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JIO IUTAHHS ITPO MIPUCKOPEHUW BUBIP
3HAYEHHSA KOE®IINIEHTA KPOCUHI'OBEPA
B 3AJIAUAX NEPEJJUCKPETHU3AIII 306PAKEHD

© Ilenewxo /., Bunokyposa O., Pax T., I3ouin L, Ilenewxo M., Muxatiniox C., 2017

Po3pobieHo HOBHI MeTOJ NPHCKOPEHOr0 ABTOMATHYHOIO BH3HAYEHHHA 3HAYEHHA
KoedimicHTa omepanii KpocMHroBepa y 3aja4yax NONEPeIHHOr0 ONMPALIOBAHHS 300pa’keHb 3
BUKOPHCTAHHAM MATPMYHHMX omnepaTopiB auBeprenuii. ExcnepuMmeHTanbHi J0CTiTKeHHS
NMOKa3yl0Th BHUCOKY CTilKicTh MeTOAy A0 00poOKM 300paxkeHnb i3 uykryaniiiHow ¢yHKIic0
inTeHcuBHOCTI. [IOpiBHAHHA pe3yabTaTiB podOTH 32 pPO3p0o0IeHHUM METOAOM 3 pe3yJabTaTaMu
3a iCHYI0YMM NMO0KAa3aJ10 NPUCKOPeHHs] aBTOMATHYHOr0 BUOOPY Koe(illieHTa KPOCHHT0BepY, 110
3HAYHO 3MEHIIY€ KUIbKiCThL HeOOXiTHMX 00YHCIIBAJLHUX pecypciB mis ioro poooru. Lle
3YMOBJIIO€ MOKJIMBICTh HOro e)eKTHBHOIO 3aCTOCYBAHHSA Mix Yac 00po0KHM BeJMKOPO3MIpHUX
300paKeHb.

Kuro4ogi cjioBa: 300paxkeHHs, MepeaucKpeTH3anisi, KPOCUHTOBEP, AaBTOMATH3aIlisl.

A new method for rapid automatic detection values of crossing-over operations in the of
the image preprocessing tasks, which based on the divergence matrix operators. Experimental
results shown high resistance of method to image processing with fluctuation of intensity
function. Comparing the results of the proposed method with the results for the existing,
showed acceleration automatically select the crossover factor that significantly reduces the
necessary computing power for its operation. This leads to the possibility of he effective usage
in preprocessing of large-size images.

Key words: image, oversampling, crossover, automation.

Beryn

3aaya MOKPAaIICHHS SIKOCTI HU(GPOBUX 300paxKeHb 3a/IMIIAETHCS aKTYaIbHOI Y ChOTOHIIIHIX YMOBaX
rocrionapioBanisa. OHUM 13 MOMIIMBHX CIIOCOOIB ITOKPAMIEHHS SIKOCTI 300paykeHHS 3aJMIIAETHCS e(DEKTHBHE
BHPIITICHHS 3aBJaHHS TEPEAUCKpeTH3allii uppoBruxX 300pakeHs [1]. BupimeHHs 1150ro 3aBIaHHs BaXKIINBE
JUTSI TAaKUX Tally3ed, sIK MEIWIIMHA, pOOOTOTEXHIKA, BiICOCIIOCTEPESIKECHHS, KOMIT IOTEPHI irpH, BHIaBHHYA
raiysb. IcHye urmaio po3poOok y IiboMy HampsMKy. Ha Harmy mymKy, HalmoBHImIe ix momano y [2]. Ilporte
CyJacHH CTaH PO3BHUTKY OOYHICITIOBAJIbHOI TEXHIKM A€ 3MOTY PO3BHBATH HOBI IMIXOAHM JO BUPINICHHS
ITOCTABIICHOTO 3aBIaHHS, 30KpEMa 13 3aCTOCYBaHHSM IHCTPYMEHTAPIIO MITYYHOTO IHTEIICKTY.

