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BBeaenne

CoBpeMeHHbIC TPeOOBaHUS K IPOTPAMMHOMY OOCSCIICUCHHIO aHAIHM3a U300paKCHUN TPEOYIOT
JMHAMUYECKOW OpraHu3aly QYHKIHA, TOJIb30BaTENbCKOT0 UHTEpdelica, ynpaBieH!s] JaHHBIMH IS
MeTo/I0B 00paboTku u T.1. VcxomaHas mporpamma oOpabaTeiBaeTCsi KOMITMISTOPOM WM WHTEpIIpeTa-
topoM. MiHOT1a TiporpamMMa peanu3yercsi KOMOMHUPOBAaHUEM 3TUX BAPHAHTOB. Takoe MporpaMMHOE
oOecriedeHue JODKHO MMETH SIIpo, BKIodaromiee cieayromue komnoHenTel: GUI (rpadudeckuii
MOJIb30BATENILCKUI MHTEp(Eiic), OCHOBHBIE (YHKIMH U KOMaH[bI, PA3IMYHbIC TUIIBI MPEIACTABICHUS
JaHHBIX. IHTepOpeTaTop UCIOIb3yeTCs Ul COXPaHEHUSI UCTOPUH Olepaluid, KOTOPbIE TPUMEHSIOTCS
JUIsi 00pa0OTKKM HOBBIX M300pakeHUU OJHOTO Kiacca. OH IMO3BOJISIET CO3/aBaTh JIOMOJHUTEIbHBIC
npoctble (yHKIMM Ha 0a3e BO3MOXKHOCTEH sapa, HE MeHss HporpammHoro obecneuenus [1]. Mel
IpeJiaraéM BOCIOIb30BaTHCSI BO3MOKHOCTSIMHA MHTEPIPETATOpPa B KAUECTBE SIpa I CO3AAHUS IIPO-
rpaMMHOTO obecrnieueHus. B aTom cirydae uHTEpIipeTaTop paboTaeT Kak MEHeKep ASHCTBHI U COObI-
tuii. OH nojnepxkuBaet BoinoiaHenue ¢GyHkuuit u GUI coOpitus. Kpome TOro, MO>KHO U3MEHUTH JH-
3aifH IporpaMMHOTro obecnieueHus 1 6e3 3tana komowisinuu. C Apyroi CTOPOHBI, CIOKHBIE (PYHKINU
W pacyeThl BBITIONHSIOTCS BO BHEIIHMX CTATHYECKU CKOMIIMJIMPOBAHHBIX MOAYNAX. JTO COXpaHseT
CKOPOCTh BBIYMCIICHHH HA TOM YK€ YPOBHE, YTO B CKOMITMJINPOBAHHOM MPOTPAMMHOM OOECIIeYeHUH.
CeroaHs mogoOHasi OpraHu3anys apXUTeKTYpbl IPOrPaMMHOI0 0OecieyeHnsl UCIOb3yeTCsl A pas-
pabOTKH CETEBBIX CHCTEM, a TAK)KE B UTPax M HA3bIBAETCS «OTKPHITOH apXUTEKTYpPOH NMPOrpaMMHOTO
obecnieueHusi» [2].

Pa3pabotka 1100010 NpUIOKEHUSI HAUMHAETCS ¢ U3YUEHHsI OOBEKTOB C TOUYKH 3PEHUS HX IPO-
UCXOXKACHUS, CTPYKTYpPbI, PYHKIMIA 1 HalpaBJIeHUH periaeMon 3aauun (Hanpumep, MEIUIMHCKUX 3a-
nad [3]). [Ipaktudeckne pemenus: ¢ KOHKPETHBIM HaIlpaBJIEeHUEM MPUIIOKEHNS UMEIOT KIIF0YeBOE 3HA-
YyeHre B (OpPMUPOBAHUY MPOTPAMMBI U BKITFOUYAIOT:

1) ompenenenue Tuia 0OBEKTOB U UX OCHOBHBIX KJIACCOB;

2) aHanu3 B3aMOJEHCTBUI 00BEKTOB, HEOOXOIUMBIX B POPMUPOBAHUN IIPOOIIEMBI;

3) oOHapy>KeHHE CIICH JUTsl CO3/TaHUs 00IIel KapTUHBI 3a/1a4H;

4) npaKkTHYECKUIl KOHTEKCT CLIECHBI B ONPEIEIIEHHOM HAlPABICHUH PELICHHUS 3a/1a4H.

