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ABSTRACT

This thesis details the development of array 1-D barcode reader where 1-D
code are stacked in both x and y direction. The challenge is to apply the image
processing technique to acquire product information within a perm'it‘ted acquisition'
and processing times. The new system is intended to replace the current system that
a hand held laser scanner is used. The product is actually a HDD unit with 2.code 39
barcodes attached at it rear. The HDD array holds 8 column and 30 rows. Each
docking holds also a code 39 label. According to the required reading speed, the
new design mechanical support has to cope multi-camera transportation. In reading
of 720 barcode within 10 minutes, the software has been developed in C
programming language. To enhance the reading successful rate, majority decision
technique has been used on top to moving blur correction. In depth, the designed
system comprises 3 main section; image acquisition, image enhancement, and
barcode decoding. With the current system with low cost webcam cameras installed,
the obtained best reading time is 12.10 minutes (input = 720 barcodes and success
rate = 93.75 percents). The true parallel processing may be needed to improve to
reading speed of this work.
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T uslddseesvi 20 fe 20 Wusiaildamzvedudeaiteldlinssvudusyuustauva

mu‘lumaumwmmn‘[imummasﬂﬂamsamm%mmnmwivmﬂ

ARG (Manufacturer) \Wusiaiusiazusemmiudimun Ssusddnaniag 1
avdosatinsduduandnfumhsauiiusunuaes EAN - Taeidernaundnusnidruasen
andnsel mheauiunuwes EAN sududpuainunsiaunaundn

siagagavesen Check digit seldensiaaeuanuiananaiiindy

2.2 EAN-12 (Jusiafiflypuvissiatneas 6 ya fduavimi 2 duns uasdl
faudeidn 1 i uagldunudoyafudildifies 11 6

MOMETR e

Ul 2.5 UnSlAREAN-13

%
il

2.3 EAN-13 (European Article Numbering international retail product
code) LUULLUUUWﬂﬂmﬁlmiUﬂﬂiﬂausumﬁﬂwamluiaﬂiﬂEJmﬂﬂm‘Ui“anua]“uan‘t-}mvl.aww
‘zlawmml,a‘ummu 13 Maﬂszj\mm'mwmamu
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a

) A ) a o % P vy v o a o
® 3 yanisn Ao swa‘umﬂszmmnmwummumLwalmwam"l,mmmiawgLUauuwa
UaNENUSEMNANYINAISHEAR '

® 4 ydndaan Ao walssou dwmduunildauuu EAN-13 fu UPC-A Tlldagiamnn
fnandoanaseaniudlufianigeusniuasuanmieddusidat 2 uuuuundnsasi

N1SAIUIUFUATATIVABUAIINGNADIVBIUISLAAUUY EAN-13  (Check  digit
Calculation) lngtisaaalusiuvin (a7 2,4,6,8,10,12) 1Ty WAy 3 YdILaY
TR W8T 1,3,5,7,9,11) insiufuthaadnsannds 1 ues 2 wsaniuthuadnwsiild
9nde 3 vhs MOD #e 10 agldidusaian (Check digit ) fledesuandlundndl 13

2.4 ISSN (International Standard Serial Number for periodicals) Ju
wesgIuaIng (EAN-13)  ldlunnsssymaneiavganisesninsaisaugicnan lnefiav
Yty 977 |

2.5 ISBN (International Standard Book Number) Lusnasgiuaina (EAN-13)
Mdlunsssymneiavvesilsde st Tnefianimindu 978

2.6 ISMN (International Standard Music Number) tJuinmsgiuaina (EAN-
13) Adlunssrymneavvesauns Inefiavtimindy 979

2.7 Refund receipts \fusnnsgiuanna (EAN-13) fildlunisssymneiaunisiiu
Rulpeiliaatimdnlu 980

2.8 Coupons iJusnasgmuaina (EAN-13) Adunuguadasfiaudmii du 99

2.9 sWdunsguvadlne (Thailand Article Numbering : TAN) Tutlaquuld
sainsgy (EAN-13) § 10 faaw Sdwausiarimi 3 fuduisvsdiunsznefe 885
wasiidiaudafdn 1 A

2.10 sﬁammngauﬁﬂu (The Japanese Article Numbering:  JAN)
swannsgugumilouiu EAN-13 usiifuauimii (The flag characters) i 49

2.11 sWaanaUszs1Uszing Usemesing Al EAN-13 Wusnasguannaiisias
st mdudulununisng
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00-13: USA & Canada

20-29: In-Store Functions

30-37: France

40-44: Germany

45: Japan (also 49)

46: Russian Federation

471: Taiwan 474: Estonia 475: Latvia
477: Lithuania 479: Sri Lanka 480: Philippines
482: Ukraine 484: Moldova 485: Armenia
486: Georgia 487: Kazakhstan 489: Hong Kong

899: Indonesia

90 & 91: Austria

93: Australia

49: Japan (JAN-13)

50: United Kingdom.

520: Greece

528: Lebanon 529: Cyprus 531: Macedonia

535: Malta 539: Ireland 54: Belgium & Luxembourg
560: Portugal 569: Iceland 57: Denmark

590: Poland 594: Romania 599: Hungary

600 & 601: South Africa 609: Mauritius 611: Morocco

613: Algeria 619: Tunisia 622: Egypt

625: Jordan 626: Iran 64: Finland
690-692: China 70: Norway 729: Israel

73: Sweden 740: Guatemala 741: E{ Salvador

742: Honduras

743: Nicaragua

744: Costa Rica

759: Venezuela

746: Dominican Republic 750: Mexico
76: Switzerland 770: Colombia 773: Uruguay
775: Peru 777: Bolivia 779: Argentina
780: Chile 784: Paraguay 785: Peru
786: Ecuador ~ 789: Brazil 80 - 83: Italy
84: Spain 850: Cuba 858: Slovakia
859: Czech Republic 860: Yugoslavia 869: Turkey
87: Netherlands 880: South Korea 885: Thailand
888: Singapore 890: India 893: Vietnam
94: New Zealand 955: Malaysia 977: ISSN
978: ISBN 979: ISMN 980: Refund receipts
99: Coupons 981 & 982: Common Currency Coupons '

i

2.

5018

31.]17; 2.6 UnSlaninterleaved 2 of 5

il




13

3. Interleaved 2 of 5 WusWaurslandildlussuuiu-dedufstaunsTdnuuui
wangdmiuRiniasuunszamegnindinldlulndsdafivduduasgnanvnssusing o

MFTAMAID MR

1385878

R

5U#1 2.7 u1slAn Code 39

4. Code 39 Wuuiléaillifusgraunsuans 1lunugpamnssuuagmsnuves
$PuaraIAnNTeNTUY UBNIINUISIARLUU Code 39 51 Li']é’aiﬁ’ﬂmﬂﬁmwﬁlu%a 309,
USD-3 UﬁﬁﬁﬂLL‘UUﬁLﬁUiﬁﬁﬁ‘lﬂﬁﬂﬂuﬂ’iﬁuvu%avﬂ%uangﬁUﬂ’J’]@Jﬁ’WQJ']’iﬂ‘U@\‘iLﬂ%‘lmﬁ’luUﬂﬁﬁﬂ
LLawlu'ai’ﬂLﬂuﬁaqﬁﬁaLasu‘lumsmwaaummgnﬁawaﬂmﬂﬁﬂmmiﬂLtamlé‘{ﬁv'aﬁ’aLamLas
shdnws Tatednuseiite (ASCI) Snsifiadasng * * fvdnusnuagndngaiineiouen
ﬁT'lLm‘tj\‘u‘%'mé\’uuazﬁwLmﬁaguqﬂﬁauiﬂuﬂwsﬁWQWuLﬁaaﬁUiﬁaﬁﬁmiqufJuﬁaé’mzﬁ

42345674

234546
sU# 2.8 un3ldn Code 128

5. Code 128 (SWAEAN/UCC 128) Juunildnitanunsaiivunmiuegnlanans
mmﬂ"ﬁua%}ﬁuﬁﬁmuuawﬁmaaé’nmuasqmmwmiﬁuﬁ AMUATINENIVBITDYE TUIAVBY
sWaesuUsiasulunndedfn Suilowmrandtlunsfui@edquamilnaiy swagn
sanuuuinligwldansiienns deirdessiiindsegfusivioudannmy sa EAN/UCC 128
anusoRuNlAlUIUIAREeNeIE9INe 25-100% mslduunidens 50% uetatoy
delfunlainssusiaasiilfednaiissansam lugnanminadesferufaniseusta
vuanewEduadudn s EANUCC 128 Suldadausnlud 1981 vidldndiduiiteilunis
Truaaduiivensuilaninmsldusldauuuiiimnniiunsldnuuy Code 39 aansauans
Iiasiavuasfasnusurdodefeliannsauansdnussiesld Tngazidnsiasening ASCl
(0-127) Favressiasuduansadents 3 38

Code A: Whsaasian wazfdnusfuilvg

Code B: Wsweariesia wavsashusiuiing uas/miesfimlidn

Code C: L‘?J"ﬁﬁaﬁy’aﬁ"aLamiﬂaé’uvfluﬁﬁqﬁumﬂ 00 D19 99

Tunestulmivessia 128 Vi%’%’ﬂﬁ’uﬁiu% EAN-UCC128 1@5unisdaasuann
U1MIFIUVBNBIANTANNA (The international Organization of Standard) uazanmsgiuglsy
(European Standard Bureau) edisldnwnlsthilu ASCH Tusuwadl 129-255
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aady

6. u1§ldn 2 B (2 Dimensions Barcode) lunsdififeanssauvisidisuaumdn
un wauiilunisdmnesialuaainfiouiadn annsadenldszuu 20 nsgamnsaussy
ssnwsliunnindlefisuiueda 10 s9a 20 Tutagdulaun

’n‘ ¢ )': h l‘ '?P
sUfi 2.9 USlARPDFAL1T7

Y

6.1 PDF417 (Portable Data File) Huuislén 2 ffuvvandin
aununTulud a6, 1992 Tnsu3sn Symbol Technologies UseinAanizaiini vislAaLuy
PDF417 @enpdasfiuanmsgiu ISO/IEC 15438 way AIM USS-PDF417 dnwaigunslAmdugy
?ﬂim?{auﬁuﬁ'}ﬁﬁ’mLmusﬁ'a%ayjau%aﬁﬁaﬂfiﬂuﬂm’fa;da (Data Module) Junaudauazd
ym3saifumans ] uvnaaRazILIUBUTIUSENeUR e 3 §9 90 uaa uag 1 B9 30
Aedutanunsaussyleyaldunngatis 2,710 faav 1,850 fdnws 1,018 luwiiAi PDF ee
11310 Portable Data File wavUsznaulume 4 uau uag 4 9o931elu 17 luga Juilild
viarieay 417 w3essuunilanazaninsasuldlufiamafien Wy eruannednelunmse
alUdne wazsuanuuaEns wie anstuuy usilaedningiunsléauuy POF 417 ag
iluldfunuiifesnsmiuasiBeauazgndeaiufivy

Ul 2.10 unsldnData Matrix

62 Data Matrix U13l4n 2 ffuuuil gnimnlaguIEn RVS! Acuity
Cicatrix Useinaansgouiiny el a.a. 1989 aenpdesfuuinsgiu ISO/IEC 16022 uas
ANSI/AIM BC11-155-Data Matrix Shunizunsldndvegudmaeudnsanasdmaoniiufdmiy
unildngudmdendniaiilugatoyaszmine 10 x 10 fiv 144 x 144 Tuga uazgUAmasuiudh
18 x 18 fi4 16 x 48 luga Data Matrix mmsnmm%gaﬁmnﬁqﬂ 3,116 #2LaY 130
2355 shdnwsuidmiudeyaussandulduiteyainaguascussyld 1,556 Tud (1 Tud
winffulaegiueaes 8 wan) wazfdnusndgUuussgld 778 fsnwsiUnuudumues