AHaJi3 icHyI0YHX MeTOiB
Po3pobneno 6araTo METOIB MepeaucKpeTn3allii 300pakeHb Ha OCHOBI alNTeOpaidHuX XapaKTepHc-
THK [3—6], OUTBIIICTS 3 SKWUX IS CBO€EI peamizallii BUMararoTh BUKOPHCTAHHS ollepallii KpOCHHTOBEPY,
30KpeMa migbuparoun KoeirieHT kpocuHTOBepY Y [3, 4] emmipuyno. [IpoTe moganpmmii po3BUTOK ITHOTO
HaIpsAMY IOCIIHKEHb BUMAarae po3po0yicHHs e¢peKTUBHUX alTOPUTMIB aBTOMATH3AITI1 ITiET TIPOIEIYPH.
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OxpiM 1ILOTO BUHHKAE IIIe OHA MPOoOJieMa BUKOPHCTAHHS orepallii KpOCHHroBepa B 3ajjadax 3MiHH
MacmTady HuppoBHX 300pa’keHb — ONITUMANIbHIH BUOIp KoedilieHTa 1iei oneparrii.

Ha puc. 1 sx npuknan 3 [3, 4] HaBeneHO 3aJeXHICTh ONTUMI3AIIMHOIO KPUTEPil0 BiJ 3HAYCHb
KoedilieHTa omeparii KpOCHHTOBEpY sl TepeqUCKpeTH3allii JIBOX BXIJHUX 300pa)KeHb, OTPUMaHHX 3
BHUKOPHUCTaHHSM MaTPUYHOTO OIepaTopa AUBEpreHiii. Ik meTpuky BukopucropyBain PSNR.
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Puc. 1. Ilpuxnao 3anexcnocmi onmumizayitino2o Kpumepiio 6i0 3Ha4eHb KoeQiyichma
onepayii Kpocunzoeepy 0Jisi nepeduUckKkpemu3ayii 080x exiOHux 306pacens [5, 6]

3a HaBeJCHUMHU Pe3y/IbTaTaMU MOYKHA 3POOUTH JBa BaXKJIMB1 BUCHOBKH.

[epmmii 3 HUX — PI3HUI SKOCTI Mepeanckperu3anii 3a Mmetpukoro PSNR Ha npomixkky HaBiTh MpH
kpoui guckperusamii 0.01 mpomixkky [0;1] Bxke € myxke 3HAYHOK. PI3HMIS MK MaKCHMMaJbHUM 1
MiHIMaJIbHUM 3HaYCHHSIMH PE3YJIbTATIB MEPEIUCKPETH3allil CTaHOBUTD 83 %o.

InTepBanbHa ominka 3a kpurepiem [lipcona nipu 95 % piBHIB 3HAYMMOCTI TIOKa3ana, mo 4 3HAYCHHS
3 8 He MOTPaIUIATh B JOBIpunid iHTepBai. lle mae MOXKIMBICTH CTBEPPKYBATH, M0 y 4 BHIIaIKax
pe3yabTaTH MEepeauCcKpeTU3allil € BKpail HeraTHBHUMH 1 HE MOXYTh BUKOPHUCTOBYBATHCh ISl TIOIAJIBIIIOTO
aHamizy. | 1ie He3BaXKarouu Ha Te, M0 Bi3yalbHO Pe3yJIbTaTH MepeIucKpeTH3allii MpuHaiMHi y 6 BUMaIKax
MOXKHa OYII0 BBa)KaTH MPUAHATHHUMEL.

Jlpyruii BHCHOBOK TIOJIAITA€ Y TOMY, IO XapaKTep 3MiHU Pe3yJbTaTiB MepeANCKPETU3aIl] Ma€e PI3KHUit
rpagieHT 3miH (puc. 1). Ile cBiAUUTh MPO HECTIHKICTh METOY /10 3HaYeHHs Koe(illieHTa KpocuHTOBepa. Y
LIbOMY BHUIIAJKy HEOOXiIHO a00 MIABHUIIMMTH CTIMKICTh METOAY, a00 BBECTH KpUTEpiaibHI 03HAKH BHOOPY
3HaYCHHS KoedillieHTa KPOCHHIOBEpPA.

