4)

HOBOTO 3HAYCHHS KOHTPACTHOCTI Gi; 3 ¢opmysm (1) 3HAXOAMAM HOBE 3HAYEHHS
SCKPaBOCTi G,.; 3a opMynamMu
il Bir(=Ciya+ci) — upn GysEy, o
- = -
"\ Eyrasciya-ci) — npr Gys Ey.

Ompak nanmii MeTOq Mac TOH CYTTEBHH HENOMK, WO BiH YHCEJIBHO HE CTiHKn#
i HOBE 3HAueHHH SCKPaBOCTI GJ Moxe OyTw GLTBIIEM Bil MAaKCHMAaNBHO AOMYCTHMO;

SCKpaBocTi. [Ing pO3MMPEHHS MOXJIMBOCTI ONMMCAHONO METONY MiABHUICHHS KOHTpacT-
HOCTi HAMH BHKODHCTOBYBA/IMCH iHNI (PYHKIiOHANbHI NEPETBOPCHHA, a CaMe
F(Cy)=1-(1-Cy)¥8, - ®
o AO3BOIMJIO SK MiACWTIOBaTH, TakKk i ocaabmosat KOHTPACTHICTh HaMiBTOHOBHX
3obpaxens. ITpore 06pobka cnabokoHTpacTHHX 306paxeHs BHMarac Gimbm edbexTHBHEX
METOAiB MiACHIECHHS KOHTPAcTHOCTI. Takuii MeTox 3amponcHoBaHO Hamu. OcoGIHBICTH

OpOr0 METOAY MOJISTrac B TOMYy, INO CKJANOBOK YaCTHHOK (YHKUiOHANLHOrO nepe-
TBOpeHHS (2) € NPOHOPMOBAHA KYMYJSTHBHA TIiCTOrpaMa .

CH (G)=CH (G)/CH (Gmax ) .

Sk ¢ysxuig onmici 3MiHHOI BOHAa NOBHICTIO BigNMOBiZac BEMoramM (2) moOmO
MOHOTOHHO-3POCTAI0YOTO0  XapakTepy 3MiHH 3HaueHb Ta ofsnacti Bm3Hauenns. Tomy
NPOHOPMOBAHY KyMYJNSTHBHY ricrorpaMy CH (G) MOXHA BHKODHCTATH AJIS AHAJIOTIYHHMX
o @) i (6) dyskmiomassEMx  nepersopeEs F (CH): (CH )“/b !
ne a<b; In(1+nCH);l-exp(-n-CH); th(n-CH); 1-(1-CH)¥®, i pe-
3yALTaT NIJBHIICHHS KOHTPACTHOCTI 300paxeHb 3HAXOAHTH AHANOMNYHO MO MeTony
BHDIiBHIOBAaHHS ricTorpamm, a came, Oynysate ¢ymxuilo TabmmuHOrO nepeTBOpeHHS
SX (YyHKIIOHA/NBHE NEPETBOPEHHS MPOHOPMOBAHOI KYMYJSTHBHOI ricrorpamu F (CH),
MCIS 4YOro SCKpaBiCTh EJEMEHTIB BXiXHOMO 300paxeHHs noTpibHO 3aMiHATH Ha
BIINOBiAHI neperBoperHi0 F (CH) HOBi 3HAaueHHs sCKpaBocTed. SIKmo ricrorpama
3ofpaxenns ofuMCmOBaNAcE I8 BCHOTO 300paxeHHS, TO 3aMiHA SCKpaBoCTeH
3NIHCHIOETECS N0 BCHOMY HAMIBTOHOBOMY 300paXeHHIO. SIKmoO X ricrorpaMa o0umc-
JMOBANACd JIHIIE B MEXaX aneprypd, TOOTO BHKODHCTOBYBABCS METON AaJaMTHBHO!
JIOKAJIBHOI  €KBaJNi3amii, TO BiANOBIAHY 3aMiHy 3HaueHHS SICKPaBOCTi  moTpibHO
3MIHCHIOBATH TiNBKH JUIS ONHIEI LEHTPANBbHOI TOYKH JOKAMBHOI aneprypu.

- TakAM YHMHOM, 3aNPONOHOBAHHNA METO] ANANTHBHONO MiACHICHHS KOHTPACTHOCTI
300paxkeHHS NocaHye B cobi X METOXN JIOKATHHOL €KBajisauii ricrorpams, TaK i
METOA (YHKUIOHANBHOIO MiACHNEHHS KOHTPACTHOCTI 3o0paxens. lle mosmonse
apificHioBaTH Gitbm edexTHBHY 06pOOKY CNaGOKOHTDASTHHX HAMIBTOHOBHX 300paxeHb
32 paxyHOK HEJiHIHHONO MiACHIEHHS iX KOHTPACTHOCTI.
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Optimal Image Restoration for Optical Systems
with Discrete Registration
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Theﬂmydimazequalityiswdldcvdopedaﬂdismmsfuﬂyusedmpracﬁcefor
isoplanatic optical systems. But quantitative evaluation of the quality of nonisoplanatic
syﬁemsisdifﬁaﬂtnow.mmismport,ﬂwinfmmaﬁonquaﬁtyaituiumofisophnaﬁc
systemisgemﬁzedm.tbecascdmﬂmphmttsystanswimahelpofthedevdoped
byauﬁasmethodofopﬁmalimageresbﬁnghmseofmnisoplamttopﬁwlsystems
with discrete image registration by charge-coupled device (CCD) array.

