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[MU®POBOI1 AHAJIN3 BOJASHBIX 3HAKOB
CPE/IHEBEKOBBIX PYKOITUCEM

1. BBEIEHHE

JanHas cTaThsl MOCBSIEHA pa3paBoTke W MPUMEHEHHIO UMGPOBLIX METOAOB 06paboTKu
H300paXeHUH B MCTOPHYECKUX HCCIENOBAHMSX, B YaCTHOCTH, B 3amayax oOpaBoTKM M aHaiM3a
BOISIHBIX 3HAKOB CpeAHEeBEKOBBIX pykonuced [l1,2]. BoasHoill 3HaK HeEKOTOPONl CTpaHMIb]
CPEIHEBEKOBON pYKONMUCH MBISIETCS, 10 CYILIECTBY, OECI[BETHBIM OTTHCKOM CII€LHAILHOI
¢urypxu (TOBapHOTO 3HaKa TIPOM3BOAMTENsi Oymaru), 3akKpeIUIeHHONM Ha CHUTe, KOTOpoe
HCTIOJIL30BAJIOCh MPM TNpoM3BoacTBe OyMaru. O4eBUAHO, 4YTO CPOK COyXObl TaKoro cuTa
OrpaHMYeH, MO3TOMY BPEMEHHAS MAEHTU(PHUKALNS BOASHOTO 3HaKa (OTpele/icHHEe ero BO3pacTta)
LIMPOKO MCIIOJIb3YETCS B HCTOPHYECKHX MCCIC0BAHUAX A/l BpPEMEHHONM MISHTU(MHKALIMH CaMHX
CPEIHEBEKOBBIX pykonuceil. CpaBHeHHe HMIEHTUGHLUMPOBAHHLIX  BONSHBIX 3HAKOB ¢
HClﬂICHTHCbHquOB&HHHMH SIBJIAETCS B HACTOsALLEEC BpEeMs OJHHMM W3 OCHOBHBIX METONOB
BpeMEHHON HAeHTUGhUKALMH CpPEeIHEBEKOBBIX pyKomnuceili M HHKyHadyn, [Ina »tux uenei
HCTIOJIb3YIOTCS HECKONbKO cTaHAapTHbIX KatanoroB (IImkkapma, MoxuH-Tpansuka, Bpuke,
30HrH), coAepXallMX TBICSYH OCKU3HBIX KOMUH BOMSIHBIX 3HAKOB, COOGPAHHBIX M
CHCTEMATH3HUPOBAHHBIX B TedeHHe MHorux gecstwieruil [1,2]. Tlomyyenuwe Takmx Komuili M MX
CPaBHEHME C KaTajoraMH OCYIIECTBISAETCS BPYYHYIO, 4YTO OYEBHUAHO TpedyeT OIpOMHLIX
BpeMEeHHBIX 3aTpaT. TakuM o6pa3oM npuMeHeHHe LHUGPOBLIX METOMOB /IS PelLIeHHs 3THX 3a1ay

MNnpeacTraBiadaeTcs LI'CJIGCOOGDBSHHM.

2. NIPEABAPUTEJIbHBIE 3AMEYAHUSA

Hccnenyemasl cTpaHMLA CPEeIHEBEKOBOIH PYKOMHMCH COAEPKUT MHGOPMAIIHIO O BOASHOM
3HaKe B BHMIOEe H3MEHEHUH JIOKaIbHOHN IUloTHOCTH OyMmMaru, mosToMy Ui BBoga M300pakeHUs
BoasstHoro 3Haka B 3BM HeobxoouMo TIpUMEHSITL CHUCTEMBI TIONY4EHHS HM306paKeHuil,
paboratowue "Ha mpocseT’. M3 cywecTBylommx cucreM, paboTAlOIMX HA 3TOM INPHHLMHIE,
HcTopuKaMH Obl1a BeIOpaHa peHTreHorpagHyeckasi CHCTeMa M3-3a €€ OTHOCHTEbHON IPOCTOTEI
M HU3KOH CTOMMOCTH TnoiydyeHust usobpaxeHusi. [lostoMy B Haumelt paboTe MCXOAHLIMH
H300paXeHHsAMH SIBJSUIMCh pPEHTTeHoTpaduueckue M300pakKeHUsl CTPAHHML CPEIHEBEKOBLIX

PYKOTIHCeH, B3AThIX M3 OHOmHoTeku MoHacTeipsi KioctepHoiiebypr (Asctpus) [2,3]. Kaxawrii
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BOMISIHOM 3HAK PETHCTPMPOBAJICS HA OTAE/IBHOM PEHTTeHOrpapuuecKoM H300paXeHuH pasmMepom
oxono 18x23 cm2. OcHOBHBIE CBOMCTBA TOMYIEHHBIX TAKUM 06Pa3oM H306PaXEHUH MOTYT GhITh
0600IIeHE B cIeAyOIIeM BHIE:

1. MakcuMansHasi ONTHYECKas TUIOTHOCTh M300paxeHHi H3MeHseTcs B auamnaszoHe oT 1.5D no
2.5D.

2. H300paxeHus BONSIHBIX 3HAKOB PETUCTPUPYIOTCS] KAK HEBOJbIIME BAPMALIMH ONTHYECKOMN
IUIOTHOCTH OTHOCHTEJIbHO OKpyXalolero (OHOBOTO H300paXeHHs, IpPHYEM, JIOKATbHBIH
KOHTpacT M306pakeHui BONSHEIX 3HAKOB OYEHb MAaJl.