VY OUIBLIOCTI IPAaKTHYHUX 3aJay IepeaucKpeTH3allii 300pakeHb Ha OCHOBI Teopii MeHEeTHYHHUX
aJrOpUTMIB Koe(iLie€HT orepaTopa KPOCHHIOBEpa BUOMPAIOTh eMIipu4HO. IIpoTe B OKpEeMHUX METOIax BiKE
3’SBJIIIOTHCS CIIPOOH aBTOMATHU3yBaTH 1ICH BHOIp.

I mo HemomikiB ommcaHoi B [5, 6] MeTOq0/I0rT aBTOMAaTHYHOrO0 BU3HAYCHHS KOe(illieHTa KPOCHHIO-
Bepa Tpeba 3apaxyBaTH 3aJCKHICTh BiJl KpOKy AuMckperw3aiii mpomixky [0;1]. Hampukiam, cTocoBHO
pe3yabTaTiB, HaBEACHMX Ha puc.l, SKIIO KpOK aucpektusamii 3pooutu 0.3, TO pe3ynbTaToM
aBTOMATHYHOTO BHOOPY 3Ha4yeHHsS Koe(illieHTa KpOCHHroBepa OyJe JNaneko He HalKpalle 3HauYeHHS — a
came 0.3 3amicts 0.7.

Bu3HavaapHUMHK XapaKTEPUCTHKAMHU PO3POOICHUX METOIB aBTOMAaTH30BaHOI0 BUOOPY KoedillieHTa
orepaTopa KpOCHHIoOBepa € Te, 10 B YCIX BHIaIKaX 000B’SI3KOBOKO € HAsIBHICTh €TAJIOHHOIO 300pakeHHS 1
BIJICYTHICTh CTPOrO MAaTeMaTHYHOrO OOTPYHTYBaHHS ONTHMAJbHOCTI BHOpAHOrO 3HAYCHHS Ha
HECKIHUEHHOMY MPOMDKKY 3HA4UeHb Koe(iIlieHTa KpOCHHTOBEpa.

MaremaTnyHa MojieJib 3a71a4i BU3HAYEHHs KoedillieHTa KpoCMHroBepa
VY 3aralbHOMY BHUIQAKY PE3Yy/IbTaT CHHTE3Y 300pakeHHS [ MiJBHIIEHOI PO3ALIBHOI 3MaTHOCTI 13
JBOX BXITHHX 300pakeHb MEHIIIOT PO3ALILHOI 3MIATHOCTI MOYKHA IMOAATH Y TAKOMY OIEPATOPHOMY BHUIJIAIIL
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I'=Q(1,,1,.k), |I,|<|I'|, |L|<|I'], (1)

ne Iy i I, — BxijHi 300pa)keHHsT MaJIoi PO3AUTBLHOI 37aTHOCTI; 300paxkeHHs I” — cHHTe30BaHe 300paKeHHS

2

30LIbIICHOT PO3AUIBHOI 3MaTHOCTI; £ — AEAKUM HEMHIHHUN IHTErpajibHUIM OmIepaTop CHHTE3Y, Cepel
orepaiiii sSKoro € omeparis KpocuHroBepa 3 koedimientom k£ € [0, 1]; || — onepaiis BH3HAauYCHHS
PO3MIpHOCTI 300pa)keHHs. Y 3aralibHOMY BHIAJKy MaeMo, 1o |/;| # |[|. TIpore HaliyacTiie Ha MpaKTHII
PO3IIISIA€ThCS BUNANOK, Ko |[1| = |L|. HeniniiicTs onepaTopa (Q po3riisaaeThess HacaMIiepe] CTOCOBHO K.

3rigHo 3 [5, 6] AN aBTOMaTHYHOTO BHOOPY KOoedillieHTa KPOCHHTOBEpPa MPOIOHYETHCS PO3B’ SI3aHHS
ONTUMAaJILHOI 3a1a4i

opt(k)=argmax Ky (k), )

ke[O,]]
e

K-l ¥ s ®

K

0,+00

Y dopmyni (2) 3a [5, 7] ue K, K,,, K,_,, K,

000 Ko_1» Koo — BianosigHo Mipu KympumHChKOTO [8],
Oriai [9], Copencena [10], bpayna—bnanke [11], llumkeBrnua—Cimncona [12, 13]. YV Bumaaky iCHyBaHHS
300pakeHHs I', OTpUMaHOro 3a (hiKCOBaHOIO 3HAauYCHHs KoedillieHTa k 3 1BOX BXIAHMX 300paskeHs /) i [, Ta