JeiicTBusl, BBIONHAEMBIE B IIPOLIECCE aHATN3A N300PaKECHUS, PETYISIPHBI U 3aBUCST OT OLICH-
KH TUTIOB N300pakeHHi U 00beKTOB Ha HeM. COOTBETCTBHE OCOOCHHOCTEH M300pakeHNi H QyHKIHI
OCYIIECTBIISIETCSl Ollaroiaps Te3aypycy Kak CIUCKY COOTBETCTBHIM IPOIECCOB 0OpPaOOTKU W IMPaBUII
aHaM3a n300paKeHNH.
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B nanHO# paboTe mpemiaraeTcss METOMKA CO3/IaHUSI IPOTPAMMHOI0 00ECIICYCHUS Ha OCHOBE
(hopmupoBanusl TabIHUI] Te3aypyca B SApe WHTepIperaropa. MeToanka OCHOBaHA Ha KOMOWHAITUHN
BO3MOXKHOCTEH TWHAMHIYECKUX OMOIMOTEK M MHTEPIPETATOPA C MHOXKECTBOM (DYHKIHH TSI 00paboT-
K1 u300pakeHuil. B pe3ynbrate mporpaMmma MOXKET OBITh pa3jielicHa Ha JIBE YaCTH: TIepBas OPUCHTH-
poBaHa Ha MPOGECCHOHANBHBIX Pa3pabOTINKOB MPOrpaMMHOIO oOecriedeHus, BTopas — Ha paboTy
noJb3oBaresiell. MHTepnpeTatop MOXeET HUCMOJb30BaTh (YHKIWU JUHAMHYCCKAX OUOIMOTEK, 4TO
MO3BOJIICT U3MEHATH CBOKMCTBA IIPOrpaMMHOT0 obecrieueHus 6e3 craguu kommuisiiuu. C 1pyroi cTo-
POHBI, ITOJIB30BATEIM MOTYT U3MEHSATh rpaduueckuil MHTEpQeEiic mporpammer [3].

Hepapxust 1eCKpUNITOPOB AJIsl aHAJIU3a N300paKeHUit

HaGop meckpunTopoB [uisi aHaIM3a M300paKEHHH OIPEEIIeTCs] COBPEMEHHBIM COCTOSIHUEM
TEOPUH aHaIM3a U300paKEHUH, ONIBITOM PEIICHHS MPUKIAIHBIX 33/1a4, (QyHKIMOHAIBHBIMU TpeOOBa-
HHUSMH M CIICHU(UKON JEKCHYECKOTro HAIOIHEHHMS s3bIKa MpeaMeTHoN obnacti. OHa BKIIFOYAET Clie-
nyrorrue 6a30BbIe IEMEHTHI: TeMaTHUeCKre pa3nensl (I0Js1) AeCKPUITOPOB, (yHKIIMOHAIBHEIE pa3-
psiIbl (KaTeropuu) AECKPUITOPOB, HAOOP CBsA3EH MEKAY NECKPHIITOPAMH, CXEMY CIOBApHOW CTaThH.
Hcxons u3 cnenuduku npeaMeTHol oomactu «O0paboTka, aHaIM3 U TIOHUMaHUE M300paKEHHI», B
HabOp JACCKPHUITOPOB /IS aHAIN3a H300payKeHUI BKITIOYEHO IIECTh KaTEropHii TepMUHOB. VX MOXHO
N00aBJIATh U MOTU(DUIIMPOBATS.

1. Kateropusi «O0BEKTBI», B KOTOPYIO BXOJSAT: HAMMEHOBAHUs BUIIOB M300paxxeHuii («binary
image», «raster image» u T.I1.); HAKMCHOBaHHS JICMEHTOB U300pakeHuit («edge», «pixeh» u T.1m.).

2. Kareropus «3amaumn», B KOTOPYIO BXOJSAT: HANMEHOBAHHUSA 3a7ad 00pabOTKH n300paskeHui
(«image enhancementy», «image restoration» u T.I.); HAMMEHOBAHUs 3aJa4 aHaIU3a M300paKECHHUI
(«binarisationy, «segmentation» u T.I1); HAUMEHOBaHHS 3a7a4 aHAIU3a W300PAKEHHUM, B TOM YHCIIE
HAMMCHOBAHUSI 3a/1a4 pacrio3HaBaHus u3o0paxenuii («cluster analysis», «error estimation» u t.11.).

3. Kateropust «I[logxoner», B KOTOPYIO BXOZST: HAUMEHOBAHHS TTOAX0J0B K 00paboTKe n300-
paxenuit («wavelet-based image processing» u T.11.); HAMMEHOBAHUS MOIXO/I0B K aHAINU3y N300paxke-
umii («model-based image analysis» u T.1.); HaUMEHOBaHMS TOAXOJOB K AHAIN3Y H300pakeHi
(«statistical pattern recognitiony» / craTucTudeckoe pacro3HaBaHue 00pa3oB U T.II.).

4. Kareropust «MeTozibl», B KOTOPYIO BXOJIST: HAUMEHOBAHHUS METOJIOB (JITOPUTMOB) 00pa-
6otku u3obpaxkenuii («fractal image compression», «equal interval quantization» u T.11.); HauMeHOBa-
HHSI METOJIOB aHan3a u300paxenuii («structural texture descriptiony u T.11.); HAUMEHOBAHUsI METO/I0B
aHanm3a n3obpaxenuii («<image algebra-based technique» u 1.1m.).