3. TlpakTWdecKd Bce WCXONHBIE M306PAXEHMS] XapaKTEPU3YIOTCS HHU3KMM  BH3YaJIbHEIM
Ka4CCTBOM H3-3a HaNM9Ms pPasIMYHBIX MHcKaxeHHH. OCHOBHBIMM BHOAMHM MCKAXKCHHH
SIBISTIOTCS:

*  HMMITYJILCHBIA 1OIyM;

o Oompinve HempospadHbie (YepHBiE) M/WIM Tpo3padHbie (Oenble) MATHA NPOM3BOJILHON
dopMbI; HEKOTOPLIE U3 3THX IATeH OOYCIOBIEHRI HANMYMEeM ILIp, KOTOphle IPOIAE/IaHBbI
B 6ymare pasIMYHBIMH HACEKOMEIMH;

e IIPOCTPAHCTBEHHO-MEUIEHHBEIE BapHAllMH ONTHYECKOH IUIOTHOCTH  H300paXeHus,
oOyclORNIEHHbIE ~ BapuallMsiMM  TOMIMMHBEI  OyMard  M/WIM  [POCTPAHCTBEHHOM
HEOOHOPOAHOCTBIO PEHTICHOBCKOIO H3TyICHHA;

s TIPOCTPAHCTBEHHO-OLICTpBlE  BapHallii  ONTHYECKOM  IUIOTHOCTH  M300paxeHWs,
00ycNIOB/IEHHREIE HEONHOPONHOCTSIMH TUIOTHOCTH M BHYTPEHHEN CTPYKTYphl OyMary;

s peHTreHorpagpudeckoe H300paXeHHE TeKCTa PYKOIHMCH oGpaGaTmBaenioﬁ CTpaHHWLEl B
0COOEHHOCTH €CJIM [JIS €T0 HAIMCAHMS HCIIONb30BAHEl YEPHMWIA, CHILHO NOIIOLIAIOLIHE
peHTreHorpadu4ecKoe U3JydeHHe.

4. WszobpaxeHue CHTA, MCIONb3YeMOTO IIpU INPOM3BOACTBE OyMaru, TIIPEACTARIEHO HA
n306paxXeHUH B BHMIE 3alIYMICHHBIX KBa3MIIEPHOAWYECKHX TONOC.

Ha Puc.la, 16, 18 u Ir npeacraBnens 4epbipe o6pasiia peHTTeHOrpaduuecKnX M306paKeHMil

GparMeHTOB YeTHIpeX PA3TMYHEIX CTPAHMI| CPENHEBEKOBEIX DYKONMCEH, KOTOphle OBUIH

HCIIONB30BaHbl KA9ECTBE HMCXOABIX M300paxeHudt B HaHHON pabore. Pasmep H306paxeHMH,

noxasaHHeIX Ha Puc.la, 16, 1B u 1Ir, cocrammser 790x980, 712x712, 724x1024 u 712x712

Fm:qmn, cooTBeTcTBeHHO. Illar QuckpeTusaimu npu BBome M3oOpaxeHwit cocTamisyn  100x100

umZ, a paspewenue - 8 Gur/aneMeHT. MaciuTab M306pakeHMit TP MEYATH HEMHOTO M3MEHEH

Ansd Toro 9YToOnl Bce M300paXeHMS pasMECTWIMCh HA OJHOMN cTpaHHuue. Kaxnwiii us

TPCACTABNIEHHBIX QParMEHTOB COAEPXUT U306PAXEHHSI OHOTO M3 YeThIPEX PA3TMYHBIX BOASHBIX

SHAKOB H HMCIOT OCHOBHbIE BHIbl MCKAXEHWI, NEPEYHCICHHBIX BhILIE.

B cuny Huskoro orHomeHus CHTHAI/IIYM ¥ MAaJOro KOHTPAcTa M306pakeHuil BOASHBIX
SHAKOB, TIpOLCCCY BBIICJICHUS BOASHBLIX 3HAKOB JOJDKHA NPEIIECTBOBATD HEKOTOpasi Npoueaypa
NpeABapHTeNbHOM 00paGOTKH MCXOTHEIX M300paXeHuil, LeTbio KOTOPOH SBISeTCS MONABIEHUE
LIYMOB M yCHICHHC KOHTPAcTa n306paXeHnH BOLSHBIX 3HaKOB [3]. Takas obpaboTtka Tpebyercsd



Puc. 1. UcxomHele peHTreHorpadudeckue M3obpaxkeHHs GparMeHTOB YeThIpeX CTpPaHHULl CpefHe-
BEKOBHIX pYyKONHcelf, cofepxallue H300paxeHMs deThIpeX pasdiMYHBIX BOASHBIX 3HAKOB.

Hudpoit 1 ykasaHn M306paxeHnss BOASHBIX 3HAKOB.
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MPAKTHYeCKH JUIA BCeX MCXOMHBIX M300paXeHWH U MO3TOMY TPEACTABNSETCS KpaiiHe
XKeJaTeIbHbIM pa3paboTaTh HEKOTOPLIC aaNTHBHbBIE METO/Ibl M CO3/1aTh NPOTPAMMHBIE CPE/ICTBA,
B pe3y/bTaTeé NMPUMEHEHHUs KOTOPhIX 0OpaboTaHHEle M300paxeHMst obnagamy Obl HEKOTOPLIMH
OMU3KNMM BU3YAJIbHBIMH XapaKT€PHMCTHKAMM, TAKMMM KaK KOHTPAcT M CpelnHee 3HayeHue. B
pabore ObUTH pacdmo*rpcnm undpoBble MeToabl 00paboTKM H306pakeHHil, OCHOBAHHLIC Ha
JIOKANBHBIX KpPUTepHsIX [4], TIpMMEHeHHe KOTOPBIX TMO3BOJSIET MOJYYUTh (HDOPMATBHBIE
KOJIMYCCTBEHHBIC MEPhl, HCOOXOAUMBIE [l CO3MAHMUS NOJHOCTBIO aBTOMATHYECKOM Tpoleaypsl
TIpeaBapUTeIbHON 06paboTKH HCXOMHEIX M300pasKeHMil.