€TaJIOHHOTO0 300pakeHHsI [’ , 111 MipH 3a [5, 6] 3py4HO MMOAATH Y BUIJISIL:

I'nI!
Ko,o(l'sle;)z‘( - ,)'
e
2(1'n 1)
K,M(I,’I;T)z ’ ’ fr r
’ |- -
r ! ‘(I'mle'T)
K, (I1)= : 4
oa(112) I+ 1| =2)(r A ) )
2(r'n1)
@ 7)) _ er)
KO,—] (I 9Ie'r )_ I! + Ie!T 4
I+ =21 1) +| 1] -1
K, (150,) =" (GlalFYs
’ L+ =

Bubip came nux Mip He € BUNAJKOBHM — BOHU € IOMMKCEIBHUMH 1 OJJHOTO MOPSJKY, a TOMY BiJ-
najae norpeba iX 3BaKyBaHHs B aJUTHBHOMY Bupa3si (2). biibiiie Toro, s HUX BUKOHYETbCS HEPIBHICTb:

Vj € {=0,-1,0,1,+0}, Vk €[0,1]: 0< K, (k)<1. (5)

Tomi 3 (3) maemo, 110
Vk e[0,1]1: 0< Ky (k)<1. (6)
V pesynbrati nporo K (k) MOKHA PO3TIISAJIATH SK IHTErpaibHy (aJUTHBHY) HOPMAJi30BaHy Mipy

momioHocTi 300pakeHs ' Ta l'e;.

3araniom HaBezeHi Mipy (4) MOXHa po30uTH Ha 1Bi Kareropii. Ilepma 3 nux —ue K, ,, K, , K, .,

TOOTO TakKi, /I AKUX BUKOHYETHCS YMOBA!
lim K (k) =1. (7)

I's1,

Ho npyroi kateropii Tpeba BigHecTr Mipu K ,, K, TOOTO TaKi, A1 SIKUX BUKOHYETBCS TaKa yMOBa

Ih_)rfl K(k) =0. (8)
Tomi 3 BpaxyBanusm (7) Ta (8) anutuBHa cyma (3) B rpaHHYHOMY HAOJIMIKEHHI JOPIBHIOBATHME
. 3
111_{2 K, (k)= 5 )
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BianoBiaHo 10 1bOro 3aaa4y (2) 0OCTaTOYHO MOXKHA 3aIMMCATH Y BUTIIAIL

arg Kz(k)—>§. (10)

ke[0,1] 5
dopmyna (10) € po3B’sI3KOM 3aayi aBTOMATHYHOI'O BHU3HAYCHHS Koe(illieHTa KPOCHHroBepa s

BUI/IKy BUOpaHUX Mip moxiOHOCTi (4). Y BUMAAKY, KoM HaOip Mip OyJe po3IIMpEHUM MipaMu, JITS SIKHX

BHUKOHYETHLCS yMOBa (6), 32 popMyrnoro (9) 10CTaTHBO JIETKO BU3HAYNTH TpaHUYHE 3HaUeHH 3a1a4i (10).
MixkcoBanicth (7) Ta (8) HabOpy BXiTHUX MIp Ja€ MOXKIHMBICTh O30YTHCh (PAaKTUYHO iHBapiaHTHOL

3anexHocTi Bim omHiel mipu. ToOTO y BUNAIKy BUKOPHCTaHHS, HANPHKIAN, JHIIe HaOOpy Mip

1Ko, Ky_y» K, ., } 3amaua (1) 3BeneTses 10 TaKoi
arg Ky (k)—>1. (11)

ke[O,l]
BusHavyanbHOIO XapakTepucTHKOIo 3a1a4i (10) € Te, 110 HeMae CEeHCY BUKOPUCTOBYBATH TP MIpH, a
JIOCTaTHBO OOIMTHCH OZIHIEIO. A TI€ 3MEHINYE SIKICTh Pe3yNbTaTy MepeANCKPETH3AIIIT 3araIoM.