5. Kateropust «MIHCTpyMEHTB», B KOTOPYIO BXOJSAT: HAMMEHOBAHUS HHCTPYMEHTOB (OIeparo-
poB, mpeobOpa3zoBanuii, GuibTpoB) ob6paboTku u3obpaxenuii («median filter», «discrete Fourier
transformy» u T.11.); HAMMEHOBaHMsI MHCTPYMEHTOB aHaiu3a u3o0paxenuii («Prewitt edge detectory,
«Sobel edge detector» u T.11.); HAUMEHOBaHNS WHCTPYMEHTOB aHajM3a M300paKEHUH, B TOM UHCIIE
HAMMCHOBAHUsI WHCTPYMEHTOB pacIo3HaBaHHs H300pakeHuil (Hampumep, «maximum likelihood
decision rulex, «cluster assignment function» u r.1.).

6. Kateropus «XapakTepuCTUKW», B KOTOPYIO BXOJST: HAMMCHOBAHHS XapaKTEPUCTUK HWH-
crpymentoB («thresholdy, «convolution kernel» u T.11.); HauMeHOBaHUs XapaKTEPUCTHK (IIEMEHTOB
omnucanus) nuzobpaxxeruit («brightness», «color model», «contrast difference» u 1.11.).

st mporieccoB 00paboOTKH U300pakeHU HEOOX0 MO C(OPMHUPOBATH CBSI3U JECKPHUIITOPOB,
XapaKTepHbIE JUIsl pacCMaTpUBaeMOi MpeaMETHOM o0IacTu:

— «3amava — Meto» (Hanpumep, «image segmentation — edge-based image segmentationy);

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

— «00BeKT (Bua m3o00paxenus) — meroq» (Hanpumep, «binary image — binary noise reduc-
tiony);

— GHHCTPYMEHT — pe3yibTar» (Harmpumep, «edge detection operator — edge image»);

— «MHCTPYMEHT — XapaKTepHCTHKAa MHCTPYMEHTa» (Hampumep, «image opening operation —
structuring elementy).
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IIpumep ananu3a n3odpaskeHHil THCTOJOTHYECKHUX NPENapaToB

O0paboTKy METUIIMTHCKUX N300paskeHN MOXKHO Pa3/IeIuTh Ha HECKOJIHKO STAIOB.

1. BBoa u ynydmeHue n300pakeHui.

2. CermeHTanys Ha UHGOPMAaTUBHBIE 00JIACTH.

3. Beinenenune 00bEeKTOB HHTEpECA.

4. VIamepenne 00bEKTOB, BEIYUCICHUE HX XapaKTEPUCTHK.

5. AHanu3 0OBEKTOB.

Kaxkp1ii 5Tam cocTOUT U3 BBHINIOJIHEHUS Pa3HBIX MocieqoBaTebHOCTe QyHKIuiA. VX mpume-
HEHHUE 3aBHCUT OT CBOWCTB M300paXCHHS W €T0 OIIEHOK: HAIpHUMep, OIEHOK KOHTpAcTa, IIyMa HIIN
pasMbITaL. MOXHO TOCTPOUTH TaONHUITy (DYHKITHI 00paOOTKH U OIIEHOK CBOIMCTB N300paKeHUH.

s rucTonornyeckoro n3o0pa)keHus: BBIOOP METOJ0B CETMEHTAIMK 3aBUCHUT OT Psifia YCIIO-
BHH, a cerMeHTanus (OIpeaeieHne OHOPOIHBIX 00JIaCTel) pacCMaTPUBAETCs KaK BaKHBINA IIIar IS
(hopMarbHOTO OMUCAHWA CIEHBI. VICKOMBIE THUCTONOTHYECKHE OOBEKTHI OMPEAETSIOTCS B COOTBET-
CTBHH C 33JjadyaMH, KOTOPBIC MPEACTOUT PEIIUTh. ABTOMATH3aIMsl aHATN3a TUCTOJOTHUECKHUX IMperna-
paToB MOXKET OBITH BBHIIIOJHEHA Ha OCHOBE TOMOJOTUYECKUX 0COOEHHOCTEH M300pakeHUs, a pe3yib-
TaT 3aBUCHUT OT ONTHYECKOTO YBEIHMUeHUs n300pakeHusi. Ha pa3HbIX YpOBHSAX YBETHUYEHUS CYIIECTBY-
€T ompe/eeHHas TPyIMia TOMOJOTHYECKHX OCOOCHHOCTEH TKaHU M €€ KOMIIOHEHTOB, MO3TOMY Ha
Pa3HbIX YPOBHSIX YBEIHMUEHHS MPOLeaypa 00pabOTKH MOXKET COCTOSITh M3 Pa3HBIX (PYHKIUI C pa3HbI-
MU TIapaMeTpaMHu.

