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2.2.1 WAINA (Digital Images)

AMARTaUsTneusedeyaiedfuandfivesnin slnvesnin vuiavesnw Wusiu

Advialuilsfduvesriaudunasiuanmaduunin 20 Jeaunsauansluguleddu f(x, y)
Tl f 1duarpnuduuaian x,y 1a o uwag x,y 10uduniwegauesnIniiununig pixel.

N13UTEIAAIBNINTIATYI (Digital Image Processing) AINLUNLANYDILAAZATLRUIVOL pixel



I [y ¥ = aa =] LY
ALLANINALUUTZTAUANULULYDIALNA Gray 38 @tna Color launnAdviavzilany

Y

A1UAZLEA (Resolution), Pixel Dimension, Bit Depth tazn15uansd

ANAZLOYA (Resolution) Lﬁummmmmhmsﬂ%’msa5miLLammmazLﬁammmw

'
Y] a o

Aavia Feleurmundy dot per inch (dpi) %58 pixels per inch (ppi)

a o

u7n pixel (Pixel Dimension) Y83 MARTIAZRARTIS LY pixels TuunuRUAzUALLEY
U AMAITRNmETAANasBEawRU m x n pixels Wy

NsLERITEAUATDILAAE pixel A3l sdunudLuaIveusas pixel @1U150ANUIN
1A21nA1 Bit Depth (n) Viﬁﬁhmmﬁuﬁuﬂugﬂ 2" 19U 61 Bit Depth, n WU 8 UN1BAIM
11 ANLTNLEIURILAaz pixel 9zA1581I19 0 89 255 1 JUAU AW Grayscale t1Junis
uanIuanIWdslA bit depth aglutassening 2- 8 bits vianndntu drun1wd (Colon)
Ingialuazdlen bit depth ogluzaa 8 - 24 bit n3ou1nnI1 ANE 24 bit vaneds n13
uanINanmaEgnuUseanidu 3 ndu duns A1762 uagduiiu wasudazdasd Bit Depth

Wiy 8 bits A@vsvunazgnIIuiuouannadudduY

2.2.2 BUAYDINMN

aa u a1 A A = ! a vy A
ﬂ"lWﬂﬂ‘WﬁﬂJ@g 3 YUAAD ATNLUU Grayscale, Color Lag Complex ‘UQﬂWWLLmagsUUWQSI%WUV]

v <

& v o w v & A el' = a ] a i
Lﬂ‘U‘Uaﬂ‘;IJaVLiJWHﬂUIWUﬂ’]WLL‘UU Complex €\]g[,‘slfl/\lcuﬁ/]7\]@Lﬂ‘LJlI']ﬂVIE‘E@ AMNURFYVUN LLG\@S%U@Q%I@J

anunsathunUszanarasuiusisyinmsulasidusdafeiunow vliavesninasUlanad

£
v A

8-bit (Unsigned) Integer Grayscale (1 byte or 8-bit)
16-bit (Unsigned) Integer Grayscale (2 byte or 16-bit)
16-bit (Signed) Integer Grayscale (2 byte or 16-bit)
32-bit Floating Point Grayscale (4 byte or 32-bit)
32-bit RGB Color (4 byte or 32-bit)

64-bit RGB Color (8 byte or 64-bit)

HSL Color (4 byte or 32-bit)

Complex (8 byte or 64-bit)
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Bitmap (BMP)

Tagged image file format (TIFF)
Portable network graphics (PNG)

Joint Photographic Experts Group format (JPEG)

Joint Photographic Experts Group 2000 format (JPEG2000)

Audio Video Interleave (AVI)

National Instruments internal image file format (AIPD)

v =

gALULUIAILAZUBUTBINTN FUIAVDY pixel LLaZ"i’Jjﬂﬂqua

luguvesing laglulndvziitoyadiulseneau

=Y

Q]

=
Ao

) v a
U 9 L UURU YU

a v I s T 19 & =
ﬂ']WV]@]@\Tﬂ']ﬁUUV]ﬂLUu‘lwaaqﬂJqﬁﬂLﬂUUumﬂlﬂ‘wa']EJLLU‘UVNﬂ"IW Grayscale AINE LagNIN