Ipuxnag npakTu4yHOi peanizamii
Juist inroctpatii e eKTHBHOCTI po3p0o0IIEHOT METOIOIOTIT MPOBEIEHO KOMIT IOTEpHE MOJIEITIOBAHHS 3
BHKOPHCTAHHSM METOAY CHHTE3y 30UIBIICHOr0 300pakeHHS Ha OCHOBI oOIlepaTopa Ta oleparii
KPOCHHTOBEPY HaJl BXITHUMH 300pa)KEHHSAMHU 13 TAKUMH [apaMeTpaMu: THIT — 2-0aliTOBHH, HAIIBTOHOBUM
(grayscale), posmipHicte — 231x199 mikceni. Onuc Meroay, BximHi (puc. 2) Ta erasoHHe 300paKeHHS
HaBeneHO B [5, 6]. Pesympratm po3B’s3aHHs onTuMmizariiHol 3amaui (2), oTpuMaHi TpU  KpOIi

Juckpern3aiii mpoMikky|0;1], mo gopisHioe 0.1, Takox HaBeneHO B [5].
e ‘;

¥

.1 L

i
W oS

' «",1
1 )

Puc. 2. @paemenmu exionux 300pascens: a — ppaemenm I; ; 6 — ppaemenm I,
Ha puc. 3, 4 Ta y tabn. 1, 2 HaBeneHO pe3yjbTaTH CHHTE3y 30LIBIICHOrO yABiuUl 300paskeHHs 3

BHKOPHCTaHHSM METOJy Ha OCHOBI oIepaTopa JAWBEPreHilii, ajne po3e’s3yBaid 3aaady (2) 3a OMMCAaHOK B

POOOTI METOIUKOIO.
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Puc. 3. 3anesxcnicmes onmumizayitinozo kpumepiio 6i0 3HaueHb Koepiyicnma onepayii
KpOocCun208epy 0Jisi Nnepeouckpemu3ayii 0860x 6xioHux 300pasicenv 3 kpoxkom ouckpemusayii 0.05
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Puc. 4. 3anexcuicmo onmumizayitino2o kpumepiro 6i0 3Hauenb Koepiyienma onepayii
Kpocunzogepy 01 nepeouckpemu3ayii 080X 6XiOHUX 300padicensb 3 Kpokom ouckpemusayii 0.25

Ha ocHOBI X pe3ynbTatiB TpeOa 3a3HAYUTH, IO KIACHYHUI cr1oci0 po3B’s3aHHs 3aadi (2) naB He
30BCIM TOYHMI po3B’si30K. HacnpaBai onTuMaibHe 3HA4YeHHS KoedillieHTa KPOCHHTOBEpa 3MilleHe Bix
snauenHs 0.7 y MeHiui Oik. Binbiie Toro, BoHo € Oimkunm 110 0.6, mio Bigmnosigae (10).

Came npH 1[bOMY JIOCATaIOTh HAMBHIOI SKOCTI CHHTE3Y 30UIbIIEHOr0 300payKeHHsI, PO 110 CBiaYaTh
JlaHi, sKi HaBeJeHo y Tabd. 1.

