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IHTENIEKTYAJIbHA IH¢9PMALI,II7IHA TEXHONOrA PO3NISHABAHHA
NIHIMHUX WUTPUXOBUX KOAIB

Komenoanm O.B., Ouniiinuxk A.O. Inmenexkmyanvua ingpopmayiiina mexnonozia po3ni3HAGAHHA JIHIIHUX WMPUXOBUX KOOIG.
3anpononosano moodugixayilo memody posniznasanms ninitnux wmpuxoeux xooie EAN-13 na sobpaosicennsx, kompa euxopucmogye memoo
NOPIGHAHHSA 3 eMATOHAMU Ol YMOYHEHHS! NOJOACEHH CUMBOTLY WMPUXOB020 KOOY WLTAXOM NOULYKY MUNOSUX WaAOIOHIE-00MedIcysayuie ma 0715
0eK00YBaAHHSA 3HAKA CUMBOIY.

Knrouosi cnosa Llmpuxxoo, wmpuxosuti koo, EAN-13, NET Framework, memoo nopisusanns 3 emaronamu.

Komenoanm A. B., Oneithuk A. A. Humennekmyanbnasa uHGOPMAYUOHHAA MEXHOIOUA PACNOZHASAHUA JIUHEUHBIX WIMPUXOBHIX KOO0E.
IIpeonosicena mooughurayusi Memooa pacno3HA8AHUs TUHEUHbIX wWmpuxosvix k0008 EAN-13 na uzobpasicenusix, komopas ucnonvzyem memoo
cpasnenus ¢ ImanioHami 05l YmMOUHeHUs, NOJOACCHUA CUMBONIA WIMPUXOB020 KOOA HymeM NOUCKA MUNUYHLIX WabioH06-0epanuyumeneti u 0
0eKoouposanusl 3HaKa CUMBod.

Knrouesvie cnosa:wumpuxrod, wmpuxosoti koo, EAN-13, NET Framework, memoo cpasnenus ¢ smaronamu.

Komendant O. V., Oliinyk A. O. Intelligent information technology of linear barcode recognition.A modified method of EAN-13 linear barcode
recognition is proposed. Modified method uses the comparison with the standards to clarify of barcode symbol position by looking for guard
patterns and uses the comparison with the standards for symbol sign decoding.

Barcode, EAN-13, .NET Framework, method of comparison with the standards.

1. Beryn. IocranoBka 3a1a4i AocaiTxeHHs

OcraHHI KUIbKa POKIB BEIMKE MOMMPEHHs Halyia TeXHOJIOris ITpUXoBoro koxysanHs [1-3]. Lle
MOB'SI3aHO 3 HAAIMHICTIO, KOMIIAKTHICTIO 1 JICMIEBMHOK HAHECEHOrO0 CHMBOITY, 3 MOXJIHUBICTIO BHOOpY
obnagHaHHs Ui poOoTH 3 HUM. LlITprxoBe KOAyBaHHS MIMPOKO 3aCTOCOBYETHCA B pO3ApiOHii TOpriBimi,
MOMITOBUX 1 BaHTaXHHUX IEPEBE3CHHSX, M ineHTH(]ikalii eNTeKTPOHHUX KOMIOHEHTIB 1 MEAWYHHX
npenaparis.

Tpaauuiiini MeToaM BBEIECHHS AaHUX 3 apKylla Mamnepy B KOMIT'IOTEp 3a JOMOMOIOI0 KiIaBiaTypH
MalOTh HACTYITHI HEJONIKH:

— y cepenaboMy Tparusietbes 1 momuka Ha 300 BBEIEHUX CUMBOITIB;

— BBE/ICHHS JaHUX BiAOyBa€THCS JOCUTH MOBLIBHO;

— 000B’SI3KOBO MOTPiOHA y4acTh JIIOJUHU B MPOLIECI.

Taki HenOMIKM 3HAYHO MO3HAYAIOTHCS MPU BETHKHUX 00CSArax JaHWX, IO BBOIATHCS (HAIpUKIAL,
Ipu COpTyBaHHI momrtu). Ha nomomory mpuxoasaTh aBTOMAaTHYHI CHCTEMH BBEICHHS NTaHUX, TaKi, sIK
Monym mam'sti, 3acHoBaHi Ha IIII3Y, marniTHi KapTH, pagiOMiTKM, CHCTEMH Bif€OpO3Mi3HABAHHS
CHMBOJIIB, IITPUXOBI KOAM TOLIO.

CuMBOJTiKa IITPUXOBOrO KOLYy MOXKE OyTH pO3/ApyKOBaHa Ha JOCHTH MPOCTOMY OOJajHaHHI, ii
MOXHa MaclITadyBaTH OCHTHh B MIMPOKUX Mexax. LlTpuxoBe xKoqyBaHHSI BBaXKaeThCs HaliitHUM — 1
MOMMJIKA Ha 1 MiJIbIIOH CUMBOITIB.

