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AHAJIA3 IEGEKTOB OTTUCKOB INEYATEM U IITAMITIOB C HCIIOJIb30BAHUEM
KOPPEJIAAIIMOHHON OBPABOTKH! [IU®POBBLIX N30BPAKEHUI

Koznos B. JI., 3ruposckas H. B.

Benopycckuii 2ocyoapcmeennulii yHueepcumem
Mumnck, Pecnybauka berapyce

OmHOM W3 BOXHBIX 3a7a4 KPUMHUHATHCTHIECKOMN
SKCHEPTHU3Bl SBIICTCS W3YyYEHHE IBETO-TOHOBBIX
rapaMeTpoB U aHAu3 1e(PEeKTOB TUPPOBBIX MOIETICH
M300paKeHUIT OTTHCKOB IEYaTeii ¥ IITaMIIOB
(OIIIL). H3BecTHBIE METONUKH CPAaBHUTEIHHOIO
HCCIICIOBAHUS ~ OTTHCKOB  [e4ared, KOTOpKIC
MIPOBOJIATCS HA OCHOBE COTIOCTABJICHHUS M HAJIOKCHHS
[1] u xoppensaunoHHOTrO aHanu3a [2] He MO3BOJISIOT
MOJyYUTh KOJHYCCTBCHHBIC JAHHBIC O CTCICHH
CTapeHHsI OTTUCKA [TeYaTH U 0 KOOpAWHATaX NedeKTa
moboro ¢parMeHTa nedaT. BaxkHol 3amadeii Takxke
SIBJISIETCST TIPe0Opa3oBaHue MOTYICHHBIX UDPOBBIX

OaHHBIX B KPUMHHAQIMCTHYCCKH  3HAYMMYIO
UHGOPMAINIO, HYTO BO3MOXHO TOJBKO IyTEM
HCIIOJIb30BaHMS CIICNUATH3HPOBAHHOTO 110,
IrOPUTMBI  PabOTBI  KOTOPOTO  MO3BOJISIOT
OCYIIECTBIATH ~ HEOOXOAWMMBIA  MOACYET ~ H
HHTEPIPETALMIO COOTBETCTBYIOIIUX MapaMeTPOB
n300paKeHHS.

[IpuMeHeHHe  KOPPEISLHUOHHOW  00paboOTKM

ONTUYECKUX H300paKCHUH SBISCTCA OJHUM U3
HampaBJICHUH TIOBBINICHUS KadecTBa  MUQPPOBOIL
00pabOTKH OTTUCKOB YJOCTOBEPHTEIBHBIX IEUYaTHBIX
dopm [2]. Mua pacmmpeHus (YHKIIMOHAIBHBIX
BO3MOKHOCTEH, TIOBEIIICHHS KadyecTBa u
JIOCTOBEPHOCTH  WCCIIEZIOBAHUH  IIBETO-TOHOBBIX
IapaMeTpoB OTTHCKOB MeYaTe W MITaMIIOB, a TAKXKe
JUTS TIONTyYCHHS MH(POPMALIMU O CTEIICHH CTapeHUs
OTTHUCKA MeYaTH U Ac(peKTax OTACIbHBIX ()ParMEeHTOB

ObLia pa3pa60TaHa COOTBETCTBYHIOIIAs
KOMIBHOTEPpHAsA CHUCTECMa Ha OCHOBC IPHUMCHCHUS
METOA0B KOPPEIALIUOHHOT'O aHaJu3a.

IIpenmaraemerit  mporecc mudpoBot  00pabOTKH
OIIII mpexycmaTpuBaeT: (QUKCAITUIO U300paXKESHHS
MyTEM CKaHUPOBaHUS (pEerucTpaius U300paKeHwsl);

MIPUMEHECHNE aJTOPUTMOB 006paboTKH,
MPeAyCMOTPEHHBIX UCIIOJIb3yEMbIM o
(mpeobpa3zoBanue  M300paXkeHWs);  COXPAHECHHE
JTAaHHBIX c MOCTe Ty FOIIEeH 9KCHEPTHOU
HHTEpIpETalueil pe3yabTaToB (aHANM3 JTAHHBIX
N300paKEHHUS).