I o

USIAALUU Data Matrix  agfisunusvesduineuazfuansesunsléa unflén Data

Y
14
] s

Matrix dalngldlunuiiiuiidiauasdesnisuisidavuindn
2.3.4 msswdurdlda 1 35 Weedu
dmumIsusTaunUarlivannsiii fuainsavasteuldunnndiiiuiln fduile

m'mgﬂmm‘LUuuwmmumuawamJaaaaaﬂmfﬂﬂnmmuauavmunaummauaEm
TusgiuiuadlinnnisnuunuyIvseuausm wasaeounduinaiiosgninuvandy
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] ]
=Y

”ﬁyﬁyﬂm”l,w“ﬂﬂma “Photo Diode” ﬁamaqw 187U ENﬂﬂiuﬂE)U’d']ﬂiU‘U@\WI’J’?]’]‘LﬁW?ILLﬂUﬂﬂ@

s Q) ¢ o

yunvasduasTidseanunty sxdesduiusiuauazdun (resolution) Tauauuslén
faNan7 LuaqmnmmmaqmLLawsma\a"Lu“lwajﬂmmmmﬁwmLmuﬁﬁﬁmmusmﬁmuﬁqﬂ
TuneufiResldqaauacifomnadusingudnansszana 0.2 uy,
duddndnduniifemnuenrduveuadild Sutuingldsustauauerls
Tneshluinuasdunsisn (nfrared) fianuenedulssanm 0.95 lumseu (micron)
dmdusuuauui warlduasdunsifianuenadu 0.65 & 0.7 luasou dwmsususia
wouBifevdeiihQuiiiuiuuiudvdemiedy

ol o o

Tusuitedagdnuiizniseruaruilénaniziléifunnuienludagiuia
swasdunvesunildnusasainiisil

1 unslAn EAN 13

u§lAm EAN-13 simunananuasléan UPC-A  BaduduunsTasluninsgiuves
International Article Numbering Association (EAN) luglstsnasgiudfinslaudanlng
wznmsgIuustan UPC tdldeenuuumndmsunmsidausenissmalasiamedssine
Tunauglsuidesainurslén EAN-13  Kaununaanunilda UPCA Soildwenduaivie
grfauasildfuunslan EAN-13 anunsaldsaufuundlan UPC-A 18 Taemamiaeeu UCC
Council loUsgmalvynuszimalaeianizUsemaanigelaininaziauin turedosiulge
ssuuudlAnlfannsadagiuuisldn ean-13lfAeliranynussmelidestnafieafiunis
FaiunslAnvown dedounnsieseving EAN-13 uas UPC-A Aosviasaiaviiaglussuy UPC-
A fo nénideI91n 0 fv 9 Tuvnie?l EAN-13 siiaszuumneavUsenoufeilavaeman

faus 00 89 99 FadusiauseinedunanlasusaslsewnAlsnuIaNnaLAINUATHENUNELaD

v

ANARIANUUSEN ma“luruméwmwamuiﬁmmQmémé’qmﬁ]uéf’;Lamﬁmé’ﬂanmmﬁa%uﬁw

Y

LazndnmsdauinIsAuINaINGILaYTe 12 BANLSA

501[:5‘- 530

\.

/.
Number Mfg P;uduc.l Che»k
Syslem Code - Code  Digit

sUl 2.11 un3ldn EAN-13

Funaldidounnsneseninaunilin UPC-A uazuislan EAN-13 qeilflesniaiiiu
wdnvesyn Number System 1¥u 2 wein Tuunslan EAN-13 ndufififes 1 wdnluunsléa
UPC-A ImamﬂﬂmuﬂummmﬁﬂhmamwamuwiumimmaaumLawmm‘ﬂﬂfﬂlﬂw
USaduawaauIstan sheghadusiaunslén UPC-A fe “075678164125” fldundlan
EAN-13 9edisuuuutfu “0075678164125” Fufisniivssruaumdnues Number System Ao
0" whity Aindnvihgadagy



16

UPC-A

J

3Uﬁ 2.12 Lﬂsaumeussmwmﬂﬂﬂ UPC-A wagunslan EAN-13

4 EAN-13

duusznauesunslAn EAN-13 wuseeniduddufo 1) stuudiey (The number
system), 2) SVaEKER (The manufacturer code), 3) sWadudn (the product code) wa
4) AYREBUMAN (the check digit) Tnsunfiszuuinnuiuasusnazgniinriiisaualumedneves
W1sn, seuusnamdnisesesfiunidusnvsiusnvessandumniaudnedle (vdnd 2-7) 3
AeUsenauieswadnanswau- dnudni 3-7), nfwvnAaYiIuY  MANT 8-12)e
Usznousesiadufdnoukivén (vdnd 8-12) uasvdnnsindeuiivdnanyine dnii 13)

Number System : MaBLavsEUUUTENaUR R BavEDWaN (U1sASsFava
wan) lnszymulsemadnan (Miewniasugha) ssuudinula q Adududerey 0 fe

U15lAn UPC-A savingasrUuNgnsozLanslums 19ss Ul

A5 2.2 udnsviuneiay Number System 20iusagyseine

00-13: USA & Canada

20-29: In-Store Functions

30-37: France

40-44: Germany

45: Japan (also 49)

46: Russian Federation

471: Taiwan

474: Estonia

475; Latvia

477: Lithuania

479:'Sri Lanka

480: Philippines

482: Ukraine 484: Moldova 485: Armenia
486: Georgia 487: Kazakhstan 489: Hong Kong
49: Japan (JAN-13) 50: United Kingdom 520: Greece

528: Lebanon 529: Cyprus 531: Macedonia

535: Malta 539: Ireland 54: Belgium & Luxembourg
560: Portugal 569: Iceland 57: Denmark

590: Poland 594: Romania 599: Hungary

600 & 601: South Africa 609: Mauritius 611: Morocco

613: Algeria 619: Tunisia 622: Egypt

625: Jordan 626: Iran 64: Finland
690-692: China 70: Norway 729: Israel

73: Sweden 740: Guatemala 741: El Salvador

742: Honduras

743: Nicaragua

744: Costa Rica

746: Dominican Republic 750: Mexico 759: Venezuela
76: Switzerland 770: Colombia 773: Uruguay
775: Peru 777: Bolivia 779: Argentina

786: Ecuador 789: Brazil 80 - 83: Italy




dninnemyanan wivsexinamanak

A3 2.2 wanIaeLay Number System vaausiazUsena (via)
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84: Spain 850: Cuba 858: Slovakia

859: Czech Republic 860: Yugoslavia 869: Turkey

87: Netherlands 880: South Korea 885: Thailand

888: Singapore 890: India 893: Vietnam

899: Indonesia 90 & 91: Austria 93: Australia
978: ISBN 979: ISMN 980: Refund receipts

99: Coupons 981 & 982: Common CurrencyCoupons

Manufacturer Code : SaHNER sﬁ’a@’wﬁmLﬁusﬁaLawwzﬁﬁmum’tﬁﬁ%m\'azéwam
Tnembheanmnaaiissylaesialusgiusaundnsusiomninaslasusnietuas
'Iﬂ?‘mmaLamiﬁ’aéwamLﬁmﬁ’utﬁmmﬂai’wmusﬁaﬁuﬁwENLtdasu%ﬂ’wazﬁaﬁ’wuauﬁmﬁﬂ%a
WNEANLINUTENVEN 9 Iranunsac e EauAlAT 99,999 SananSuT uat
uandurunnldlldndnduisnnuinndumnedssnnsesussnwiliiansgyide
wteduitlaililiresudnifidiedifingafast fsfumnduandiinduosmandudiites
laifindnSousi ma EAN aufilgminenisimuamnelaysanaaliiis waundnuniy
el uundnuessiaduiiisiuaiana s Ssdsnaliiiussans nmannivlunsldaures
HNER

Product Code : sﬁaauﬁﬂu‘Jusﬁaﬁlﬂ%’]ﬁ’u%aﬁwum‘lma@wﬁm Faunnansansiva
éwém%’wsé’aalﬁ%’u Ve T,ﬂaQ’w5mﬁ5aszﬁasﬁwumsﬁa§uﬁﬂﬁﬁuLLﬁazwamﬁmﬁmawﬂﬂa
Livsnwsamdulnesiadudnsdoshivhdntusiananneitug vosiies

Check Digit : wanasavaauisin tundniildlunsesinasuinulanldsunis
aunuethgniewdnssIdsuA LNl AR LTindvesua unanlneUnfdmannsivaey
Jurdieaiurve mdansisasuamnnisatnuuansindeyadilaannisaunuiiannudesiuly
ixé’uqaﬁmﬂﬁmgnaLmuaemgﬂ&'awé’ﬂﬁ'ﬁ'msﬁwmmﬂ'wmwaa‘u Digitu13lAn EAN-13 9¢d]
mMshsalneseniuIsTadiuanAvemdnasivdeu - (Check  Digit) %a%gﬂwmm‘ﬁwﬁ’u
u15lAnAlae checksum wﬁﬂaz‘ﬁuagﬁ’uuaoﬂalo @Tﬁmiﬁwmm*ﬁuagﬁ’uwas'muawhth
51%117%@@LLca'awé’n’l,ussuuﬁi’wmusﬁaﬁmamLLaxiﬁaﬁuﬁwﬁlwmamm’hm%ﬁaqﬁwmmﬁh
Checksurn dwSuuilantuneudmsumseunnmsinaeundniiss

AN99R 2.3 wanaen Weighting veausazsuviswassauislén
Barcode
Positon |1 |2 |3|a|5]|6|7|8|9]10 |11 |12
Weighting [ 1 |3 |1 (3|13 |1 31| 3| 1] 3
Calculation
Weighted
Sum

125036
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1. 9nmsndrudlinseninglarssuy sHaguan wagsiaduin ausdy 6‘1’5\1%161'
Wiaum 12 wdn (12 position) Tutes Barcode Mg iy
2. pnuATluYed Barcode fiu A1 Weighting vasusiagndnuaInsenadluresCalculation
3. ¥MAN559UARY Caleulation Tuurasuanudinsonasiugod Weighted Sum
4. §9150171A7 989 Weighted  Sum m1s@ae 10 asdanseld  dasdaazlamn

Checksum = 0 uidiblasilfonauiildainnismsluavesnain 10 wadnsild Ao
A1 Weighted Sum

f29819 STaUNSIARUDUIIAD 885155210800 (UL 12 4dn) ABen1s1IAN Check
sum VBsUslAniilae fviuali 885 = swausvmelne, 1552 = sWausenueeyinu, 10800 =
SYANER AU

Barcode 8|8 |5|1]|5|5)211|]0| 8|0
Weighting 1131131313
Calculation | 8 |24 |53 |5 (15123024 ] 0
Weighted

Sum

8420+5+3+5+15+2+3+0+24+0+0 = 89

1) 9¢l8An Weighted Sum= 89 @1 9 ndoimy 10/89
2) thauss udaudeawiildainnsms

3) Check Sum @9 10-9 = 1

4) Aglasvaunslan EAN-13 Ju 8851552108001

gilg51552

U 2.13 un3lAn EAN-13 59t 8851552108001

108001

nasidrsiadaya EAN-13

1. Tumsidhswa vinelas 1 vise 0 asunumaundewiduniavivesaiuniae
Uflanfirvun 135189 11 w38 00 AzunuAIANnAwinfuaesyil uag 111 %se 000
szunuaauniaduamii (Junisunuairuiannuniteesunsuasyesineesunslan
Faflmnuniuansnstuauen feudazafidasdnduiauriveuniiagtesinsdiuay
i

2. thadaundnd 1 WiSeulsufunisne Structure of EAN-13 tlafviun
JUMUUTeN First group of 6 digits uag Last group of 6 digits AME1Y

3. VT'lmSLmum&'hLaﬁumugﬁuwﬁlﬁhmiw Structure of EAN-13 38y faalu
gan1sidswawuulv 19U e L-code, G-code %38 R-code
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A15199 2.4 LAAINITUNUATUISHALYDITNUDIAVLARLNANUBIUIS AR EAN-13