. The quantity of information I (v;) is shown on the
figure by curve /. This quantity has been calculated | .. |
for the registration of one-dimensional vertically
oriented random object. A pixel period is 17 x 11 pm
in horizontal and vertical directions, respectively. The
size of one-dimensional random object

z(x)sickexp(ibtx/s)kect(x/s)

ka—®» & }

is described by statistical conditions
<c§>-exp[-(xk/s)21.Hmv-kxzs.s=125 wn. | 5 s
The size of one photosensitive element of the CCD sensor . v "= g
is Tx 5.5 pm. The power of white noise is Y =0.05. The
ModulaﬁmTranﬁuFumﬁm(MTBcf'opﬁmlsystaniswppnsedemaltql.
There is only one isoplanatic system which is characterized by the same value
of the quantity of information I (vy) at such parameters of random object and
noise. The normalized MTF of this system is shown on the figure by curve 2.
The MTF is calculated according to expression ‘

TRy

a8

I E

V2

2
MTF(vi) = ——[expI(vk)-11] .
< Ci > : ,
The value of MTF can be used for comparison of CCD-imaging. As a result,
the theory of image quality is easily generalized onto the systems with discrete
image registration. An appropriate library of programs has been developed for
restoring of noisy images distorted by any liner imaging system. The library is
intended for work with IBM PC AT 286 with math coprocessor or any more

productive model under MS DOS.
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Adaptive Filters for Image Processing
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Digital filters for radiolocation image processing have to correspond to a lot of
requirements: to provide the high efficiency of noise suppression (multiplicative or
additive), to eliminate impulse noise, to remain object margins etc. In some cases
one also needs to save onedimensional prolonged objects. At the same time there
are additional requirements t6 computation efficiency and realization simplicity of
algorithms which are especially important for operative processing of data array
containing great number of elements (image pixels).

Evidently it is impossible to satisfy all requirements using only one type of digital
filters: linear, rank, sigma, Lee, Frost, positive properties and disadvantages of which
are wellknown. So we propose to combine two or three filters with radically different
properties using preliminary local statistical parameters analysis of image to be
processed for maximally grounded choice of filter type and its aperture dimension.
There exist some local statistical parameters characterizing the peculiarities of image
behavior (structure) for every data window — position of filter aperture.

Normalized local variance, maximal difference, differential and so-called Z-pa-
rameter and other values were examined. In the first two cases local parameters
are calculated for unprocessed image, but differential and Z-parameter can be
calculated as the result of comparison of unprocessed image and secondary one,
obtained by data array filtering using simple, computationally effective algorithm,
for instance linear with censoring - (truncation of data samples) or modified rank.

The next step is the comparison of calculated local parameters with one or
some thresholds and choosing the type and aperture dimension of necessary
(corresponding) filter in accordance with the result of comparison.

Linear filter with aperture varying in correspondence to local root mean square
to local mean ratio is shown to be satisfactory alternative to Frost filter providing
_the possibility of sharp processing time decreasing in conditions of image
representation by integer byte values data array. Other characteristics of these
filters differ negligibly. ‘

The properties of proposed adaptive algorithms were investigated using test
model images for different configurations and intensity differences of objects and
background level. Distribution laws of multiplicative noises can be varied also. The
full-side comparison of adaptive filter properties was held using total and local
integral criteria. For wide conditions of noise situation recommendation concerning
the principles of filter type and aperture dimension choosing are presented. The
main advantage of adaptive algorithms is their ability to process data with close
to maximal efficiency in conditions of apriori information lack about average object
size and dynamic bandwith of intensities.

The proposed approach to digital image filtering is illustrated for processing
of remote sensing data, obtained by synthetic aperture radar and other types of
radioimages. The required volume of information about the noise characteristics
and image spatial structure as well as the ways of this data acquirement evaluation
are discussed. Some peculiarities of algorithm computer realization providing high
computational characteristics are mentioned.

¢
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Image Grid Spacing for Biomagnetic Current Recgnstruction
Roman Kuc
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Abstract. In medical imaging, measurements outside the body are employed to
determine the values of parameters at a set of grid points inside the body. In
this paper, the measurements of the magnetic field normal to the body surface
are used to determine the current distribution within the body. Since the current
is due to repolarization of neurons, this biomagnetic system generates an image
of the jfunctional components within the body rather than the more common
images of morphology produced by computed tomography (CT), magnetic resonance
imaging (MRI) and ultrasound (US). In the standard current density reconstruction
approach, the forward problem is set up by using physical principles to specify
the magnetic measurements at a number of measurement points produced by
current dipoles at a set of source points. The image is obtained by computing
the pseudoinverse of the resulting system of linear equations. The singular value
decomposition method is employed to provide stability at the expense of resolution.

This paper addresses the problem of determining the grid spacing in the
reconstruction of the current distribution. The grid spacing should be dense enough
that the solution to the model, a discrete approximation, agrees reasonably well
with the true case, a continuous solution to the Biot—Savart integral equation.
However, the number of grid points determines the size of the matricies and
should be kept to a minimum for computational considerations.