C menbio YNpOWIEHHA TIPEACTABNCHHS pa3pabOTAHHBIX TPOLEAYP BBEAEM pan
obosHaueHHH ¥ HeKOTOphle Ga30Bhle omepalMu. Mbl GyieM MPUAEPXKUBATHCS TEPMHHOJIOTHH,
TIPMHSTON VISl JIOKAJIBHO-ANaNTUBHLIX METONOB 0OpaboTKH M306pakeHHit M, B YaCTHOCTH, IS
PaHroBhIx MeTOnOB [4,5]. [IycTh

b={b,,} MaTpHIa OTCYETOB MCXOAHOTO H306PaXKEHHSI;

k,l - xoopnuHatel otcueToB: k = 1,2,...,K; | = 1,2,...,L;

b= {3“} MaTpHLa OTCYeTOB 06PabOTaHHOTO M30OpaKeHMSI;

NBH = NBH (b,,) HekoTopasi OKPECTHOCTb OTCYeTa b, ;;

Ses = Sypn (bes) MPOCTPaHCTBEHHAS! OKPECTHOCTD (S-OKPEeCTHOCT) oTcyeTa b, );

SIZE(NBH ) YHCJIO OTCYeTOB B OKpecTHoctn NBH

(r) = Vypg(r)  BapmaumoHHsiit psa no oxpectHoctn NBH :
Vr)=0b,, <V(E+1)=0b,,; {(mn),(p,q)}c NBH;}
r=12,. ,SIZE(NBH -1), '

MEAN (NBH ) cpeqHee 3HauyeHue 1o okpectHocty NBH ;

STDV (NBH) CTaHAapTHOE OTKJIOHEHHe Mo okpecTHoctH NBH

MIN(NBH ) MUHMMaJIbHOE 3Ha4YeHue 1o oKpecTHocTH NBH :
MIN(NBH )=V (1);
MAX (NBH ) MaKkCUMaJbHOE 3Ha4YeHUe 1o okpecTHoctH NBH :

MAX (NBH )=V (SIZE(NBH)).

3. HU®POBASI OBPABOTKA U30BPAXKEHUN BOJASAHBIX 3HAKOB

3.1. TeomerpHuecKHe npeobpa3oBaHHs

BBon u300paxeHuii ¢ TOYHO 3alaHHBIMK OPHEHTALMEN, PA3MEPOM U MECTOMONIOXKEHHEM
dparmMeHTa CTPaHMILI CPEeHEBEKOBOW PYKOTIHCH, éonepxamem H300pakeHHe BCETO BOASIHOIO
3HaKa, KpaiHe 3aTpyAHEHO M3-3a BBICOKOH OMNTHYECKOW IUIOTHOCTH M HUW3KOTO KOHTpAcTa
MCXONHBIX H306paxenui. [Ins npeononeHus 3toit npobreMbl nepBoHavyansHo B DBM BBOAMTCS
HECKONMbKO Gonblinii (GparMeHT HCXONHOTO H300pAaXEHMs ¢ NpPUOIU3UTENbHBIM BhHIOOPOM

OPHEHTALMH, Pa3Mepa M MECTOMONOXCHMS (parMeHTa CTPaHMIbI CPEAHEBEKOBOH DYKOTIHCH,



coepxalllero n306paxkeHue BCero BOASIHOTO 3HAKA, a 3aTeM C MOMOLIBIO NMPOrpaMMHBIX CPEACTB
OCYLLECTRISIETCS. KOPPEKLMs STHX MapameTpos. [eoMeTpuyeckue npeobpasoBaHus H300pakeHUH
HaNpaBleHbl HAa CTAHAAPTH3ALMIO pasMepoB M MacluTaba H300pakeHMH, Ha YHU(DHKALMIO
OPHEGHTALlMM M MECTONOJIOXEHHS  M300paXEeHMil  BOAMHBIX ~ 3HAKOB  OTHOCHTEJIBHO
o6pabaTbiBaeMbIX (PparMeHTOB MCXOAHBIX H3oOpakenui. Koppekuus opueHTauMu, pasMepa H

Maciutaba OCYIIECTRISETCS ¢ TIOMOIIBIO H3BECTHOTO NpeoOpa3oBaHusl KOOPIHHAT:

k cosg sing\ k'—k'o i
=|C: . s
/ —-sing cosg\ I'=1"o
rae k',I' - LenovMCTEHHble KOOPAMHATHI HCXOAHOTO H30GpaxeHMs, K,/ - LenoYMCIeHHblE

KOODIMHAThI 06paboTaHHOIO M300paxeHus:, kj,/; - LENOYHCICHHbIE KOOPAMHATHI CABUIa, ¢ -

yron TNoBOpoTa, € - MacluTaGHbIil Ko3dduuueHT, [v] 0003Ha4aeT BEKTOP, KOMIIOHEHTHI

KOTOPOTO SIBJISIKOTCS LEJIbIMH YacTsAMH KOMIIOHEHT BEKTOpPa v u veR.

3.2. [TonasieHne HUMOYAbCHOTO IIYMA

MMIynIbCHBIA 1IYM TPOSIBISIETCS] Ha M300paXXeHUH B BHAE BbICOKOKOHTPACTHBIX YCPHBIX
u/unM GenbIX ISTEH, KOTOpble OOBMHO Ha3bIBalOT IIYMOBBLIMM Bbibpocamu. [lns onmucaHus
UMITYJIbCHOTO 1IymMa B paboTe HCMONb30BaHa MOME/Ib, KOTOpasi MpEArnonaraeT, 4To 3Ha4YeHMs
OTCYETOB HEHCKAXKEHHOIO H3006pa)keHUs 3aMEHSIOTCSl ¢ HEKOTOPOH BEPOSTHOCTBIO CITyYyaHHBIMH

3HAQUCHHSIMH, T.C.
by =(-5,)a,,+s, n,, b=t K =120 (2)

rae b,, - OTCYEThl MCKAXEHHOTO M300paXEeHMs, 4, - OTCYETHl HEHCKAKEHHOTO (MACAIBLHOTO)
u300paXeHusl, 1,, - OTCYETbl LIYMOBLIX BLIOPOCOB ¥ S,; - OTcYeThl OMHapHOH
nepexumoyaomedl MaTpuupl. Ilpeanonaraercs, 4To S,, =1, €cM COOTBETCTBYIOUIMI OTCYeT b,

HCKaXeH MMITYJIbCHBIM LIYMOM H Sk,f =08 NMPOTHBHOM cCly4ac. Mar GYILCM pasiy4yaTh ABa THNA

LLIYMOBBIX BBIGPOCOB: ompuyamensisie U nosoxcumenisie 1ryMoBble Briopocsl. [lIymoBoii BeiGpoc
OyneM HasbIBaThb OMPULKAMEAbHbIM, €CTH €Tr0 3HaYeHUE MEHbIUe, YeM 3HAYeHHSI OKpYXKaloLIHX
HEHUCKAXEHHBIX OTCYETOB H - HOAONCUMEAbHbIM, €CIIH eTo 3HayeHHe Oonblle, 4YeM 3HAYeHMs
OKPYXAIOLIMX HEMCKAXKECHHBIX OTCYETOB.