Tabnuys 1
3navyennsa PSNR npu cunTesi 30iib11eHOr0 yABivi 300paskeHHs
NpH Pi3HUX KPOKaX AMCKpeTH3aIii
Kpor PSNR Kpox PSNR
JIACKpeTHU3allii JIACKpeTHU3allii
0,025 37,2969 0,5 39,0263 39,0263 39,0263
0,05 38,20122 | 38,30122 0,525 38,99985
0,075 38,3423 0,55 38,91 38,91
0,1 38,345 38,35 38,35 0,575 38,9056
0,125 38,3341 0,6 38,8923 38,8923 38,8923
0,15 38,325 38,325 0,625 43,654
0,175 38,305 0,65 41,4021 41,4021
0,2 39,295 39,295 39,295 0,675 41,2157
0,225 39,5023 0,7 40,9631 40,9631 40,9631
0,25 39,695 39,695 0,725 40,538
0,275 39,9699 0,75 39,89 39,89
0,3 40,016 40,016 40,016 0,775 39,721
0,325 39,989 0,8 39,57 39,57 39,57
0,35 39,923 39,973 0,825 39,41
0,375 39,9562 0,85 39,22 39,22
0,4 39,923 39,923 39,923 0,875 39,542
0,425 39,0739 0,9 38,9456 38,9456 38,9456
0,45 39,453 39,453 0,925 38,931
0,475 39,267 0,95 38,88 38,88
Tabauys 2
KinbkicTh iTepaniii 3HaX01KeHHsI ONTHUMAJIBHOI0 3HAYEHHS KoedillieHTa KPOCHHIOBepa
Kpoxk nuckpernzanii
Meror 0.1 0,05 0,025
Onrtumisaniiina 3agaua 9 19 39
3anporoHOBaHUN METON 7 14 26
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OxpiM 1IbOTO, 3MCHIIWIACH KUIBKICTh ITepalliii mpoueaypu po3B’s3aHHs 3amaui (2). Lle
JEMOHCTPYIOTh 1aHi Ta0. 2.

I3 3MEHIIEHHSAM KPOKY JMCKpPETH3allii 3MCHIIYEThCS BIPOTiIHICTE HETOYHOTO BH3HAYCHHS
ONTHUMAJILHOTO 3HaYeHHs Koe(illieHTa KpocHHTOBepa. [IpoTe nmpH mboMy pi3Ko 3pOCTaloTh 0OUUCITIOBAIBHI
BuTpat. Hampukmnan, 3a taHuMH Ta0j1. 2, 13 3MEHIICHHIM KPOKY AMCKpeTHu3allii mpoMixkky]0;1] KUIbKICTh
iTepatliii y BUNaJIKy KIIACHYHOTO PO3B’sI3aHHS 3a1a4i (2) Bke € OunbInoro y 13 pasi. Skiio B3sTH 10 yBard,
10 KOXEH ITepalliiHii KPOK € CKIaTHOI0 O0YHCITIOBAIILHOIO IPOIEAYPOIO, IKa MICTUTh TICEBA000EpTaHHS
MaTPUYHUX OINEPaTOpiB BEIUKOI PO3MIPHOCTI, TO OUYEBUIHO, IO KOXKHE 3MEHIICHHS KUTBKOCTI iTepaii €
3HaYHUM 3MEHIICHHSIM OOYHCITIOBAIHUX PECYPCIB.

Bucnorokx

3anponoHoBaHa METOMOJIOTISI aBTOMATHYHOTO BH3HAUYCHHS OlepaTopa KPOCHHTOBepa € Habararto
MPOCTIIIOK Y TPAKTHYHIHM peamizalii i XapaKTepu3yeThcsi MEHIIMM YacOBHUM 1HTEpBajOM BHKOHaHHSA. Ha
BIAMIHY BiJl KJIaCHMYHOrO Iepebopy pi3HUX 3HAUYEHb K Ha HECKIHYEHHOMY MPOMDKKY 3HadeHb [0, 1], y
BHUIIQ/IKy BUKOPUCTAHHS I1i€i METOI0MOT:

* EKCTPEMYM € BiJIOMHM 1, BIAMOBIIHO, 3HMKAE HEOOXITHICTh PO3IIIAIATH MaKCUMAJIbHO MOXKIIUBY
KUTBKICTh TOYOK 3 IPOMDKKY [0, 1] IUIs TOIIYKY IIBOTO EKCTPEMYMY;

* B IIPAaKTHYHIA peanizaiii JOoCTaTHhO BUKOPUCTATH METOJMKY TOJIOBUHHOTO JUJICHHS, 1110 BJIAaCHE 1
BHM3HAYa€ OOYMCIIIOBAIBHY CKJIQIHICTh pO3po0iieHoi meromosiorii. Tpeba po3ymitu, MmO METOIUKa
MTOJIOBUHHOT'O JIIJICHHSI CTOCYEThCS YCiel poIieIypy epearCKpeTH3allil, 1o BU3HAYAETHCS OrepaTopom Q2;

