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CAMOAJANITUPYEMOE NPOI'PAMMHOE OBECHHEYEHHE
IS AHAJIM3A NU30BPA’KEHUU

A.M. HEJI3bBE/Ib, B.B.CTAPOBOITOB

Obveounennviii uncmumym npoonem ungpopmamuxu HAH Benapycu
ya. Cypeanosa 6, Munck, Benrapyco

Ilocmynuna 6 peoaxyuro 21 oexabpsa 2012

OmnuceIBaeTcss METOUKA Pa3pabOTKU MHTEUIEKTYadbHOTO NMPOrpPaMMHOTO oOecreueHus I aHa-
nm3a n300pakeHui myTeM (OPMHPOBAHUS YHPABISIOMUX CKPUNTOB HHTEPIPETATOPa, KOTOPHIE
TeHEPUPYIOTCSI MHTEIIEKTYaIbHBIM areHTOM B IIPOrPaMMHOM O0ECICUeHHH.

Knrouesvie cnosa: mporpammHoe obecriedeHre, aHainu3 n300paXKeHus, HHTEPIPETaTop.

BBenenne

CoBpemenHbIe TpeOOBaHUS K IPOTPaMMHOMY OOECIIEUCHHIO aHaln3a N300pakeHuil TpeOyIoT
JUHAMHUYECKON OpraHu3aliy (QYyHKIHHA, 0JIb30BATENLCKOT0 HHTEp(delica, ynpaBieHUs] JaHHBIMH AJIS
METO0B 00paboTku U T.1. McxoaHas nmporpamma oOpabaThiBaeTCs KOMIMIATOPOM WIIM MHTEpIpeTa-
TopoM. MlHOT12 TiporpaMma peanu3yercsi KOMOMHUPOBAaHHEM 3THX BApHUAHTOB. Takoe MpOrpaMMHOE
obecrieueHue JODKHO HMETh SIpo, BKItovaromiee cieaytomue xomnoHeHThl: GUI (rpaduueckuit
MOJIB30BATENILCKUI HHTEpQEiic), OCHOBHBIE ()YHKIMH M KOMaH[Ibl, PA3JIMYHbIC THUIIBI MPEICTABICHUS
naHHBIX. HTEepIIpeTaTop NCHONB3yeTCs A1 COXPAaHEHUI HCTOPUH ONepaliuii, KOTOpble MPUMEHSIOTCS
it 00pabOTKM HOBBIX M300pakeHWil ogHOro Kiacca. OH MO3BONAET CO3JaBaTh JOMOJHHUTEIILHBIC
npoctble (YHKIUM Ha 0a3e BO3MOXKHOCTEH sigpa, HE MEHss HporpamMmHoro obecneuenus [1]. Mel
MpeJIaraéM BOCIOJIb30BaThCS BOBMOXKHOCTSMH MHTEPIIPETATOPA B KAUECTBE A1pa JUIsl CO3/IaHUs MPO-
rpaMMHOT0 obecnieueHus. B aToM cirydae uHTEpIIpeTaTop paboTaeT Kak MEeHeIDKep IeHCTBUN 1 cOObI-
tuii. OH nogaepkuBaet BoinonHeHue Gpynknuit 1 GUI coObitus. Kpome Toro, MoxHO M3MEHUTH JIH-
3aifH IpOrpaMMHOT0 obecrieueHus 1 6e3 stana komnwisinuu. C ApYrol CTOPOHBI, CI0KHBIE (HYHKIUN
W pacueThl BBITONHSIIOTCS BO BHEIIHUX CTaTHUYECKH CKOMITMIMPOBAHHBIX MOAYJSAX. DTO COXpaHSAET
CKOPOCTb BBIYMCIICHHH Ha TOM € YPOBHE, YTO B CKOMIIMJIMPOBAHHOM NMPOIPaMMHOM OOECTICYCHUH.
Ceroans mono0OHasi OpraHu3anys apXUTEKTYphl IPOTPaMMHOI0 00eCTIeUeHUsT UCIIOAB3YETCs ISl pas-
pabOTKH CEeTEeBBIX CHCTEM, a TakKe B UTPaxX U Ha3bIBACTCS «OTKPHITON apXUTEKTYypOl MPOrpaMMHOTO
obecnieueHus» [2].

Pazpabotka 11060r0 MPHUIIOKEHNSI HAUMHACTCS C U3YUeHHsI OOBEKTOB C TOYKHM 3PEHUSI X IPO-
UCXOXKACHUS, CTPYKTYpPBI, PYHKIMIA 1 HampaBJIeHUH peraeMoit 3a1aun (Harpumep, MEIUIIMHCKUX 3a-
nad [3]). [IpakTryeckue penieHns: C KOHKPETHBIM HampaBieHHEM NPUIIOKEHHS UMEIOT KITI0YeBOE 3Ha-
YyeHue B GOpMHUPOBAHNH MPOTPAMMBI U BKITIOUYAIOT:

1) onpenenenre Tuna oOBEKTOB M UX OCHOBHBIX KJIACCOB;

2) aHanHu3 B3aMMOJICHCTBU 0O BEKTOB, HEOOXOAUMBIX B (POPMHPOBAHHH MPOOIEMBI;

3) oOHapy>keHHue CLEeH AJIs CO3JaHusl 00LIel KapTUHBI 3a/1a4K;

4) npakTHYECKUi KOHTEKCT CLEHBI B OTIPEIeICHHOM HAIPaBJICHUH PEIICHHUS 3a/1a4H.