CkaHMpOBaHME KaK CII0COO  perucrpanuu
n300paXeHUH IMO3BOJIICT  TOJIydaTh LU(POBEIE
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mozaenu OIIII, MakcCUMaIbHO COOTBETCTBYIOIIHE

peanbHOMi JIEUCTBUTEIBHOCTH o CBOUM
TEOMETPHUYECKUM, TOTIOrpaMIECKIM u
KOJIODUCTHYECKUM  Xapakrepuctukam.  Dopmar

XpaHeHHs] M300paKCHUH MOXKET OBITH Pa3THMYHBIM
(JPEG, TIFF; PXC, PNG, BMP u ap.). Oaaum u3
Haubosee <KOPPEKTHHIX (OPMATOB, NPHUMEHIEMBIX
npu peructpauuu uzobpaxenuid OIII sBnsercs
Hec)KaThlid pacTpoBbIl rpaduueckuii popmar TIFF.
ITpoBeneHHBIE >KCIIEPUMEHTAIBHBIC HCCIIEIOBAHHA
MIOKa3aJIi, YTO 3HaUECHUE KOPPEIALHOHHON (QyHKINH
s HOBoM medatu B dopmare JPEG cocraBmser
nopsimka 0,998, a s popmara TIFF — 0,99993. Oro
CBUJICTENBCTBYET O TOM, 4YTO JUIi IPOBEACHHA
9KCIEPTHBIX UCCIIEIOBaHUI 1esiecooopasHo
HCITONIb30BaTh NOKyMeHTH B opmare TIFF, T.x. on
JaeT Oosee  BBICOKYIO TOYHOCTh  BBIYHCIICHUS
KOPPEIALMOHHON (YHKIMH, U, CIEeI0BaTEIbHO,
OOJIBIIYIO 3¢ GEKTUBHOCTD MIPOBEICHUS
nccienoBanui o cpasHenuto ¢ JPEG gpopmarom.
Oran npeoOpa3oBaHHs H300pKEHUH MOXKHO
YCIIOBHO pas3nenuTh Ha IBE CTaJWN:
NPeABapUTENbHYI0, KOTOpas  3aKIIOYacTcss B
NPUBEICHUN  CPaBHMBAaCMbIX  H300pakeHMH B
COOTBETCTBHE ONPEICICHHBIM KPUTEPUSIM  JUIA
MPOBEICHUS  JATbHEHINIETO  WCCICOOBaHMS, W
OCHOBHYI0, TIPElyCMaTPHUBAIOILY0 KOPPEIALMOHHBIH
aHanu3 nzoOpaxenui. [IpensapurensHas 00padoTKa
MOXET OBITh OCYLIECTBJICHA ITyTEM HCIIOJIb30BAHHS
pasnuuHOro poaa yHusepcampHoro IIO («Adobe
Photoshop», «CoreDRAW», «Microsoft Paint»y u
T.a1.). OJHAaKO aHaIW3 CHEHUATBHOM JIUTEPaTyphI
MOKasaj, dYTo Haubojee  PacHpOCTPaHEHHBIM
rpaUIecKuM PpENaKTOpPOM, IPHUMEHSAEMBIM TIpH

TEXHUKO-KPUMHHATUCTHIECKHUX UCCIIE0BAHUAX
SBJSETCS ~ NPOrpaMMHBIA  mpoxykr  «Adobe
Photoshopy. Ipu 9TOM UCIIOJIb30BAHKE

BO3MOXKHOCTEH JaHHOTO MPOTPAMMHOTO CpPEACTBA
CBOJMTCSI K MUHMMAJILHOMY HA00py (QYHKIMH, 4TO
00yCIIOBJICHO ~ HCOOXOJUMOCTBIO  MAaKCHMAIIbHO
COXpaHMUTh BCE IMEPBOHAYAIBHBIE  [APAMETPBI
n300pakeHus 03 KaKUX-JIN00 UCKAKCHHI.
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OcHOoBHas cTaauWs dTama npeoOpa3oBaHUs
M300paKECHUH 3aKJIIOYAETCs B HEMOCPEICTBEHHOM
cpaBHeHUH IM(QPOBBIX MOJENEH HCCIEIyeMbIX
OTTHCKOB, UCIIOJIb3Ys AITOPUTMbI KOPPEISILHOHHOTO
tina [3]. Jng  peammzanuyd  KOPPENSAITMOHHOM
METOJIMKH aHaJIn3a ObLIO pa3paboTaHO MPOTPaMMHOE
npwioxxkenne (I1I1) Ha sA3bIKe TPOTPaMMUPOBAHUS
java (manee — ITIT «CIPSS», ot anria. Comparing
Images of Prints of Seals and Stamps — cpaBuenue
U300pakeHUi OTTUCKOB TMEYaTeld M  IITAMIIOB).