To determine the tradeoff between grid density and reconstruction accuracy, a
linear filter model is presented for the generation of the magnetic field, equal
to the convolution of the true current distribution with the magnetic field kernel
produced by a dipole at the corresponding location. Since the processing is linear,
the spectrum of the convolution kernel determines the frequency content of the
magnetic field as well as that of the current distribution. Given a noise spectral
level, the highest frequency in the reconstruction can be determined. The grid
spacing is determined from the numerical evaluation of the integral felationship.

It is argued that a reasonable solution is obtained if the grid points sample
the field at more than eight points per period of the highest frequency component.
The method is illustrated with experimental measurements obtained from singlc
and distributed dipoles located in a saline water tank.

¢

3anam’'aToBYIONi NPUCTPOI COPTYBANLHOrO THUMY
ona cucrem undposoi o6pobku curHanis
AHaTtonin MenbHMK

Jvaiscoxuii Hayxo8o-0ocniOnuii padiomexuivnuii imcmumym ¥xpaina, 29(}1060, wa;
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Ten: (032) 263-30-14

B mnpomecopax i cucremax nm¢posoi o6pobku curranis (L[OC) BHKOPHCTOBYIOTHCH
plsm Tunu nam’sti. Ha ocuosi amanizy 3agau 1JOC, a rakox c-rpyx-ryp MpOLECOPiB
i cucrem LIOC moxHa chopMymoBaTH rONOBHI BHMOTH A0 iX mam’sTi:

— BEJMKA €MHICTh i BPaxXyBaHHS OCOOJHMBOCTEH POOOTH 3 BEKTOPAMH i MATPHUSMH
OAHHMX, ONEPXAaHHX B PE3yJbTaTi AWCKPETH3alil CHIHAJIB;
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— WMHAPOKa Ppo3psaHa CiTka, TOMy mO HeoOxigHo 30epirath GaraTopospsami naawi,
SKi ‘napanenbHo OOpoOSIOTBCS B ONEpaumifiHMX NpPHCTPOSX i, KpiM TOro, u4acro
HOCTYNalTh 6araTbMa KaHANaMH; :

— BHCOKa WBHAKOAIS (Manui uac 3anucy/3unTyBaHHs) ans 3abe3ncueHHs BUAaui
A3HHX B ONCpaliiHi NPUCTPOi i NMpUAOMY NAaHMX 3 ONEPALiiHHX NPHCTPOIE B TAKT
ix poforu, a Takox ans 3a6e3neueHHS WBHAKICHONO o6miHy 3 30BHImEIM iHTEepdeiicom,
OCOGTHBO NpH NPHAOMiI BHCOKOYACTOTHHX CHIHANIB;

— 3a6e3neyeHHs OXHOYACHOINO NPHAOMY BXiHOTO MAaCHBY NAHHX i BHAAYi paHime
OPHAHATOrO MACHBY, JaHi B SKOMY NEpPECTaBJCHI B 3aJaHOMY NOPSAKY;

— pofota Ha nmnpuiioM i BMAayy 9K 3 ONHAKOBOK, TaK i 3 Pi3HOI0 TaKTOBOKIO
YacTOTOIO;

— BHKOHaHHS (YHKLiA 3aTPHMKH BEKTOpa JAaHMX Ha 3aJaHE YHCIO TaKTiB 6e3
" MEPECTAaHOBKH a00 3 NEPECTAHOBKOK NAHHX 33 3aJaHHM 33KOHOM:

— 3abe3aneuenHs 6araTOKaHANBHOTO MPHHOMY i BHAAYi AAHMX, NPHYOMY YWCJIO BXOHiB
i BuxoniB Moxe OyTd pisHEM.