HIrpuxoBuii kox (LK) — rpadiuna iHdopmalis, 1m0 HAHOCUTBhCS HA MOBEPXHIO BHPOOIB, sKa
HaJa€ MOXJIMBICTD 1 3UMTyBaHHSA TeXHIYHUMH 3acobamu. LIIK — sBisie coboro mociaiqoBHICTh YOPHUX 1
OUIMX CMYXOK a00 IHIIMX TeOMEeTpHUYHHX (iryp YiTKO BHU3HAYEHHX PO3MIpiB 3a OMOMOTOI0 SIKHX
BHUKOHYETHCSI KOIyBaHHA 1M PoBoi abo iHmoi indopmanii. KoxkHa mudpa ado 3HaK KOAyeThCsl HAOOpOM
LITPUXIiB 1 MPOMDKKIB 3a YITKO BWU3HAYEHUMH MNpPaBHJIaMH, SKI HA3MBAIOTbCS CTaHAAPT IITPHUXOBOTO
KOJyBaHHS. YCi CTaHAApPTH LITPUXOBOTO KOAYBAHHS MOXKHA PO3IUTMTH HA JBI OCHOBHI I'PYNH: JiHIiIHI
(omHOBUMIpHI 260 1D) ta nBoBumipHi (2D) cumBomiku 11IK.

JlinifiHuMu abo ofHOBHMipHMMHU HasuBawoThcs LK, koTpi umTaroThcs B omHOMY Hampsmi (1o
ropusoHTati). HaitGinbm posnoBcromkenumu € HactynHi konyBanus: EAN, UPC, Code39, Codel28,
Codabar, Interleaved 2 of 5. JliniitHi CHMBOJIKH JO3BOJISIFOTH KOYBAaTH HEBEIHKUN 00’ eM iH(popmarii (10
20-30 cumBoniB — 3BHUaiiHO nUQp) 3a gornoMororw HecknamHux LK, ski 4MTarOTBCS HETOPOTUMH
CKaHEepaMH.

JIBOBUMIpHUMH Ha3WBAaIOTbCS CHMBOJIKH, pPO3pOOJIEHI Uil KOAYBaHHS BEJHKOro 00’eMy
iHdopmanii (10 JEKUTBKOX CTOPIHOK TEKCTY). JIBOMIpHUIT KO 3YMTYETHCS 32 TOMOMOTOKO CIIEHiaIbHOTO
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CKaHepa JBOMIPHHMX KOJIB i JO3BOJISIE MIBUAKO 1 OE3MOMUJIKOBO BBOJUTH BETUKUEH 00CAT iH(opmarrii.
Po3unm¢poBka Takoro Koy MpoBOAUTHCS Y ABOX BUMipax (1o TOpH30HTAaIi 1 o BepTukauti) [1].

Crpykrypa cumBoiny EAN-13 mpomonyerbess y TOCT ISO/IEC 15420-2010 [2]. OcHoBHHMEU
BU3HAYCHHSIMH €:

— noxatkoBuii cumBoin (add-on symbol) — cumBoI, 10 CynpOBOIKYE OCHOBHUI CUMBOII 1 KOJYE
iH(hopMaIrito, 101aTKOBY 10 iH(OpMaIlii OCHOBHOTO CHMBOIY;

— nonoMikHMI madnon (auxiliary pattern) — xomOiHallis MTPUXIB 1 MPOMYCKIB, MPEICTABIISIE
KOMIIOHEHTH CHMBOJIY, IO HE MICTATh JaHUX;

— mabnoH-po3ainsHuK (delineator) — monomi>kHMIA 1a0JI0H, BUKOPUCTOBYBAHUH VIS BIIIIJICHHS
3HAaKIB CHMBOITY B JIOIATKOBOMY CUMBOJII;

— mapHuil mapurer (even parity) — XxapakTepucTHKa KOJyBaHHS 3HaKa CHMBOIY, IIO BKa3ye Ha
HapHe YUCI0 TEMHUX MOJIYIIIB B 3HAKY;

— mabnoH-oOMexyBau (guard pattern) — monoMiKHUIT IaOJIOH MITPUXIB 1 MPOIYCKIB, SIKUK abo
BifmoBigae koMOiHaisim Start (crapt) abo Stop (crorm) B iHIIy CHMBOIIKY, 00 CIYKUTb JUIS PO3IUICHHS
JIBOX TIOJIOBUH CHIMBOITY;

— umucnoBuid HaOip (number set) — cepist 3 10 xomOiHamif WTPUXIB 1 MPOMYCKIB 3 MapHUX a0
HEMapHUX MapuTeToM, 1o koaye udpu Big 0 no 9;

— HenapHuil napurer (0dd parity) — xapakTepucTHKa KOAYBaHHs 3HaKa CUMBOJY, IIIO BKa3ye Ha
HeTapHe YHCII0 TEMHUX MOAYJIIB B 3HAKY;

— KOZyBaHHsI 3 TepeMiHHUM maputerom (variable parity encodation) — cnoci®6 komyBaHHs
JIOJTATKOBOI iH(OpMaIlii B MOCTIZIOBHOCTI 3HAKIB CHMBOJY, NPH SKOMY Ha OCHOBi 3aJaHOl KOMOIHAITil
3HAKIB CHMBOJY 3 MapHHUX a00 HEMapHUX NAPUTETOM NPEACTABISIOTH B HEIBHOMY BUTIISLII IH(PY AaHUX
a00 KOHTPOJIBHY LU DPY.