B ofueM ciayyae mpoleaypa MOMABACHHS HUMITYJbCHOTO 1LIYyMa MWMEET B4 OCHOBHBIX
3Tama: Ha MEpBOM 3Tare OCYLIeCTRIsieTcsl OOHapyKeHHEe MCKAKEHHBIX OTCYETOB, a Ha BTOPOM -
OlLIEHKA KOPPEKTHPOBAHHOTO 3HAYEHMs C MCMONb3OBAHHEM 3HAYEHMH HEHCKAXCHHBIX OTCYCTOB
} 3aMeHa MCKAKEHHOTO 3HAUEHMs OTcyeTa ero oueHkoil [6,7]. OueBunHo, uTo Gosee CIOXKHBIM
3TAarioM sIBJIsieTCsl OBHApYXKEHHE WIYMOBLIX BLIODOCOB, T.€. OLEHKA NEPEKTIOYAIOIIEH MaTPHLIbI

{su, k=12..K; 121,2,.,.,11;}. [MpocTeHIINM anrOPpUTMOM OOHApYXEHHs HMMITYJIbCHOIO

LIyMa SIBSieTCS] TOPOTOBBIN AJITOPHTM CO CJeAYIOLleH NMepeKIodaloen MaTpHLEeH:
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k=120, K5 1=1,250, L 3)

4 ]., €CIIH bk,I<Td HIH ka>TH3
Skl =10, ecim T,sb ,<T,

me T, u 7, - moGaibHEE NMOPOTH OOHAPYXEHMSI UL OMPUKAMEAbHHIX W NOAOHCUMEAbHIX
LIYMOBEIX BEIODOCOB COOTBETCTBEHHO. [IpenBapHTENbHBIA aHANMHM3 M300paXKEHUN BOMSIHBIX
3HaKOB IIOKas3aj, 9TO B HallleM ciyJae MCIONb30BaHHE 3TOM mnpocTeHiued robanbHON
MOPOTOBOM MPOLEAYPEl SRIsETCS HEAOCTATOYHLIM, HO COYETAHHE €€ ¢ HEKOTOPBIMH JIOKAJIBHO-
aganTHBHRIMHM PAHTOBBIMHM allfOPUTMaMH [4,5] maeT Xopoluxe pe3ylbTaThl.

Jna Toro urobn (opManu3oBaTh TNPOLEAYPY BLIMHCICHHS ANEKBATHBIX 3HAYCHHH
mobanbHbIX noporoB 7, M 7, TNpPEaNONOXHMM, YTO BEPOSTHOCTH OMPUKAMENbHLIX W
ROAOXHCUMEAbHBIX IIYMOBBIX BBIODOCOB p, W p, H3BECTHBI. Torla KOMMYECTBO MCKAXKCHHBIX
OTCYeTOB 0bpabaThiBaeMoro usobpaxenus 6yner pasHo N, =[p, x K x L mna ompuyamenshoix
u N, =[p,xKxL] mns nosoxcumenshvo IryMOBEIX BEIGPOCOB COOTBETCTBEHHO, rne K x L -
KOJIMYECTBO OTCYeTOB O6pabaThiBaeMoro usobpaxenus, a X|, X € R o6o3HayaeT leayio 4acTh
X. Ouerka mnoporoB 7; u 7, ocymwecTBIsieTCsi ¢ HCTONb30BAHUEM IIOGAIBHON KyMYJISTHBHOM

THCTOIPaMMBI:
h(@)=3 1), ¢=0L..0-% @

rae hy(j) - obosHagaeT KONMMYECTBO OTCYeTOB M306paxenusi b, umelommx snauenue j, a Q -
KO/IHYECTBO YPOBHEH KBAHTOBaHHMsA. IIpH 3THX NpPEANONOXEHHSIX, TIOPOTOBLIE 3HAYECHUS T,uT,

MOTYT OBITh BEIYHMCJICHHI CIEAYIOLNM 06pasoM:

0, ecmn Ndsi;b(O),

g, ecm h(q-1)<N, <h(q),

_J0-1, ecm N, <h(Q-1)-h(Q-2),
g, ccm h(Q-1-h(g+1) <N, <h(Q-1)-h(g). ¢

= g=12,.,0-1 (5

u

= 0,1,...,Q“2; (6)

Jlerko BHIeTH, 9TO IS HE3ALIYMIEHHOTO H300paxkeHusI (BEpPOSTHOCTH P4 = p, = 0) noporossie
sHaveHust T, u T, paBHH MoGaTbHOMY MHHHUMAIBHOMY H, COOTBETCTBEHHO, MAKCHMAJbHOMY
3Ha4YeHHAM obpabaThiBaeMoro moﬁpaxenﬁn.