* epeKTUBHICTh POOOTH MPOTPAMHUX ANTOPUTMIB, TOOYIOBAHMX 32 I[I€I0 METOJIOJIOTIE0, MPAKTUYHO
HE 3MIHIOETBCS 13 3MIHOIO KUTBKOCT1 BX1IHUX 300paKeHb;

* iCHYE€ MOYJIMBICTh PO3IIMPEHHS HAOOpyY Mip JUTS MOKpaIIeHHs ToYHOCT1 Bu3HadeHHs k. [Ipu ipomy
TepeBU3HAYEHHS TPaHUYHOTO 3HadeHH 3 (10) 3amumaeTbes JOCTaTHBO MPOCTUM.

OmnwmcaHa METOIMKa CTOCYBaiach Mip OJHOTO TOPSAKY, JUIsl SIKHX BHKOHYBasach ymoBa (6). Skiro
Taka yMOBa iCHy€ Juisi BUOpaHO! MHOKWHH MIp 1HIIOTO TIOPSIKY, TO ii MOXKHA O3 3MiH IMepeHecTH Ha IIf0
MHOXXHHY Mip.

VY BumNaJKy BUKOPHCTAHHS Mip PI3HOTO MOPSAKY HEOOXiTHO BUKOHATH MPOILEAYPY 3BaXKYBaHHS Mip,
0 B OKPEMUX BUMAJIKAX MOXKE BUSIBUTHCH HETPUBIATEHUM 3aBJIAHHSIM.

1. Ilenewxo JI. /l. Ananiz ocHosHux memoois 30invuieHHs po30ilbHOT 30amHOCi 300padcetb Ha
ocroei mexnonoeii super resolution / /. JI. llenewxo, I. B. I3onin, FO. M. Ilenex // 30ipnux naykosux npayw
Incmumymy npobaem mooeniosanns 6 enepeemuyi im. I. €. Ilyxosa / Hay. axao. nayx Yxpainu, In-m
npobn. mooentosanns 6 enepeemuyi im. I. €. Ilyxoea. — Kuis: [6. 6.], 2013. — Bun. 67. — C. 162—169.
2. K. Nasrollahi, and T. B. Moeslund “Super-resolution: a comprehensive survey”’, Machine Vision and
Applications, Vol. 25, Ne 6, pp. 1423—1468, 2014. 3. Pawxesuu FO. M. 3mina po3dinvhoi 30amnocmi y
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The paper addresses an issue of knowledge representation (KR) in the intelligent
systems. The most widely-used techniques of KR are considered, including first-order logic,
type theories, semantic networks, frames, scripts, production rules and ontologies. Each
technique is investigated for the presence of advantages and limitations of its application on
practical and theoretical levels. The relationship between different approaches of knowledge
representation is discussed.
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Introduction

An intelligence that is exposed by human beings is one of the most mysterious phenomena to which
the science still doesn’t have a clear explanation. One of the definitions proposed by an artificial
intelligence states that it as a process of logical inference (reasoning) that is applied to a stored knowledge.
What is important about the definition is that it emphasizes an existence of two categories, knowledge and
reasoning, which are interconnected; moreover the presence of knowledge is necessary for the reasoning
process to be performed. Thus the problem of acquiring, storing and retrieving the knowledge appears to
be the primary one in a task of building an intelligent system.

Once the knowledge is acquired, it should be stored in a knowledge base for the later use in
reasoning. Knowledge base (KB) typically consists of the facts that are true by definition. The structure of
the facts may vary from a simple propositional sentence to a complex ontology. The way the facts are
organized in the KB significantly affects the inference mechanisms that could be applied to the stored
knowledge. Knowledge representation study aims at researching the optimal techniques of knowledge
description and structuring, which should facilitate the tasks of KB creation and reasoning. Among the
variety of criteria that are used for evaluation of KR techniques, the expressiveness and inference
capabilities are of a great significance.

The Task Analysis
Knowledge representation models are typically divided into four classes: logic-based models,
semantic networks, frame-based models and production-based models [1]. Logic-based models constitute
of the formal systems that provide formal languages and deductive systems for knowledge description and
reasoning respectively. The paper addresses first-order logic and type theories, also known as higher-order

157