JeiicTBUsI, BBIMONHIEMBIE B TIPOLIECCE aHAIN3a N300PAKCHNUS, PETYJIIPHBL M 3aBHCAT OT OLICH-
KU TUIOB W300pakeHni U 00beKTOB Ha HeM. COOTBETCTBHE OCOOCHHOCTEH M300paskeHNH U (pyHKIMH
OCYIIECTBIISIETCSl Onarosaps Te3aypycy Kak CIHCKY COOTBETCTBHI MPOLIECCOB 00OpaOOTKH M MPaBUI
aHaM3a n300paKeHUH.
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B nannoii pabote npenaraercsi METOOUKA CO3MaHUS IPOTPAMMHOI0 00ECIIeYeHUsI Ha OCHOBE
(dopmupoBaHUs TAONMUIl Te3aypyca B sape MHTeprperaTtopa. MeTonnka OCHOBaHAa Ha KOMOWHaLUU
BO3MOXKHOCTEH AMHAMHYECKHX OMOIMOTEK U MHTEPIIPETATOpa C MHOXKECTBOM (YHKLUI A71s1 00paboT-
K1 n300pakeHnid. B pe3ynpTare mporpaMma MoKeT OBITH pa3zieiieHa Ha JABE YacTu: MepBas OPHEHTH-
poBaHa Ha MPO(EeCcCHOHATBHBIX Pa3pabOTUYNKOB MPOrpPaMMHOr0 oOecredeHus, BTopas — Ha paboTy
nojb3oBatesieil. MHTepnperaTop MOXKET HCIONB30BaTh (YHKIMH JWHAMHYECKHX OHOIMOTEK, YTO
MO3BOJISIET U3MEHATH CBOHCTBA MPOTrPaMMHOT0 obecriedeHust 6e3 craguu kommwisinua. C Ipyroi cro-
POHBI, TTOJIb30BaTEIN MOTYT U3MEHSTH rpaduuecKuil nHTepdeiic nporpammsi [3].

Hepapxust 1ecKpUNTOPOB /151 AHAJIM3a U300pakeHUI

Habop neckpunropoB i aHamu3a M300paKEHHUH OMpPENeNsIeTcs COBPEMEHHBIM COCTOSHUEM
TEOPHH aHaIN3a N300paKEHHH, ONBITOM PElIeHHs NMPUKIAIHBIX 3a1a4, QyHKIMOHAILHBIMUA TpeOoBa-
HUSIMH ¥ crenH(UKOM JTeKCHYeCKOro HANONMHEHHS S3bIKa MpeAMeTHON obnactu. OHa BKIIOYAeT cie-
nyromue 0a30Bble 3JIEMEHTHI: TeMaTHYECKHUE pa3zelibl (T0Jis) TECKPUNTOPOB, (YHKIHMOHANBHBIE pa3-
psiabl (KaTeropuH) IECKPUITOPOB, HAOOp CBsI3eil MEXIy IECKPUIITOPaMH, CXEMY CIOBAPHOH CTaThU.
Ucxons u3 cneunduku npenMeTHoi obnactu «O6paboTka, aHaIN3 ¥ MOHUMaHHE W300paXKeHUN», B
Ha0Op JECKPUNTOPOB IS aHANHN3a H300paKEHUI BKIIOYEHO ILIECTh KaTeropuil TepMHUHOB. VX MOXHO
N00aBIATh U MOAN(UIIUPOBATD.

1. Kateropus «O0BeKTbI», B KOTOPYIO BXOJAT: HAMMEHOBaHHUS BUIOB H300paxeHui («binary
image», «raster image» M T.II.); HAUMEHOBaHUS SIIEMEHTOB H300pakeHui («edgey, «pixel» u T.11.).

2. Kareropust «3amaun», B KOTOPYIO BXOJST: HAMMEHOBaHUA 3a7ad 00pabOTKN M300pasKeHHMA
(«image enhancementy», «image restoration» ¥ T.I.); HAUMEHOBaHUS 3a/ady aHaIM3a M300paKeHUI
(«binarisation», «segmentation» W T.I); HAUMEHOBAHUS 3aJla4 aHaIH3a M300paKEHUH, B TOM YHCIE
HaMMEHOBaHUsI 3a]a4 pacro3HaBaHus N300pakeHuit («cluster analysis», «error estimation» u T.11.).