CywecTByer MHOro pasmuymbX mMonudukaumii atoit obwelt cxema mMoOOABICHMS
MMIyIbCHOTO 1yMa [4-6]. Cpenu Hux xopouryio 3(EKTHBHOCTb TEMOHCTPUPYIOT DPAHIOBBIE
anroput™el [4,5]. Onn Gasupyiorcs Ha anammse HEKOTOPOH INpPOCTPAHCTBEHHOM OKPECTHOCTH
obpabaThiBaeMoro orcuerta n3obpaxenus. IlonHas noxambHag alanTHBHOCTL, pobacTHOCTbL M
BOSMOXHOCTb PEKYPCHBHOH OpraHHM3alMM 06paGoTKy SABIAIOTCS OCHOBHRIMHM [OCTOWHCTBAMM
PAHTOBRIX anropuTMOB. OOHH M3 BO3MOXHBIX BAPDHAHTOB PAHTOBOTO ANTOPUTMA OBHApPYXEHHUA

HMITyIBCHOTO  WIyMa CTPOMT B  Iipe;enax S-OKpecTHOCTH  06pabaThiBaeMoro  orcyeTa



M306paXeHNs] HEKOTOPYIO CYDOKPECTHOCTh, Ha3biBaeMylo EV-OKpecTHOCTb. DTa OKPECTHOCTb
CONEPXMT BCE OTCYETHI S-OKPECTHOCTH, 3HAYEHMS] KOTOPBIX OTKJIOHSIOTCS OT 3Ha4YeHUs

obpabaTeiBaeMOro orcyera He Oosiee, YeM Ha HEKOTOPYKHO IIPEABAPHTE/IBHO OIPEACICHHYIO
HeOTPHUATEIbHYIO BEJIMYUHY £, :
EVy(b,))={V(r) b,-¢&,<V(r)sbh,+¢}, k=12,..K; 1=12,.L (7)

rne V(r) - BapHauMOHHBIA psii, CGHOPMUPOBAHHBI W3 OTCYETOB  .S-OKPECTHOCTH
obpabaTsiBaeMoro orcdeTa b ;.

Ilo onpeneNeHHI0 IYMOBBIE OTCYEThI MPUHHMAIOT 3KCTPEMAJbHBIC 3HAYCHHUS IO
CPaBHEHMIO C OKPYXAalOLIMMH HX HEHCKAXKeHHBIMH OTCueTaMi 06pabaThiBaeMOro M306pakeHHs.
D10 03HAYAET, YTO MPH JOCTATOYHO GOJBILOM pasMepe S-OKPeCTHOCTH pasMep EV-OKpecTHOCTh

HEHCKAXEHHBIX OTCHETOB B 0OlIeM ciydae Oonblie pasmepa EV-OKPECTHOCTH HMCKAXKEHHBIX
oTcyeToB. ClefoBaTeNbHO, NIEPEKII0YAloNIas MATPHIA S, 3TOTO PAHIOBOTO AIrOPHTMA PaBHa:

- 1, eCJIH S]ZE(EVS ('bk,i' )) < TEV! ; .
Sky = {0, ecmn  SIZE(EVs(by)) > Tey, k=12,.. . K:1=12....L; (8)

rne 1, - mopor oOHapykeHus. PaspaGoTaHHbIi B NaHHOH pabore KOMOMHHPOBAHHBIH

NIOPOTOBEI}/PaHTOBEI AJTOPUTM OOHApYKEHMs MMIIYJILCHOTO 1OyMa HMEET MEepPEKII0Yalolyio
MATPHILY CJeAYIOLIero BUaa:

Sii =8l 855 =12 K T=12...[L; 9)
rae 1| obosnavaer normyeckuit omeparop OR. OCHOBHBIMHM I1IaraMd OAaHHOI'O aJITOPHTMAa
SIBJISIIOTCSL:

1. Beruucnenue mobanbHbIX noporos 7, u 7, /s 3a1aHHBIX 3HAYEHWH BEPOSITHOCTEH p,
Hp..
BhIuKc/IeHHe 3HAUYEeHHs TIEPEKTodaollell MATPUIIK S, (CM. BhIpaxeHHe (3)).
Ecnu 3HaYeHHe S;I, PaBHO 1, TO cliefiyeT MpOIYCTUTD 1ary 4-7.
®opMUpOBaHHe BapHalMOHHOTO psina V() mwist obpabareiBaeMoro orcdeta b, ;.
Brraucnenue pasmepa EV-oxpectnocu: SIZE(EV (b, ,)).
BLIYHC/IeHHE 3HAYEHHs TIEPEKTIOYaloliel MaTPULILI S, , (CM. BhIpaxeHHe (8)).

Ecnu 3HaueHuE s;J He paBHO 1, TO cliefyeT NMPOIYCTUTD Liard 8-9.

BrruucieHHe OLIEHKM KOPPEKTHPOBAHHOIO 3Ha4YeHHs MCKAXEHHOIO OTCYEeTa.

I

3aMeHa 3HAUEHHS HCKAXEHHOIO OTCUEeTa Ha ero OIEHKY.

10. MoBropuTs warK 2-10 w1 BceX 0TcueTOB 06pabaThIBAEMOTO H300paXeHUs.
KoppexTupoBaHHOe 3HadeHHe OOHApYXKEHHOrO LIYMOBOTO OTCYeTa OLEHMBACTCH KAK CPElHee
3HaYeHMe, BRIYMCIsIEeMOe MO Hebonbluol S-OKpecTHOCTH ob6pabaTniBacMoOro orcdera (0OBIMHO
pasmepoM 3x3 oTcdera), MPHYEM, I OLEHKH HCTIOIBL3YIOTCS TONBKO 0OpaboTaHHbBIE OTCYETHI.

Brryucnenue pasmepa E'V-oxpectHocty, T.e. SIZE(EV (b, ,)), ocymecTBisieTcsi peKypcHBHO, a

Bce TpeOyeMble TapaMeTphl: BEPOSTHOCTH p, M p,, pa3Mep S-OKPECTHOCTH Ha 3Tamne
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o6HApyXeHUsl UMITYJICHOTO 1IyMa, &, U [, OBUIM OLCHEHbI NPEABAPUTEIbHO M anpoGHPOBAHEI
Ha psiie TUIIMYHBIX M306paXeHUH BOASHBIX 3HAKOB M B AajbHEHLIEM ObUIH VICIIONB3OBAHBI NPH
06pa6oTKe BCeX MCXOMHBIX H300paXeHMil. 3HaUeHHUs STHX NapaMeTPOB CleAYIOLIHe:

e BEPOATHOCTH OMPUKAMENbHbIX W NOAOHCUMEabHbiX IIYMOBEIX BeIGpocos p, = p, = 0.001;

. pasmep S-OKPECTHOCTHM Ha 3Tame oOOHApyXeHMs HMMIYJIbLCHOro Iuyma paseH llxll

OTCYETOB;
o  mapawmerp ¢, =(7, - T,)/10;
e  mopor obHapyxenus 7, =10.