B namwit yac B mpouecopax i cucremax L[OC' BHKOPHCTOBYIOTBCS CTEKOBA (pericTpoBa)
NaM’sTh, ONCPATHBHI 3amaM ATOBYIOUi MPHCTPOI 3 JOBUILHOIO BHOIPKOIO, a TaKoX
GaraTonoproBa nam’sTh, KOJIH IS KOXHOIO BXONYy/BHXONy iCHye cBiif agpecHmit BXin.
B namux THmax mnam’sTi HE BpAaXOBYIOTBCS PpO3IISHYTI BMINE BMMOTM 1O TNam’sTi
npouecopis i cucrem L[OC, ToMy cTBOpeHa Ha iX OCHOBI MaM’sTh YacTo SBISETHCS
HAUTHIIKOBOX 300 HE 3aJ0BOJIBHSE NOCTARICHMM BAMOraM, JIOCSTHEHHS iHTErpaNBHOI
TEXHQIONI CNpHAIOTDE CTBOPEHHIO CTICIiANi30BAHOI MaM’aTi, SKa 6 MAaKCHMATHHO Bpaxo-
ByBana mnepepaxoBaHi BHMOrd. [IpomoHyeTbcs koHuenuis noGymoBM Takoi nam’sri,
Ha3BaHOI COPTYBAIBHOW. [OMIOBHOI (YHKI[IOHANBHOK BHMOIOK A0 nam’sTi NpOLECcOpiB
i cucrem LIOC € 3aGesncueHHsS OHOYACHOIO nNpuiioMy no i KaHanax (i=1,2,.., 4k i
Buaui no j kamamax (j=1,2,../) MaTpuup MAHMX, 3 BNOPSAKYBAHHSM &AHMX B
BHXIiJHIA MaTpuUi MO 3ajaHOMY 3aKOHy. TOMy KOpHCTYBaueBi mix uac 3aNMMCy AaHMX B
NaM’sTh HEOOXiHO BKA3aTH HOMED BHXOLY, 3 SKOMO MOBHMHHE 3YMTYBATHCh JAHE YHCJIO,
i TaKOX BKa3aTH, SKAM N0 MOPSOKY B BEKTOPi, KMl 3YMTYETHCH MO IBbOMY BHXORY,
nosurHe OyTH nane umcio. Momy He norpi6mo Bkasyeatw (i 3HaTH) HOMEpH KOMIpoK
maM’sTi, B SKi MAIOTh 3aNMCYBATHCh YMCIA, WO TOCTYNAlOTh, i HOMEPH KOMIpOK nam’sTi,
3 SKHX MAIOTh 3YMTYBATHCh YWC/IA, WO miaisraiore oObpobui. 3amicTe 3amaHHd  ampec
3amACY i agpec 3YMTYBAHHS KOPHCTYBAueBi TAKOi MaM'sTi ZOCHTH 3aJaTH OOHY anpecy,
SIKa BKa3y€ NOPSIKOBHM HOMED YMCIA B BHXJHOMY MacuBi. Bc HeoOximmi noaaTkosi
NEPETBOPCHHA NOBHHHI BHKOHYBATHCh BCEpeNMHI nam’sti. B mopiBHsHHI 3 ONEPATHBHMM
3anaM’STOBYIOYHM TNPHCTPOEM 3 JOBLIBHOIO BHOIPKOIO CTBODEHHS TaKoi NaM’sTi MOXe
AaTH KODHCTYBayy TaKi NEpEBAarM: CYTTEBO CNPOMYETHCS pobOTdA 3 MACHBAMM JAHMX, B
ABA pa3sH 3MCHIIYETbCS KUIBKICTh aNpPECHMX KOMAHM, B [BA PasH 3MEHIIYETHCS POSPSIHICTH
peCHMX BXOMIB MaM’sTi, MO OCOOVIMBO AaKTYyalbHO mpH ii peamsanii y surasmi BIC,
CYTTEBO CTPOIIYETHCHS NPOUEC MPOEKTYBAHHS i BULIATOIKEHHS TPOLECOPIB i CHCTEM LOC.

Posrnspaiorecs  cTpykTypm i npuHummE  poGoTH  COPTYBATHHEX 3anam’STOBYIOYHMX
OPHCTPOIB 3 BHKODHCTAHHSM JBOX ILAXOZIB OO iX noOynoBH: HA OCHOBI ONEPaTHBHHX
3anaM’ STOBYIOYHMX NPHCTPOIB 3 AOBLTbHOIO BHOOPKOIO i HA OCHOBI NPOIECOPIB COpPTYBaHHSA
YHCE/I. AHAN3YIOTBCS NHMTAHHS iX "Peanizamii i BHKOPHCTAHHS B TpoLEecopax i CHcTeMax
HOC, mo no3BONSE 3MEHHTH KLUTHKICTH GnokiB mam’sTi, CNPOCTHTH YMpaBJIHHY,
BHKIOYHTH BIUIHB KOHBCHEDA ONEPAllifHMX NPHCTPOIB HA MBWAKOMIIO, 3MEHIIMTH
KUIbKICTE (popMyBauiB azpec, mo3GABATHCH KOMYTANINMHMX ENEMEHTIB HA IIMHAX NAHMX.

4
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Mpouecopu CNEKTPanbLHOro aHanidy i CMHTe3y curHanis Ha OCHOBI
WBUAKUX aNroOpuTMIiB OPTOrOHaNbHWUX TPUFOHOMETPUYHUX NepeTBOpeHb

AnaTonii MenbHKUK
Jvsiacoxuil  nayxoeo-0ocnionuil padiomexwiynuid incmumym Yxpaina, 290060, Jlveié

. Ha R
Ten: (032) 263-30-14
ANTOPDATMH OPTOIOHAJIbHUX TPHNOHOMETPHYHHX MEPETBOPEHD CEpEN NMpOUERyp uudposoi
o6pobkn curaanie (IIOC) BHKOPHCTOBYIOTBCS HaOLTBm mMpoko. B GirbmocTi BHnazKis
BOHH TNOBHHHI BHWKODHCTOBYBATHCh B peasbHOMY Macmrabi yacy, WO CTaBUTh BHCOKI
puMmorH no mBuakomii amapatrypu LIOC. Tomy He cnaja€ akTHBHICTh AOCHIXECHb B
HANPAMKAX ONTHMI3aUii JAHAX AJNOPHTMIB, a TaKOX po3polku e(EeKTHBHHX CTPYK-
TYpHHX i cxemoTexHiuHMX pimenb. Cepen HOBHX AJITOPHTMIB OPTONOHAJIBHHX TPHIO-
HOMETPHYHHX TEPETBOPEHb, SKi XapakTEPH3YIOTBCA MaJow 00UYHCIIOBAIbHOIO
CKIANHICTIO NpH 30epeXcHHI PeryispHOCTi CTPYKTYpH rpada i OZHOTHOHOCTI omepaimii,
B nepmy uYepry HeoOXiTHO BHALIHTH aJTOPHTMH IIBHAKONO NEPETBOPECHHS Xaprni
(ITX) i @yp’e (IUM®) pilicHoi i epMITOBO-CHMETPHYHOI MOCHIAOBHOCTEH 32 OCHOBOIO
' ABa i PO3MEIVIEHOK OCHOBOK JBa—4YOTHPH. -