3. Kateropus «Ilogxonasr», B KOTOPYIO BXOJST: HANMEHOBAHHS TOAX0J0B K 00padoTke n300-
pakenwuii («wavelet-based image processing» u T.11.); HAUMEHOBaHHA MMOJIX0A0B K aHATM3Yy H300paxe-
Huil («model-based image analysis» W T.N.); HAUMEHOBaHHUA IMOAXOJOB K aHANM3y H300paKeHH
(«statistical pattern recognition» / CTaTHCTUYECKOE pacliO3HaBaHUE 00PA30B U T.II.).

4. Kateropust «MeToabl», B KOTOPYIO BXOJAT: HAUMEHOBAHUS METOAOB (aJrTOpUTMOB) 0Opa-
00Tk m300pakennii («fractal image compression», «equal interval quantization» ¥ T.11.); HaUMEHOBa-
HUS METOJIOB aHalin3a u300pakeHui («structural texture description» u T.11.); HAUMEHOBAHHA METOAOB
aHanu3a n3o0paxkenuit («image algebra-based technique» u 1.11.).

5. Kareropus «IHCTpyMEHTBI», B KOTOPYIO BXOAST: HAMMEHOBAHHUSI MHCTPYMEHTOB (OTeparo-
poB, mpeoOpa3zoBaHMid, (UIBTPOB) 00paboTkM m30OpakeHuit («median filter», «discrete Fourier
transform» W T.1.); HAUMEHOBaHUA MHCTPYMEHTOB aHanu3a mzoOpaxenuit («Prewitt edge detector»,
«Sobel edge detector» u T.I.); HAUMEHOBAHUSI WHCTPYMEHTOB aHajHM3a M300paXECHUI, B TOM YHCIIe
HaMMEHOBaHUsI HMHCTPYMEHTOB paclo3HaBaHWs H300pakeHuid (Hampumep, «maximum likelihood
decision rule», «cluster assignment function» u T.11.).

6. Kateropus «XapakTepHCTUKH», B KOTOPYIO BXOJAT: HAaMMEHOBAaHUS XapaKTEPUCTHK HH-
crpyMeHTOB («threshold», «convolution kernel» u T.11.); HaUMEHOBaHUS XapaKTEPUCTHK (IIEMEHTOB
omucanus) nzo0paxxenuit («brightnessy, «color modely, «contrast difference» u T.11.).

Jlnst mporieccoB 00pabOTKN M300paXeHu HEO0X0AUMO C(HOPMUPOBATEH CBSI3U JCCKPUIITOPOB,
XapaxkTepHbIE I pacCMaTpUBAEMOl MPeIMETHON 00JIaCTH:

— «3agaya — MeTo» (HampumMmep, «image segmentation — edge-based image segmentation»);

— «MeTol — MHCTpyMeHT» (Hampumep, «gradient-based edge detection — Sobel edge detec-
tor»);

— «00BeKT (BUI M300paXKeHUs) — MeTO» (Hampumep, «binary image — binary noise reduc-
tion»);

— «MHCTPYMEHT — pe3yabTarT» (Hampumep, «edge detection operator — edge image»);

— «UHCTPYMEHT — XapaKTepUCTHKa MHCTPYMEHTa» (Hampumep, «image opening operation —
structuring element»).
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IIpumep ananu3a u3o0pakeHUH THCTOJOTHYECKHUX NPenapaToB

O06paboTKy MEAMLIMHCKUX U300paskeHU MOXKHO pa3AeiIuTh Ha HECKOJIBKO 3TaIoB.

1. BBon u ynydiieHue n300pakeHui.

2. CermeHnTanus Ha HHQOPMATUBHBIE OOJIACTH.

3. Beiienenue 00bEKTOB HHTEpECa.

4. N3mepeHne 00bEeKTOB, BEIYMCICHUE X XapaKTEPUCTHK.

5. AHanu3 00bEKTOB.

Kaxnp1ii 3Tan cocTOUT U3 BBHITOTHEHUS Pa3HbIX MocienoBareiabHocTel pyHkuuii. Mx npume-
HEHHE 3aBHCUT OT CBOWCTB M300paKEHHUS M €ro OLECHOK: HalpHMep, OLEHOK KOHTpacTa, MIyMa WIN
pasMbITHL. MOXXHO MOCTPOUTH TaOMUIy QyHKIHH 00paOOTKH 1 OLIEHOK CBOHCTB N300paKeHHH.