Structure of EAN-13 Encoding of the digits
First digit First Z:::S of 6 Last group of 6 digits Digit | L-code | G-code | R-code
0 LLLLLL RRRRRR 0 |0001101| 0100111 | 1110010
1 LLGLGG RRRRRR 1 10011001|0110011 | 1100110
2 LLGGLG RRRRRR 2 |0010011| 0011011 | 1101100
3 LLGGGL RRRRRR 3 |0111101| 0100001 | 1000010
4 LGLLGG RRRRRR 4 10100011|0011101 | 1011100
5 LGGLLG RRRRRR 5 |0110001| 0111001 | 1001110
6 LGGGLL RRRRRR 6 |0101111|0000101 | 1010000
7 LGLGLG RRRRRR 7.10111011| 0010001 | 1000100
8 LGLGGL RRRRRR 8 |0110111| 0001001 | 1001000
9 LGGLGL RRRRRR 9 |0001011}0010111 | 1110100

Compare

Encoging EAN-13

Ul 2.14 msudsaunsldn EAN-13 dhedunslén ‘8711253001202

2. U15lAn Code 39

USTARLAR 39 (M38L58n91"USS Code 39", "sWaduan 3/9", "code3 of 9", "USD-3,
"Alpha39", "Type39") iuunslénfiansnsadnsamdnusifuilug (A B 2) Whswaduay
(0 83 9) warmsnuwsivay wu $ Wudu Muislaaiesazlilinisnsisaaunan (Check Digit)
Lwiﬁa'mﬁalﬁ%'umsﬁmsmmmaaulﬁmnnWsﬁhjmmiaéwuﬁﬂﬁlﬁgnﬁm RIGENEN
vsldnednd Ao ﬁﬂmwumﬁwaq%agaﬁﬁw viliFunsldnesdosnisiudiannlunis
Whsiateya Zeluruunegadifudissavinliliansorauislde 39 16 wiusldnviing
gamslniuagnaunIvany
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s1¥a 39 1y annsaiuiidnesuasiaulneyndnuszazd 43 fdnes fanuvane:
0-9,AZ ,.,$,/+%% uariuiiusasisnusarUsenousesidusenoureunsldn fe 4
FnnunIIufLariuiutesindvesinlaevhluasiinsiiuiued smunnendu (%)
Lﬁ'a'l*ﬁﬁm%'umsL‘éuﬁuuawqﬂ‘umsﬁa 39 Falgsunmswawlae as. 10in Allais way Ray
Stevens ¥a3dulnosLuAlUY 1974

n1sidsaCode 39

uilfnuiniaglfiniomunensnduns (*) Wumiuunveuiunvesaidufuuay
nynvesuilan lnesewinuedsmnenendunsendudeyafindosnaivluguuuuunslda
TngrurnnnunitsvesuauunslAnulas uazdosing (space) Fslidasduaunirady
Weaaadn Ao uauuAvkazkaun1ddisndndu 1.2 Tasannsaunuaiauniiaves
LAV LARIAISIS

A19197 2.5 UWARINISUNUAIALNINNYBIUY (Bar) Uawdasing (Space) 984 Code 39

Format1
W B Wide - Black
N b Narrow - Black
w W Wide - White
n w = [Narrow - White

* (Muee Format 1uag Format 2 \Wuidissgaddsumndnsiugainisasurenisidnsia
¥94 Code 39 Fsasadongluvulaguuuunislunisignswala)



= 9
N1919N 2.6 LLaﬂGEULLUUﬂ’ﬁL‘ﬁWi‘Vm Code 39

e

NNNwWWnWnN

bwbWBwBwb

WnNwNNNnW

BwbWbwbwB

NNWwWNNRNnW;|

bwBWbwbwB

WnWwNNNnN

BwBWbwbwb

NNNwWWNNnW;|

bwbWBwbwB

WnNwWnNNnN

BwbWBwbwb

NNnWwWnNnN

bwBWBwbwb

NNNWNnWnW

bwbWbwBwB

WNNwNnWnN
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o/ ] v v 1% }% L WAN 14 1

A8E19 H17INI5U5LAR Code39  Usenaumiemisnes "A" 15198 Aoaunuen
dydnwaiunslan A" TiseninamSaaunenanduns wazduusazimsnusdledasing (w)
iaue Faaglaunslan dagy

" A¥" = [bWbwBwBwb] w [BwbwbWbwB] w [bWbwBwBwb]

*A%

o g ' v LY a v LY
g‘U‘V] 2.16 WJE]EJ'N‘U']ﬂﬂﬂi‘Wﬁ 39 Nsvia "A"

2.4 AWW9RINDa (Digital Image Definitions)

amAdnea Fofladu 2 T vde £ (xy)vesranuitutewadaed x uas y Ao A
ventwumisluszuuiinain wasAwealedidi o dumisle 9 seifiudaduiuauaing
yoeud o duntdety  nsgvaumswa Wit dunnluidddneasuiena Image
Digitization §instuaums 3 Junsl fo msvuiinain (mase Acquisition), nsduaenyn
AU (Image Sampling) WazN1sUTEUAIAI BIINYDMEY (Image Quantization)

Rows

Columns

JUN 217 awlugandseaiilouusmfiniga

mwL%aﬁ%ﬁmaammsa%’mﬁﬂﬁag‘lugﬂquﬁﬁummﬁwﬁuaaﬂlﬂ WU ATNVIIA,
AINEN, LAENTNERIT
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2.4.1 a2 (Color Image)

AluusiasinavesnndazUsenaulumerianmes (Vector) sasrwesusld laun
funs (R) #1%87 (G) wazdhidu (B) flvwnawindu 8 O faunin RGB $1wau 1 finwase
Usgnouludesnnudavonun 26 Jeviildnm RGBS waudiiiululddanues
16,777,216 Ao nsanmusenauil 2.18

JU#2.18 -uanInIn RGB Ua Pixel Valueuonn RGB

2.4.2 AWawm (Grey Image)

Grey: Scale (Husnsd@Lveslnudin %aﬁmﬂdszﬁumméauuriﬁa&viswdmﬁmaﬁ’uﬁ
M (Halftone Image) msadanmlyilsziudons 9 agsaiiosmemsldyadiidvunnseiu
WIBlAMUMILULYEIARN ATl ULAaYpixel 784 Grey Image ABAAIITNYDILAS U UAae
ALNUITDY pixel %q%ag‘lugﬂmaa Grey Scale (Grey Level) sidululsuniGrey Scale av
Juagiusiuau bit 4 Freerudu 8-bit- Monochrome 9#f Grey Scale Wavum 256 sz
FannUsenaudl 2.19

U 2.19 uanarndlu Grey Scale
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2.4.3 A WINuUav1INI
aa = v . | |
AUsznauRiinsiasunlamiuanuidueeiuds (Intensity Image) Arluusiay
Anwwa Ao mm’mLmumaauamuma.,mLmuwmwnquamaa"lusuwaaﬁumm‘mm

4

(Binary) fanmUszneudt 2.20 Aildululfvessgduandesiuegfudau Bt 7l

o

Frogaty 8-Bit avilseurasinudunstaiun 256 ey Sanmuseneudl 2.20 uas
AWUSENBUN 2.21

cx v
o342 O 2251
0. ‘352 o 1 ef

= o a °
JUT 2.20 andsznauiiiinudun

Procesed Gray Scal indexed Image

140 160 120 200

Ui 2.21 MANUEINAILARIAITEAUANULYUVBILES

INAMUTENDUT 2,20 lay 2.21 Ransanfiudivnsdusesawaglirdoyaniinig
d‘ 1 1 1 =% 1 d 1 v = o =
WasuulasAagluseninedues 0.4e1 1 warlileanaITeaulNudvInAIYBININILINT
WasuwUasanlamniu 256 a1
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2.5 53UUARGB

SYUUE RGB Lﬂuizwﬁﬁﬁﬂmﬂmﬁmﬁ’u*uaﬁLLa\ﬁﬁLLm Weuasihdu Tnsunferld
'Lua]am‘wuw CRT wagiiesninssuud RGB \Juszuvdvesuas Soihldnwussnauiild
ponuIL fmwansouas zdagmenu Tunad vise Color Space Useneudiewsiavdn 3 &
1dun Juns®) B1387(6) uaviiudu( B)Iﬂwqwﬁnmmuﬁmaq Young  @11150UNUAIY
wUUTIa0egnUIARRGB mmwﬂsuﬂaw 2.22 Iﬂwa]maaﬂ*’uaqaﬂumﬂﬂmma (Red Green
and Blue) LLauasuamawuwaaa(Secondary Cyan, Margenta and Yellow)

Cyon Yeliovs

Blue
e . Red "
A/ ’ \\‘

B Mogenia R

JUN 2.22 mnandniuasmionisunusifidiiety

2.6 mM3UszaananIn (Image Processing) _
nmsUszananmgniauduniieudlvdynifeadunisuaadu fensusaiu
vosuywilludsddyuaziinalnfidudousthnis Fanwdszneviiveafiuiuinuddy

[
L4

Lﬁuasjwmnﬁm%’umﬁﬂs‘ﬁ'v‘f’lﬁsﬁﬁ]Lﬁ'mﬁ'umwﬁ'ﬁLLavmwmé"aulm iU @ ilvsviay
wuqaawuwmaq LﬂuaammumsmLauawaua‘mmswmau‘lﬁlmmn‘umimaqmu
muumsﬂi“mawamwmLU':?EJULauaumuLﬂiaquaﬂﬁammimiaummam']wLLau
msaLﬂﬁ“wmsaumﬂ‘uaamwiﬂalwﬂauwaLma%‘lumiﬂiumawaua%smsﬂiumawa“uuaa
furadwsvesnwUsznauiifesnis wWunIskUasnIniimage Transformation) msilenunm
(Image Description)n15nsednIn(image  Filters)n1sAuAunIN(mage Restoratnon)ms
Usudenaininuesnin(image  Enhancement)nisuisninuaznismvauingluniniimage
Segmentation and Edge Detection)LLa:,'miﬁuﬁﬂ{l’a;&amw (Image Compression)

2.7 nsudasnn
msuvasnmfutunouilduvasminamaldndunmenadmdonisulasnmiiy

amdn Tagvhnisusnsedududasinigasenaindu lusuuuunwdantuhanama

uidaunisifiednamdmuasiiildunlugeinaiy
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2.7.1 -nsudasanaidunindnn
AfinearedRGB uRarduILeNeenINUIINTULNAS RCR mmaaunmwa
mmmmmam’m”mmﬂéﬂﬂLmummwmsnamu Iﬂamu'azulﬂmﬂaumsmmawu

G' = 0.3R+0.59G + 0.11B (2.1)
Ve

G = RHG+B (2.2)
Tae s vua 1w

2.7.2 nswtasndmndunineiadi

ﬁﬂﬁmmmLwnﬂ'maanmﬂﬁ"wé'ﬂﬁlm&Jmﬁ'ﬁ%miﬁuﬁsm‘lﬁmaﬁ%Lﬁﬁ%‘ﬁls{’ﬂumi
wUas RGB Image Iviagluguiuuved Binary Image wﬂummmmLLummLLakuwaqaan
mnnulﬂsmmﬂﬂmnaa‘[mmswLLamsvﬂummwmmmw £, 1 mmmwmumﬂmm
dimudinniduiduiundsdinnUsznoul 2.23 ﬁwm‘lwmmsmwnﬂamm
’WmLLa“’Wuwaﬂaaﬂ‘i}’lﬂﬂu‘lﬂaEJ'N‘UG’IL'i]‘LlLLa‘“LaaﬂﬂﬂLﬁiﬂI‘UaﬂwuizﬂUﬂﬂuL‘UiJE]EJi”WD’NﬂaJJ
WasweBalaunsuld

ntuyhnsleufisuAvessas £9ANMVNAN £ (i) ) doBnInANsIAlaAANIN
uuavmﬂsu’tmﬂuammamwEmsm wagyne £ (,j) :u'mmmiamwnumlﬁsﬂi‘uammmw
uuﬁ]vz:mﬂsu“lmLﬂuamnmamwaquaammmmmmmmumaaumsmmalﬂu

if G, <T

SO (@
fthr_(l; ]) T {O lf ff(l, ]) > T (23)