IIporpammuoe IPUIIOKEHNE uMeeT JBa
CHHXPOHHM3HPOBAHHBIX pabo4yux okHa. JleBoe OKHO
OpeJHa3HadyeHo AN BBOJAa  MCCIIEAYeMOro
U300paxKeHus, T.C. n300paxkeHusl, L1871

XapaKTepUCTHKH TIOMJICKAT HETOCPEICTBEHHOMY
W3y4eHHIO, a TPaBO€ — UII BBOAA M300paKeHHS-
stanoHa. WHTepdeiic mnpuiokeHus obecrieunBaeT
BBITTOJTHECHHE CIEAYIONNX  ITOJB30BATEIbCKUX
(hyHKIIMY: I3MEHEHHE pa3Mepa H300paKeHHUI B OKHE;
BEIOOD BHJA KOPPEISITHOHHO N byHKINNT;
OMpENCIICHUE CIEKTPAILHOIO JMana30Ha aHaln3a
pa3aeipHO B KPACHOM, 3C€JICHOM M CHHEM y4YacTKax
CIICKTpa, a TAKXKE B MX CYMMapHOM JHamna3oHE, B
3aBHCUMOCTHU oT LBETHOCTH peabHOTO
n3zo0paxkenus. [IpoOU3BOACTBO  KOPPEIALUOHHOTO
aHalu3a I[BETO-TOHOBBIX IMAPaMETPOB M300paKCHUN
obecrieunBaeTcsi IyTeM BBIYHCICHUS 3HAYCHUSA
JIBYXMEpPHOM HOPMHUPOBAHHOM  KOPPEISALMOHHON
¢byakmmr NCC  [3]  Mexay  BbIACICHHBIMU
(bparmMeHTaMu N300pAKESHUI:

3 (1w v)-1)-(1,u+d,v)-1,)
K(d)=— — —,
Jz(u(u,v)—u) (Lu+dv)-T,)

rae li, |2 — MHTEHCHBHOCTH TEPBOrO M BTOPOTO
U300pakeHus; U, V — KOOPIMHATEL Ha (OTOMPUEMHOM
Mmarpuie; d — CIBUI MEXKIY OKHAMH CKaHUPOBAHHSL.
Jlnst onpenesieHyss CTENEHU PasInyust BBIIEIEHHBIX
U300paKEHUN  MCIOJIB3YETCsS  HOPMAJM30BaHHAS
cymma KBajiparoB pasHocteid NSSD [3].

2

Y (Ly-1 Y(,u+dy)-1)
uv uyv

HopMmupoBanHasi KpoCC-KOppEIsIusl MPUMEHUMA B
cirydae, KOTJa OJHO H300pakeHHE OTIMYAeTCS OT
JIPYroro, He TOJBKO OTHOCHTEIBHBIM CIIBUTOM, HO H
ITOTBEPIKEHO MOHOTOHHOMY aMIUTUTYJTHOMY
npeoOpa3oBanuio. ['paduk 3aBUCUMOCTH 3HAYCHHS
K® or pa3HOCTH KOOpAMHAT MEXAY paboIruMHu
OKHaMHU 10 ocu X B NHKCEISIX MPEICTABIACTCS B
HW)KHEM OKHe uHTepdeiica. B pesynbprare anammsa
BBIBOJMTCS MAaKCHUMajbHOC (WIM MUHHMAJIBHOC)
3HAYCHHUE KOPPEISIMOHHOW (QDYHKIMH C YKa3aHUEM
KOOPJMHAT TOYKU COBIAJICHUS U CIIBUTA MO OCSIM X U
Y JUIS paccMaTpUBaeMOii 00JIACTH HA BTOPOM CHUMKE
OTHOCHTENIFHO  TIepBOTO.  Takke  BBIBOIHUTCS
TpeXMepHbIH TpaduK KOPPEIAITUOHHON (QYHKITHH.