Ha puc. 1 npencraBneHa o0mias cxeMa HepapxXuyecKoro aHanm3a 0O0ObEKTOB IS THCTOIOTHYE-
CKUX M300pakeHnil. @parMeHThl TKaHEH COCTOST U3 TPYII KJIETOK M BOJOKOH. DTH OOBEKTHI Mpe/l-
CTaBJIEHBI Pa3HBIMH TEKCTypaMu. JIJI WX BBIJIENECHUS YacTO MCHOJB3YIOT alTOPUTMBI HapallMBaHUS
obracreit.

DparmMeHTbl TKaHeW
yeTKomn CINOXHOW C oTAenbHbIMU C OTAENbHbIMU BbITSHYTblE BbITSHYTblEe
TEKCTYpbl | TEKCTYpbl | OPUEHTMPOBAHHBLIMW | NPOU3BONBHBIMU 06bEKTbI 06bEKTbI
obbekTamm obbekTamm ofHoro pasHbIX
HanpaenexHusi | HanpaBneHun
Cocynbl uitn Krericu
BOJIOKHA
v IlonepeuyHnoe Anpo
ITpononsHoOE ccueHHue
ce4yeHue
A 4
BxkiroueHus
U SIAPBIIIKHA
v
v Menkue
Hpomﬂofcei—mbze Hﬂou’;aaHble KOHmMpacnHbvle
obvexmol obvexmul 06BeKmbl

A 4

C okpallleHHbIM
BKJTIIOYCHUEM

C HeoKpalIeHHBIM
BKJIIOUYEHHUEM

be3 BkIIroueHU M

Puc. 1. Uepapxuueckasi CTpPyKTypa TMCTOJIOTHIECKON TKaHH

OrneHka ocobeHHOCTEeH M300pa)KeHUsI TIO3BOJISIET ONpEACTUTh (QYHKIMU HEOOXOJUMBIC IS
ero o0paboTku. B pesynbrare cTpouTcs TabIMIA CBsI3el QYHKIMIA U OIIEHOK XapaKTePHCTHK U300pa-
XeHust (cM. puc. 2).
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bubnuoreka paboTs ¢
n300pakeHHeM

OPENCV-CORE

Bubnuorexa
npenodpaboTku
HM300paKeHUS.
OPENCV-PROC

bubnuoreka
JIOTIOJIHUTETBHOTO

uHTepdeiica
OPENCV-HIGUI

Bubnunorexa

BBIYHCICHHS

Ooecnieuenne B3auMozeicTBus ¢ Lua XapaKTepHCTHK
LuaCv AMEASURE

A A
y

HWnreprnperarrop Lua + rpaduaeckuit uarepdeiic +
m100asbHbIe JaHHbIC (BKIIIOUast H300paXkeHHE)

| ; | | v/

DyHK1H0- Ckpunrbt
HaJIbHBIC KOHTPOJIS i
DyHKIHH p— 06paé)on<n I pa(buq;crfnn
unrepdeiic
a3pabOTYHKOB
pasp HHTEpIpe- u300paxe-
( m300paxenwue,
Taropa HUS U
QHAIIN3 JAQHHbIX) N X
nu3aiiHa
JlononHUTE b |
HOe
COIPOBOXKACHUE
unrepdaiica Brox
ITonp3oBaTenu 06CTyKUBAHHS
Pa3paborunxu coObITHIt

(MBILIb,
KJIaBHaTypa)

Puc. 2. O6mast cxema HepapXuuecKoro aHaIM3a THCTOJIOTMYECKUX N300paskeHNH

Ha xaxxaom miare myis GyHKIUE OTpeaeieHbl IPUOPUTETH X BBIOIHEHMs. Hampumep, ans
yIy4IIeHust N300paKeHns — yaaleHHEe UMITYJIbCHBIX IIIyMOB, CIEAYIONINN YPOBEHb MPpUOpUTETa Oy IyT
uMeTh (DYHKLIMHU YITy4YILIEHUS KOHTPAacTa U KOPPEKLUUH rpaHunbl oobekTa. I[Ipropurersl onpenensor
MOPSIOK BBITOJTHEHUS PYHKIMHA U HEOOXOAMMOCTh JOMOJIHUTEIBHOTO aHAu3a OCOOCHHOCTEH M300-
paxxeHusl.

AanTamnusi IporpaMMHOro ofecrnedeHusi Mo/ MPaKTHYECKHe 3aa49u

s pa3paboTKH CTPYKTYPHOM CXEMBI IPOrpaMMHOT0 HHTepdeiica 1 apXUTEKTyphl Oblila BbI-
MOJTHEHA OlleHKa (YHKIMOHAILHOCTH M COBMECTHMOCTH MUMEIOIUXCS B PACHOPSKEHHH WHCTPYMEH-
TOB Pa3pabOTKH NPOrpaMMHOI0 00eCeUeHHS.