Hociem ocuoBHoi iH(popmanii B 1K € croiBBigHOUIICHHS LIIMPHHU TEMHHX CMYT (IITPUXIB) i
WIMPUHU NPoOiTiB MK mTpuxamu. [IpuyomMy KoxHa Hudpa KOAYETHCS MEBHOIO KUMBKICTIO IITPUXIB i
OpOrajifH, SKi MaloTh BIANOBIIHY INUPUHY 1 CTPOro MeEBHE po3TairyBaHHs. [Ipukian cuMBoOIy
mrpuxoBoro kony EAN-13 naBeneno Ha puc. 1.

Tunoeul wabnoH- LleHTpanbHMUi waGaoH- THnoewd wabnoH-
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IRIHHAM napHTETOM
Pucynok 1 — CumBon mrpuxoBoro konxy EAN-13

Bigsenene mis kokHOI IUQpPU KOy Miclie Ha3UBAE€THCS «IUPPOBUN 3HAK» 1 € OCHOBHOIO
omunuuero iHdopmanii LK. Bei nndposi 3Haky, K MpaBWiIo, MalOTh OAHAKOBY IIMPUHY 1 CKIaJAI0THCA 3
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MOZYJIiB, TOMYy IIMPUHA LITPUXIB 1 MPOIMYCKIB 3aBXKIM KpaTHa MOAYyIr0. MoIynb — Iie HalBYX4Hid
CIIEMEHT.

CumBonika EAN-13 mae HacTynHI BIacTUBOCTI:

— Ha0ip komoBaHuX 3HaKiB: Bix 0 1m0 9;

— YHCIIO eNIEMEHTIB y 3HaKy CUMBONY — 4, BKIIIOYalo4yH 2 mTpuxa i 2 mpobina, mo CKIagaloTbes
KoxHHH 3 1, 2, 3 a00 4 MOyIiB MO MIMPHHI (TOMOMDKHI 3HAKHA MAIOTh IHIIIE YUCIIO CJIEMEHTIB);

— oJHa 000B’sI3K0Ba KOHTPOJIbHA M (pa;

— MiHIMaJbHa IUPHHA BUTBHUX 30H: JiBoi — 11 MoxmymiB, mpaBoi — 7 MOmyIiB.

Koxxna nu¢pa mae mmpuny 7 MoIylniB i BUOMpPa€eThCA 3 OAHOTO 3 YHMCiIOBUX HabopiB A, B ado C
(tabm. 1).

Tabmumg 1
[ITuprHa eneMeHTIB y YHCIOBHUX Habopax

IIIupuHa eJeMEeHTIB Y YHCJIOBHX Ha0opax, MOaYJ1iB
Hudpa A B C

II 11} II 11} II 11 II 11 11} II m |1
0 3 2 1 1 1 1 2 3 3 2 1 1
1 2 2 2 1 1 2 2 2 2 2 2 1
2 2 1 2 2 2 2 1 2 2 1 2 2
3 1 4 1 1 1 1 4 1 1 4 1 1
4 1 1 3 2 2 3 1 1 1 1 3 2
S) 1 2 3 1 1 3 2 1 1 2 3 1
6 1 1 1 4 4 1 1 1 1 1 1 4
7 1 3 1 2 2 1 3 1 1 3 1 2
8 1 2 1 3 3 1 2 1 1 2 1 3
9 3 1 1 2 2 1 1 3 3 1 1 2

Cumon EAN-13 mae Oyt copMoBaHH HACTYITHUM YMHOM (TIPH 3YMTYBaHHI 3J1iBa HAIPaBo):

— J1iBa BUIbHA 30HA;

— THUIIOBHH a0JI0H-00MEXyBay,

— 6 3HaKiB CUMBOITY 3 YHCI0BUX HabopiB A 1 B y Binnosignocri 3 tab. 1.3;

— LEHTpaJbHUH abJI0H-00MeXyBay;

— 6 3HaKiB CUMBOIY 3 4KCIIOBOro Habopy C;

— THUIIOBHH a0JI0H-00MEXyBay,

— TpaBa BiIbHA 30HA.

Tak sk cumBon EAN-13 wmictute smme 12 3HakiB cumBoiny, ane koxaye 13 mudp manux
(BKITIOUAIOUU KOHTPOJBHY 1M (]PY), 1oaaTkoBa mHdpa, sKa € 3HAKOM, 10 CTOITh y KpalHii JiBiil MO3HILIl B
PAAKY IaHHX, TOBUHHA KOAYBAaTHCA 3MIHHHM MapUTETOM y MOEJHAHHI 3HAKIB YHCIOBHX HAaOOpiB A i B
It 6 3HAaKiB CUMBOINY B JIiBil monoBuHI cuMBoiy. Croci® KomyBaHHs MOYaTKOBOI IM(pPU HaBEACHO B
Tabm. 2.

Tabmug 2
KonyBanHs no4aTkoBoi nU(pH MITPUXOBOTO KOAY

Mouyarkosa Yucaosi HabopH, 10 BUKOPUCTOBYHOTHCS NIPU KOAYBAHHI JIiBOI YaCTHHH
undpa IITPHUXO0BOI0 KOAY

1 2 3 4 5 6
0 A A A A A A
1 A A B A B B
2 A A B B A B
3 A A B B B A
4 A B A A B B
S) A B B A A B
6 A B B B A A
7 A B A B A B
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8 A B A B B A
9 A B B A B A

CyMa 4ucna MOIYNiB, LIO MICTSTBCS B IITpUXax OyAb-sIKOTO 3HaKa CHMBOJIY, BH3HA4Ya€ HOro
napuTer. 3HaKH CUMBOJY B YHCIIOBOMY Ha0Opi A € 3HaKaMH HENapHOIro MapuTeTy, B YHCIOBUX Habopax
B i C — 3Hakamu mapHoro maputery. Y uucioBoMy Habopi C 3HaKM CHMBONY € J3epKajJbHUMHU
300paKeHHAMH BiIOBIJHUX 3HAKIB YHCI0BOro Habopy B.