B HOmOBiAi PO3MISAAIOTECH PE3yAbTATH CHHTE3Y i peanisauii mpouecopiB i olumc-
JIOBAIBHHX CHCTEM JUIS CHEKTPANBbHOTO aHaMidy i CHHTE3y CHIHAJiB Ha OCHOBI
anropurMi IITTX i IITIQ pifickoi i epMiTOBO—CHMETPHYHOI MOCAIAOBHOCTEH. Buainewi
6a3oBi onepamii JAHHX ANrOPHUTMiB, OOrPyHTOBAHA MOXJIMBICTH 1X anapaTHOI peasi3auil
i 3ampONMOHOBaHi CTPYKTYPH BilNOBIIHHX ONEPauUifiHHX MPHCTPOIB, peani3auis SKHX
¢ npocrimolo, Hix peanizauis Gasosoi onmepauii IITQP xoMIUIEKCHOI NMOCTIAOBHOCTI.
3anponoHOBaHI CTPYKTYPH i NpPHHIANH OpraHisauii ofunceHp B MPOLECOPAX PEKyp-
CHBHOTO i HEPEKYPCHBHOTO THIIB, a TaKOX B JiHIWHHX 6araTONMpOLECOPHHX CHCTEMAX,
B skux N=k" — TOUKOBE TMEPETBOPCHHA pPEANi3yEThCS MOCTIAOBHHM 3 €IHAHHSM 7
NpoLecopiB HEPEKYPCHBHOTO THNY IS BHKOHAHHS 6asoBoi omepauii 3a OCHOBOIO k.
Hapeneni nmapaMeTrpH CTBOPEHHX i MEPCIEKTHBHHX NPOLECOPIB CMEKTPATbHOIO ananisy
i CHMHTE3y CHrHajiB, a TaKOX AaHaMI3ylOTbhCd BHMOIH [0 HOMECHKJIATYDH i piBHE ix
esieMeHTHOI 6asm. ; '
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Rank Filters for Image Processing
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The usual median filter is widely used in image processing as heuristical algorithm
without any theoretical prove. In difference our approach bases on rank criterion
statistical theory conclusions and allows both to explain median filter useful
properties and to produce new image filters with desired stability and smoothing.

We propose the rank image filter based on rank mean estimation wich described as

$r=05med {U(i+h j+l)+U(i+h,j+h)};

h<hi, h=—p,p, Ish, I=—KFK i=1,M, j=1N

(p ,and k denote window sizes on X, Y axis, U(ij) —discrete image,
S=8(i,j) — pixel ﬁstimation, M x N — image size). In oder to increase the
robust properties of S, we propose to implement the preliminary censorization
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of the primary sequence elements, i. e. pick out y minimal and y maximal elements.
That worked out the censored rank image filter

A
'SCR-0,51,IIISC}{(Af+Ah); A=y, (2p+1)(2k+1)-y},

where h=R[U(i+1, j+h)], R[U] is the element U rank among the all
elements in the filter window [= -D,p, h= -k, k, f-R[U(i+ll, J+h)1,

Il-_p’p7 h]-_I’I- ' A
The developed rank filters Sg and S, have been tested on 512 x 512 images

contaminated by an additive Gaussian noise with different variance in addition
with distortion by random impulses in comparison with standard median filter. It
~was been found when the both Gaussian noise variance and impulse probability
were significantly large the proposed rank filers has the visible advantage in the
output image characteristics and visual quality.

*
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The theoretical results on the improving of the images for the optical image-forming
systems, interferometry-astrophotography systems and remote sensing ones are
generalized in this paper.

All the images of the mentioned systems are usually distorted with random
noise, they are blurred by defocusing or by linear object motion, the image-forming
system resolution is limited and the images are smoothed by diffraction function.

Improving the images may be achieved with several effective methods which
are the inverse (filtration, analytic continuation of the spectrum and spectral
synthesis of the optimal diffraction function.

The most important progress in the image-forming and image-recognition systems
has been done for the coherent signal. A

The processing of the broadband incoherent signals in the multichannel signal
processing systems seems perspective. The utilization of the broadband signal
structure not only reduces the coherent artifact noise but opens several new
possibilities for improving the images.

The purpose of our paper is to demonstrate the effectiveness of the improving
the images with utilizing the broadband structure of the processing signals.

The technique of spectral synthesis of the optimal inverse filter transfer function
based on the criterion of minimal errors in the spatial Fourier spectrum for
image-restoration system is proposed for incoherent signal processing [1]. This
technique is based on finding such suitable combination of the spectral components
of the broadband signal which gives minimal error in the restored spatial Fourier
spectrum. The optimal inverse transfer function for two- and three-channel inverse
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filler which was computed with the help of the iterative method of Davidon’s—
Fletchern’s—Powell’s is presented. As a result of optimization the errors in restored
spatial Fourier spectral density are minimized up to the level of 107,

- The possibility of the optimization of the spectral component combination for
joint reduction of the random noises and diffraction distortions is investigated [2].
The finding of the optimal combinations of the - normalized temporal frequencies
is based on the solution of the optimization problem with Monte-Carlo method
and with criterion of minimal errors in the restored images. We compared the
images which were restored with one-channel Wiener’s filter and with three-channel
optimal inverse filter. The comparison of the results shows that utilization of the
Wiener’s filter gives the smoothing of the high-frequency details in the images
as well as the noise improves. At the same time the high-frequency ~ details are
preserved in the images which were restored with three-channel optimal filter for
higher levels of the additive noise.