3.3. IloBrImenHe JIOKAJLHOIO KOHTPAcTa

Jns  TOBBIIEHHs JIOKATTBHOIO KOHTPACTA HM300paXeHWN BONSHBIX 3HAKOB ObUI
HMCIIO/IB30BAH METON HEPEe3KOro MackKHMpoBaHUsl [6], B COOTBETCTBHHM C KOTOPBIM 3HAYeHHE
oﬁpaﬁcrf}nuoro OTCYETA OIPEACIISIETCS CACAYIONIUM BRIPAKEHHEM:

bu = a- MEAN (Se)+ Y'(bk,: - MEAN (S“))+ﬁ, k=12..K; 1=12..L;: (10)

rie @, S ¥ ¥ - HEKOTOpble KOHCTAHTHL.
Kax yxe ormeuanoch XapaKTepUCTHKH MCXONHBIX M300paxeHHi, B YaCTHOCTH, AWHAMHYECKH
[AManas’oH 3HAYeHHIl OTCYETOB M300paXEeHMil CYLECTBEHHO OTJIMYAIOTCSl APYT OT JApYTa.
[lockonbKy naHHYI0 06pabGoTKy MpPEAnoaraeTcsi OCYILECTBIATh B MOJHOCTHIO ABTOMATHYSCKOM
pexume, TO HeobxomMMo pa3paboraTh TMpoleAypy amanTalyH napaMeTpén obpaboTku K
XapaKTePUCTHKAM 00pabaThIBAEMOIO M300pAKEHMA C TE€M, YTOOBI obpaboTaHHble M300paKeHU
MMCIM CXOAHBIC BH3YallbHBIC XapakTepucTHKM. Hambonee KpuTHMYHBIM mapaMeTpoM AaHHOIO
ITOpHTMa SIBNSETCS KOIDOHUUMEHT yCUIeHHs! KOHTPAcTa, OMpelessieMblii KOHCTAHTOM y. Hna
€€ BRIYMCIIEHHUS pa3paboTaHa clenyiolas npouenypa:

*  pacdeT HeKoTopoit MaTpuusl (I, HeobxoxuMmoit s NPOMEXYTOYHBIX BEIYHCIICHHUII:

d.kJ =b,, - MEAN (Sx_: ) k=12...K;
e d,, €R;

o BhucreHHe robambHbX 3Hauenuit MIN(), MAX(), MEAN(@) n STDV(@), re.

mMoGabHEIX MHHHMMAILHOIO, MAaKCHMAIBHOTO, CpPEAHEro 3HayYeHWit M r106anbHOTO

I=12,.,L; (11

CTAaHOAPTHOTO OTKJIOHEHHE )11 MaTPHIlLI d.

* BbMMHMCJICHHE KOHCTAHTRI }¥ TIO CJICL[YKJHJ.G?I CI)OIJMYHGZ

0-1

; 12)
LT |

7':

e I = min(MEAN (d)+3-STDV (d), MAX (d)),



T = max(MEAN (d)-3-STDV (d), MIN(d)),

mn

Q - KOJIHYECTBO }’pOBHCfI KBaHTOBAaHMS.

KoHcranTa O BbIOHpaeTcs paBHON HYIO, KOHCTaHTa [3 BHIOMpaeTcsl OQHON M TOM Xe sl BCex
obpabaTniBaeMbIXx u300pakeHuil. Ee 3HaueHue nommkHO ofecneuuBaTh Tpebyemoe cpeaHee
3HayeHHe (OHOBOro H300paxKeHUs IPHU H3TOTOBNEHUHM Komui 0O0pabOoTaAHHBIX H300paXeHHi,
HanpuMep, C TMOMOIUIBLID J1a3epHOro TpHHTepa. Takoii BrIGOp mnapameTpoB obecrieuMBaeT He
TOJNBKO TMOBBILIEHHE JOKAJILHOIO KOHTPAacTa M YMEHbLIEHHME TIPOCTPAHCTBEHHO-MEIICHHBIX
BapHallMi (poHOBOro M300paKeHHsi, HO U MO3BOJSIET MoJjyyaTh obpaboTaHHbIe M300paKeHHus c
HOPMAJIM30BAHHBIMM  TIOGANBHBIMM  CTATMCTMYECKHMMHM  XapaKTepUCTHMKAMM TaKMMH  Kak
MHUHHMAIbHOE, MaKCHUMalbHOE M cpeaHee 3HadeHus. Ha Puc.2a, 26, 2B M 2r oxasaHbl 4ephipe
¢dparmenTa  peHTreHorpadMyecKUx  M300pa’kKeHHWH  CpelHEBEKOBBIX  pYKOINHcell  mnocie
reoMeTpuyeckux npeobpasoBaHuit M IpeaBapuTenbHON  obpaboTku. IlpenBapuTenbHasi
obpaboTka, KoTopasi BKIo4yana B cebsl npoueayphl NMOJABICHMS 1IyMa, TIOBBILIEHHUS JIOKAJILHOTO
KOHTPAaCTa U HOPMAIM3aLMM XapaKTePUCTHK OOpabOTAHHBIX M300paxKeHHil, OCYLUECTBISIACH B
TIOJIHOCTBIO ABTOMAaTHYECKOM PEXHUME € ITOMOILBIO ONMCAHHLIX B JAHHOM paslesie aJifOPUTMOB.
Pasmepnl u306paxkeHHH, MokasaHHBIX Ha Puc.2a u 26, cocrasmsior 680x900 snemeHTOB, a
Puc.28 u 2r - 500x600 snemeHTOB. Maciutab u300paeHnil yBeJudeH NMpuUbnH3uTenbHO Ha 15%