Complex [9] NH5£AUAINALLDEATOIFLANAINNUFILA 8-bit DY 64-bit LU AW 8-bit Unsigned

Grayscale aunsadaiudulndlanaleguuuuiyu BMP, TIFF, PNG, JPG, JPG2000, AV, uaz

AIPD amusazydaanunsadnnuilulnanivisanausasiisiusannsnen 2.1

A1999 2.1 viisvesn nianusatunndulndle [6]

EG
BMP TIFF | PNG | JPEG JZI(III;:I AVI AIPD

8-bit Unsigned Grayscale v v v v v v v
16-bit Unsigned Grayscale v v v v
16-bit Signed Grayscale s v v v
32-bit Floating-Point v
Grayscale

32-bit RGB Color v v 4 v v v v
64-bit RGB Color 4 v v v
32-bit HSL Color v
Complex v
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2.2.4 nasnIvia (Digital Camera)
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[

swduaud uazgunsaliiedfussuunas naesRaadaquuiiwuiwesnawida CCD (Charged

Coupling Devices) az CMOS (Complementary Metal Oxide Semiconductor) Fesaosuineg

Y [y

anansaldlalunuussendsng o laliwanedeiu nsreawenveindemdvialognatsuuuiuegiv
F

NuUsEYNe ANLLSIVBINTENEAINLATUSEIIARALYY USB 2.0, USB 3.0, FireWire.a, FireWire.b,

1Y

Gigabit Ethernet, or Camera Link® wanainfigunsaliiisfinsine 9 Yuadivanvaenisldnuy

Y

6 6 1

a | P A )
aeLpun aUuNINaLEn guntalnaen Wunu
N15LeNtTNAaRIRIT AT Ued NUVBULYMYBININ (Field of View, FOV) Lay A1uasLden

Y

Y I

(Resolution) vauwsvaanmiuveuwaiindesidviaaiuisaaienmlaaseupgulufianie X uaz

Y d@1unuazidenltn1sn1sAIuanii 1 pixel NAUANNENATEINAT ANNALIEYATDILAAY

(%
v A

Aennemuladlasall
FOV (mm)
no. of pixels

Resolution = [2.1]

Fregn3 61 FOV Wiy 30 mm Tufiemns Y dleldndasuunn 310,000 pixel (Y = 480°)

Resolution — Y = % = 0.0625 mm

Tneilvwafildnfignvesdusuiinsaialaanamiesmdadadeldlunudszgndiiie

2 o

1339 3nANRAUNARAZNTTAVUINVBITUIN YUINTLENTIEAY DITUIUNATIVIALAWNTY 4-pixel

3

nre dugudmasnansa (4-pixel square) wazfinaauLion1efii (Dimensional tolerance) &A1

U

aa v

Wiy +5 pixels a1lgndosAana 310,000 pixels 9zl97

YPRTIENNRTIIAlMYINAU = 0.063 X 4 = 0.25 mm square

v v o =< = 4«

a Y ¥  aa Aa Ay Y Y aa v a4 A 19 a
ﬂqiLa@ﬂisﬁﬂa@flﬂﬁlwaﬂﬂﬂaﬂm@@Q?ﬂuqa\ﬁﬁ@ ﬂ']{[fl]ﬂa@Qﬂﬁ]ﬂﬂﬁ%i@ﬂa@QIMIUIﬂiu (@nen)

Yuogiun1sUsenAldiivensI9duaRAUNF d1FwmTIInUasuUawINAUINTDeE (Hue) Ans

]

Y 5%

@enlinaoInanad wraensiainldsuulasmiuninuaing (Brightness) Tidonldndasluly

Tasy 1Wudu
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2.2.5 iaud (Lens)
s & ¢ Y] PN a s v 2 a a
LauaLﬂuq‘UﬂiﬂJLﬂﬁnﬂ‘ULLaﬂWisﬂUﬂqiﬁ'JﬂJﬁi@ﬂigﬂqEJLL?N LAUAUTENBUAIET UAIULALINTD

Y

aneudIuTIT e fuuUszenanld wudnldsindundeswndviaagldlunisindaninvesingly

Y

YULDULYDSVDINADY LAUALFIUTIUTDINISHANAINIINNSEAADUVDININ NITHANAIAVDITAFIU

YDININ ATVIIUAIN VBULIAVDININ AINENINAE (Focal distance, FD) 1udu taudnieuld

=

luanunsiaianlgnmaziniugdliiansi 8, 16, 25 mm. VOULYATBININ JUN 2.2 @110

[
[

AulanANUFURNUSAatl

Working distance (WD) _ Focal distance (FD) [2.2]
Field of View (FOV) Sensor size '
Len

Sensor size

Field of View
(FOV)

Working distance (WD)

Focal distance (FD)

gﬂﬁ 2.2 ANNENNUSTEWINN Field of View , Working Distance, Focal distance, Sensor Size.