The analytic continuation technique of the spatial Fourier spectrum of the image
mutual intensity function in broadband partially coherent radiation in prolate
spheroidal functions basis is discussed [3]. The stability limits of the solution of
the inverse problem for the case of two-point object for one- and for two-channel
systems are determined. We have shown that the quality of the restoration can
be considerably improved, even in the case of a great level of additive noise,
by using a broadband multichannel partially coherent signal processing.

The effectiveness of the utilizing of the multichannel coherent and incoherent
image-forming systems for the reduction of the diffraction distortions is estimated.
The problem of joint optimization and window ~smoothing of ' diffraction function
by the criterion of the minimum of its side lobes for the multichannel image-forming
system is solved [4]. The results of our investigations permit to recommend the
four-channel image-forming system as a good image system with octave frequency
band (for white light for example). This system permits to lower the side lobes
level of diffraction function to -27dB and -33 dB even without the window
smoothing. It should be noted that further increase of the channel number is
not suitable because this way does not improve the diffraction function form.
Joint utilization of the spectral synthesis and Harris’s — Blackman’s — Nuttall’s
windows lowers the side lobes level of the coherent diffraction function even for
two-channel system to -90 dB for coherent and to -106 dB for incoherent systems
respectively.
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There exist only some practically used radiometric imagery systems allowing to-
obtain remote sensing data in short-millimeter waveband. This fact explains the
lack of information concerning the corresponding images statistical characteristics -
and digital algorithms of their processing. '

The brief review of analogous systems technical parameters and application is
presented. Their common structure elements and principles of operation are pointed.
The necessity of noise and distortion factors including experimental data analysis
for specific imagery system elaborated in Radioastronomy Institute of Ukrainian
Academy of Science is grounded.

Preliminary theoretical investigations have shown the probable negative influence
of various factors: additive external and internal noises, conditioned by mechanical
scanning distortions, speckle and inhomogenuity of surfaces (objects), analog to
digit converter errors etc. Effects of interpolation fulfilled for transformation of

image data into rectangular array net must be taken into consideration .too.
Conditions and methodics of physical experiment conducting are stated. It is
shown that no one of factors can be considered dominant. This conclusion is
proved by the results of experimental data statistical analysis. Image behavior
(statistical and correlation characteristics) for different homogenious sections depends
not only upon the average intensity of radiobrightness as well as upon object
type and its surface roughness. Presence of different types of distortions makes
difficult correct grounded choose of image processing algorithms synthesized mainly
for conditions of additive and multiplicative noises dominant influence. Anomal
and other specific distortions result in necessity of robust processing algorithms
usage for data filtering. The disadvantages of linear algorithms are illustrated by
result of experimental image smoothing for test object. Median or modified sigma

filters are preferable. Some of sigma-filter parameters choose are discussed.
The specific characteristics of noises and distortions determine limitations upon

other procedures of image processing and interpretation: object detection and
segmentation, radiometric parameters estimation, spatial location of gomogeneous
sections, boundary and texture analysis. Some results and recommendations dealing
with the problems of secondary image processing are presented. The using of
nonlinear algorithms correction for taking noise properties into consideration is
expendient and beneficial. '

Summarizing the results of investigation and analysis we consider the continuation
of different surfaces irradiation characteristics estimation for more grounded choose
or synthesis of image processing algorithms can be useful.

*
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ApanTuBHi BAACTUBOCTI anropv,mia ;
WBUAKOIro nepetsopeHHA DPyp e-Xaprni
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AnantuBHa opraHizauis 3acobiB mudposoi 06poOKH CHrHANB MHPOKO BHKOPHCTOBYETHCS
npa noOyaoBi IHTENEKTYaJbHHX CHCTEM pi3HOMO MNpPH3HAYEHHS i TIPYHTYETbCHS Ha
npoOEMHO-OPIEHTOBAHMX AJANTHBHHX AJTOPHTMAX, IO 34aTHIi NPHCTOCOBYBATHCH MO
cneundiyHnx yMOB KOHKpeTHOi 3amaui [1].

Jlo uKMcna ajanTMBHHX aaropuTMis mBuAKoro mnepersoperHs @yp'e (LIID), B
nepmy wuepry, Hanexarts Bigomi cneuianbhi anroputmu TP, xorpi nossonsioTs
CKOPOTHTH OOYMCJEHHS BPaxyBaHHSM TaKkuX OCOO/MBOCTEH NEPETBOPIOBAHOI
MOCAIMOBHOCTI, 9K ii HiMCHICTH, NApHICTh, HEMAPHICTh, EPMITOBA CHMETPHYHICTH, a
TAKOX YyCiueHi 3a BxogoM i BHX0gOM airoputMu. OcCTaHHi 3MEHIIYIOTE KUJIBKiCTh
obuKC/eHb TNPH HASBHOCTI BEJHMKOrO YHCJA HYJbOBHX €JIEMCHTIB Yy BXiAHiH
NOCJAIMOBHOCTI i HEOOXiAHOCTI 3HAXOMXEHHS JIMIIE HEBEAMKOI YAaCTHHHM E€JIEMEHTIB
CNEKTPAJBbHOL  MOCJIIOBHOCTI. :