K(d)zz I1(U:V)_|_1 _ |2(U+d,V)—E

IIporpammuoe MPUIOKCHUE MO3BOJISIET
MOCTPOUTh KapTy KOPPEISIMH BEIOPAHHOW 00JacTu
n300paKeHHS TUTS HaXOXKICHUS MEJIKHX,
HE3aMETHBIX TJIa3y MOBPEXICHUHA H300pa)kKeHHOTO
o0bekTa (M3HOIICHHOCTh, MeENKHE (QU3UUECKHE
MOBPEKACHHS U T.1.). [IpuMep paboThl MPUIIOKESHUS
JUTSI aHAJTM3a U OOHApYKEHHS AePEKTOB MPeICTaBICH
Ha pucyHKe. Bo3MOXHO QopMHpOBaHHE KapThl
Koppensnuu Jub0o s Bced mevatd, aubo s
nro0oro BeAeIeHHOTo (parmenta. Ha uccnenyemom
U300paKCHUH OTTUCKA TeYaTH (OpPMHUpPYETCS OKHO
CKaHHUPOBaHUsI, pazMepoM oT 3x3 10 7x7 MUKCenei B
3aBHCUMOCTH OT TpPeOyeMOro paspeuicHUs KapThl
KOppesuu. ABTOMAaTHYECKU OKHO CKAHUPOBAHUS C
TaKUMH K€ KOOpAWHATaMu (OpMHpyeTcs Ha
STAJIOHHOM H300paKCHUH M BBIYMCIIICTCS 3HAUCHHE
KOPPEISAIIHOHHO N byHKIHH NCC MEXIY
BBICTICHHBIMUA ~ (hparMeHTamMu. 3aTteM o0a OKHa
CKaHMPOBAHMS IIOCIENIOBATEIBHO CABHTAIOTCA Ha
BEJIMYMHY KaK 10 OCH X, TaK ¥ II0 OCH ), W TOCIe
KaXIOW  WTepalyl  BBIYUCISACTCS  3HAYCHHE
KoppensuoHHon  pyHkiuu. Takum  oOpasom,
OCYILICCTBIISICTCS MOCTPOCHUE KApPThl KOPPEISIIHU
M300pKEHUH ITAJTOHHOW M MCCIeyeMOH nevareil.
TpexMepHBIil BUI KapThl KOPPEISAIUN TPEACTABICH
Ha pHUCYHKe, TIc MUHHManbHOEe 3HaucHHe KO
COOTBETCTBYET e(EeKTy MeUaTH.

09999302

09999907
| 09887248

09987249 1

[ 0.9974535 08974508

09961943 T~

09961943

25,
= 120, i ¥ 099492095
(8.2 j \

21 63 105 147 188

TpexmMepHBIil BUI KapThl KOPPEISIUH IS BEIOPaHHOH 001acTU

IMomyyeHHBIE pe3yNbTaTBl  KOPPEISIHOHHOTO
aHanM3a n300pakeHUH TPeOYIOT COOTBETCTBYIOLIECH
IKCIEPTHOU UHTEPIPCTALNH. HUccnenyembie
napaMeTpsl TOJKHBI OBITh JOCTYITHBI M MPOCTHI IS
[MOHUMAHHS JIUIaM, He 001aAar0UM CIIeI[HaTbHBIMI
MMO3HAHMAMHM B JJAHHOM oOJyracTH. B 3TO# CBsi3u ObLI
pa3paboTaH  aJrOpUTM, €0  IPUMEHCHHS
KOTOPOT'O SIBJSIETCS ONPEACICHHE B MPOICHTHOM
COOTHOIIEHWN IIOKa3aTelid COBIajgeHus II. 1BeTO-
TOHOBBIX [TAPAMETPOB CPABHUBAECMBIX H300PasKCHHIMA
OIIIII #a ocHose 3HaueHUsT KD:

— Kmax
c ™4 1
1-K
rne  Kmax — MakcuManbHOe 3HaueHue Ko

(mocTosHHas BenuuuHa, pasHas 0,99); K — pabouee
3HayeHue KO, momyueHHoe B XOJI€ aHaiM3a
n3oopaxennit. C KPUMHUHAIUCTHYECKOW TOUYKH
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3penusi, 3HaueHne KO ne wmenee 0,99
CBUJICTEIILCTBYET o MTOJIHOM COBMAJCHUU
KOJIODUCTHYCCKUX  XAPAKTEPHUCTHK  HCCIICAYCMbIX
n3o0paxxenuit, 3Hauenue KO menee 0,97 m Huxke
MOXKET CBHAETEIBCTBOBATh O 3HAYUTEIHLHOM WK
ITOJTHOM Pa3IMYUH UCCIICAYEMbBIX XapaKTEPUCTHUK.
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OCOBEHHOCTHU MOCTPOEHUA DJEKTPUYECKOU MPUHITATIUAJIBHON CXEMBI
ABYXOCHOI'O TMPOCKOIMNYECKOI'O CTABUJIN3ATOPA HA BA3E
BOJIOKOHHO-OIITHNYECKHUX THPOCKOIIOB

Kopoaés M.H.
Tynvckuil 2ocyoapcmeeHHbliL YHUGepcumem
Tyna, Poccuiickaa @edepayus

Bonoxonno-ontudeckuii rupockon (BOI') — ato
MAaTIUK BpamleHWS TPSMOTO  IpeoOpa3oBaHUs,
KOTOPBIM BBIMTOJIHAIOTCS 110 BOJIOKOHHO-ONITUYECKOM
TEXHOJIOTHH.