Toumvunli
1 fie A Fududiuaaing
0 fie dv17 Fadudruvoaiumda

X .
PYDAVDIET IHHUMTR

Inmpan

yhganaeing

0 ) ) 255
AU NNUN

JUN 2.23 Balaunsunanaissalyan
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2.7.2.1 Balnunsu (Histogram) fe wasindildlunmsusnnisnszaneves
Aseeumlunwiann
2.7.2.2 \ssalwan (Thresholding Technique) A@ UFATERERIRED

Pixel 1umwmam1ﬂﬂm~LUuﬁJﬂmamaﬁ]ﬂImﬂasavL‘Uu'«mmmmwnu 1 Iﬂamsaumaun‘u
ANvaausas pixel (f (x,y) fusmafifiisendt isseluad (Threshold Value) wpdainouldiy
mﬂun‘szﬁﬁm'lmmmhﬁzwmi’mq (Object)  uazHunds (Background) @1 pixel Tu
mwﬂszﬂauﬁﬁmﬁaan'jnmLﬁscﬂ,‘uaﬁﬁ]zgﬂﬁmumL“L‘Ju 0 (3nen) wazdAwas pixel la 9 Tu
amdlAnnniwseinduanssalyasazgnimualidu 1 (gay)

Tumsiameasineifissavadlitldnndiiuazaudagdeninannisidonaisse
Tvadiignieuazimunzay dudonissnlvadlimungan 1y Assalvadiiuinudetios
ufnlvagyhlvinmuseneviilduneunndauiosnarilimeaziBoavosnmanamely
v3anmiildonnasiinfulunieainnivlunioonendunmussnauiiiidssuniy (Noise)
et FlFnmnednsiilalidaeu §aimsmneissalvadanunsaniléfeinelud

1. Global Threshold ifumsldaissalaadaniersuiurienanlagld Histogram
Tunsvissalvadglianeriidesignilogsenineaniass fivdnnslunisuds de ey
yehevesrisTalvadadude dudiegmanileveassalvadiiuiun

2. Adaptive Threshold mImAssalvassedsimnsdmsunndiiinuaing
Ligdiade fodu Fonaussalyasuareamseusasuinaeyldiisselyadldwindu
Bnnsmaussalvasilalasnisaiis window Fusnuun NN Iﬂaﬁ N tuasifuiaa
9 15 window flunndliiusnamisresnmudaninen Gray Level sasmniinivatioglu
YULATEY window WUINFUREIMIRIEs ueiaviaues window axlden ssnluas
flagnnelu window  u 9ntushmamaAnssalsadiauiluben q fuusnuilidiy
unssildtinatmundissalvadasuluyn 4 finlea die Gray Level vasfiniwatufian
inneissalrasvesiinatiudasimuelhiuder uwithdn Gray Level vosfiniwatiy
feuninssalvaduesinisatuudneimualiduds vuiauasuynfineacelnadng
Junmamem

dnnugR
3

N

) T 255 sedumauaduvesd
sU# 2.23 Histogram wansAissalaan

U
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o oqu CR ¢ LF ON - LF, VI, FRequi CR + |
post + LF more over | Mmh RETURN N-m‘ LF mone orer | position
, FF cqual LF ~ OFF = LF, VT, FFequal 1F
R rooe ove; | position RETURN equal CR wose over ] postion
Gray Image Global threshold Adaptive thresheld

3UN 2.24 Fumeumisuvadhiunmene Tneltissaleaduuusie 4

2.8 NM131YaUNTN (Edge detection)

NSMIBUNIN (Edge Detection) LUumsmLausammqﬁa&ﬂumw densuiduseu
99 1519z ML (vune) %3939 ‘uum"uaa’maﬂulm 9813l5Mm1U N1
ma‘umwmﬂmaqauusm‘lﬁlmﬂuwmmw IG]EJLQ‘W%E]&’J1\‘1EJQﬂﬁ‘lﬂ‘UEJU‘UENﬂ’IWVINﬂﬂmWWG]’m
AnuuAnsEIumh Fuifund e viefimmaindliaiiaveranmeeunmiaen
mmumﬂmwaqmmwuuaamm;wuqlﬂmanqwua NINATNLANAISNINYOUN WAL LT
odin dauwansnsilaitesveuainfagludaeu

msmmaumwmmsmsmaamwLawaumnmwsa‘lnaLﬂwﬂwm’lm lnginannis
LUaauLLanaammwu’lumLmum'hlnamaaﬂmﬂmﬂan Fsmsmweuufaefunans s
wingslsimuaunseutseantimdu 2 ﬂqmﬂaﬂ A9 Gradient  method Uay Laplacian

method lagluwsasisisitazidunnsalul

2.8.1 Gradient method

Tﬁ'ﬁ%wwauhﬂnﬁmam‘hamLLavammam'LusUmamuﬁ’u $ousuniaeann Tag
wwlLﬂwamvaﬂumuwmuamLﬁseﬂ‘uamaamm‘lmawawl ANYRIENUN F981
'Jsmsm‘uawaaﬂqmu \Ju-Roberts, Prewitt, Sobel kag Canny

2.8.2 Laplacian method

FBilagmvoulasldouiussusy 2 lngldgaiia y 1du 0 (Zero crossing) d33iay
Tnanlunsdaminndt Gradient method #e81938n1svvatvadndil 19y Laplacian
of Gaussian Wag Marrs-Hildreth
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AMUUANA YD =AUAIII T VBSE

Threshold { ‘ }

Gradient method

Laplacign method

i‘lh/l 2.25 NSMUARINNTVIUBUMETD Gradient method wae LapLaCIan method Y8459
mwmmnmwmivﬂummwmaaa

2.9 wasnla8 (Morphology)

uaﬂWIaﬁ%’mLﬂuﬂzﬁmmams‘muwﬁaﬁaEjiuwanﬂuaaﬁ‘zmzﬁm Aanansodnldlunis
Uszanananmlaeesiivsz@nsea Lua\mnmmLuuﬂﬁ‘uaamummsmaﬁwuuﬂwmmvau
mmaﬂwmvmﬂﬂmuua“amﬁﬂmLLummaVIm‘USNmqnu’Lumw‘Lmamqummma mmmum
quiiiunld o Hadwiger Taslugasusn 4 ﬁ]vlﬂjﬂivmaawaﬂuwmwummu%mmm 9
sosnldgimunetanldfunsdsznananmluuduadldmuniFosanauaunsould
AUATWELIN

fafignaniiunis  (Operand)  Tneueslnladasiansdrusuty Ao drufifu

LY

b

syanminzgnussiiana dwmdunmluiniezunuieen F uag SE Gaunudieien K 73

v
Ustawsdaviioufufudsiagdiludifiunisiunn dsuiiunsiugiuveaesinlad
ogdewn Ao Dilation AU Erosion leediadiunis Dilation veanmluund F fe K

Y

JuluunSwuiu asuvuiig FeK fuansluaunisy (2.5)

o] e

=h b e

FOK={f+kl3Ik € KAf€ F} = Ugr K; © (2.5)
FOK={x+kix+ke€FVKk €K} = NgexF_i (2.6)

Tuaunisit .6 dusdufiuns Erosion vesnwluund F e K Sadeuunude
FOK 7 x uaundnianundi@s x + k e F ol vk € k naeinfasiiunis Dilation wag
Erosion \fleynansaufiu SE snafwmilahldAassudunsimisnassi fe Opening
WnuE FoK uae Closing wnudie F e K Taedasdulumsisassuandliluauniss 2.7)
wag (2.8) muasy

. F°K = (F O K)®K 2.7
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FeK = (F® K) © K - (28

N9 Erosion wagyimesie Dilation 98138731 Opening Ap ﬁwmﬂﬁi’mﬁlﬁnﬁu
gnindneenilulnsazueningfideureduseduooninniuhldveudeuiu mﬂuum’l,mm
fvunelugtu nadwsazliingAiduunamingy

winvh Dilation uagviwiade Erosion aei3undn Closing Juin i #1e q TleguuTag

Y y‘i
a =3

i ﬂvnnmumumwmwﬂmmwaa’Lnanumn%mwaumaﬂu mﬂuuwﬂmmqw&mw
wadnsTlsmgaedivunavinih

dlaruesTnladurldfunimnsdaina dnvaenissdiunmsiazsnetusenly foaan
o F Aldumunwlundfdsunnuiied®u £ & v) fumunmnsdaina uay SE vesan K
Runudeiaidu kixy) wasfiddyie wiiunisguleulu Dilation Agnunusieflaidum
ﬂ'ﬁaaam Max(); drummiunisdumesidnduly Erosion mmumaﬁammmmmaﬂ Min();
Fathy mmmumsmamwhnumwlvms mmiammﬂlmmmvﬂumsﬂsumawamw
insdanasanandliluaunisd (2.9)

(f@k)(x,y) =Max(fx - Ly =) + kG VIGLD EK x—iy-DER  (29)

(fOK&y) = Min(f(x + Ly +j) — k(, )I(1,)) € K) (2.10)
(R (x,y) = (f © K (%, y)@k(x,y) (2.11)
(fek) (x,y) = (fBK)(x,y) © k(x,y) _ (2.12)

2.10 msudasyisesvasmunialdnes
msuﬂawjL'%ﬂ%ﬂraqmwﬁ]udawﬁwmmsLLUaamw (Image - transform) n1suUasg
amlaitunumddgludumsussnaasanimandhuie nguivesnisulasanlagnianly
Tudun1sUTuUsenm (Image enhancement) msﬁyuw“mw (Image restoration) Wagn15Uu
§Anm (image compression) luuniasnanisnisutasyiesasldgminanyseyndldan
sganhandunsuityvnisussanaraniwiinea

2.10.1 nsudasyiFes
i f(x) LﬂuﬁqnmummuawaamLmsmmuﬁm X smafau’mmmuiv gENNNIBLIRN
MsuUasisesves f(x) wnude FfX)] uagiiddiaaussil

FIf(x)] = F(u) = f_mw f(x) exp[—j2mux] dx (2.13)

Tae? j = v—1
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¥ U

a 9/ o/ ¥ -1 o o é‘l’
nMsuUasiSesdounduues Fu) wnwse F[F(U)]) wagdfmdiinainusadl

F7[F(u)] = f(x) = f_c:o F(u) exp[j2mux] du (2.14)

aun1s (2.13) uag (2.14) gniSenduduguosnisudasyiSes (Fourier Transform
Pair) wagansamenléiile fix) Huiteftusianleaazannsaduiinvlduvuudulagn
(Absolutely Integrable) wag F(u) aunsaduiingnle

Tudniinied 10 Wuessuusiuas x Hufulivesssesma (Space) N3
wasFesveaarduiusssliidudwaudeouComplex Number) Wuie

F(u) = R(u) 4+ jI(u) (2.15)
Taef RW) was (W) Ae peAUsENBUSUILITA (Real Component) uazd1uIU

JUANN (Imaginary Component) w84 F(u) mMad1siu vasasafitssii@eu (2.15) Tugdves
wndluuuudeasail

F(u) = [F(u)[el? (2.16)
Tned

[F(w)|=[R2(u) + 2(w)]z 2.17)
{834+

(u)=tan? [%] (2.18)

Heriduudnilygn (Magnitude Function) |F(u)] gaiSendiananiunisesves fix) uay
B gniFendua (Phase Angle) Ameniasaaswesanmiy

P(u) = [F(w)[?
= R%(u)+1%(u) (2.19)

SInludeaunasumds (Power Spectrum) ¥4 fx) fauds u Mnngeglunisudas
WiSusgniSendidudsmanud (Frequency Variable) Failldinannmadeudnluuuuiealy

JUauns

exp(—j2nux) = cos2mux — j sin 2mux (2.20)
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J(x) IF (o))
AK
M
K points

- ” x : n ‘/\/.\/\ >~ U
[E— — M points —— =] P M( gi)mts —
(a)