JUI TUCTONOTHYECKOro N300paXKeHHs1 BRIOOP METOJOB CETMEHTAIMH 3aBHCHUT OT psiia YCIo-
BUH, a cermMeHTanus (onpeaescHue 0OTHOPOAHBIX obacTeil) paccMaTpUBaeTCsl KaK BaKHBIM LT IS
(opManbHOTO OmMHCaHUsl CLUEHBI. VICKOMBIE TMCTONOTHYECKHE OOBEKTHI OMpPEAEISIIOTCS B COOTBET-
CTBHH C 3aJjadyaMH, KOTOPBIE MPEICTOUT PElINTh. ABTOMATH3ALMS aHAIN3a TUCTOJIOTHUECKUX Tperna-
pPaToB MOXKET OBITH BBINIOJIHEHA HA OCHOBE TOMOJIOTMYECKUX 0COOCHHOCTEH M300paskeHHsI, a PEe3yib-
TaT 3aBHCUT OT ONTUYECKOT0 yBeJIHMUeHH n300pakeHns. Ha pasHbIX ypOBHIX yBEeIHMUYEHHS CYLIECTBY-
€T OmpenesieHHasl rpyMna TOMOJIOIHYECKHX OCOOCHHOCTEH TKaHW M €€ KOMIIOHEHTOB, MO3TOMY Ha
Pa3sHBIX YPOBHSX yBEIHMUYCHHS MpoLeaypa 00pabOTKH MOXKET COCTOSITh U3 Pa3HBIX (QYHKIHH C pa3HbI-
MU MapaMeTpaMH.

Ha puc. 1 npeacraBneHa o0mias cxema HepapXuiecKkoro aHajin3a 00beKTOB I THCTOJIOTHYE-
CKUX M300pakeHnil. @parMeHThl TKaHEH COCTOAT M3 TPYII KJIETOK W BOJOKOH. DTH OOBEKTHI Mpen-
CTaBJICHBI Pa3HBIMHU TEKCTypaMmu. J{Jisl MX BBIIENCHHS YacTO MCHOJB3YIOT AITOPUTMBI HapalldBaHHS
obnacrei.

DparMeHTbl TKaHeWN
yeTKon CMNOXHOW C OTAENbHbIMU C oTAenbHbIMU BbITSIHYTblE BbITSIHYTblE
TEKCTYpbl | TEKCTYpbl | OPUEHTUPOBAHHbLIMK | NPOU3BONbHLIMU 06beKTbI 06beKTbI
obbekTamm obbekTamm ofHoro pasHbIxX
HanpasneHusi | HanpaBneHuw
Bl VT
Cocyn Knerku
BOJIOKHa
v TMonepeuHoe Anpo
ITpononsHOE ceyeHue
ceyeHue
A 4
Bxkirouenust
U SIAPBIIIKA
¥
L 4 Menkue

IIpomsowcennvie
obBexmul

ITnowaonvie
ob6vexmol

A 4

KOHmMpacmHbwle
0b6vexmul

C okpameHHBIM
BKJIIOUYCHUEM

C HeoKpalleHHBIM
BKJIIOYCHUEM

be3 BkIItoueHU

Puc. 1. Uepapxuueckasi CTpyKTypa THCTOIOTHYECKOM TKaHU

Onenka ocobeHHOCTEeW M300paKeHUsI TO3BOJIIET ONpEAeNUTh (QYHKIUU HEOOXOAWMBIC AJIS
ero oOpaboTku. B pe3ynbrare cTpouTcs Tabinua CBsi3e QyHKIHMHA U OLICHOK XapaKTEPUCTUK U300pa-
xKeHus (CM. puc. 2).
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bubnuoreka Bbubmuorexa
Bbubnuorexa paboTs! ¢
npenodpaboTku JIOTIOJTHUTENIBHOTO
u300paxcHHeM H300paKeHUS unTepdeiica
OPENCV-CORE OPENCV-PROC OPENCV-HIGUI
A A A
\v — bubanorexa
BBIYMCIICHHUS
Obecneuenue B3aumoneiicteus ¢ Lua XapaKTepUCTHK
LuaCv AMEASURE
A v A
Wnrepnperarrop Lua + rpadudeckuii nurepdeiic + <
rI00anbHbIe JaHHbIE (BKIIOYAs H300paKeHHe)

Dynxumo- CKpHIITH
HaJlbHBIC KOHTPOJIS i
OyHKumH CKPHIITBI 06pa§OTKI/I Fii?:;;zgu
a3pabOTINKOB
pasp | unrepnpe- n3obpaxe-
( m300paskeHue,
Taropa HUS U
aHAIIN3 JAHHBIX) - —
JlononuuTens- I \
HOE
CONPOBOXKACHHE ? F 5
o JI0K
unTepdaiica
po IMons30Barenu 00CITyKUBAHUS
Pazpaborunku coOBITHIT
(MBIIB,
KJIaBHATypa)

Puc. 2. O6mas cxema uepapXuueckoro aHajan3a F’UCTOJIOTHYECKUX N300paskeHUH

Ha xaxxgom mare mis GyHKUME onpeneneHbl MPHOPUTETH UX BhIMONHEHUs. Hanpumep, mist
yAy4IeHus H300paeHns — yAaJleHHe UMITYJIbCHBIX IIIyMOB, CIEAYIOLUINNA YPOBEHb MpHOpUTETa OyayT
uMeTh (YHKIUHU YIY4IIeHUS KOHTPAcTa U KOPPEKUMH rpaHulbl oobekTa. [Ipuopurers onpenensior
MOPSIIOK BBITIOJTHEHUS (PYHKIMHA W HEOOXOAMMOCTh JOTOJIHUTEIBHOTO aHalli3a 0COOCHHOCTEH H300-
paKEHHS.