Mg D3pEElNfantU 16 mm WasIWINYRLYULRIVINAY 3.6 mm AgUT 2.3 Working

distance ASAAMINAU 200 mm ey lvveunueInIn WinAU 45 mm Wudu

FOV =45 mm

JUT 2.3 a8 1938uuignIn
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audnldlunugnamnIIuuaniagun 2.4 () ludniianuenliiand uay JUN 2.4 ()

wudvenenldveneyala q Wiuseasdealadaauiy Milinsdenldiaudiuegiuvunduu
s A

wazUUTEENATINE YD

(@) laudveny

(n) vaudily

aa o

JUN 2.4 auddmiundessiavia [10]

2.2.6 SEUULAIHINS
syuukasaiNinaiuszuunTI damen ke Tueg ivaulssend nsiienlyssuunasas
ATNTIYTAYBITHUULEAY SNUAENITNTEINLLAT LATATLIZAN NOANTTUVRIMAITIANNTENUTAY
ALNDURYTING UGN BAUEATN o) LYY LASEHZYDUMINLNVDILAITINNNTENU LasaioUvaIe7iAnIg
IR VEEY) nl' Y [ £ = g v = = ! [ = = & !
wazkanlynaaingnnsiadn Oudu Fveduaeldaziiniueninaudie o fagui 2.5 fadugn
ANLETIAAUTIINANNNTONOWTIUY wasdadinnuedndu 650 nm (ANe1nauNIN) Wuwad

d9n18l9918 warwaadintuilnNNe1IAAY 430 nm (AULIAAURI) ALNTLIBLEI AR

Invisible | 4 . wl| Invisible
< light % Visible light > light —
Ultraviolet light [0yl ERa =TT Graan-blua Yellow-green| Yellow Ultraviolet light

560 580 780
(Unit : nm)

JUN 2.5 ANUYTIATUYDILENERS 9
2.2.7 MFAATILRAM

nsieziamluszuunsaianienisangnnaunsayssendldlanainraieduee i
aNwaEMIINL NMINTITVIUILILNMTEIVSol N1STUTIWIUTUNIY N15ATIAT0ETAYIY

VUNUEITUIIY N15IPVUINTDITUIIY NITASIFDUAVDITUNY LTUAY A1TAATIEAATINLAAE

14



£
= 1

ANWAUENNANT 1A UILTNATANITILATIZANANA1IAUT UL AUSNWAULNITASIIA ATIATIEN

Y

= .3

AN imAlANTIATIL RN LANAN9AINANET 198dl0eAUTENRUETT LANA AL TIUIU
Joyanunnii maliansussulananmiazdudouannniinimem udu wadansinsen
= a [ . d’l
AmilseaziduanaduuUn il
WATANITIATIEA W35/ (Presence/Absent Tool) Ll umafianisasiaaeuiningd
v A i ° I Ao a | = a v v A A a ¢ !
Aoin1snTiaaeuiiviselifeglumumianivuansalil Faleunsiaindienieadodagenaineing
9 1YW AIUEIN (Brightness) ARUANTA (Contrast) SULUU (Pattern) N15HUTWIU pixel (Pixel
. & v o | o v a a ¢
count) NMIUBULLALAZINAN (Edge and circle) 1usiu fogsnsnsivdeuiltinatiaiingizi

Uuanagun 2.6

e e— -

- ———

JUN 2.6 Megremaliansliasigsinininil/lid [11]

wnATiAN13HUTINIL (Counting Tools) 1HumATANTHUTIWIUTUNUNYINUUAIENIUNS
HaNV3elUNARIUTINENT eg19mATANTITIATIEINNAINSTUTILITULTLAAIRITY