Uﬁ 2.26 ‘W\iﬂ‘lj‘uLLauﬂ’]‘JLLUadWLiEJTUEJ\iWGﬂ%u

ety 8un1s (2.13) 91awesluudfiin Fu) Useneusenasinsiuiuatiug (nfinite

1

Sum) veamauletnazlaley uasar u uravandufimunauiveaneslesuaslaley

819 Ronsanilendulugui 2.26 (a) nisuvasises fo

F(u) = f t>°f(x) exp[—j2mux] dx

X L
= .f Aexp[—jZnux] dx

L - )21tux A ]21rux
]21Iu[ I ]21’[11[ 1

A 2 [ejnux A ]TTllX]e -jTtux
j2mu

MRS -jmux
o sin (mux) e
Faufleidudnuledou annsuiSed wandugui 2.260) e

A .
» $ -jrux
[F(u)] Inu‘ |sin (mrux)||ed™¥|
sin(mux)

Tux

2.10.2 msuuasyiFes 2 iR
. = 4 ° ¥ 5 o aal ¥ v 2 & 1 d'
msudasiSesanunsathluldiuileidu 2 386 &1 fixy) Duilsdduseiioay
mmsnﬁuﬁl,niﬁl,élmuLLS‘UT%QW wag F(u,y) a@unsadudnsnle Astumsulasfises 2 4@
wagnsuuasyises 2 dfdoundau Ao '

FIf(x, y]=F(u,v)= [, f(x, y)exp[—j2m(ux+vy)]dxdy (2.21)
LAY

F[F(u, v)]=f(xy)= [ [ F(u,v)exp [j2m(ux+vy)ldudv (2.22)
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Tae? u wag v Wumuwusanud wulileatunsed 1 36 awnasuyises awnaiuves
Waa wazaunmsuveenias A

[F(u, v)]-[R? (w, v) + I2(u, v)]z (2.23)

(u,v)=tan’ [:{((t?)] (2.24)
(153}

P(u,v) = [F(u,v)]*=R?*(u,v) + I*(u, v) (2.25)

f19814 m'ﬁLLanjL%'as?uaaﬁaﬁ%uuamiugﬂﬁ 2.27(a) A9

Fu) = [[ feoyepljantur + vylaxdy
x y
=AJ exp[—jZnux]dxf exp[—j2mvy|dy
0 0
e—j27tux x e—j2nuy y
:A[—jZHu]O[—jZmJ]O

— A [e—jZTrux L) 1]
—j2mu —j2nv

[e—jZTmy — 1]

sin(mux) e /2™ [sin(mrvy) e /27y
=AXY[ (mux) H (mvy) ]

Tux vy

aunnsu Ao

sin(rux)| |sin(mv
|F(u,v)| :AXY, () (vy)
TUxX vy
foy) IF{uv)]
Al
X “———y
-— b 4

(a)

UM 2.27 nsulasyisesvealanidu 2 6
(a) #Handu 2 18 (b) wae (c ) alnasuduiesiduiuainudy
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N3N 2.27 (b) wanswdenvesileri®u SRl 2.27 (© uansanaduduileiduiu
mﬂm%’umwaﬁwLﬂué'ﬂﬁauimﬂmsqﬁ’uLLauU?gm‘um IF(u,v)|

2.10.3 msaaulagdu (Convolution)

Asmsmeubigulgunfudiezduitnisussinanaifangu feasiieadosiuns
MAndgIusunIY mmau‘hq*ﬁ’uﬁuaaﬁagmﬂmaLﬁaﬂmmudaunm g 00 uay fx)
Wuilerduaositaitu nisaeuligiues fix) uas Hx) gnilenuindudleidu

fx) = [ (& —tdt (2.26)

f-(X) = f;(x) = () (2.27)
nsdifiawilo

£,(0) =0, t<0 Wag £,(0), t< 0
nsdlil (2.26) aenaneidu

() = £,00 * £,(x) = [['f; (O x — Odt (2.28)

fa9819 mniﬂw 2.28 LLammamamiﬂau‘hamuivmw f{x) wag gx) ﬁLLam’Lugﬂ
i 2.08 ( ) LLaui‘U‘Vl 2.28 (b) MNdAU NAEINNNTBUANTIUL 157689 N15a519 g(x-0l 0) F9vh
lu 2 Funeu duwandugud 228 (© uarguf 228 (d) Tmogud 228 () \Humsity
(FoLdmg) Hlariduseunnu v 5 Ul 2.28:(d) Li‘]umﬂﬁauﬁaﬁﬁuﬁﬁuﬁa&Jsvﬂumq x ANWULYDY
mM3douiie & x :mnmnﬂu&mmm@ulﬂmwm Tumanduriudi x uasm'muamms
Boulumadne mnifu dwsuisazeues x Yinmsnn fla) My o o) LmemiauVlmwu
HARAMAMN - cofid coNaRed fla, Jg(x- at) :Jm‘mmmsaawmsmu‘lé‘lumqma 9 il

{ W oA

1. 0ax:1 (U 2.28(e)) wadnsvasmeulagtu fo

j:f(a)g(x-a)da= j;x 1.( ) da

=5|0 =2

FEYIR
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2. 1exe2 (U7 2.28(e) wadwsuoanawlaglu fe

1x

1 (1) d
A= (84
v

_a 1
_5|x—1

fx _11 f(a)g(x-o)da= fx

x—1
2

1
2

nadwsgavhevesn1sduiitnstunanslugui 2.28()

feny \ uler
4
1” | ﬁ
9 o A a
) {h}
pl-a) glx - Q)

mn

b o)/ sy \jc B

K -1 x

te) o}
T ordgix - ey fiic - 0}
152
]
-t
3y %

{x)egix}
]

"1
:

1 2
)

Ul 2.28 dhegumsneulagiu Kuiide fe nsdifnagalliilugud
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2.10.4 n15AaUlgHu (Convolution) @4l

@
Tuiueufsatu el ludssyndldfudygragedflaelidygiuduymdy
r(A,m) gnleuldigssuu h(i,n) awldygnonendne fa ghn)

g )= f(w,Dh(A-0n-0Q)dwdQ (2.29)

TumafoRdleteyanmiidnvariiufinea uagl i fu | Lﬂuﬁuﬁwma
[

(Discrete) 904 o fiu Q Tuvhuesfeaty x fu y Wuanfundieves A du n aunsh (2.29)
Weulnadlendy

'g(X:Y)=Zi Zj f(l,])h(X-l,y-]) (230)

naunsi (2300 Wunmsiheeuligiuuuiines Tneesliuariunsauaquitui
yoeiuys i wae ) Wil fy) Wunmduatu vasdl hixy)  Wuilsifuszuu (System
function) mmqmwmamn wswan (Template) ) Inevhluudrnuisveaniinanazsidnnii
YPUNATBINTNAURTU LLauiJﬂiJaﬂ‘is}ﬂJ”L‘Uu%'UamaEJ:LIW\E?{‘?JU’IG] 3x3 %38 5x5 NN Judu

nauaudineudinfin(Commutative) waamsmmmmmmuiaqw
(Convolution) aunn3#t (2.30) Weulvadlmu

g(X,Y)= Zi Zj f(X-l,y-])h(l,]) (231)

fatiu fdnsiman h(i,) Hauie 5x5 yegudnalsveuniwanayi 7 h(0,0) aunsi

(2.30) AWy

g(xy)=27, 22, f(ciy-)h(. ) (2.32)

d

msmmmmﬂaubamwaamwNaaWﬁ g A (xy) LHNIINAITUNAUNAAINIY
YUNMAUATY Ima’tmmﬂuanmwmmmwam h(0,0) S?J’au‘wuﬂuammw“lumwmuawwwnﬂ
(xy) mnuummsﬂmmmuLwamummwiumwmuawLLU‘U%mmaamﬂaumwmmmmu
Juenadnsvesnisireuligdu gixy) LmLuaﬂmnmsﬂsvmawammmmaammmw Fatiy
A#nA (xy) auma\‘uwﬂﬂmmmuauua.,LLu'Jm‘ummwmuaw aﬂwmumimﬂau‘hmju

awmmuamlmmaﬂw 2.33
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e laidussunem 3x3
b(i,j .«
( ’J)f—-b/ ’L mwduTy
- 7z 7 l

A 4

ya Z
y4 ZT
7 T AT Y
y ya 7

V4 VAR Z 7 X

77 VA A A A 4
7 VA A A

i 2 2
L L L L L 2 7 7 7
L Z Z s

<

‘Uﬁ 2.29 LLammimmmmmﬂauha%u

fregvasymmanfildlunsuiuusnmann fie

1 i—

9 9 9
h(i)=|-3 %- —g (2.33)

AN\

9 9 9

=

waaaluaunsi (2.33) asgninlUAuIUMIANEAANS g(x,y) nfinswiudeya
gaunmannsldaunisd 2.31) lunmsuszananadeyanimilsiiavddimaiumuiven
Snwaisdu 4 wazauiaeng q inlfnu Insandensvheeulagduannaunisd (2.31) Wuwdn

2.11 nsiexvaufidnisulas Hough

’LumsmLawaaﬂww“lmmummn‘ummw nemmmswamm‘[mamimmaamwm
mﬂfmaauumu‘lﬂammaumﬂﬂ 7 RTANNIAT N 90 Lsmaqmimwmaa‘uawcﬂmmu
flaguuidumse Mu\ﬂmﬁwLﬂulﬂlmﬂamsmwmaumiwmuwﬂﬂmawmLLaammim‘mmw
aawawwaa‘lﬂanmaumwnﬂﬂ q Yaymidiieatunisnidu nin-1)/2~n uéinis
Wiguiigy (Nnn-1)/2 ~ n mammmuuv;mau

Hough “Lé’l,auafi%wmLﬁ@ﬂ%ﬁ%’n’tu%ammﬂaa Hough W9138413@ (x,y;) WALENNNT
gaadunse (luguuuuanuduuazyeda) yi=ax+b %Lﬁud%é’umsaﬁmuqm (x,ys) Hunnune
wadidusasdulunuannis yi=ax+b B8 duswhmsifieuaunislugy b=-xa+yuas
fIN5058UU ab (Fonhrsvunumsfines) wgldaunsvendunsuduiferdmiuguesya
(XY uanaﬁﬂﬁuqmﬁaaq () asfidunsdluszunum e siduiusiu wasidunsiilse
ﬁ’uﬁumaﬁaé’mﬁuﬁ’ﬁ’umm (X)) ‘ﬁam @b) Tasil a’ ﬁamm%’uuas b' fie ARATBLFURT
Vlﬂiuﬂ’eJ‘UVNﬁ]ﬂ () wa (xy) ) Tusguu xy 9349 9 LLa’Wlﬂf\]ﬂVIE)EJUULHUWN Hiduluszunu
wsfinesiniuiien (2,b') sﬂw 2,34 uansfnEuLIRAil
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{ b
T — ¥ Y >}
\ Eb Xl Y,
2{x) \ /’/
\ a’ beecoeennnany o
Y{x0) / \\\
\ ~
buwxaty
v v
x a

(a) {b}
JUN 230 uansszuIUmITIsees
(a) 52U Xy ; (b) TEUIUIBINITIEHLRBS ab

min

e O
A 4
T

O jees ses

ees

Dral

A AN
a

3UT 2.31 msuueinuns@measdmsunisudas Hough

n1sfuINYeINITLlaY Hough 3uaInnsuusrasvesmsfimesifadureadn q
fi3endn waazay (Accumulator Cell) ﬁmaﬂﬂugﬂﬁ 231 1087 (28 188 (Brabr)
\Hudvespnuduiazyasia Adnveuwa () AfAvesadzay Alj) denadesiudivasui
FuiusiuRiams1dwes (a,by) L%IllLLiﬂ‘lijuﬁ’m’IEJIUL“ZIaﬂﬂG?ﬂﬁﬁﬁ’ILﬁjuﬂ‘ué mnﬁ#uﬁm%’wn
9 (¥ ) Tusgwruresnin 31l a Sesudadisvualuinu a vesssunuresmnslines
MN1sunaun1sd§msu b lagldaunis b = - xa+yd b wmmmlmanﬂmimm‘lﬂaﬂum‘lu
BN b T095zUNUNITILRBS mmmm a, Muadwsilu by 157l Alp,g) = Alp,g)+1 i
m’lumammuanmwuﬂlmﬂuﬂua dloauwuiuns A M 1w AGj) donndsaiiu M am“lu
FBUU Xy waaumaumq y = ax+b m’manmawaamiaaumaumqmmﬂu"uawmmmu
QﬂmmﬂiﬂammwﬂaqmwLLm‘lusum‘u ab ‘Luﬂsmmmmwawmmu a uay b eendu k
223 dmFu n geveInIW IsReIIANSALIN Nk afa fau Feflmuduiuduuuidady