AjanTanusi IpOrpaMMHOro ofecneyeHusi Moj NpaKkTU4YecKue 3a1a4m

s pa3paboTKH CTPYKTYPHOH CXEMBI IPOrpaMMHOT0 HHTep(eiica 1 apXUTeKTyphl OblIa BbI-
MOJHEHA OleHKa (YHKIHMOHAIBHOCTH M COBMECTUMOCTH MUMEIOIINXCS B PACHOPSDKEHUH MHCTPYMEH-
TOB pa3pabOTKH MPOrPaMMHOI0 00ecIIeueHHsI.

Oynkrn 00pabOTKH M300pakeHHs OTHOCATCSI K OCHOBHBIM pa3zeiiaM KOMITBIOTEPHOTO 3pe-
HUS. DTO COOTBETCTBYET MX NPUMEHEHUIO JUIA M3MEHeHus1 n3oopaxenus. Kaxxnas QyHKuus meHser
CBOHCTBa M300paXeHUsI U MPUMEHSETCS A1l KOHKPETHBIX clydaeB o0paboTku. CBoiicTBa 1 0cOOeH-
HOCTH ()YHKLIUH JOJDKHBI OMMCHIBATHCS B II100aJbHOM TaOyinile HHTEPIPETaTOpa U COMPOBOXKAATHCS
JONOJHUTENFHON HH(pOpMannei.

Ha 0aze marepuanos, pa3MelieHHbIX Ha caiite ['uitoma Mapco [1], koTopslif ucciaenosan 72
napameTpa Jiisl OLEHKH pealTi3aluii S3bIKOB IPOrpaMMHUPOBAHKSI M CPAaBHUI X Ha OcHOBe 19 creru-
AIBHBIX TECTOB, B KAUeCTBE sApa BEIOpaH MHTepnperaTop Lua [6].

Hama cucrema ocHoBaHa Ha WHTepHpeTarope si3bika Lua. OH HCIONB3yeTcsl B Ka4eCTBE OC-
HOBHOT'O MOZYNA M 00ecreyrBaeT B3aMMOICHCTBUE CIOKHBIX KOMIOHEHTOB. B siipo mHTepnpeTaTtop
JONOJHUTENFHO BKIIIOYEHBI: rpadudeckuil uHTepdeiic, rmodanbHble IepeMeHHbIE U CTPYKTYPBI H300-
pakeHus. ApxuTekTypa rpaduyeckoro wunTrepdeiica Oazupyercss Ha oObeAWHEHMH OHOIMOTEK
Highgui [7] u3 makera OpenCV [7] u Qt. ®yHKIMK 00pabOTKH M aHAIK3a W300PAKECHHUN TTOIECPIKH-
BatoTcs Omaronaps cBsizu oubmuorexkn OpenCV c Lua, koTopbie peanu3yroTcs B OTACIBHON OuOIMo-
TEKe.
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I'moGanbHbIi aHAIN3 U300paKEHUS

A 4 Y Y A 4 A 4

Amnanus Amnanus CTraTHCTHYECKHUI Amnanus I'mo6anbHbIi aHaIn3
SIPKOCTH KOHTpacTa aHaIu3 TEKCTYPBI XapaKTEePUCTHK
M I[BETa 00BEKTOB
Ha ocnoBe Ha ocHoBe oco- Ha ocnoBe
BBIJICJICHUS OeHHOCTEH CpaBHEHUSI C
KpaeB 00- MTUKCEJIs 1abJI0HOM
J1acTu
I'nobanbHo-
TIOKAJILHBIE METO- CratucTuueckue Heliponneie
11 METOBI cetn
v \ 4 A 4 \ 4
Knacrepusauus Heugerkas xnacre- Mopdonorugeckue I'mcrorpammHbIEe Me-
puzanus METOBI TOJBI