OyHKIMKM 00padOTKH M300paskeHHsI OTHOCATCSI K OCHOBHBIM pasjiellaM KOMIIBIOTEPHOTO 3pe-
HUS. DTO COOTBETCTBYET MX NMPUMEHEHUIO JUIsi M3MEHeHUs1 n3o0paxenus. Kaxxnas GyHKuus MeHser
CBOWCTBa M300payKEHHs U MPUMEHSETCs JJIsl KOHKPETHBIX ciy4aeB o0paboTku. CBoiicTBa 1 0COOCH-
HOCTH (DYHKUUH JOJDKHBI OMMCHIBATHCS B ITI100aJbHOM TabJIMIle MHTEPIIPETATOPa U CONPOBOKAATHCS
JIOTIOJTHUTENIBHOM HH(OpMAITUEH.

Ha 0a3e marepuasos, pa3MelieHHbIX Ha caiite ['mitoma Mapco [1], koTopblii ucciaemoBan 72
napameTpa sl OLEHKH peaqu3alyii S3bIKOB MPOrPaMMHUPOBAHMS M CPaBHMI MX Ha ocHOBe 19 cnenu-
ANBHBIX TECTOB, B KAUYECTBE si/ipa BeIOpaH uHTEprpeTatop Lua [6].

Hama cucrema ocHoBana Ha mHTeprnperaTope s3bika Lua. OH ncmons3yeTcs B Ka4ecTBe OC-
HOBHOTO MOJYJISI U 00ecTieurBaeT B3aMMOJICHCTBYE CIIOKHBIX KOMIIOHEHTOB. B siipo mHTEpnpeTaTtop
JOTIOJTHUTENIBHO BKIIIOYEHBI: rpaduuecKkuil uuTepdeiic, rmodansHble IepeMEeHHBIE U CTPYKTYPBI H300-
paxxeHus. Apxutektypa rpaduyeckoro wuHTepdeiica Oazupyercs Ha OOBEJAWHEHHH OHOINOTEK
Highgui [7] u3 nakera OpenCV [7] u Qt. ®ynkimn 00paboTKy 1 aHaIH3a W300PAKEHUH TOICPKI-
BatoTcs Onaronaps cBsisu oubmuorexku OpenCV c Lua, koTopele peanu3yloTcsi B OTAEIBHON O1OIHO-
TEKe.
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T'nobGanpHbIli aHaIN3 N300paKEHUS

A 4 A 4 A 4 \ 4 A 4

Anamms Ananms CratucTnieckuit Ananms I'mobGanbHbIi aHATH3

SAPKOCTH KOHTpacTa aHam3 TEKCTYPHI XapaKTEPUCTHK

M IIBETA 00BEKTOB

Ha ocnose Ha ocHoBe oco- Ha ocHose

BBIJICTICHUS OGeHHOCTEH CpaBHEHUS C

KpaeB 00- TTUKCEITS 1abJI0HOM

JacTH
I'mobansHO-
TTOKATBHBIE METO- CratucTnueckue Heiiponnsie
61 METOJIBI ceTH
A 4 \ 4 \ 4 A 4
Knacrepuzauus Heuerkas xnacre- Mopdonorudeckue l'ucrorpammubie Me-
pu3anus METOJIBI TOJBI

Puc. 3. Cxema HUHTCJUICKTYaJIbHOT'O IIPOTPaMMHOTO 00€eCIeUYeHHs C BO3MOKHOCTSIMU CaMOMO,Z[I/I(i)I/IKa]_II/II/I

CTpyKTypbl H300pa’keHHs OINpEnesloTCsl B MOAyne rpaduyeckoro nHTepdeiica Ha OCHOBE
oubroteku OpenCV, KoTOpasi OTBEYAET 3a BU3YAIM3ALUI0 U MPEICTABICHUS U300paKeHHUN. 3aro-
JIOBKH CTPYKTYPbI H300pa’keHHs ONPENEIIIOTCS B KauecTBE TII00abHBIX yKa3aTeneld HHTepIpeTaropa
Lua ¥ UMEIOT cHeluanbHblii THO — JJIsI MOJIb30BaTeNbCKUX MaHHbIX. JtoT Tun (Userdata) coorser-
CTBYET yKa3aTelsM aJ[peCHOTO MPOCTPAaHCTBA KOMIBIOTEpPa. DTOT MOJYJb TaKKe BKIIOYAET B cebs
(YHKIMY YTEHHS/3aIIMCH H300paskeHHs, MPOcThie QYHKIMKU 00paOOTKH M300paKEHUH W BBIJICICHUSI
WHTEPAaKTUBHOIO KOHTYypa. Bce nHTepakTHBHBIE ()YHKIUM BO3BPAIIAIOT 3HAUCHHS B OTIENbHYIO Tal-
JIUILY JAHHBIX WHTEPIpPETaTopa, MEHsIsl ero cocTosiHue. [Jis 3a1a4 MOHUTOPUHTA Pa3InYHbIX 3a0oJe-
BAHMM BO3MOYKHO CHHXPOHHOE€ HCIIOJIb30BAHHUE HECKOJIBKHX MOAyJed. B 3TOM ciywae B3aummonei-
CTBHE BBIIIOJIHACTCS C IOMOIIBIO TTI00ABHBIX IIEPEMEHHBIX HHTepIpeTaropa Lua u cBoiicTB mosb30-
BaTENIbCKUX JaHHBIX THIIA HHTEPIIPETaTopa.