Japmvesmsldanns y = ax+b unuaumsidunssegiindauduiazagadaian
dilndetiust Wadunsadlndidunnis eanmugsenniiin inesuniaumsiduasslugy

xcosf + ysinf= p (2.34)
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g, o 8
>y A - L I 0

&
h]

[ X 2 {21

ses

(2} b)

;J'Uﬁ 2.32 uamin1suuae Hough
(@) 52UIUUNG xy (b) szuTuNISTiines pe

INUT 2.32 (3) uansnnuvanevesmine fidluauns (2.38) sty vians
aSragaavaumileutuiinanivlunsdildmnudutasandniuanas fo wuiledlddnuas
veadunsssrunumaiined svglddnvuzresnaiuvenduldslaywoedlussuy po dil
M gauuidu xcose; + ysing = py151agld M duldslaymesdiniuiian (p,0) Tussutu
W51ilmes Mafine 6 waznisufaunsdmsy pagldsuau M luwassan AG ) Aduing
fuwatiszylagmsiiaes (p,0) JUT 232 (b) anBemsutstasvaamsiiines

1aveuu 0 Wiy +90° gnimfleufiuunu x  fafu  auiidredsluguil 2.3206)
Wuwuueutl 6 = 0 asmn uazld p whifugadaluAiuan x hweadeafu @uluinmdiyn
6 = —90° B3f UaziiA1 p whnugesAluAay y

fae81s 9ngUT 2,33 uanamsulas Hough ldauns (239) Tnegud 233 (a)
uanennitilen 5 90 urinzngnusiy (Map) aslussuny pe fuandlusy 2.41 () g1 o fe
+90° §1LTBINU p A £v2D Laedl D fie szozsevinapmasnin Saunndnaiunsilldmin
Tuuazgednfousazdulfalzysdayendisinetu Wuuwuowunasnnsudivge 1 4
A1 p ugud dulAdayvesdfiviedunisuliuanfivie udnmuneaeiiuls

AuandRnmInTmmsesguuiduieltfuvenisulas Hough gnuandluguil 2.33
(©) 0 A wansnsinfurenduldsiiaenndesiugn 1, 3 uas 5 Tussuru xy Muswesan A
L{"Jumsismfﬂﬁ;ﬂﬁyﬁamagJiuuLél’umaLﬁmﬁ’uﬁmuﬁmﬁ%ﬁﬂ (p = 0) uagyinyu -45 aerviues
\AEIugn B LLammié’mﬁ’waqLﬁuiﬁqﬁaaﬂﬂé’aaﬁuqm 2, 3 uag 4 Tuszu1u xy AunRLaes
99 B Wumsseyigasenueguudursafistuumduiling 45 sen uaxilsy £1119391n3A
fuilavhfuedmilwesszgangadidafaudunsedy .

wiafsinunnaldldnsudas Hough  Auldunss MNLTSILEIN1TUYas Hough
ansagnusegnaldouiuilsiduiioglugy ov,c) = 0 Tneit v Ae awestesiite uay ¢ Ao
nAnpsuBdUsEAVS fegatugaiieguuienan

(x—c)?2+(y—cy)?=c? (2.35)
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awmsngﬂmswwu‘[%l‘ﬁ%ﬁﬁmdnﬁa ANLANANTAUTaRAoN 57 3
WI33RD3 (¢, ¢, WAL c;) vhlissunumnsiiwesiidnuusiduwawuugnuiar wasiwaazay
oglugy A, J, K UUMTFUINMTRY ¢; uae o LLﬁaﬁwmiLLﬁaumiﬁw%’U c; Lagla
aunns (2.35) memsawmmm’twoaa vauARNARITULATIAUNUSAU (¢, ¢, ,cy) Wiulddn
Meuduteurenisulas Hough Tufusuiiauagsuiudusyans

o Ti
AXIS ; NEG THETA 8 FOS THETA

MEG THETR @ POS THETR

(c) (d)
JUA 2.33 waawsnasuUal Hough

ﬂﬁulﬂﬁ{jamwa@msﬁamadmawmsLmaa Hough PUIUMSBUN

%‘:umauﬁ 1 AUIMULASLAEUYDININ

%”’umuﬁ 2 52YY19E08UBI.ph

mummm 3 P5IFDUIUIUNVVD IR aummuwm%awmmmmLsumLLanaﬁ (17)

mumauw 4 MFIADUANINFUNUS (mmmamad) '3°mwawmsaa1ul,saawmaa AU
mamaq’lwwmamswvsumwawmLszjawaa’luwjaa vau aulisaiio (Gap) Aadleszoy
iuw’gwwm’[mﬂwmuuummnmﬁ”m‘uﬂu (Threshold)
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29814 ﬁmsmwgﬂﬁ 234 (a) FadunmeieniseniAuuudunsisavedlssaen
pIMAKAEIUNE JUR 2.34 (b) amrumsvinduluun’ Widanetesing Gap) luveuiunves
fcj"‘a'a gﬂﬁ 2.34 (c) wanansuwuas Hough wuulBaudurasnmluus gﬂﬁ 2.34 (d) uan (1)
L%wmaaﬁﬂL“z‘jaﬁgﬂﬁiauﬁu‘l‘ﬁm%ﬁdw

1. egvililuauveawaazanfifirniugegn

2. laiflpeinaiunia 5 wnwwa msmaﬂfd‘uan‘daadmwdmé’u‘lugﬂﬁ 2.34 (b)
Duraunanmsdenfinisa

U# 2.34 fog1ansilas Hough
b) AmwunsiAey, (¢) nsilas Hough, (d) Ainlwaignizes

Call

—

(@) NMNOILBUNITA,

2.12 msﬁuﬂmwLﬁmﬁummﬂu%’maemw

n13USuU§Inm (Image Enhanement) mmmhwam“lumaﬂsuﬂsmmmwsummw
mm‘umsWqu‘w (Image Restoration) i mmﬂsyamLwaaswamWﬂuMsaWquwmﬂ
andsin1sideuly (Degradation) mﬂﬂﬂngmimmaama mmﬂuﬂ’LuWquwmawamu
N1IMIULUUINEDY (Modeling) YBINNSLEDULAIYNIVIUNNIEBUNGY (Inverse Process) Wi
A5 9N NANNEUAUIN

LWﬂUﬂlumiWuWﬂ’lwluﬂﬂLLiﬂ q Mwadafivihlunginiuglaw wednadelnez
Rendesiuimafivade LmemimmmaUT,mamiwaaaﬁwmﬂmmﬂaumammmuaamnmaa
uhaumsunnlng uimeludeulaunasens arududouredisiianasedranndseglu
syuiafuiUIEHlu e TuElan Tnefiansandgmussnsiugnimangaiiniiild
Qﬂv‘iﬂﬁL?’iauadlﬂLLa”ﬂﬂahjﬂdnﬁaﬁummaamsLﬁauawaqmwﬁLﬁmmﬂl.%uma%ﬁﬁlmmﬁ
LAZAALAR
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2.12.1 guwuumsgeideaiiuaude
< ° = o al a
U 235 uamauuudasainszuiumsgadsrnuaudaniw Tnsnmilgyde

[

andadiavganiandunisgaydeninuandn (Degradation function) wagdtgyssunau
ynneuen (Noise) lag fixy) Aie MmAuaty, hixy) Ae flidunisgaydeainuaude nixy)
&

AadygIMTUMUAINAEUeN, gixy) Ap amTgydeauanda aaduuaunisnig
gaudeanuandalagldihdgygrasumuindnnaldfeeunisd 2.36

o RO

n(x,y

Uﬁ 2.35 LL‘U'U'iﬂaENﬂ'liﬂﬂJL’ﬁﬂﬂ’]'lllﬂﬁJ‘Uﬂ

g(xy) =h(xy) * f(x,y)

= v Z dh(x—i,y—j) * f(x,y) (2.36)

doyanwal * vanetle maviheeuligiusening hixy) uag fixy) 9InuuuglesEunis
nuadnAansly Spatial domain THuunavesn iy MxN agluwnu x wn y audisu
anunsaudasaums 2.36 Tieglu Frequency domain fsil

G(u,v) = H(u,v).F(u,v) (2.37)

msirdsuiiinadenuALTareInH nanfe Matndeuivasgunsaiiunin vl
amilldidunasuesnmemising 4 smansadsuiivesgunsaiiuntw shlinmilldidy
amiludnuaiglm vemuenda w3afi3endt “Motion Blur’ shegvesnwlmludnunse
FuduiiAnanmsiadouriuesgunsalfuniw (Uniform Linear Motion) assflvnmlvaifin
PMANSTUNIEIR LTSI () wdedeuiilumeilaituressseymefiedoudilany
LI Xo(t) TULNUL X Uag yUNY Yy NaTINDBININAADATEUELIANSUN AT LA
PNNMIBUANIANNRRERATISIETITUA AN wansamilaidunisgadennuauds
yesmaadouiinuuiduduldunaunisii 2.37 Tngorfvaun1smsiadouiivesing N3
2.36 Asanduntising 4 vudunsamis LfiE)LﬁEJUﬁUﬁ]ﬂél’Na\‘i AnuANdRenRdugaaud
iuwnﬂ iflenisagldianzuny LLaumwamﬂmwmmLsﬁasmmLmuﬂmmqmnwmam
frandanam
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(a) (b) (c)

JUN 236 n1swmdeudivesing

Y
'

(2) 3UUNR (b) gURinsiafioudt 1 G1f (c ) JURdinsiadoud 2 A

L=t (2.38)

Tae L=Sgey, ¥=A1ui57, t= 1an

a

Wiv = anuh, v=ha, 0 = wamssmnlisidnanmsindeuiinsldaunisnisanyide

o

AUANTAIINNITHAR DUV ULTUA U

/. =N
Hoos0 A {Z,LfO <|x|<Lcosf;y = Lsin6f (2.39)

0, otherwise

(b)

UM 237 wadwsmsasnilndunisgaideninuanda
(@) hixy), (b) h(u,v)

PNANNITN 2.39 WINSIAWITOUTZUINAL L 1Az O 16 1519va1uNs0asaflarau
nsgadsmuandnanmanfouLuulNEUl Jsanusouansgunadnsnsaiieileity
sananluaiBvalawy wazlunsimudlauwy Tugun 2.37

defmunrveansindeunvesnmiagliyunisiadeud = 0 Tnsunuaduaunis
2.39 uazyhmsudasyiseseele

H(u) = sinc(muL) . e~imul (2.40)
ANsuUaIreanduILIn nauns 2.40 azlé

[H(u)| = sinc(muL) (2.41)



a4q

vinuaiily 2 17 annsouanshinudavesssoruaryy 9naunsi

H(u,v) = sinc(nLf) ; where f = ucos 8 + vsin 0 (2.42)

2.12.2 mawAmIsIlmesanulinude

MsmAmEwesauliaudn (Blur parameter) Lﬁ@’l“ﬁa%’wﬁaﬁﬁumsmlﬁa
AuANTR 15z lunislwesainanluewnSulawm (Cepstrum domain) Feiiaunis
neRnFEanS fail

C(i,j) = F[log(1 + |F(g(x,1))|) (2.43)

Toe F uay F- uwueIMsuUasiSesuaznsuUadudsayisosauddu Tunismen
Arvnavesanalirudmiuagldnisuag Hough Iumsmmmnwamaq accumulator array
Famldanen Log aiUaniuuas Glu,v) ‘U\‘llﬂmﬂmil,l,ﬂadwLiEJi‘UENﬂ’]WVlE‘IEUL?iEJﬂ’J’]@JﬂiJ‘U(ﬂ
Feaunseioluil

Clu,v) =log (1 + G(u,v)) (2.44)