Puc. 3. Cxema HHTEIUIEKTYaIbHOTO IPOIPAMMHOI0 00ECIIEYEHNUS C BO3MOXKHOCTSIMUA CaMOMOTU(DHUKAITIH

CTpyKTypbl H300pa’keHHsl OIMpENeIAIoTCs B MOAyle Tpaduyeckoro nHTepdeiica Ha OCHOBE
oubmuorexu OpenCV, KOTOpas OTBEYaeT 3a BU3yaJHM3alUIO M MpeICTaBIeHUs N300pakeHui. 3aro-
JIOBKH CTPYKTYPBI H300paKeHHs OTIPENIENIAIOTCS B KauecTBE TNI00AbHBIX yKa3aTelel HHTepIpeTaTopa
Lua u uMmeroT cnenuanbHBI THIT — A7 MOJIB30BaTeNbCKUX NaHHBIX. JToT Tul (Userdata) cooTBer-
CTBYET yKa3aTeNlsM aJlpeCHOrO MPOCTPaHCTBA KOMIBIOTEpA. DTOT MOIYJb TaKKe BKIIOYACT B ceOs
(YHKUMHM YTEHHS/3alUCH H300paskeHHs, MpocThie QYHKIUM 00PaOOTKH M300paKEHUH WU BBIIEICHUS
WHTEPAaKTUBHOTO KOHTYpa. Bce mHTepakTHBHBIE (YHKUIMH BO3BPAIIAlOT 3HAUCHHS B OTACIBHYIO Ta0-
JIUIY JaHHBIX WHTEPIPETATOPa, MEHs ero cocTosiHue. i 3aa4 MOHUTOPUHTA Pa3IM4HbIX 3a00J1e-
BaHMH BO3MOXHO CHHXPOHHOE HCIIOJIB30BaHME HECKOJBKMX MOAyled. B sToM cimyyae B3ammoneii-
CTBHE BBITIOJIHSCTCS C TOMOLIBIO TTI00AIBHBIX IEPEMEHHBIX HHTEpIIpeTaTopa Lua u cBOHCTB Moib30-
BaTENLCKUX JAHHBIX THIIA HHTEpIpETaTopa.

Bo Bpems 06paboTkn m300paxkeHus simpoM Lua BBITOMHSAIOTCS 6a30Bbie HA0OPHI MOCIEI0BA-
TenbHOCTel koManl. OgHaKo BO BpeMst 00pabOTKH KOMaHABI B CLIEHAPUH MOTYT OBITh H3MEHEHBI, YTO
BJIMSCT Ha pe3yibTaT aHaln3a u3o0paxeHus. Takum oOpa3oM, Bech Ipolecc 00pabOoTKH M aHaIn3a
n300paxeHnit (HOpMHPYETCS HECKOIbKUMH HA0OpaMH CKPUITOB, CBS3HBIMH Y3JIOBBIMH TOYKaMH,
00ecTeunBaOIINMH MTOTyYeHHE PE3YJIbTATOB, 3aBUCUMBIX OT YaCTHBIX YCIOBUi 3amaun. CBs3b MEXKIY
y3JlaMH B TOM € CLIEHapHH OCYILECTBISIETCS Yepe3 MPsMbIE BHI30BBI (PYHKIUHA 10 COOBITUSIM-CIIOTaM,
100 C TOMOLIBIO BUPTYAIBHOTO B3phIBa METOJA AJIS €ro mepBoro Bxona. JlobaBieHne HOBBIX CIOXK-
HBIX (QYHKOUH Ui 00pabOTKM M aHalu3a OCYILECTBISETCS udepe3 Tpynmy (QyHKIui pazpaboTdmka.
Hogeble ¢pyHkumm onpezensiercs yepe3 nepeMeHHble ro0anbHON TabInIsl HHTepIpeTaTopa Lua.

Bce Bompochl BHYTPEHHETO KOHTPOJSI MPOTPaMMHOTO OOecHeueHHs OCYHIECTBIAIOTCS II0-
CPEACTBOM TEKCTOBBIX ClieHapueB Lua, KoTopele 1enaTcs Ha IBE KaTerOpHu:

1) cueHapuu Ui aHaJKM3a MOCIEN0BaTEIFHOCTEH H300pakeHull;

2) cueHapuu AJsl o0ecrevYeH s ONepaTHBHON (PYHKIIMOHAIBLHOCTH W HACTPONKHU MPOrpaMMHO-
ro obecrnieueHus Ha paboueM MecTe OIb30BaTeeH.
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Bce cuenapuu-cKpunThl XpaHATCS B TEKCTOBOM (popMaTte U JIETKO JOCTYymHBI. OHAKO OHH HE
MOTYT OBITH M3MEHEHBI IOJNb30BaTeIsIMH, HO MOTYT OBITh M3MEHEHBI pazpaborunkamu. CieHapuu
yIIpaBiIeHHsI MPOTPAMMHBIM 00€CTIeYeHHEM HMEIOT BO3MOXHOCTD CO3AaHUSI HOBBIX JIOTIOJIHUTEIBHBIX
¢byHKUM 11 aHamu3a 1 00paboTKH U300paKeHUH.

Monynb reHepaliy CKpHITa OMpEleiseT HOBbIE BO3MOKHOCTH MPOrpaMMBI B BUAE HaOoOpa
npocThIX GYHKIUK W3 OMONMHOTEK, OoMMCaHHBIX Bbie. OH BKIIIOYAET B ce0sI HHTEIUIEKTYaIbHBIH KOM-
MOHEHT AJIS CBSI3H PE3YJIbTaTOB 00pabOTKH H300paskeHnH 1 XxapakTepucTuk. KoHedHo, Takoii BapuaHT
MOJKET OBITh PeaNr30BaH TOJIBKO I KOHKPETHBIX 3aa4u. B Hamewm cinydae 3agaun ObUIH OPHEHTHPO-
BaHBI HA THCTOJIOTMYECKUN aHaANN3 n300paxeHuid. Kaxxaplii nHTEpnpeTaTop onpeaesser pyHKIUH 110
orpenesieHHOH Tabnuue. B Hameil cxeme oHa JOMOTHUTENIEHO UCHOIB3YETCS ISl ONPEIEICHUSI CBA3H
XapaKTePUCTUK N300pakeHus ¢ (PYHKUUSIMH MPOrPaMMBbI, BKIIIOYCHHBIMU B YIIPABISIOMNN CKpUIT. B
pesyibTaTe MporpaMMHOE OOeclieueHHe MPHOOpeTacT MHTEIUIEKTYyalbHble BO3MOXKHOCTH CaMOMpO-
IrpaMMHPOBaHHS.