Inckperne nepersopenns Pyp’e (ATIP) MoxXHA TPaKTYBaTH SK OOUHCICHHS
inTerpasibHOrO mepersopeHHs Qyp’e 3a JONOMOroK KBAaApaTH3allil B YacoBiM i 4acCTOTHIN
obnacrsx [2]. 3 saactuBocreit OITP BuumBac, mo npH 3MEHIIEHHI KPOKY NMCKpPETH3allii
B u4acoBiit ofnacri 30UIBIIYETHCH MOBXHMHA CNEKTPAJBHOI TOCTIAOBHOCTI (PO3LIMPIOETHCS
CMyTa CTEKTPajJbHOIO aHAMI3y) 1 MJBMIIYETBCS TOYHICTD OOUMCJICHHS ii EJICMEHTIB
(OIiHKM TrapMOHIMHMX CKJAQAOBHX CHrHany). B 1onosidi po3rnssaloTeCd  aJanTHBHI
anropurmu - LI, mo n03BOASIOTE aBTOMAaTHYHO BHOMpAaTH KpOK IMCKpeTH3auli B
yacosiit ofnacri B 3aseXHOCTI Big moTpiOHOI TOYHOCTI i CMyrHm aHanisy. 30Kpema, NpH
33aJaHHI NEPETBOPIOBAHHOIO CHIHAJNY Y BHIVISI WYHMCJIOBOI TIOCTIZOBHOCTI Ta oOpisy #Horo
IUM® 3a BMxoAOM BOHM aBTOMATHuYHO BHOMpaiors posmip IITD.

3anponoHoBaHi aganTHBHI anroputTMu OyaylOThCS HAa OCHOBi KBaapaTypHHX (opmyn
YHMCENILHOIO IHTErpyBaHHS BHCOKONO mopsaky Ta ¢opmysn poskaany anropurmis IO
i mBuakoro mepersopenns Xaprai (LIITX) 3a ocHOBOK ABAa i PO3IIEIVIEHO) OCHOBOK
ABA—YOTHPH. BHKOPHCTOBYETBCS HASBHICTH TICHOrO 3B’43KYy OCTaHHiX Qopmyn 3
BMpPA3aMM JIS OLIHKH TOYHOCTI B AJANTHBHHX AJIIOPHTMAX YHCEJIbHOIO iHTErpyBaHHS
[3]. B obfox Bumaakax maemo HaOAMXeHHS IHTErpansy 3a JBOMA KBaJApaTypHHMMU
dopMysamMu 3 YHCIIOM BY3JIiB, IO BiApi3HSETHCS B ABa pasu. Kpim Toro, 3abesme-
YyeThCS BPAXyBAHHS paHille 3rajaHUX BJIACTHBOCTCH NEPETBOPIOBAHOI MOCAIJOBHOCTI
ta obpizy IIIIP 3a Bxomom.

BpaxoByioun, mo B wninomy aaantusHi anroputmu LITI® 36epiraiors CcTpyKTYpY
i obumcmosanpHi 3arpath anropurmis IIIM® (LIMX) pauxoi posmipHocTI i om-
TUMI3YyIOTh PO3MIpDHICTh NEPETBOPEHHS, BHIpaml BiJl iX BHKOPHCTAHHS JOCSra€ COTHi
NpoOUEHTIB, OCOOAMBO, B BHMMAAKAX 3aNAHHS CHTHAJY 33 AOMOMOIOK OOYHCTIOBAJIBHOL
dyHKUil uM HEOOXiAHOCTI MOCArHEHHS BHMCOKOI TOYHOCTI NEPETBOPCHHS.
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CkopoueHi anroputMu WBUAKOro nepeTBoOpeHHs ®yp’e-Xaprni
AINCHOT, epMmiTOBOT, NapHOl i HenapHoOi NOCHIOBHOCTE!

. Muxaino AummMupcokuil

JMvsiscoxuii Hayxo80-0ocridnuii padiomexnivnuii incmumym Yxpaina, 290060, Jvais
n.  Hayxoea, 7

Ten.: %32) ?63-30—14

Hexalt x(n)EN — rouxkosa nificha nocnizoBmicts, N =2", X(k) i H(k) —

BiINOBiAHO ii amckperHe mepersopenns Dyp'e (ATID) i Xaprai (AITX)
X(k)=INIDON {x(n)}, H(k)=IOIIXN{x(n)}.
Bimomo [1], mo