Lﬁ@lﬁﬁﬂmwmmmwﬂu%’mLLﬁaﬁaﬁwmﬁmgummﬁa“lﬁaq"luﬁﬂmwﬂﬁ lnevyuly
ﬁﬂmamNﬁ’u‘ﬁmﬁ’uﬁmmwmmmhiﬂwﬁ’mu,é’f;Lmuﬁwaé’wémaamsmuﬁaEJ C’(u,v) %gumau
ol LUumimmmmLaammLma“wmsualu C'(uy) gaving A NMsARIWdsRaaT
mmamﬂuﬂuaﬂsmsﬂ (Zero crossing) TavduI AN IINNsUYAY C (Uy) Tuaunis
2.43 Adanan Aefiszesanilsinudaiiies

= 3"

Average of pixels

(a) (b)

JUN 2.38 wadgwsnsduunalsiaude
(a) Msdwunyuiiinsiafiewn 45 e (b) nsmuansAadunmilidouszes 10 Anlya
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2.12.3 nﬁiﬂ%'uﬂsqn'lwé"aﬂé’l"animmLaﬁﬂﬁqé’eaaaﬁﬂaaﬁaﬂ
'f‘lumiﬂiuﬂiamwLﬂawaaﬂumsmLmeaaqmiUsuﬂsqmwLLaszmismums
aauﬂamwaammwmmmu IﬂEJL‘UEJ‘LIL‘U‘ULLUU’«JW@’eJ\‘i‘UEJ\‘lﬂ’]iU‘SUUS\m’IW Igieradl

g(x% )

f(xy) 4 JAESY

h(x,y) h’(x9y) -
JUT 239 wuudraesvesnsusudsnnm

Tag fixy) fio amdualiu gxy) fe nwitlifimuesdouas hixy) Ao PSF °U’e]¢]ﬂ’ﬁ
Lﬂaaumwmaumﬂ (Linear motion) wsaﬁqnwaamwmmsamaa h’(xy) A® mMsdouves
msmaaumaa PSF wag fixy) Ao mmwmai'mﬂu

mﬂimmLaaamé’aamﬁ'ﬁaaﬁaw%ﬁaﬂsaqﬁa%ma% Wunisthmaiaginges
ammmaumamaﬂammmmiawauma‘ffhn%umsamwaumwmmﬁmnmman‘wﬁuv
'vmaamwaqammnmumulwumaumsﬁiuﬂimmmwmmmw FawailatiZendn “MMSE
Filter” vi3a “Wiener Filter” Fainauslae N. Wiener Tul 1942 mmiﬂwsulmmu

[ H
o *(u)
) = |ty | €Y (2.45)
619 = |H(uv)lz+[§ngz:;] L)
F ( [H uv)?
Sl 3 & 2,
3 H(W)IH(uv)|2+H(uu)[§"8:;]] (w,) (2.46)

dmsu uy = 0,1,2,.. N-1.Toedl |HUw)|? = H'(Uv) Huy) uag M = N
Tunsaifnlaifieed S,(uv) = 0 9218 Wiener Filter naneidy Inverse Filter

WesnAmesalanuean win Sduy) uasvesdymnnsuniy Suy) Tl
Wuehitlumed fuildanunsansivaranihld dufu riwuau$uaunisiiteldassass

AnuduRusiduy S"?“’; = K Jumpedt aseuaunisimlasad
f WV,

Flu,v) = [ 1 _IHuw’® K]G(u v) (2.47)

H(u,v) |[H(u,v){2+
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gﬂﬁ 2.40 mﬁuduv“ﬂma Wiener Filter
(@) Mwuslaawas (b) A1 K dawwinfu 0.01 (b) A1 K Sawindu 0.1
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N1S0NLUULALYUADUNITNNAD S

TuaAtedsndussdoseonuuussunlunisindeuiindouitoldlunistufinam
wislanluiunising 4 melugneasusnsadaniiotuldlunszuiunisenuunslénlag
faNALIADlY éw"aLLammwsw‘uaaaUnsfﬁﬁlﬂumu%’a’lusﬂﬁ 3.1 nsvhauresssuusy
ﬁmﬂaummasamuuasmluim%ulmaLaasmumqwaswaumu (Rs232) fiBlszuy
‘uumaaumaauwnaaalﬂaamumuamq 7 veseniaaniugnaasy (nsmuaunisiaded 2
fiEn @9 UUIUNUAIUAZLUIUAUSEUTY suw.flsuaLmﬂﬂwamanﬂumma’lumsmaauw
ndoq) luseninsiindeundouiiluduwuntsne—a sy ndesasvinstuiinamurdldaly
w¥eu 9 fu ieldlunszuiumsenmunslaasely

Microcontroller Power Supply

Computer

RS232

4
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IINNIRRNLULSTULLINATTnduaznseanuuulusunsulunsmugunsinau
YaesEUUIMuailsuazidunvannInlie gunsal uaslusunsunlelunisidesiil

4.1 \p3sliauazaunsnl

nasaduumn (Logitech Webcam C160 uag Digital USB Microscope Video
Camera) fndsuuszuuuunaind uaziniosnauiameslindn FallanaudfAnassyluniss

fa1

M50 4.1 AuaudRveuasasraniueesltundnuavgunsainlilueanuidy

Hardware Specification
Ao maslialn
- Intel Core.i5 processor 430M
(2.26 GHz,1066 MHz FSB)
Memory 6 GB
Hard disk 150 GB

Logitech Webcam C160

Image Sensor Type = CMOS

Interface Type =USB, USB 2.0

Video Capture Speed =15 frames/second
Image Resolution = 640 x 480 pixel

Focus =Manual focus

Digital USB Microscope Video Camera

Image Sensor Type = CMOS

Interface Type =USB, USB 2.0

Video Capture Speed =30 frames/second
Image Resolution = 640 x 480 pixel
Focus = Manual focus

Magnification Ratio: 10x to 220x.
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4.2 Wsunsuiildluaudse

4.2.1 WWsunsusyuuUumnis Microsoft Windows 7
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Uszananan1svineu

4.2.3 laus13 Open v 2.4 lunsvuaunsussananann
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(@)
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Abstract—Barcode is worldwide used, it is used for keeping data
of products which seen in everywhere. This paper proposes a
technique and implementation of reading barcodes (Code39) by
web-camera. This algorithm is robust for real-time recognition
of the codes. The algorithm can be divided into four part:
Barcode Localization, Image pre-processing, Reconstruct
barcode and Image decoding. Experimental results showed
the accuracy of the proposed method for reading barcode.
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L INTRODUCTION

Nowadays, barcodes have been used in many kind of
products like in the books, newspapers and hard disk ddve
that used for keeps the data of product. Originally, barcodes
are read by laser-scanners or LFD scanners which used
in supermarket. book store and so on. But, it has limitation
of scan to the targeted area as the result show the unclear
outcome. The key concem is how to read barcode in the
robust area. We can solve this problem by using camera
to capture the image then read it by  digital image
processing. Camera-base readers, barcode reader are mostly
used recently. The simply product we can see is the camera
mobile phone which has reading barcode. The barcode will be
linked to the website or to add pin of mobile phone.

There are many techniques for help reading barcode
such as searching barcode by Hough Transform[1], jointly
estimate texture and shape for barcode localizationf2],
Restoration motion blur barcode by Wiener filter[3]. In
this paper will show only Code39 linear reading barcode.

In this paper, we present an image processing algorithm
which relies on knowledge about structure and appearance of
1D barcodes. We use the characteristic of 1D barcode for
help to decoding barcode such as amount of line in barcode.
width of barcode.

iI. CODE39 OVERVIEW
Code39 (also known as Alpha39, Code 3 of 9, Code 3/9,
Type 39. USS Code 39, or USD-3) is one of ofher linear
barcodes that invented in 1974. If is an easy to use for keep
alpha-numerical. The Code 39 specification defines 43
characters, consisting of uppercase letters (A through Z),

numeric digits (0 through 9) and a number of special
characters (-, ., $, /. +, %, and space). The characteristic of
this code is included black and white bar array alternate.
We call Code39 because each character consist of 9
bars(black and white bars) and three of them are wider
than the others. The width ratio between narrow and wide
can be chosen between 1:2 and 1:3. There is also a start and
stop character, commonly represented as an asterisk (*).

In industrial bar coding systems, it is Code39 that is most
frequently used, although it is more widespread in the U.S.
than Europe and elsewhere.

Start character

Il N
:l{ Da!:chamm: :
| l{
l

|
¥ |
*

III. READING BARCODE ALGORITHMS
In this section. we present algorithm -that used in
reading barcode which can be shown as follow Fig.2.

Stop character

39

hpmﬂnmse

Barcode Localization

g

Image Pre-processing

g

Reconstruct Barcode

g

Image decoding

Fig. 2 The procedure of Reading Barcode
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A. Barcode Localization

This process show how to find barcode in image and
focus only location barcode.

1) Gray-scale processing: To convert any colour to a
grayscale representation of its luminance, first one must
obtain the values of its red, green, and blue (RGB) primaries
in linear intensity encoding. by gamma expansion. Then,
add together 30% of the red value, 59% of the green vahe,
and 11% of the blue value by use the relationship between
grey scale and RGB,

Y =0.299R +0.578G + 0.114B (1)

2) Edge detection: for detect edge pixels. Edge detection
algorithm usually utilizes the first or second order derivative

of the image function to detect the discontinuity in gray values.

Due to a barcode is made up of vertical lines. Hence
using only the vertical edge detection kemel (Example
Prewitt, Robert and Sobel) to detect barcode. Sobel
detector is selected for edge detection of a barcode. The
gradient of f{x.y) is computed as:

gxy) = w* fxy) @)
Where f{xy) and g(x,y) are the input image and  gradient,

respectively.  “w’ is mask of Sobel detector and **' is
convolution operator.

-1 o 1
-2 0 2
-1 ] 1

Fig.3 Vertical Sobel mask.

3) Extract barcode: barcode consist of many vertical lines.
There for, we count the number of edges in image, and the
barcode is the biggest number of edges.

T .
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Fig 4 Barcode Localization. (a) Grey-Scale image. (b) Result of function
edge using a vertical Sobel mask. (c) Image after extract barcode

B. Image Pre-processing

This process is preparing  image before decoding
barcode. In order to make the image become clearer because
the disadvantage of CMOS camera is higher level of
noise by approximately one degree of magnitude. To
reduce of effect of CMOS camera, we have to
enhancement the image. We used the second derivative(the
Laplacian) for image sharpening. Thus, the basic way in
which we use the Laplacian for image sharpening is

s(xy) = 8 y) + T fixy)) ©)

Where f{x,y) and g(x,y) are the input and sharpened
images, respectively. The constant is ¢ = -1 where the
Laplacian filters is

Fiiay) = Mx=- L)+ fmy+ 1) +fx+ D) +Hxy+
Lp=4fzy)
(C)]

; L &
=TT
Fig 5 Result of using image sharpening

Affer that. upsize (zoom in) the image for increase the gap
of barcode. Result of this process will decreasethe error of
decoding barcode.

C. Reading barcode

After Image Pre-processing, we have to convert the grey-
scale image is tumed into binary (black and white) image
through the thresholding. The binary barcode image have
occwred distortion during the thresholding. Some lines of
barcode become white or partly of line become white.
Sometime lines nearly merge become wider. We should image
restoration or reconstruct the bar as same as model barcode
before decoding. Fist, count black pixels in every vertical line
and compare with the threshold values that should have values
more than half of line barcode. Turning every pixel black or
white according to whether its sum values in vertical line
greater than or less than threshold value:

white if sum of its values < T
A vertical line becomes {
black if sum of its values >T

The result shown in Fig.6 that we can reconstruct barcode
as same as model barcode. Finally, scan value in one row
from left to right of barcode and recode a value of each



distance of vertical line barcode then used the Code-39 coding
table [6] for decoding the barcode.
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Fig 7 Show process € : (a) Original Image size.
(b) Resize tmaged(zoom in 2X).
(c) Result of using thresholding image. (d) Reconstruct bascode.