Monynb reHepanuy CKpUITa COCTOMT U3 JABYX 4YacTeil: OLEHKH-aHaln3a M300paXkeHUd u
HETIOCPEACTBEHHO TeHepanuu. OnpeaeneHne CTPYKTYPhl CKPUIITa HAYMHACTCS C TI00aIbHOTO aHaIu-
3a M300pakeHMi, KOTOPBIN BKIIOYAET ONpeaesieHHe PsAAa XapaKTEPUCTHK: ONMMCAHUE THCTOTPAaMMBI U
OCHOBHBIE XapaKTEPHCTUKH CTAaTHCTHUECKOTO aHajiM3a paclpelelieHus MUKcenel, (pakTaibHyIo
OLICHKY W OIMCaHue TEeKCTyphl. Ha ocHOBe Takux oueHOK (hopMHUpYIOTCS HEOOXOAMMBIE MOCIEA0BaA-
TeNbHOCTH YHKUMH At 00paboTKH n300paxennil. Hampumep, 1mo oneHkam, MoJy4eHHBIM BO BpeMs
aHaJM3a [IymMa M Pa3MBITUSI HA HU300paKeHUH, ONPENENAIOTCS He00X0auMble HaOOpB! PUIBTPOB BIIU-
SIOLINX Ha olmiee KauecTBO n3o0pakeHus. [locne comocTaBieHs OLIEHOK C PaCHIMPEHHON I100aib-
HOU Tabnuuel nHTepnperaropa GopMHUpyeTCs CleHapUi peIBapuTeIbHOW 00pabOTKH N300paKeHNUS
JUTSl TIOBBILICHUS KauecTBa H300pakeHHSL.

JlokanbHbIH aHAIN3 N300PaKEHUS BHITTOJIHSIETCS C TIOMOILBIO CBEPTKU C Pa3HBIMHU (QHIBTPaAMH
W CTAaTHCTHYECKOTO aHaJIN3a JUHEHHbIX npodunel gparmMeHToB n300paxkenus. Takoil aHaIM3 MO3BO-
JISIeT OLCHUTh XapaKTepHbIe TPaHUIBI KJIETOK M KOHTPACTHOCTH. Takas OlleHKa onpeaesseT GpyHKIuu
IUIs KOHTPAaCTHUPOBaHUs N300paKeHUH M moadepkuBanue rpanul. [locie Toro kak M3MEHHUTCS U300-
pakeHHe, pe3ylbTaT CHOBa olleHuBaeTcs. Ecnu nzobpaxeHrne uMeeT HU3KOe KaueCcTBO MOcye aHaIn3a
n300paXeHWH U ONpeAeieHus] KoppeKTupytomel QyHKuuu, 3Ty npouenypy cieayeT MOBTOpUTh. B
pesyiabTate GOopMHUpYETCS YCTOWUMBBIA CKPUNT, KOTOPBI MOKET OBITh M3MEHEH MOJIb30BaTeNIeM WIN
pa3paboTUYNKOM B CiIydae HEOOXOAUMOCTH. DTOT CLICHAPUH SBIISETCA BCETO JIMILD IPEATIOKESHUEM IS
yAy4IIeHUs H300pakeHus! U ONpeieieH sl TI0JIb30BaTeILCKIX IEMEHTOB yIpaBJieHHs B UHTepdeiice
nporpaMMbl. MexaHu3M aHau3a N300paKeHUs! U QYHKLHS ONpeeeHUs 3TaloB paboT Mo cerMeHTa-
IIUY U300PAXKEHUI U TIOCT-00pa0O0TKH TE Ke.