3HaKu CHMBOJIy B YMCIOBHX Habopax A i B 3aBkOu MOYMHAIOTHCA 37iBa 31 CBITJIOro MOmyJs i
3aKiHYYIOTbCS MPAaBOPYY TEMHHM MOAYJIEM, a B 4ucioBOMY HaOopi C MOYMHAIOTHCS 3J1iBa 3 TEMHOTO
MOJYJA 1 3aKiHIYIOTBCS IPABOPYY CBITIUM MOJYJIEM.

JonomixHi mabiaoHu HaBeneHo y Tabi. 3.

Tabmuig 3
JlonoMDbKH1 1a0JI0HU
Tlonomikmuii ma6.ion KinbkicTh Ilupuna ejemeHTa, MOAYJIi
MOJYJIiB 1 11 1 11 1 111
TumnoBwuii madIoH- 3 1 1 1
oOMexyBay
[enTpansHuit madioH- 5 1 1 1 1 1
oOMexyBay
CnenianbHul 1M1a0JI0H- 6 1 1 1 1 1 1
oOMexyBay
[ITabnoH-00MexXyBay 4 1 1 5
JI0JTATKOBOTO CHMBOJTY
[[TabmoH-po3aiTIOBaY 5 1 1
JI0JTATKOBOTO CHMBOJTY

CucTteMH 3UMTYBaHHS LITPUXOBUX KOXIB pO3pOOJIEHI TAKMM YMHOM, IIOO 3UMTYBAaTH HEIOCKOHAII
(HEeBHCOKOT SIKOCTI) CHMBOJIM B ME&XKaX, Mepe10adyeHuX BUKOPUCTOBYBAHUMY HA MPAKTHUII METOAAMHU.

[Ipore, six mpaBwiio, ISl 3UUTYBaHHS IITPUXOBUX KOZIIB BUKOPUCTOBYIOTHCSI CKAHEPH IITPUXOBHUX
KOIIiB, sIKI MpH HEOoOXiAHOCTI peBi3ii MponayKuii Ha CKIaAax BEMUKUX MIANMPHEMCTB € HE3PYYHHMH Yy
3aCTOCYBaHHi, OCKUJIbKM BUMAaraloTh MIAKIIOUYEHHS 0 KOMIT'IOTepa 3a AOMOMOoroio kabdemo. be3nporosi
CKaHepH Ta CKaHEPH 3 MaM’ATTIO MAIOTh MTEBHI 0OMEKEHHS Ha Yac poOOTH Ta CYTTEBO TOPOXKUi 32 IPOTOBI
aHaJIOTH, 10 YCKJIaIHIOE TX BUKOPHUCTaHHS HA PAKTHIIL.

ToMmy akTyanbpHOIO € po3poOKa MPOrpaMHOro 3ade3nedeHHs Il aBTOMAaTU30BAHOTO PO3ITi3HABAHHS
LITPUXOBUX KOJIB, fKE€ B IMOAAJBIIOMY MOXKE OYTH BHKOPHCTAHO IJIsi TAaKETHOIO PO3Mi3HAaBaHHS
300payKeHb INTPUXOBHX KOJIB, OTPUMAaHMX 3a IOMOMOIOI LIMPOKO PO3MOBCIOPKEHHX Ta BiJHOCHO
JOCTYIHUX 3ac00iB (ororpadysanns (mmdpoi porokamepn, MOOLTBHI TenedoHN TOLIO).

2. Knacudikauiss MeToaiB po3ni3HaBaHHS JiHIHHHX IITPUXOBUX KOIB

Cyrtnicts posnizHaBanus LK nonsarae y orpumanni ganux, 3akogoanux y LK, mo micTutbes Ha
300pakeHHI.

V3aragpHeHuit Meron posmnizHaBanHs [IIK MokHa mpeacTaBUTH y BUTISALI Takoi MOCITiZOBHOCTI
eTariB!

— MATOTOBKA 300paKESHHS;

— nokamizariist [1IK wa 300paxeHHi;

— BusHaueHHs opienTanii 1K

— ¢opmyBaHHs PO iTI0 300pa’keHHs B3AOBXK MPSIMOI, KOTpa MEePETHHAE BC1 IITPUXH KOLY;

— JIeKOyBaHHS CUMBOIY KOHKpeTHoro tumy K

— mepeBipKa KOHTPOJIBHOI CyMH.