#i27

% 1

JUN 2.7 fregramaliansinsennmeienisiudauau [11]
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WATANIINIEILNALS (Location Tools) lUMATATN 1T TUNITUIRILIU/FILNUIR AR 91U

¥ [
a ¥ a

Fuaualenadan1smveuuakar JULUUINIIEIEN SaMRARA UL (xy) UNTWITU N15AIUA
7A@N19 (Orientation) karn15USUALNA HI81NATANITIATIENATNAILNITAIA AU ILARI
JUT 2.8 nATAN1IMIAIWALHaTABlin1sAMNUAAILILIE1984 (0,0) wae wWNUD19BIR99LYINIA

ATV ANAALAUINADINTI LA

SUN 2.8 feeamAliANTTIATIERAINAENITVFRYLS [11]

wadan g U (Color Tools) LTuwmatlaf ldlun1515923AT 2% AT aUVDIE (Color
match identification) kag A154UING UYIT WITUE (Sorting of colored part identification)
AI9E1UNATANITIATIENAINAIIATIATIERALAAIAIFUN 2.9 TeagnTiaaaudnusmumnian

ANVAUR

JUN 2.9 Feg1amAlANTIATIERANAINTIATIEYE [12]
nInsIaeudydnual (Identification Tools) WumediafilglunserunazBuduarugnsios

wuuuivesdanwaluuy 10 uag 2D WieBudunugnaABIuasiuiawaeiAnIvesaaIndun

MBE1UNATIANITIATIENNNAIENTATIER AN YalLansAIgUn 2.10
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12-0
Y 20202020 e

JUN 2.10 feg1amAllANITIATIERNINAIENITATIvde Udnanyal [12]

a [} [~ a ::l' 2 Ly Qy I Aaa ) oA
WALANITIN (Measurement Tools) tumatanlglun1sduduTuIUINTTRAIUAILAUIT
° o = A o ) = ) P & =
MvungnaesuReulunimue lnemluasidunsinsseems uu durhaudnatwennay 1y

Al M08 NATANITIATIZIAINAENITIAUUAINLAAIFITUR 2.11

gﬂﬁ 2.11 1981 unAdANITILATIEANINABAITIAUUAIN [12]

23 msaauLigunasd (Camera Calibration)
a P I3 a | a Al a ) ¢ & = a ¢ X
ANSARUMIEUNABLTUNITUSZUANMITINLMDSNNEINULAUALA LY UGBS NINFINIST LM DS a1 LY
TalunsunanuRanaisneInunIsiisuseaud (Len distortion) AVl AnNISLAGINUBININ N15I0
YUINYDITAYAILNUILTAITI NTBNIINIAIUNBITALUAIN NITAANTITINEUAN 9 LARTUTBNADY
Liladminiuszuiuresn masyinlinmin Uniiieanniinnsauiana1nio s niaud Lasyus a9
a v 1% v . aa 1% P @ P ]
2N nmaelaannaasazsenaunie pixel vany o yandauduwas vy nsaeuisuIsly
NTMNITIALRDTVOIARY pixel NULAINARDNUILTATITINATIZUUNAR 19U e Tadluns 3o U3 N3
douigusruuaten v zatagldulukazsnenMARAEY NMsieuvesnmiley 2 ¥infe N3
\iguveaud (Len distortion) waz N1stileuvasyuNel (Perspective distortion)
AsLNeuYaaUd (Len distortion) YinlAAiAN15IALIN1Y89AINIINTLUUNADILAZLAUA NISNANS

WEUUBAUAT 2 WUUAB NsuieulukunsATl (Radial distortion) Winduiliaanwkadladdalnanuyauyad
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laudunniuinanatsaud wudvwiadnagyilimianisiiisuresninannniaudaun e snwae
a & A a & v a 1% = a Aa &

N19AANITNEUVBININTLAANITINBULUULLATARIUUAU (WUULI) NMNAUNG waza wiidn1siieuwud

SARWUUUIN (WUUYW) waaeguil 2.12 (n) - JUA 2.12 (¥) mudiu msiieudnyasiaansauwilulay

NEo B UAUTUNUAOUWIEUNIRIFIUNBNIN SRS UA LN UaY

Negative radial distortion Nodistortion Positive radial distortio
“pincushion” “barrel”
(n) () (A)