110 CPABHCHHIO C MCXOOHLIMH H306DMCHH)IMH, NoKazaHHBIMHK Ha Puc.l.

4. BBIIEJIEHHUE BOJSAHBIX 3HAKOB

BonsiHple 3HAaKW NpeAcTaBlcHEl Ha 00paboTaHHBIX HM300paXEHUSX B BHAE CITIAXKEHHDLIX
TIOJIyTOHOBBIX NOJIOC Ha (OHE MOJYTOHOBOIO peHTreHorpadpHyecKoro H300paXeHHs! CTPaHHILbI
uccrenyemoit pykonucu. [lIupuHa 3THX nOJOC BapbHpyeTcs OTHOCHTEIbHO HEKOTOPOTIO
CpPedHEero 3Ha4YeHUsl, XapakKTepHOro 14 BbIG]JaHHOl"O mara OUCKpeTH3alluHi, UCIIONb3YEMOTIO IIpH
BBoAe M3o0paxenuss B DOBM. ®@opma, pasmepsl, KOIMYECTBO BEPLIMH, EIUHUYHBIX U
MHOXECTBEHHBIX TOYEK IMEpeceYeHMs] CYLIECTBEHHO HM3MEHSIOTCH [/ PA3IMYHBIX BOASHBIX
3HakoB. [IpeaBapuTeNbHBIH aHaIM3 H300paKeHWH BOASHLIX 3HAKOB IIOKAa3al, YTO OHHM MOIYT
npencTapnsiTb coboil eNWHWYHBIE 3aMKHYTBIE WIM He3aMKHYThle rpaduyeckue QUryphl,
HMECIOUIHME HJIH HEHMCEKIUHME TOYKH CaAMONEPECCYCHHA, a TaKXe SABIATbCH HGKOTODOF‘!
KOMOMHALHEH eIHHHUYHBIX Guryp. B cury 6onbluoil 3allyMIeHHOCTH HM300paKeHHMH ¥ Haluyus
MEXaHMYECKUX MOBPEXICHHUI HEKOTOPLIE YYAaCTKH M300pakKeHMI BOASHBIX 3HAKOB IOJHOCTBIO
MAacKHpPYIOTCsI Ha COOHMHBIX y4YacTKax, YTO IMPHBOAMT K (parMEHTALMH HM300pWKEHUH BOASIHBIX
sHakoB. Kpome Toro, B JONOMHEHME K BOASHBIM 3HakKaM o0OpaboTaHHbIe M300pAKEHMS
cofiepKaT Apyrue oObeKThI, KOTOphie NMOAOOHB! W300paXKEeHUsIM BOASIHBIX 3HAKOB M MOTYT ObITh

Cl)OpMa.-’ll:HO ONHMCaHBl B TEX K€ TCpPMHHAX, 4YTO M CaMH BOISHLIE 3HAKH. bonkuloe yucno 3Tux
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Puc. 2. PenrtreHorpadudeckue u3obpaxeHuds (GparMEHTOB YETHIPEX CTpaHMI], CpeJHEBEKOBBIX
PYKONHCEH TIIoce TIeOMeTPHYeCKKHMX mpeoOpasoBaHMii M IIpeaBapMTeNbHOM 0O0paboOTKH,
BHITIOJIHEHHOM B TOJMHOCTLIO aBTOMaTW4YeckoM pexume. Macmrab miobpakeHMit  yBeJMYeH
NpUGIH3UTENBHO Ha 15% OTHOCUTENEHO MCXOMHEIX M300paxXeHuil, mokasaHHeIX Ha Puc.1.



00beKTOB Ha OOJBLUMHCTBE MCCIeAyeMBIX M300pakeHHH, a Takxke lIymMoBas (parMeHTaLus
HW300paKeHUl  BOOSIHBIX  3HAKOB  CYLUECTBEHHO  3aTPYOHSIOT  CO3JaHHUE  TOJIHOCTBIO
aBTOMATHYECKHX METOMIOB BhUIEJeHHUS BOASHBLIX 3HAKOB M MO3TOMY B paboTe Oblia pasdpaboTaHa
HHTepakTuBHas npouenypa. C ee MOMOILULIO TMOJb30BATENL OCYLIECTRISET CKEIETOHH3ALUIO
coXpaHMBLIMXCS (PArMEHTOB BOASIHLIX 3HAKOB, PECTaBpallMI0 YTEPSHHBIX (TTOJHOCTBIO
MAacKHpPOBaHHBIX) (parMeHTOB W mnocieaywoulee rpaduyeckoe peqaKTUPOBaHHE BBIAEJIEHHOIO
BOJSIHOTO 3HaKa.

I'papguenTtHb MeTom [6-7] 6bul amanTHpoBaH U1l OCYLUECTBICHMS CKEJIETOHU3ALUM
BOASIHBIX 3HAaKOB. PaspaboTaHHBIN anropuT™m OasupyeTcsi Ha €CTECTBEHHOM IIPENIIONIOKEHUH,
YTO cpefiHee 3HAaYeHHUE JIOKATBLHOTO IPagueHTa BHYTPH HEKOTOPOTO (hparMeHTa BOISHOIO 3HakKa
MeHbllie B HamnpaRleHUH LEHTpalnbHOM JMHMM (CKeleToHa) ¢parMeHTa IO CPaBHEHHUIO CO
3HAYeHHEeM B OPTOTOHAJIBHOM HampapieHuMW. B cuwiy AUCKpPeTHOH CTPYKTYphl UM(PPOBHIX
u300pakeHHH  rpagMeHThl  OBUTM  anmpoKCMMHPOBaHbI  pasHocTsIMH.  PaspabGoranHas
WHTEpPaKTUBHAA TIpoLeAypa BhIOeIeHUs] BOASHOTO 3HAKAa TpebyeT OT MOJIb30BATelNlsl BBIMTOJIHEHUS
cleayolux AeHCTBUI:

e BLHIOOp C NMOMOLIBK Kypcopa HEKOTOpPOro oTcyeTa HM300pakeHUsT BHYTPH THIIMYHOTO
¢parMeHTa BOOSHOTO 3HAaKa; MPOCTPAHCTBEHHAass OKPECTHOCTh 3TOT0  OTCYeTa
WUCMONb3YyeTCsl I OLEHKHM  IapaMeTpoB, HeoOXOOAMMBIX A/ OaJbHEHLlIeH
CKeJIeTOHM3alMy (WMpHHA ToNockl ¢parMeHTa M TIOPOTOBBIE 3HAYEHHUs A
CKEJIETOHHU3AI[UH);