Ha Bxig merony moctynae 3o00pakeHHs. Ha mepmomy erami 300paskeHHsI MiATOTOBIIOETHCS 0
HACTYIHUX €TaliB — IIEPETBOPIOETHCS 3 KOIBOPOBOTO Yy 300paskeHHs B Tpajauisx ciporo. Ha erami
JIOKaJTi3allii BU3HAYAIOTHCS IUISHKH 300paxkeHHs, mo MicTaTh K. s koKHOI BHUAUICHOT MUISHKA
Bru3HauaeThesl opieHtauis LK. Ycepenuni AiNSHKHM BHUKOHYETHCS TOLIYK MPsMOI, IO IMEPETHHAE BCi
WITPUXH CHMBONY 1 (opMmyeTbes mpodins 300paxkeHHS B3HOBXK wLiel mpsamoi. Ilpodins 300paxkeHHs
B3JIOBXK JIHII SIBJISiE COOOI0 BEKTOP SICKPABOCTI MIKCETIB B3JOBXK JIaHOI JTiHil.
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OTtpumanuii npoQinb nepenacTbcss Ha eTam JeKOAYBaHHS CUMBONY KoHkperHoro Tumy LK, na
SIKOMY BH3HAYAIOTHCS 3aKOJIOBaHI CHMBOJIH Y BiIMTOBITHOCTI JI0 KOJIOBUX TaOIUIIb.

Ha ocranHbOMy ertari mepeBipsieThesl MpaBHIbHICTE posmizHaBanHs LK noisixom mimpaxyBaHHS
KOHTPOJIBHOI CyMU 1 OPIBHAHHA il 3 THIIOBOIO U1 AaHoro Tumy LK.

VY Ham yac 3ampomoHOBaHO OaraTto pizHHUX MeToAiB po3mizHaBanHs LK i B OinmbmiocTi BUMaaKiB
BOHHM € MaJl0 CXOKMMH Ha y3araibHeHuH mertop posmizHaBanHs LK. 3 miei mpuumnu mix Tepminom
«meroau posmizHaBaHHs IIK» mMaroTe Ha yBa3i JOCTaTHHO HIMPOKUH KJac METOJIB, YaCOM Majo CXOXKHX
oauH Ha oxHoro [3, 4, 5].

Meroau posmizHaBanHs LK MoxyTs OyTr KinacugikoBaHi 3a pi3HUMH KPUTEPiIMHU. Y3arajJbHEHY
knacugikaniiiny cxemy Meroais posmizHaBanus LK HaBeneHno Ha puc. 2.

‘ MeTomu poznizHasansa mueiiHx K

[
[ [ [ 1 1

[ I

3a cnocobonm 3a cnocobom 3a cnocobom 3a cnocobomM 3a cnocobom 3a cnocobom 3a cmocofom
Joramzami ITK EM3H3I4eHHA doprryEaHHE ENJiIeHHT ENIHIYSHHL VIOYHEHHST IeK0TyEIHHT
opienTanii ITK npodimo CIPYET YPHIX IHPHHT MOTYIE nonoxenns [IK 3HAKIB
€IEMEHTIE
Pizammz 33 HanpAMEOM InTepnomamnia Tloporoea 33 mUpHHOK Iopienanag TopieaaHER
MOIOVILE TOXI THHX L METOTOM bimapusania 3HaKA mmpuas CE nmpren CE 3
TIOXiTHIX Hafbmoxgoro 3 eTAMTOHAMHE KOTOBOH
B cycima Tabmineo
CrenerHsamia N 3 omHMM 3a IMpUHOK -
| | ucrperne NOPOroM CHMBOTY Topisnanma
neperaopern He biapra o Mopissrtzs
T ' EMIHAYACTECA | [ | IHTEpHONAILL - - - T EpMI i
&P 1 3 mexime- Cratucru4ig AETEPMIHINTIE
oMa H mmpuen CE 2
COmepatoy
£patop Bizvoi 1opa KOTOBOH
Coberma |  DrxyorHa T20mLER
HTEpHOMALiL
- — M 32 moIoMeHR M -
Halimpocrimg. ONTIDMYMIE TMopien auaz
;[Hcl}e_-penmmﬂ Tepmoi i Apyroi npodimoe 3
s TPH [OXimEx M ampoxcuManie
npodimo 0 PEATEHOTO
Bottom hat CHTHATY
filter He enninmoTecd
ITpuxoeana
| xapriecexa
MOTETE
Cnina
3BOPOTHA
3rOpTRA