Bo Bpemst 00paboTku n300paskeHus sapoM Lua BHIMOMHSIOTCS 0a30Bble HA0OPHI MOCIEI0BA-
TesbHOCTeH KoMaH. OHaKo BO BpeMs 00pabOTKM KOMAaH/bl B CLIEHAPUH MOTYT ObITh U3MEHEHBI, YTO
BIMSET Ha pe3yJbTaT aHauu3a n3o0paxeHus. Takum oOpa3oM, Bech Ipouecc 00paboTKu M aHaIn3a
n3o00paxkeHni (HOpMHUpYETCS HECKOJIBKUMH Ha0OpaMH CKPUITOB, CBS3HBIMH Y3JOBBIMH TOYKAMH,
o0ecIeYrBaONIMMH TTOTyYeHHE PE3YJIbTATOB, 3aBUCUMBIX OT YaCTHBIX yCIOBUi 3a1aun. CBsI3b MEXITy
y3JlaMH B TOM € CLIEHAPUH OCYILECTBISETCS Yepe3 MPsIMbIE BHI30BBI (PYHKIMHA 110 COOBITUAM-CIIOTAM,
100 C IOMOIIBIO BUPTYAIBHOTO B3PhIBA METOJIA JUISl €r0 MepBOro BXoja. Jlo6aBieHne HOBBIX CIOXK-
HbIX (YHKIMU 1151 00pa0OTKH M aHalinM3a OCYIIECTBISETCS 4epe3 rpymnny (QyHKIUH pa3paboTurka.
Hosrle dhynkumm onpezaensiercs: yepes nepeMeHHble r1o0anbHoM TabuuIsl HHTepnpeTaropa Lua.

Bce BoOmpochl BHYTPEHHETO KOHTPOJISI MPOTrPaMMHOIO OOECHEeYeHMs OCYHIECTBISIOTCS TIO0-
CpeICTBOM TEKCTOBBIX CIIeHapueB Lua, KoTopble IeNsTcs Ha JIBe KaTerOpHU:

1) cuenapuu I aHaIM3a MOCIIEA0BATEILHOCTEH N300paKeHNUH;

2) cueHapuH Ui 00eCIeYCHUsI OTIepaTHBHON (DYHKIIMOHAIBHOCTH U HACTPOMKH MPOTrPaMMHO-
ro obecrieueHus Ha paboueM MecTe TI0JIb30BaTeleH.
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Bce cuenapun-cKpunThl XpaHATCsl B TEKCTOBOM (popMaTe U JIETKO JOCTYMHBI. OIHAKO OHH HE
MOTYT OBITh M3MEHEHBI IOJIb30BATESIMM, HO MOTYT OBbITh M3MEHEHbI pa3zpaborunkamu. CueHapuu
yIpaBJIeHUs] IPOrPaMMHBIM 00ECIIEYEHNEM UMEIOT BO3MOKHOCTh CO3JaHMS HOBBIX JOIOIHUTEIbHBIX
¢dbyHKUMH 11 aHamu3a U 00paboTKH N300paKeHUH.

Monynp reHepaly CKpHUITa ONpeNesiseT HOBbIE BO3MOXKHOCTH MPOrpaMMbl B BUAE Habopa
MPOCTHIX (GYHKIMH M3 OMOTMOTEK, OMUCaHHbIX BbIIe. OH BKIIFOYAET B c€0s1 MHTEIUIEKTyaTIbHBIA KOM-
MIOHEHT JIJIS1 CBSI3M PE3yJIbTaTOB 00paOOTKH M300paskeHUH 1 XapakTepucTuK. KoHeuHo, Takoi BapuaHT
MOKET OBITh PeaNn30BaH TOJIBKO JUIS KOHKPETHBIX 3a7a4. B Hamem ciydae 3agaqu ObUTH OPHEHTHPO-
BaHBI Ha THCTOJIOTHYECKUH aHamu3 n300paxxeHnd. Kaxxapiii mHTEpIIpeTaTop Oonpeaenser pyHKIUU Mo
oIpenesieHHOH Tabnuie. B Hameil cxeme oHa JOMOJHUTENIBHO UCIOIb3YETCs ISl ONPENENICHHSI CBSI3H
XapaKTepUCTUK N300paxeHus ¢ PyHKUUSMHI NPOrPaMMBbI, BKIIOYCHHBIMU B YIIPABISIOMINN CKpUIIT. B
pe3yibpTaTe HNporpaMMHOE OOecredeHHe MPUOOPETaeT MHTEIIEKTyalbHble BO3MOXXHOCTU CaMOIPO-
IrPaMMHPOBaHHUSL.