Re {X(k)}=(H(k)+H(N-k)/2=—HC (k),
Im{X(k)}=—(H(k)=H(N=-k))/2=-HS k),
H(k)=Re{X(k)}~-Im{X(k)}=HC(k)+HS(k), k=0,1,. . ,N-1,

npuyoMy X (k) — epMiTOBO-CHMETpPHYHA (EPMiTOBAa) KOMIUIEKCHA NOC/TiAOBHICTb, TOMY
mo Re{X(k)} i HC (k) samoBonbHSIOTH yMOBi napuocti HC (k) =HC (N-k), a
Im { X (k))} i HS (k) — menapuocri HS (0)= HS (N/2)=0, HS (k)=-HS (N-),
k=1,2,..,N/2-1. Iocninosrocti HC (k) i HS (k) MOXHA po3rismaTH sK AMCKPETHi
xocuHyc-®Qyp’e (IK®ID) i cumyc-Oyp’e (ICOIT) nepeTBopeHHS NOCAIOBHOCT x(n),
OpHYOMy OCTaHHI MalOTh CHUMETPHuUHY ¢opMmy HC (k) = OKO®IT, {xc(n)}, xc(n) =N
IKOTl, { HC (k)}, HS (k)=HCOM, { xs(n)}, xs(n)=NACON, {HS (k)},

ne xc (n) i xs (n) BiNMOBiTHO nNapHa i HemapHa CKAANOBI x (n);

HC (k)= 1/N 3 xc (n) CKF, HS (B)= 1/N'S x5 (n) S |

a=0 n=0
CN=cos (2xr/N), Sk=sin(2xr/N).

PosrngnaoTscs CKOpOYEHI aNTOPHTMM MBHAKONO nepetsoperns QDyp’e (ITY)
midicaoi (IITIQn), obeprenoro ILIMN® epmirosoi (OINIIDe) nocigosHocren, JIKOI1
(IK®ID i ACOI (IICOIN), xorpi 3MEeHmYIOTH OGUMCMIOBABHI BHTpaTH OGiapm
HiX B [Ba pasu mopiBHIHO 3 KommiekchmMm IITI®, iznoeizo — IN®a, i Ges
BTPAT B KiIBKOCTI  apudmeTHunHx onepauii peanisyiors LIMQ koMmmwekcHo!
~ mocyigoBHocTi sk cymy IIIMN®n ii gificroi i yssHOi wacTmm, a6o B CBOW yepry,
MI®a sk cymy WK®OII i HICOIT [1-3].

B nomosini cuHTe30BaHi ckopoueni anropurmm LITOn, OlIl®e, MIKPIT i
HICQIT na ocHoBi cdopmyn poskaazy anroput™my IIIX 3a posmensiero OCHOBOKIO
asa — yorupu (ILUI1X24), mignosiguo IITI®n24, OLIT®e24, LIKDII24 i HICOI124,
KOTpi HpocTimi B peamizauii Big BiZOMHX, a TakoX POST/ISHYTI NHTaHHS IX
3aCTOCYyBaHHS B 3ajayax uHdposoi oO6pobku cHrHanis.

Hns nobymoem anropurmy III®n24 suginsemo napey HC(k) i wemapuy HS (k)
ckianosi ¢opmynn posknany anroputmy LITIX24 [4]:

HC (k)= HCo (k) + Y, HCi(k)Ch-HSi(k) sk,

I=)3
HS (k)=HSo(k)+Y HSi(k)ck+HCi(k)Sk, k=0,1,.. N/2.
: 1=13 5

Ha ii ocroBi no amasnorii 3 anropurMom IITI®Dx 3a oceosow aBa [5] CHHTE3yEMO
anroput™m IIII®n24, rpadp sxkoro mnas N =32 nokaszaHmuii Ha puc. 1 nmpu r=1,
¢ = 1, s=vV2/2. Ha puc.2 npuseneni #oro 6a3osi onepauii.
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Ins cuatesy anroputmy OIIIIIPe24 sBukopucroByemo ¢opMyay Ppo3kjagy anro-
patmy IIIITX24 3 npopiaxysauusmM B uacrotHii obGnacri [4], BpaxoByeTsCs, mIO
x(n) = OlI®e {HC (k) —jHS (k)}. Tpad anropurmy OIIINPe24 nokaszaumii Ha
puc. 1 B Hanpsmky cnpasa HaniBo npu r=-1, ¢g=2, s=vV2. Biamitumo, mo
OlI®e i WIIN®Pa moxyrs Oyt BukopucTani npu obumcaenni AIPx i OHNIDe
Ges 30LbIIEHHS CYMapHMX OOUMC/IIOBA/IbHMX BHTPAT, TOMY mIO

OoN®, { HC (k)-jHS (k) }=NOII®, { HC (k) +jHS (k) } =

=N[Re{IN®y{H(k)}}-Im {ANI®, {H(k)}}|. :

CyrreBa sBigMmiHHiCTh opepxanux aaroputmie LIIIQPx i OLII®e Bixg ananoriuamx
BigomMux [l —3] mnonsrac B y3roXeHHi NPOUECAYPH PO3KJIAAy 33 KUIBKICTIO BXigHHMX
i BHXiIHHX EJIEMEHTIB, IO BHKJIOYAC HAIMIIKOBICTh MNPENCTABJEHHS CHEKTPAJIBHOIO
BEKTOpa AilicHOI mociinoBHOCTI. IIpM mpOMy BOHM PDIBHOIIHHI 33 KUIBKICTIO OOYMC/IEHB.
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OGuncmoBanbHI BATPATH ONEpPXaHHX N =2"-rouxkoBux anropurmis IIK®II (MCm
i ACm) i HICOIT (MSm i ASm) ommown:cn BHPa3aMH

MCm=MSm=2"2x (m -3)+1,
ACm = ASm + 2m = 22 Gm=-T+m+3,

TOMYy BOHH MOXyTb Oyt G6asoBumH npu mnolymosi 3acoGie umdposoi 06pobku
CHTHANIB.
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