Pucynok 2 — Knacudikanist meronis posmizHaBanus K

Hwxue HaBeneHo nponoHoBany kinacudikamnito MmeroniB posmisHaBanHs K.
1. 3a cioco6om mokamnizanii [LIK:
— PI3HHULA MOAYJIiB HOXiIHUX Y B3aEMHO NEPIEHANKYISPHUX HAMIPSIMKAX
a) Hainpocrimi audepeniini GueTpu [3];
0) onepatop Cobens [4];
— BUKOPHCTaHHS JUCKPETHOT'O KOCHHYCHOT'O TIEPETBOPEHHS,
— bottom hat filter.
2. 3a ciocobom Bu3HaueHHs opienTaii [ITK:
— 3a HaIlPSIMKOM TOXi/IHUX;
— BHKOpHUCTaHHA cKeneTu3anii [3].
— opienTanig LK npuiimaeTbcs NOCTIHHOIO 1 HE BU3HAYAETHCS.
3. 3a cocobom popmyBaHHS PO iTI0 300paskeHHsI B3I0BK IPAMOi, KOTpa MEPETHHAE BC1 IITPUXHU
KOnLy:
— IHTEPIIONIALiS METOJOM HaHOIMKIOTro Cycifa;
— OUTiHIfHA IHTEPIOJMSIIIIS;
— OikyOiYHa IHTEPIOSLIis.
4. 3a cnocobom BHUIiINEHHS CTPYKTypHUX enemeHTiB LLK:
— moporoBa OiHapH3aIlis:
a) OiHapu3allis 3 OJJHUM TTIOPOTOM;
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0) 30iMbIIICHHST TPOCTOPOBOI PO3ALTBHOI 3MATHOCTI 3a paxyHOK OiHapu3ailii 3 AeKiTbKoMa
noporamu [3];
— BUKOPHCTaHHS JOKAIbHUX MIHIMyMiB 1 MAKCUMYMIB TEpIIOi i APYT0i MOXiJHUX TPOiIIo;
— CTPYKTYpHI eIeMEHTH He BUAUISIOTHCS [4].
5. 3a ciocoOoM BU3HAUYEHHSI IIMPUHH MOIYJIS:
— cratuctuunui [3];
— 3a NIMPUHOIO 3HaKa [2];
— 3a LIMPUHOIO cUMBOITY [4];
6. 3a cmocoOoM MoNIyKy MabaoHiB-00MeXyBadiB Il yTOYHEHHS TPaHULb CHMBOITY .
— MOPIBHAHHS BiIHOCHOI IIUPHUHU CTPYKTYPHUX €JIEMEHTIB 3 KOAOBOIO TabIHIIEIo;
— TOpIBHSHHS PO iTI0 300paskeHHs 3 €TAJIOHHUMH JaHUMHU [4].
7. 3a criocoOOM AEKOyBaHHS 3HAKIB!
— NOPIBHAHHS BiTHOCHOI IIUPUHU CTPYKTYPHUX €JIEMEHTIB 3 KOAOBOIO TabIHIIEIo;
— TOpIBHSIHHS JICTEPMIHAHTIB IIUPHHU CTPYKTYPHUX SIIEMEHTIB 3 KOJOBOIO TadauLero [2];
— TOPIBHSHHS MPOQLIIO 3 aIPOKCUMAIIIEI0 PEATBHOI0 CUTHATY €TaJIOHHUMU JaHuMu [4];
— BHKOpHCTaHHs NpuxoBaHoi mapkiBcekoi mozeni (hidden Markov model);
— BHKOpHCTaHHs ciinoi 38opotHoi 3roptku (blind deconvolution).

3. MoaudikoBanuii MeToa po3ni3HABAHHS IITPUXOBUX KO/IB

Byno MmomudikoBaHO MeTO IEKOyBaHH CHMBOJY mTpuxoBoro koxy EAN-13 [1].

3anponoHoBaHa MO (iKallig MOJArae B TOMY, ILO:

— OPOMOHYETHCS I/ BHUIUICHHS CTPYKTYpHHX €IEMEHTIB BUKOPHCTOBYBaTH IOPOTOBY
OiHapu3awiio 3 GiKCOBaHHM ITOPOTrOM, SIKHi BU3HAYAETHCS 3a MeTogoM Ony [7];

— 3aIPOMOHOBAHO YTOYHIOBATH IIOJIOKEHHS CHMBOJIY LUISIXOM IIOLIIYKY THIIOBUX IIa0JIOHIB-
00MeXyBayiB CHMBOJY METOJJOM TIOPIBHAHHS 3 €TaJIOHAMH,

— 3aIPONOHOBAHO METOA JEKOAYBAaHHS 3HaKa CHMBOIY HIJISIXOM HOPiBHSHHS 3 €TAIOHAMHU.

[Ipononyetbest MoauGikoBaHMKA METOJ NEKOAyBaHHS CHUMBONY IuTpuxoBoro koxy EAN-13.
MoaudikoBaHH METOT MOKHA TPEICTABUTH Y HACTYITHOMY BHUTJISII:

1. 3aBaHTaXNUTH 300pa’KECHHS.

2. ChopmyBaTu ipodpis 300paskeHHs B3I0BXK MPSAMOI, KOTpa MEepPETHHAE BC1 LITPUXHU KOAY.

Haknanaerscst oOMekeHHs, 1110 Ha 300paskeHH1 Moxe MictuThcs e onud cumBod LK. CumBon
MMOBUHEH OYyTH PO3TAlIOBAHWH TAKMM YHHOM, 100 TOPU30HTANIBHA JIiHis, IPOBEJCHA BiJl CEPEIUHU JiBOT
CTOPOHH KOy JI0 CEpEINHH MTPaBoi CTOPOHHM, NEpETUHAIIA BC1 HOrO IITPUXH.

3. BukonaTu noporoBy OiHapu3alito npoduo 3a gornomoror Meroxy Omy [7].

4. Bu3HauWTH IIUPUHY CTPYKTYpHUX eneMmeHTiB cumBony K sk moBkuWHH HemepepBHHX
MOCJTIIOBHOCTEH MIKCENiB OTHAKOBOTO KOJIBOPY — OUITOTr0 200 YOpPHOTO.

5. Ytounutu nonoxennsa cumsoiry LK.

6. JlekoqyBaTu 3HAKH IITPUXOBOTO KOLY.

7. O6uncnuty 3HayeHHs 13-ro 3Haky cumBony EAN-13.

8. [lepeBipUTH KOHTPOIBHY IH(PY CUMBOITY.