JUN 2.12 anwagmiiguvetaudluuuisaiuuusng q [13]

s euluwuIdudd (Tangential distortion) LMY UL DLAUALAEIEUIVVBILIULY BT LUYUIUAY
ANYUEYBITTUUNGIMUNALARIRNITUN 2.13 (N) uazanvagszuunaeiansiieululwIdulaLans

AIUT 2.13 () Beanunsaundlulaenisaeuiieuiievnmnsfiwesnineites

Zero Tangential Distortion Tangential Distortion
Lensand sensor are parallel Lens and sensor are not parallel
Cameralens Camera lens
Vertical plane Vertical plane

amera L

SeNnsor Camera
sensor

(n) (@)

JUN 2.13 szuunaesilifivazinisieuluiud [13]

NsLBLYRYUNeY (Perspective distortion) LTl aszuundedlifeminiussuiuvesninidy

|l [ el' U [y P [ v = a = A a
VUIU 2 AVLAASANIUN 2.14 (A) 22810 1INULLDOYNNINTZUUNDIFATUNITHALNSUNNAIINULDS
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'
=

1% 1 o [ d' Y ! v < = ¥ I
vaanaedliiyuaIniuing 195337 dgunenuen (U9 2.14 (v) ) Wunmyuseadiendedseain
USTUIVVBININ TINUINAUVBILARZUNUILIUIUAUTITEUUNG DAz Tn 19519 TRAIRINtL N15LAR
nsiisuilanunsaudlulanenisiinisaeuiisuiient A sdinesves pixel WguAuFuuaauLiey

WINIFIY

(n) ()

SUN 2.14 f9E19N15E N UVRILNNBIVBINN [14]

2.4 Wsunsy
TWsunsuildsiuduszuuasaiamenmiuiiegnaiegusuuviswuuiidulsunsudniaguniimmn

Tngusgnnveszuuiamenmdalisnmias wasuuulusinsufanansaiauzduuureinisidauldias

Aaa a

Wiy TUswNsu7i Ta98nS 10U LabVIEW waz MATLAB n3e TUswnsuiitifidvdns wu OpenCV (Open

source computer vision), C, Python 1Judu Tusunsumaiiauisanaunlivangaunudneaug ui

£ 14

Hoans wig Anmursududosauiiuguesusazlusunsuivgamsadeulsn suldauld
TWsunsuusiagfasilaudniifladdudmiunsinssinarnmsaouiieufsfuszuuamasirlansld
uAzAINNINB Ity 9 Tetarldlusunsy LabVIEW lunsiaunlusunsuldnusaufugeduuuunis
p5anaouienm [Waunsuflddduiifeulividugramnssy 1uids maSeunsaey weelusunsudss
s tuiiwamlidusunsitauilusunsunseaeviuaudonn Seilinstauilusensuagan

wazUSulasususuuN TR Tilade
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2.5 @3uuuImMenTive
STUUENEAINAZidUUIZNUNAAYAD NABY laud wazsyuulasadny Nlrlun1snsadudununas

nMs¥mruIaduau nsaeuisuszuusieamfifudiud dglunsnsindunuiadduey fusu
nenaeuinzUszgndlld euitedeadunstmunssuuanaiadenmdosuiiazeanuuuuazai
YFuLUUITUURTaatunudenm uasimulsunsunsiatadsamogsieiionsaaeuiueuin
Auvtsi mualdiiunsndani el Tnsgadunuuazysenaudiondes laud yadudandes uay

LUsunsy LabVIEW #ilglunsimunyniuwuuil
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~ = ax a o
UNN 3 ILUYUITNIFI9Y

3.1 MSALHUIUIY

NUITYILVIINITEONKUY WAL LATATNYAAULUUNITATINABUAILAIN SIUNITANIQUNTOIN

Netesfe nasskaziaud wavWaulusunsy LabVIEW Aldeusuduyaduuuull yaduuuuiay

'
v a a

sonuuuiielfnuldvansguuuuianisamatadeinunfvestunui ¥a uadldmudmivinuuianes
Funufedsandunislusadely gadusvuiddansodiluldlunsseunisaeunasnisvilasaiy
Amnssuresin@nuuiygnd wavauisreain@nuusygnarenassifertumeianisnsain
FrenmlaBnie dupsunsiiiunuideuisesnd 2 dw fil