JIro60it BOT" comepXuT BOIOKOHHO-ONTHYECKHI
npeoOpa3oBaTellb K MHHUMAILHOW KOHQOUTYPAITUI U
JJIEKTPOHHBIN OJIOK, B KOTOPOM 00pabaThIBarOTCS
aHajnorosble curHaibl. OCHOBHOE JTOCTOMHCTBO OI-
TUYECKUX H3MEPUTCIIBbHBIX TEXHOJIOTHUH — BBICOKAs
TOYHOCTb, NPAKTUYCCKU MI'HOBCHHOC BPEMSA I'OTOB-
HOCTH, OTCYTCTBHUC BO3MYHIAIOIUX MOMCHTOB IIpH-
JOXEHHBIX K  cTadmmm3upyeMoil  1mratdopme,
BBICOKAsh YCTOMYMBOCTH K  DIIEKTPOMATHUTHBIM
MMOMeXaM, a Tak)Ke MEXaHHIECKUM U TEMITePaTypHBIM
BO3MYIIEHUSM [3].

B cratee paccMaTpuBalOTCS  OCOOCHHOCTH
MOCTPOCHHUS JJCKTPUUECKOW CXEMBI IU(PPOBOTO
YIpaBJI€HUS THPOCTAOUIN3aTOPOM C NMPUMEHEHHE B
KadecTBE YyBCTBUTENBHBIX 3JemMeHToB =~ BOI'. Ha
puc.1 MpHUBeIeHa CTPYKTypHas cxema
pa3pabaTbIBa€MOi CHCTEMBI, KOTOpas PEMIacT IBE
3a/1a4M: 337]a9y CTa0MIM3aIK U 3a/1ady yIIpaBIeHUS
MOJIOXKEeHUEM TIaT(opMbL B ipocTpaneTse. Ha puc. 1
MpeJCTaBICHa CTPYKTYpHAas CXeMa JIBYXOCHOTO
THEPOCKOIIMYECKOTO CTA0MIN3aTOPA.
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HOMEH
a? -.—, 19

Pucynok 1 CTpykTypHas cxeMa ABYXOCHOTO F'HPOCKOIIMYECKOTO
crabunmusaropa

E

[Ipuanmm paboThl CUCTEMBI CICAYIOIIHUNA: TP
BO3HMKHOBEHHH BO3MymIaomero momeHta BOIT
¢uKCUpyeT yrioBoe NBM)XKCHHE, BBIJABas CHUTHAI,
KOTOpBIM TMOAaeTcs Ha CHUCTEMY YIpaBJICHHUS.
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Cuctema ympaBieHHs MOAAET CUTHAlI HAa JaT4HK
MomeHTa (/IM), KOTOpbIi BO3BpamaeT OOBEKT
CTaOMITN3alMN B UCXOAHOE TIOJIOKEHUE [2].

B KayecTBe npeobpaszoBaTens (puc.1)
HEOO0XOIUMO. BBIOPATh MHUKPOKOHTPOJIIEP, KOTOPBIHA
obecrieunBaer 00paboTky curHamoB c¢ BOT,
yrnpasiaenue M, o¢ynknuonupoBanue Y wu
nuTaHue cucTeMsl. [lomrmo aToro npeodpasoBarenb
TaKKe J0JKEeH (OPMUPOBATH HEOOXOIUMBIE 3aKOHEI
yopasnenuss [1]. Hns o0paGoTKM CHTHAjJOB C
TNEPEUYUCICHHBIX 3JICMCHTOB B COCTAB CXEMbI BBCICH
MUKpOKOHTposuiep STM32-F4.
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Pucynok 2 — INoaximtoueHne MukpokonTpostepa STM32-F4

O6pabotka curHanoB ¢ JIY ocymecTBisieTcs ¢
roMoInsio MukpocxeMbl AD2S1210 u ¢mibtpa Ha
6a3e mukpocxembl AD8661ARZ (puc. 3).