Mopynp reHepanuu CKpPUNTa COCTOMT W3 ABYX 4YacTeil: OLEHKH-aHaTu3a M300pakeHUi u
HETNOCPEeACTBEHHO TeHepanyn. OnpeaeseHne CTPYKTYPhl CKPUNTa HAYMHACTCS C TI100aIbHOTO aHaIH-
3a U300pakKeHHUH, KOTOPBII BKIIIOUAET ONpEe/CHUE PsAAa XapaKTePUCTHUK: OIMCAHUE THCTOIPaMMbI U
OCHOBHBIE XapaKTEPUCTUKH CTAaTHCTHYECKOTO aHajiM3a paclpelefieHus MHUKCeNel, (paKkTalbHYyo
OLIEHKY W OITMCaHue TEeKCTyphl. Ha ocHOBe Takmx OLEHOK (HOpMHUPYIOTCS HEOOXOAUMBIE TOCIIEA0Ba-
TENBHOCTH (YHKIHIA 17151 00paboTku n3odpakennii. Hanprumep, 1o orieHKam, MOJyYEHHBIM BO BpeMst
aHaIM3a IIyMa W pa3MbITHS Ha W300pakKeHNH, ONPEeIsIoTCS Heo0X0IuMbie Habophbl (PUIBTPOB BIIH-
SIOIMX Ha 00Iee KauecTBO m300pakeHus. [locne comocTaBieHus OLIEHOK C PACHIMPEHHON T100ab-
HOM Tabnwiel nHTeprperaTopa GoOpMUpYETCs CIIEHAPHH TpeaBapUTENbHON 00paboTKH N300payKeHUs
JUIs1 TIOBBILIEHHUS Ka4€CTBa N300pakeHUsL.

JlokanbHbIl aHATN3 N300paKEHUS BHITIOJIHSIETCS C TOMOILBIO CBEPTKHU C pa3HBIMHU (PHIBTPaAMH
W CTaTHCTHYECKOTO aHallM3a JUHEHHBIX npoduiel pparMenToB n3o0paxenus. Takoil aHaIu3 Mo3BO-
JISIeT OLCHUTh XapaKTEePHbIE IPAHUILbI KJIETOK U KOHTPACTHOCTH. Takas oleHKa onpeaessieT GpyHKuun
IUIs. KOHTPAaCTUPOBaHUs N300paKeHUI M Mmoa4epKuBanue rpanull. [locie Toro kak U3MEHUTCS U300-
pakeHue, pe3yJbTaT CHOBa olleHuBaceTcs. Ecnu nzo0paxeHrne uMeeT HU3K0e KaueCTBO Mocye aHaIn3a
n300paKeHUH U ONpEeAETICHUs] KOPPEKTUPYIoIel (DYHKIMHU, 3Ty NPOLENYypy CledyeT MOBTOPUTH. B
pe3yiabrate GOpMHUPYETCsS] YCTOWUMBBIA CKPUIT, KOTOPBIH MOKET ObITh M3MEHEH MOJIb30BaTEeNEM WIN
pa3paboT4YMKOM B CiTydae HeOOXOAUMOCTH. DTOT CIICHAPUH SIBIISIETCS BCETO JIUIIb MPEATI0KEHUEM IS
YIIydIIeHUs] H300paXeHUsI U ONpPEeAEIICHUS MT0JIb30BaTENIbCKUX 3JIEMEHTOB YIpaBJIeHUs] B MHTepQeiice
nporpaMMel. MexaHu3M aHanu3a U300pakeHus] 1 QyHKIUs ONpeAesIeHUs 3TaroB padoT MO CerMeHTa-
UK W300paKeHUH 1 MoCT-00paboTKU Te Ke.