B pesynbraTe, mporpaMMa reHepupyeT Habopbl CKPHUIITOB, KOTOPBIE COOTBETCTBYIOT (PYHKIIMH
IUISl BBIJEJICHUS HYKHBIX 00BeKTOB. OH MOXKET OBbITh MCHOJIB30BaH ISl ONMpPEAETICHUS! THCTOJIOTHYe-
CKMX OOBEKTOB Ha HM300pakeHHu. B Hameil mporpamme ObUIM pa3paboTaHBl CLEHAPUH BBIICICHUS
saep ¥ MeMOpaH Ha THCTOJIOTMYECKUX H300paKEeHHSIX. 3aTeM PacCUNTHIBAIOTCS XapaKTePUCTUKH 00b-
eKTOB. DTO HEOOXOAUMO ISl BBIABJICHUS THIIA OOBEKTOB, KOTOPBIE MPEACTABICHBI HA N300paKeHHH.
[lepBoHayanbHO OOBEKTHI AENATCS HA MATH OCHOBHBIX THUIOB CTPYKTYD: IJIOMIAAHBIC, (YPOHT, UTJIbI,
JOeHIPUTHI U ceTd. Takas npoueaypa oOHapy)eHHs 00BEeKTOB HauMHAET BBIMIOJHEHUS KacKajaa orepa-
LU 0 BeIAENeHUI0 00beKTOB. HampasiieHne u opraHu3aiys Takoro Kackajaa 3aBUCST OT THIIA pella-
eMbIX 3an1ad. Vcmonb3oBaHue TIOOANBHBIX (PPaKTaJbHBIX U TEKCTYPHBIX XapaKTEPUCTHK SIBIISETCS
MEPBHIM LIaroM OOHAPYKEHUSI TEOMETPUIECKOTO THIa 1 (POpMBI onucaHus 00beKTa. 3aTeM B KacKaje
UCTIONIB3YIOTCSI Pa3HbIe XapaKTEPUCTUKU U UX KOMOMHALIHH.

Juis onpenenenus GpyHKIuii 00pabOTKN M300paKeHUH B CLIEHAPUHU UCITIOJIB30BAIUCH HEUPOH-
Hble cetn KoxoneHa. O1ieHKH ITTo0abHBIX YCIOBHI M300paKeHHUs HCIIONB3YIOTCSl B KAYECTBE BECOB B
HEHpOHHOH ceTH. PerynnpoBka BXOJHBIX BECOB M BEKTOP KBAHTOBAHHS CHI'Hajla CETH TECHO CBSI3aHBI
C aJITOPUTMOM KJIACTEPHOIO aHaju3a (HampuMep, METOJIOM AWHaAMHYecKuX saep win K-cpeannx).

Mogaynb TeHepaluu CKPHIITOB HCHONb3yeT Lua-meraraOmuupl QyHKOMA A1 00paboTKu
n300paXeHNH TOTIOTHEHHOM OIIeHKaMu M300pakeHus. Takas Tabnuma onpeneneHus GyHKINN peanu-
3yI0TCs B HeipoHHbIe ceTi KoxoHeHa kak Habopsl BecoB. B pesynbrate paboThl Moaysst GopMUpPYIOT-
sl CLICHApHH UIS Pa3lInUHBIX 3a7ad 00padOTKH n300pakeHUH B BHJIE TEKCTOBBIX daiinos. [lonbp3oBa-
TEJIM MOTYT IPOBOJUTH aHAJIHM3 STHX CLIEHAPUEB U U3MEHUTH B HUX.
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3akIoueHne

Hcnonp3oBanne NPUHIMIIOB OTKPHITON apXUTEKTYypbl U HCKYCCTBEHHOT'O MHTEJUIEKTA M03BO-
nsieT o0NerYuTh pa3paboTKy mporpaMMHOro obecriedeHus. [lakeTsl, pa3paboTaHHbIE TaKUM 00pa3oM,
MPOXOJIAT JIBE CTaJUH Pa3pabOTKU: KOMIMIMpYeMas CTalus U CTaJusl HHTepnpeTaropa. B pesynbrare
LUK J)KU3HU U pOCTa MPOTrpaMMHOr0 o0ecTiedeHus 3HaUuTeNbHO MPOAJIeBACTCS M 3HAYUTEIBHO YITy4-
maeTcd JUHAMHYHOCTh NporpaMMsbl. Mcrnonb3ys KOMIIOHEHTHI MHTEpPIIpETaTopa, NporpaMMmy MOKHO
JIETKO MOAM(HUIIUPOBATH U aJanTHPOBATh K PELICHUIO HOBBIX KJaccoB 3aaad. Mcnonap3oBaHue MHTEN-
JIEKTYaJIFHOT'O areHTa CHa0)KEHHOTO COOTBETCTBYIOIIMM MEXaHU3MOM CBSi3el JECKPUNTOPOB U (YHK-
U B 3TOH cxeme MO3BOJIAET MPOrPaMMHOMY OOECIICUEHHIO MOAW(PHUIMPOBATHCS CaMOCTOSTEIHHO
WIN C TIOMOIIBIO TOJIb30BaTeNsL. JTa METOJMKa Obllla yCHEemHO onpo0oBaHa Ui aHalIM3a TUCTOJIOTH-
YECKHUX N300paKeHHH.

SELF-ADAPTABILITY SOFTWARE FOR IMAGE ANALYSIS
AM.NEDZVED, V.V. STAROVOYTOV

Abstract

The method for development of intelligent software for image analysis is described. It is based
on control shell of scripts generating that are controlled by an intelligent agent in software. The meth-
od is based on a combination of features of dynamic libraries and interpreter with a lot of functions for
image processing.
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