e BhIOOp ¢ MOMOLIPIO Kypcopa HadalbHOM TOYKHM CKEJIETOHa BOASHOIO 3HakKa; s
HEe3aMKHYTBIX (QUIYp 3TO OO/DKHA OBITh OfHAa M3 KOHEYHBIX TOYeK (UIypel, a A
HEe3aMKHYTBIX - J1100asi TOYKe CKeJlIeTOHa,;

e pecTaBpallis CKEJeTOHa YTepsHHLIX (parMeHTOB BOASHOIO 3HAKa, OCYlIecTB/sieMasi
MyTeM MOCNENOBATEIBHOTO BRIOOpa ¢ MOMOLIBIO KYpcopa TOYEK CKEJIETOHA;

e MHTEPaKTHBHOe TrpaduyecKoe pedaKTHPOBAHHE BhIIEJIEHHOTO H pPECTABPHPOBAHHOIO
CKeJIETOHA BOMSIHOTO 3HaKa.

Ha Puc.3a, 36, 3B u 3r mpeacTarieHbl pe3yabTaThl BblAeleHHs] U300paxkeHHIl BOASIHBIX 3HAKOB
U3 06paboTaHHBIX H300paXe€HHUH YeThlpeX (GparMeHTOB peHTreHorpaduIecKux H300paxeHUH
CpEeNHEBEKOBLIX PYKOMUCEMN, NMoKasaHHLIX Ha Puc.2a, 26, 2B u 2r. Kaxnoe u3 npeacTaBleHHbBIX
OMHApHBIX M300paKeHUI CONEepXMT Mapy BePTHKAIbHBLIX IOJIOC, PACIOJOXEHHBIX C JIEBOH M
MpaBoil CTOPOH BbIIEJICHHBIX M300paKeHHWH BOASHLIX 3HAKOB. DTH NOJOCH! OBLUIM BhIIEIEHB!I U3
00paboTaHHBIX M300paXeHHN BMecTe ¢ H300paXeHHsSIMH BONSHBIX 3HAKOB H TIPEACTABISIOT
coboil H300pakeHHsT (PHUKCATOPOB CHUTa, KOTOpoe ObUIO HCINONL30BaHO MU NPOM3BOACTBA
6ymard. Hapsiny ¢ BOOAHBIMM 3HAaKaMM H300pakeHUs] 3THX (UKCATOPOB MCIIOJIL3YIOTCS 1S
BPEMEHHON HIEHTHGUKALMM CpeIHEBEKOBLIX pykonuced. OOpaboTaHHbIE U300paXKEHUS C
HaJlOXXeHHBIMH OHWHapHBIMH H300paXKeHHSAMH BBLIC/JICHHLIX BOASHBIX 3HAKOB IIOKa3aHbl Ha
Puc.4a, 46, 48 u 4r.

21



22

Puc. 3. BbunapHue u306pakeHHss BONSHLIX 3HAKOB, BhUAENEHHHIX M3 O06pabOTAHHEIX PEeHTTeHO-
rpaduyeckux H300paxeHHH (parMeHTOB UYeThIpEX CTpPaHMLl CpEeNHeBEKOBHIX pYKONMMWCEH.
Macuwrrab wn3o0paxeHuit  yBeawdyeH IIpUONM3WTENBHO Ha 15%  OTHOCHTENBHO MCXOTHBIX
uzobpaxeHui, mokasaHHLIX Ha Puc.1.



Puc. 4. PeHtreHorpaduueckue H300paxeHHs (PparMEHTOB 4YeThIpeX CTpPaHML CpeAHEBEKOBBIX
PYKOIMHCEH IIOcae IpeaBapUTeIbHOH O0pabOTKHM ¢ HAHECEHHBIMM HM300paXeHHMAMM BBIACJCHHBIX
BOISHBLIX 3HAKOB, MoOKasaHHHIX Ha Puc.3. Macurrab ui3obpaxeHU yBeaWdeH NpUOIM3UTENBLHO
Ha 15% OTHOCHTEIBHO MCXOMHBIX M300paXKeHHH, NoKa3aHHbIX Ha Puc.1.
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5. BBIBOJIbI

Takum ob6pasoM paszpaboTaHbl MeTOAbl M AJTOPUTMEI LMGPOBOM  0bpaboTku
Hu300paxeHHU BONAHBIX 3HAKOB, HCHOJL3YIOLIME ATPUOPHYI MHAOPMALMIO WIS pealu3aliuu
TpOLECCOB TMNONABNIEHHs HMITYIbCHOTO IOyMa M TIOBHILIEHHsI JIOKAJIBHOIO KOHTpacTa B
MOJHOCTBIO aBTOMAaTu4deckKoM pexume. CosnaHbl TIpOrpaMMHBIE CPEACTBAa, peaTU3yIOlHe
pa3paboTaHHBle alTOpPUTMEL. PaspaboTaH Takxe METO M CO3aHO MaTeMaTH4YecKoe obecreyeHue
Ind  BBUIETICHMSI BONSHEIX 3HAaKOB M3 peHTreHorpaduuecKHMX M300paxkeHUil cTpaHMI
CPeNHEBeKOBEIX pyKomucel. DdDEKTHBHOCTD BCeX NPELTIOXEHHBIX aIrOPUTMOB TIOATBEpXKIEeHa
SKCTICPHMEHTAILHO NPH 06paboTKe peanbHBIX peHTreHOrpadudecKue U306paXeHUs CTPaHMIL
CpeIHEBEKOBRIX PYKOIHCEI.

Pabora nonnepxana Poccuiickum $oHIOM DyHIAMEHTATBHEIX HCCIEIOBAHMIA: rpaHT 93-012-7 u
MuHuCcTEPCTBOM HAYKH, BHICIUEH LIKOJIBI M TEXHHYECKOMN MOJMTHKH Poccuiickoi Depepanuy.
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