9. BuBectu pe3yibTar AEKOJyBaHHS.

MoaudikoBaHHiI METOJ YTOUHEHHS IOJIOKEHHS CUMBOJY MOXKHA NPEICTaBUTH Yy HACTYIHOMY
BUTJIAIL:

1. BcranoBuTH JMiYMIBHUK iTepaniii i = 0.

2. O0YUCIUTH KINBKICTh MO3ULIH, Y AKUX MOXXe OyTH po3ramoBaHuil cuMBON. OCKUIBKH CHMBOI
EAN-13 ckmagaerbesi 3 59 CTpyKTypHHX €NEMEHTIB, TO KUIBKICTh MO3MLIH, Y SKUX MOXe OyTH
PO3TaIIOBaHUI CUMBOJ OOUHCIIOETHCS 338 HACTYITHOIO (hOPMYJIOIO:

n,=n, —59+1,
ne N’y — KUIBKICTh MO3ULIH, Y AKHX MOXe OyTH pO3TalllOBaHWA CHMBOI, Ny — KUIBKICTH BHSBIICHHUX
CTPYKTYpHHUX €JIEMEHTIB.
3. O0YHCANTH TOBKUHY MOIYJIS, BUPAKEHY B MIKCENAX !

Zbiﬂ'

m =4
' 11
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Jie M — IMPHHA MOYIIs, SAKIIO CHMBOJ Oy/e pO3TalIOBaHHM y MO3HUIII i, BUpaXKeHa y mikcessx; bj 4 j —
mmpuHa BusiBiieHoro (i + j)-ro crpykrypuoro enementa; p = {0, 1, 2, 27, 28, 29, 30, 31, 56, 57, 58} —
HO3MIIIT CTPYKTYPHUX €JIEMEHTIB, 110 HAJIEKAThH THIIOBUM HIa0J0HAM-00MEKYBaYaM.
4. HopMyBaTu MIUPUHY BUSBJIEHUX CTPYKTYPHHUX €IEMEHTIB:

i+]
bil+ i '
m;
ne bj + j — HOpMOBaHa IIMPHHA BUSBIEHOTO (I + ])-TO CTPYKTYPHOTO €JIEMEHTA.

5. O0YHCANTH OLIHKY pPO3TAIIYBaHHS CHMBOJY B MO3HIIII i

= /;(bn,- -D°,

6. 30UTBIINTH JIIYMIIBHKK iTepamii: | =1+ 1.

7. SIkwo i > N/, TO mepelTH 10 HACTYIIHOTO €Tally, iHaKILe TepeiiTn 10 erarty 2.

8. Bincoprysatu m; suist i =1,N; y NOpsAKy 3pOCTaHHSL.

MoauikoBaHH1 METO IEKOTYyBaHHS 3HAKY CHMBOIY Ma€ HACTYITHUI BUTIISA:
1. BcranoBuTH NiUMIBbHUK iTepaniii i = 0.

2. O0YHCIUTH TOBKUHY MOIYJIS Y MIKCEIAX:

ae M, — MUPUHA MOAYJIS OJIOKY, IO MOYMHAETHCS 3 P-1 mo3uLil, BupaxkeHa y mikcenmsx; p = {3, 7, 11, 15,
19, 23, 32, 36, 40, 44, 48, 52} — HOMepa CTPYKTYPHHX CIEMEHTIB, 3 SKUX MOYHHAIOTHCS ONOKH; Py —
CITMCOK HOMEPIB CTPYKTYPHUX €JIEMEHTIB, 3 sKkuX mnounHarotbes Onoku; K =011 — uHomep 3Haka

(6oky).
3. HopMyBaTu mmpuHy CTpYKTYPHHX €IEMEHTIB OJIOKY:
bl b J
PHET m ; '
ne b’p+j — HOpMOBaHa mupHuHA (P + J)-TO CTPYKTYPHOTO €IEMEHTY.
4. OOYMCITUTH OLIIHKY BiIIOBIAHOCTI OJI0Ka j-My eTaJ‘IOHy 3HaKy:

z(bpﬂ IJ ' l+10p z(bpﬂ Cis J)

ne fip — owuinka BigmoBigHOCTI 6n01<a, IO MMOYUHAETHCA 3 p—ro CTPYKTYPHOT'O €JIEMEHTY, I-My €TaJOHy
3HaKy; Cjj —IIMPHHA J-F'O CTPYKTYPHOTO €IEMEHTa ETaJIOHY I-TO 3HaKYy.

5. 30BN TH JIYMIIBHUK iTepamii: | =1+ 1.

6. Slkuro | >10 To mepeiiTu 10 HACTYITHOrO eTaIty, iHAKIIE MepeiTH 1o eramy 4.

7. Bubpatu eranoH, HaiiOibIIe CXOXKHIA Ha OJIOK:

g, =argmin{f, },i =019,

e §p — HOMEp €TaJIOHY 3HaKy, HaiOLIblIe CX0KOro Ha OJIOK, 1[0 IIOUYUHAETHCS 3 P-1 MO3UIIIIL.

8. Busnauutu maputer 0dd, p-ro smaky. fkmo g, <10, To mepeiitn 10 HacTymHoro eramy,

iHakmIe nepeitu 1o eramy 10.
9. odd = true.
10. g, = gp — 10, odd = false.