" aRULUUNIIATIFFBUAIYATIN

" Jysunsy LabVIEW @9SUnsiainTiuenusn g0

3.2 YARULUUNITATITABUTUITUAIEAIN
n1seenwuugarukuuiiadadsdnvuznisldaulaglaeenwuulvannsaldanulandmsuns

AIIINFIRAUNAYITUIY UAZNITATIVTAIUIAVDITUIIY SIuegieanuuulwausaldussuy

<

arainilliannsaldsauiuwueesdu o Wy wuweswuuawesilgd msuinds {Wusu yaduuuuille

v = ¥

PONLUULAZATNWUY 3D Uanwauesagun 3.1 Fausznaume Yagrunazyadudanaes yausuliiauay

FIURINGed NdeY taud aunsaldugnwugesuuuaLeT LagARNNILADS

X-Y Stage Holder

Al Frama€oitn - Sensor Bracket - 1
— X-Y Stage
- Camera Holder

Sensor Bracket - 2

Al Frame Base

JUT 3.1 WUU 3D YRIYARTIFADUTUITUAILAN
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yaduuuuildiamnazas1sumuuuy 3D fleenuutuanafasuil 3.2 Tassadnsvosngiuuasyn
Judandosarltogiiflenlusindiliamnsausuasuguuuunsdudnndesldie yaduinndes wazen
Fuiawueviinnegiienisilrtusruliminduly dnlfzaladunu Xy swiadnagdanldluns
USulfauagiunagudnansvesnin  amuuueazdenuesd udiusia q wieuvuiauansly
AARLAN N YFULUUETTLIATD95IUYTEINM 420 mm X 540 mm Tddmsunstunulumansiaaey
druvasndesanunsausulituadlununAdaiiu 70 mm gunsaifiisitouing 9 uansissud 32 - 33
duneandoavosdeyanmenanddunmenuan v wargunsaiiiseandondail

" nADIAIWA 10 MP (3840 X 2748), Basler ace, acA3800-14uc 313U 1 #1

" aud 12 mm, Fixed focal length, Edmund Optics, C Mount 31121 1 6

" aud 25 mm, Fixed focal length, Edmund Optics, C Mount 9112u 1 67

" laudueny SDS-M, Focal length: 90-95 mm, 30X-160X, C Mount 911U 1 67

" apuiiamasniaulusunsy LabVIEW $1uiu 1 yn

yaduuuuiioonuuuliansaldnunsatadunuruadnuagdngld Sdunuivuadnuinn
annselfiaudusnetslunmsteninuinaifeimsnsaiald wduvuiideilunsataiunuma
Tngjavlianmnuazidenldden wisdunuanmdnaziiliinldmnnuazdeniunnnii damny
am%‘am%uag'ﬁuﬁwmu pixels #10 ¥i83R LU 100 pixels 9 mm AzliAmuaziduaLaag pixel WAy

0.01 mm %38 10 Um tHusu

a ' v a' s v
EUV] 3.2 GQWWL!LLU'UGUENLﬂﬁ@ﬂﬁﬁ?ﬂﬁ@‘U‘UUﬁTﬂﬂ?fJﬂ'TWLLagi‘lJiLLﬂill
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JUN 3.3 napduazlaudsng 9

3.3 TUSHNSUMTIVEDUTUIU

TUUNINATIFFRVTUNUATATUIETINAUYAFULUUNITATIE VT UUA I8N Al TU sUNSY

<

LabVIEW TUsknsuAwaiwrazlgfenduadsasuii oanuni1sussulanan 1wl onmun lUsunsuainsu

Y

'
Y] =

ATI9INANURAUNAVUTUNIURIBNADIRITE FsTusueradvuaanunistugile lusunsuilamnsaly
MIIRABUANUAAUNAULILIIY 19w Fruugianzliiasy dumdanisvihdyanwalliasy duvuslddenll
Asu LHuRu Tusunsuagseneume 3 diude TUsunsudwsuarennuaznssun AU (Template