B pesynbrate, nporpaMma reHepupyeT HabOpbl CKPUIITOB, KOTOPBIE COOTBETCTBYIOT (DYHKIIMH
JUISL BBIJICJIEHUSI HY>KHBIX 00BeKTOB. OH MOXXET OBbITh MCHOJB30BaH ISl ONPEAETICHUS] THCTOIOTHYE-
CKMX OOBEKTOB Ha M300pakeHMU. B Hameil mporpaMme ObuiM pa3paOOTaHBl CLIEHAPUH BBIICICHUS
sIep ¥ MEMOpaH Ha FUCTOJIOTHYECKHX M300paKEeHUIX. 3aTeM PacCUUTHIBAIOTCS XapaKTEPUCTHKHA 00b-
€KTOB. DTO HEOOXOIUMO ISl BBISIBJICHUS THIIA OOBEKTOB, KOTOPBIE MPEICTABICHBl HA N300paKEHUH.
IlepBoHayanbHO OOBEKTHI IEJIATCS HA MATh OCHOBHBIX THUIIOB CTPYKTYP: IUIOIIAAHBIEC, (GPOHT, UIJIbI,
JNEeHIPUTHI U ceTu. Takas nporeaypa oOHapy)eHHs: 00bEKTOB HAUMHAET BBITIOJIHEHUS KacKaia orepa-
U 0 BBIJENIeHHI0 00beKTOB. HanpasieHre u opraHu3anms Takoro Kackaja 3aBUCST OT THIIA pelia-
eMbIX 3az1ad. lcmosnb3oBaHue TOOANBHBIX (PPaKTaTbHBIX U TEKCTYPHBIX XapaKTEPUCTHK SIBIISCTCS
MEPBBIM IIaroM 0OHApYKEHUSI TEOMETPHIYECKOT0 THMa 1 GopMBbI onrcaHus 00beKTa. 3aTeM B KacKaje
WCTIONB3YIOTCSI Pa3HbIe XapaKTePUCTUKU H UX KOMOMHAIHH.

s onpenenenust GpyHKunii 00paboTKK N300paKeHWH B CLIEHAPUH MCTIONB30BAJICh HEHPOH-
Hele ceTn KoxoneHa. OnieHKH r1100alIbHBIX YCIOBUN M300pakeHHUs HCIIONB3YIOTCSl B KAUECTBE BECOB B
HEHpPOHHOU ceTH. PerynnpoBka BXOJHBIX BECOB M BEKTOP KBAHTOBAHHS CUTHAJA CETH TECHO CBSI3aHEI
C aJITOPUTMOM KJIACTEPHOTO aHaju3a (HarmpuMep, METOI0M ANHAMHYECKHX siaep i K-cpennux).

Mopaynbp reHepalud CKPHUIITOB HcCmosib3yeT Lua-meraraOmuipl QyHKOUA A oOpaboTku
n300paKeHNH JIOTIOTHEHHO! OTIeHKaMH M300pakeHus. Takas Tabnuna onpenesneHus QyHKIIMN pean-
3yI0TCS B HelpoHHbIe ceTH KoxoHeHa kak Habophl BecoB. B pe3ynbraTe paboThl MOyl GOpMUPYIOT-
Csl CLICHApHU Ul Pa3JIMYHBIX 3a7ad 00paboTKM n300paxkeHni B BUIE TEKCTOBBIX (aiiioB. [loap3oBa-
TEJIM MOTYT ITPOBOJIUTH aHAJIM3 dTHX CIICHAPUEB U U3MECHUTH B HUX.
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3akiIoueHne

Hcnonp3oBaHue MPUHIMIIOB OTKPHITOW apXUTEKTYPhl M UCKYCCTBEHHOTO MHTEIUICKTA TT03BO-
JseT 00JeTynTh pa3paboTKy mporpaMmMHoro odecriedeHus. [lakeTsl, pa3paboTaHHBIE TAKIM 00pa3oM,
MPOXOJIAT IBE CTAIMK pa3pabOTKU: KOMIHIIUpYeMasl CTalus U CTaaus HHTepnperaTopa. B pesynbrate
IIUKIT )KU3HU M POCTa POrPaMMHOTO 00ECIIeYeHUS 3HAUUTEIHFHO MPOJIJICBACTCS M 3HAYUTENBHO YITy4-
IIaeTcsl IMHAMHYHOCTD MPOrpamMMebl. Mcnosb3yss KOMIIOHEHTBI HHTEPIPETATOPa, MPOrpaMMy MOXKHO
JIETKO MOJU(UIIMPOBATH U aIalITUPOBATh K PEIICHUI0 HOBBIX KJIACCOB 3ajad. M croib30BaHUEe WHTEI-
JISKTYyaJIbHOTO areHTa CHaOXEHHOTO COOTBETCTBYIOIUM MEXaHH3MOM CBSI3€H JECKPUIITOPOB U (DYHK-
U B 3TOM cXeme MO3BOJIIET MPOrPAMMHOMY OOECIICUCHHIO MOJUMUIIMPOBATHCS CAMOCTOSTEIHHO
WK C TIOMOIIBIO TTOJIb30BaTeNsl. DTa METO/IMKa Oblla YCHENHO onmpoOoBaHa Jjisl aHAITN3a THCTOJIOTH-
YECKUX N300parkeHUH.

SELF-ADAPTABILITY SOFTWARE FOR IMAGE ANALYSIS
A.M. 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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