4 ExciepuMeHTH Ta pe3yJbTaTH

3anponoHoBaHWi MoaM(DiKOBaHMHA METOA PO3Mi3HABaHHS IUTPUXOBHX KOIIB OyJ0 MpOrpamHoO
peanizoBaHo MOBOIO mporpamyBanHs C# Ha nporpammniii mardopmi .NET Framework. Byno nposeneno
TECTyBaHHs pPO3poOIeHoro mporpaMHoro 3adesneueHHs. st recryBannsa Oyno obpano BuOipky 3 3500
¢aiiniB 300pakeHb IITPUXOBUX KOAIB CTBOPEHHX MeToAOM LU(PoBOi Qororpadii. Y sSKoOCTi KpUTEPiIO
JUISA €KCTIEPUMEHTAIBHOTO TIOPiBHIHHS AOCIiIPKYBaHUX METOAIB 0YJI0 BUKOPUCTAHO BiICOTOK MPAaBUIBLHO
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PO3Mi3HAHUX 300pa)keHb INTPUXOBUX KOMiB. st mopiBHSHHS Oyno BHKOpHCTaHO mporpamy ZBar

Barcode Reader [6]. V pesymbTari excriepuMeHTIB OyJa0 BCTaHOBICHO, IO pO3po0ieHa mHporpama

posnizHae 94,7% TectoBux 300paxeHb, a ZBar Barcode Reader — 84,9%. PesynpraTi ekcriepuMeHTIB
MpeAcTaBieHo y Tao. 4.

Tabmuusg 4

Pe3ynbTaTi eKcriepuMeHTIB

[Iporpamue 3a0e3neveHHs

KinbkicTh npaBuiIbHO
pO3Mi3HAHUX 300paxeHb

YacTka npaBUIBHO
po3mi3zHaHuX 300paxeHs, %0

ZBar Barcode Reader

2971

84,9

Po3poOnena nporpama

3316

94,7

5. BucHOBKH

VY Xoni BUKOHAHHS JAHOTO JTOCHTIHKEHHS OyI0 MPOBEIEHO OIS Ta aHaJi3 METO/IB PO3Mi3HABAHHS
JMHIAHUX IOTPUXOBUX KOAIB. BHKOHaHO MaTeMaTW4yHy IOCTaHOBKY 3a/adi pO3Mi3HAaBaHHS JIHIHHHX
LITPUXOBUX KOIIB.

HaykoBa HOBHM3HAa po0OTH ToOmAra€e B TOMY, MIO 3alpPONOHOBAHO MOAU(IKOBAHUH METOX
posmizHaBaHHs JiHIMHKUX WTpuxoBuX KoaiB EAN-13. Po3pobieHuii Meros BUKOPUCTOBYE AJISl BUALICHHS
CTPYKTYPHHX €JIEMEHTIB IITPUXOBOT0 KONy OiHapu3aliro 3 (piKcoBaHMM MOPOrOM, SIKHH BU3HAYAETHCS 32
MeroaoMm Ouy. MonudikoBanuii METon Bipi3HAETHCS Bill iICHYIOUMX METOMIB PO3Mi3HABaHHS JiHIHHUX
LITPUXOBUX KOiB (ha3010 YTOUHEHHS MOJIOKEHHS CHMBOJY, OCKUTBKH BUKOPHUCTOBYE METO/I TIOPIBHSAHHS 3
eTaJloHaMd ISl TOIIYKY THINOBHX INA0JOHIB-OOMEXYyBadiB CHMBONY  IITPHUXOBOTO  KOZY.
3anponoHOBaHUIH METOJ XapaKTEpH3YEThCS OCOOIMBOIO MPOLEAYPOIO NEKOAYBAHHS CHMBOJMIB IILISIXOM
MOPIBHSIHHA LIMPUHU CTPYKTYPHHX €JEMEHTIB 31 3HA4YCHHSMH 3 TaOJMI €TalloHiB, L0 JO3BOJISE
30UTBIINTH TOYHICTH PO3Mi3HABAHHS IITPUXOBUX KOIIB.

[IpakTnuHe 3HA4YEeHHS OTPUMAaHUX pE3YNbTaTiB MOJIArae B TOMY, IO 3MPONOHOBAHHUN
MoaudikoBaHUil Meron Oyno MporpaMHO peai3oBaHO MOBOIO mporpamyBanHi C# Ha mporpamHiit
iatdopmi .NET Framework. Po3po0ienuii nporpaMHuii IPOAYKT Ma€ CTPYKTYPY 1 BHKOHYe (DYHKIIIT,
HeoOXimHI Ui posmizHaBaHHS MmTpuxoBux koaiB EAN-13, mo wmictarecs y ¢aiinax 300pakeHb.
[IpoBeneHo TOPIBHSAJIBHHUN aHaNi3 pPO3pPOOIEHOr0 METOAY 3 BIIOMUMH aHajoramu. PesymbraTi
MPOBENEHUX JIOCTIDKEHb IMOKa3alH, IO 3aMPONOHOBAHMHA METOJ XapaKTEpU3YETHCS OUTBII BHUCOKOO
TOYHICTIO PO3Mi3HABAHHS CHMBOJIIB IITPUXOBOTO KOAY Y MOPIBHSAHHI 3 BIIOMUMH aHAJIOTaMH.
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