IV. EXPERIMENTAL RESULTS

Implementation was done on Intel Core2 Duo 1.66 GHz
running Windows XP with RAM 2 GB. We used USB web-
camera (Logitech Webcam C200: VGA Sensor (640x480
pixels). manual focus  and video capture 30 frames/sec). In
range 6 cm. - 3 cm. between barcode and web-camera. We
used Visual C++ 2008 and OpenCV library for Enhancement
and decoding barcode.

We tested our system on 300 images that captured from
original barcode and printed barcode by laser printer. We fest
the manual capture image by hand that give effect of noise
greater than capture by static capture without used light help
for take photograph. The results shown in Table 1.

TABLEI
Result of Reading Barcode
Tvpe Barcode Total Failed
Original barcode 100 9
Pninted barcode 150 3

Among the 300 images, 12 of them can’t be decoded
correctly, with an average recognition 96%. The error could
happen for many reasons, including out of focus blur,
difficult lighting _etc.

V. CONCLUSION AND FUTURE WORK
In this paper we presented an algorittm for barcode
recognition by web-camera. That show in experimental
result. that accuracy and useful. In future we will improve
algorithm for removing motion blur from barcode image
and accuracy.
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Reverse order scheduling (ROS) scheme partitions the video into equal-length segments and divides these segments into
roups. Segments in the same group are broadeast over the same subchannel in reverse order of their indices. The main
contribution of the ROS scheme is to exhibit not only a shorter waiting time but also a smaller buffer requirement. The system

‘xould be divided into three parts: client, ROS server, and streaming server. The ROS server is listening the requests from

. dlienis and then issues command to streaming server to send ROS videos to clients for play.
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. presented. ’
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Application of Code39 Barcode
Recognition on Web-camera

Chavalit Chiangpiw 'and Semsak Choomchuay 2

!College of Data Storage Inmovarion,
“Division of Electronic Engineering, Faculty of Engineering,
King Mongkut's Instinuze of Tecimology Ladkrabang,

Abstract— This paper proposes a technique and implementation
of reading barcodes (Code39) by using a web-camera. The
implementation is cost-effective whilst the algorithm is proved to
be robust for real-time recognition. The technic works well even
the motion-blurred image. The main fechnique for barcode
images restoration is the use of Wiener filter and point spread
function (PSF) parameters. The performance of our system is
99.1% decode at resolution 640x480 of VGA sensor.

Keywords— Coded9. Image processing, PSF. Wiener filter.
Web-camera.

I. INTRODUGTION

Nowadays. barcodes have been used in many producTs i
supermarkerts. books. newspapers and even hard disk drives. A
barcode is simply a compact information tag. Originally,
barcodes are read by laser-scanmers or' LED scanners as
commonly seen in supermarket, book store and so on. Such
applications some himitation of wncertain reading that we can
see the operators have to perform re-scanning. From time {0
time the double scans are usually found. There could be some
causes of errors: for instances. the smudge and’or barcode. the
nature and the condition of object’s surface that a barcode is
attached to or printed on. and the size of the barcode itself.
The key concern is how to read barcode robustly. Those
drawbacks can be remedied in many ways. However. in
summary those can'be'1) Control the qualiry of the barcode 2)
conrrol the consistency of the image acquisition and 3) the use
of an efficient algorithm. The use of web-cam as a barcode
reader becomes more popular lately: especially when a ready
is integrated with a smartphone. Camera-base readers. as new
kind of barcode reader. have recently aained nnich artention.
Such as used mobile camera for read barcode of product afrer
that Link to the website or used 0 add pin of another niobile.
Very forunate these kinds of application do_not require the
reading rate. Web-cam is fairly cheap in cost. It has been
designed for low frame rate (typ. 30dps ordess). As such it is
quite mteresting if we can make use of this type of camera 1o
other applications that need consistency and/or speed:

In this work. we have investigated the use of web-cam 1-D
barcode reading (o an industrial application thar reading speed
is required. A common method that a barcode can be exacted
from the background is how to specify rightly the barcode

Ladkrabang Banghok, Thailand 10520

=41

4
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location. There are few procedures for barcode localization
and reading such as: searching local barcode by Hough
Transform [1]. jointly estimate texture and shape for barcode
localization [2]. Restoration motion blur barcode by Wiener
filter [3]. In this paper will show only linear barcode reading
(Code39)-and how to restore image from a camera-shaken
image.

Thee yest of this paper is organized as follows: The Code39
struetue 1s reviewed in the nexr section (section II). In section
. inage acquisition procedure as well as image restoration
are given in brief. Section IV will derail the obrained result.
The conclusion 1s finally made in section V.

II. CODE39 OVERVIEW

Code39 (also known as-Alpha39. Code 3 of 9. Code 3/9,
Type 39. USS Cede 39. or USD-3) is one of other linear
barcodes that invented m-1974. Itis an easy protocol to keep
alpha-numerical. 'The Code 39 specification defines 43
characters, consisting of uppercase letters (A through Z),
numeric digits (0 theough 9) and: a number of special
characters (-, .. $. 7.+, %. and space): The characteristic of this
code 15 included black and white bar array alternate. We call
Code39 because each character requires 9 bars for encoding
(black and white bars) and three of them are wider than the
others. The width ratio between narrow and wide can be
¢hosen between 12 and 1:3. There is also a start and stop
character, commonly represented as an asterisk (*).

In industrial bar coding systems, it is Code39 that is most
frequently used. although it is more widespread in the U.S.
than Europe and elsewhere,

Start characier Stop character
Data character

T

Fig. 1 Code 39 barcode
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1I. READING BARCODE ALGORITHMS

In this section. we present algorithim that used in reading
barcode which can be shown as follow Fig.1.

I Image Capture —I

| Barcode Localization

J

| Removing Motion I

U

| Iiage Pre-processing |

I Read Barcode

Fig. 1 The procedure of Reading Barcode

A. Barcode Localizarion
This process show how to find barcode in image-and focus
only location barcode.

1) Grey-scale processing: To convert any colour to a grey
scale representation of its luminance, first one must obtain the
values of 1ts red. green. and blue (RGB) priinaries in linear
intensity encoding, by gamma expansion. Then, add together
30% of the red value. 39% of the green value, and11% of the
blue value by use the relationship berween grev scale and
RGB.

Y =0.299R +0.578G+0.114B (1)

2) Edge detection for detect edge pivels. Edge detection
algorithm usually ufilizes the first or second order derivative
of the image function to detect the disconfinuity in grey scale
values. Since a barcode is made up of vertical lines, it is
possible to use only the verfical. edge detection kernel
(Example Prewitt, Robert and Sobel).to detect barcode. In this
work, a Sobel detector is selected. The gradient of f(x,y) is

computed as
g(vy)=*flay) )

Where f(v,y) and g{wy) are the input image and
gradient. respectively. * w ™ is mask of Sobel detector and “*’
denotes convolution operator.

-1 0 1
-2 0 2
-1 0 1

Fig 3 Sobel Horizontal Edge detection mask.

3) Extract barcode: barcode consist of many vertical lines

88

Therefore, we count the number of edges in image, and the
barcode is the biggest number of edges.

i

vy 4N O PN

Fig4 Barcode Localization. (a) Grey-Scale image. (b) Result of function edge
using a vertical Sobel mask. (c) Image afier extract barcode.

B. Remaoving Motion blur

Image degradation moadel were taken from ones published
by Lokhande [4] and Tanaka [5] as well as resource provided
by wiki [6]. The functions were re-written in C language.
Fig3 shows, the blurring process is model of image
degradation [6). That. together with an additive noise term.
operates on-an input image f(1,y) to. produce a degraded
image g(xy). The degraded image is given in the spatial

domain and frequency domain as follows respectively.

S(x.y)Y=h(x.y)* f (2. 1)+nlx )

—~
‘2

Glu,v)=H(u, v)E(,0)% nlu,v) @)

Degradation
function

'f( o) ly)

n(x,y)

Fig. 3. The model of image blurning process



If f(x,y) 1s the PSF (point spreading function) that
can be formulated using the blur length L and the Llur
direction ( 9 ).

h(.\,_t,t}:%nv(.\coseﬂlsme} Aé)

where [1; (w)is a rectangle function defined by

(=1 (|ujgl/2) and I ()=0; (jupL/2).

The blur parameters (angle and length) can be easily
extracted in the Cepstrum domain [3] defined as.

Clu,v)=log(1+

G, 0)) ()

Hough wansform is used to detect the maximum value
accumulator array which corresponds to blur direction in the
log spectrum of G, 2). The resulted angle is employed to
rotate C(u,v) to its opposite direction and C'{u,v) i3
obtained. Next, calculate the average of all pixels'in C'(i, ).
Fimally. calculate the first zero crossing of the real part

C'(7,1). which corresponds to the blur fength.

C. Image Restoration and Pre=processing

Similar to others 7] we used Wiener filter {8] to-restore the
blurred image. Without loss of generality. it is also assumed
that the noise has zero mean. The Wiener filter is defined as
follows.

Here H{i,j) is the frequency donnin of h{i.j}. H" (i) is
the complex conjugate of - H(i,7). |H(ij)F 1s  equal o
H*(i,j)H(i,j). '§; ;

mage and noise. respectively: The §,/S, ‘or SNR is

§, are the power spectrum of the original

unknown variable that can approximate this variable. where
the value approximate is larger than or equal to the height of
the distorted image

Fig. 4. (a) Spectrum of blurred barcode (b) Cepstrum of blurred barcode

This process is prepared image before decoding barcode.
In order to make the image become clearer. we should

89

sharpening process and zoom 2X image for increase gap of
barcode. Result of this process will decrease the error of
decoding barcode

D. Reading barcode

After Image Pre-processing. we have to convert the grey-
scale image to binary (black and white) image through the
thresholding. The binary barcode image have occurred
distortion during the thresholding. Some lines of barcode
become white or partly of line become white. Sometime lines
nearly merge become wider. We have scanned the barcode for
three times in difference places (Fig.6). Those tree results are
then selected firstly based on majority vote and if the majority
vote 15 fail then the average value is employed.

) { Majority vote (2 / 3)
Select value = 3 ,
| Average value

Shown in Fig. 7 are barcode image taken from some step of
the whole process.

I our nvestigation. barcodes were attached to goods that
piled up in a stack form. We did scan one row at a time: from
left 10 right and from fop to bottom. Code-39 coding table [6]
has been used for decoding the barcode.

@

Fig. 7 Barcode at different step: (a) Original Image size
(b) Resized image (zoom in 2X).
{c) Result of using thresholding image. (d) Reconstruct barcode.



TV_EXPERIMENTAL RESULTS

The above - discussed code 39 decoding scheme was
implemented on Intel Core2 Duo 1.66 GHz with Windows XP
with RAM 2 GB. We used USB web-camera (Logitech
Webcam C200: VGA Sensor (640x480 pixels), manual focus
and video capture 30 frames/sec). The. distance of 6 cm. - 3
cm, between barcade and web-camera were set. We used
Visual C++ 2008 and OpenCV library for Enliancement and
decoding barcode.

We tested our system with 332 images captured from
printed barcode. The reading resulr is shown in Table 1.

TABIEI
Result of Reading Barcode
. Error Process
Type Barcede Total | Failed (%) Time
Printed barcode 332 3 0.9% 12 second

Among the 332 images. 3 of them cannot be decoded
comrectly. This gives the recognition rate of 99.1%. The etror
could happen for many reasons, including out of focus blur,
difficult lighting, etc,

V. CONCLUSIONS

In this paper we presented an algorithm for barcode
recoguition by using a web-camera. The result has convinced
us well the use of low profile camera in visual inspection
application. The reading speed is much faster than that of man
inspection (with a handheld reader). However we can increase
the reading speed as well as decrease the hardware cost by
replacing a pc with microcontrollers. On one hand we can
even boost up the speed by making use of parallel processing

90

instead of the current serial processing. On the other hand, we
have 10 pay for the cost of multiple cameras.
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E:\OpenCV2.4.2\opencv\build\x86\vc10\lib
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opencv_core242d.lib
opencv_imgproc242d.lib
opencv_highgui242d.lib
opencv_ml242d.lib
opencv_video242d.lib
opencv_features2d242d.lib
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opencv_objdetect242d.lib
opencv_contrib242d.lib
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