Images) IUSLASNAMAUARILALTIA WazlUsunsunTITnANURAUNRYDITUIU

3.3.1 WSUNIUAmSUAENNLAEATEUN TNAULUY
nsmsvaeviunuddusosdinimndeuiruundosaasadieamilensiaseutuny

InseunqueinuvtafifvuauadosiinisdntnTounwiuluy (Template Image) AudumLsi

Fosnrsnsanaeunou Waunsuduildiaundufeldluninsounmuesiununiusuns o

Ly 1w a

A99N1591539adU LUswasuilaeanuuuliaiunsaltlanunasdfavianipusaenuABURILMADININT B4

¥ ¥

USB lngaziinthdnlinmvuanaesiifesnislasun 3.4 lusunsuduusniliisgazidennal
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Fie Edit View Proect Operste Tools Window Help

B @N

<P

)
[o

TempisteSetup | RO1Setup | Testing

Kom = @ Acquire Image
n Save Image

oK [= Load Raw Image
Get Template Image

Ly

Save Template Image

[ CApomchVion nepecion 126 V2

& I ig

NI Vision Inspection Lab V2 hvoroy My Computer] €

SUN 3.4 MIANANRSUNNUANAB9UBILUTNTUATIVADUTUINUNILATN

Y

TWsunsuansagtsamiuanuiassufindulndld ndesaznansnmfuveuiniindas
aunsninlduenanifiannsnvensuiedonwlalasnatuguuiuees QU yedeunmlaene
Juguile i Sospsmstiufinamlinal Save Image Aigudl 3.5 Mvidesmstuiinaglsing
Tunhsnadndurruundessisiufindulnduisana jpg uazmndesnsliuansanlvallin
{1 Acquire Image né@sazizavihaulual

. 4

File Edit View Project Operate Took Window Help E
PE@n (45

; (I
A

td Hibtimgeds 00 |
. Tempiate Setvp | ROISetup | Testing |
I . [€] Acquire image
i v o w——
[ Load Raw mugeJ

Get Template Image _J

> Save Template Image }

D:\pomched Vaion Inipecton Lab V21
S vconfigini

|
|
|
\H

364062748 020K £-bit image 229 | (3085)

T Vasion o oute]

JUT 3.5 TWsunsudmsuanennuazinseunmauLuy (Template Images)

TUsuATUANNSA ITLAS 8 UNTNAULUUANAILNUIT FB9n150519daukazTunntdulig n1w
AULUUAEYNIAsANMUANTOUELAEN (2] muveulun?inedn15nsi3d@au (ROI, Region of Interest)

UUAINAIUN 3.6 Lilanadu Get Template Image AMWAUWUUILUIINGANUIAAIN WazdInA
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Uu Save Template Image nwsiuwuuaggniuiinidulnduivana .png amduuvuwmaiagld

WIS B UM UM DU BLLANANUS LI UALALNIABINISASIDI

it View Project Opete Tooks Window Help
T 7]
a
o)
o]
& TR20401 0.33X 3-b¢ image 57 (27.208)
Template Setup | RO! Setup | Testing
[@ Acquie image
= Save Image
1= Load Raw Image
Get Template Image
|
|
_— e —_—
33402748 0.20K S-bit image 219 (001 L 3 lj
[N Vaion inspaction Lsb V2 Wprog Wy Cormputer] ¢ p
|

SUN 3.6 $28E19N151HNVDULIAVBINTNAULUY

3.3.2 WUSHASUMAUARLALIIR
AIAMNUARINUITFBIN1SATIERULUN T UFIT L TuNFosdawmSsunoy Youlntilazyae
Tun1sinunveaUIRN A In15M519daUVEN N LILE na1d i ln1sUszunaldinatdaeas n1s
° ° | oAy v % =) P ° =
AMAUAR LU ABINTATIdBUVUNNTUALITnsavud b ey @ Tun1smuauauLng 998
Usngidunseudilendagud 3.7 Wevinisasasdeuauiaunfnindunuuiiwsonliluduneu
AUtz 1 HlUN1SMTIVEBUINL ANULAL D UNS D WANA1INUBE19 LS IUVBUIR NN UAT] VBULIAT

AmuntazdivualngninveuniinualunImALLUY

= ;
Fle M View Project Operste Took Window Help .
s @0 W

) Io]le &

L ¢

7 RGO mage ) 00 j

. TemplateSetup RO Setup | Testing
ROIs ID

B Load ROIs

+ Insert ROIs

Delete ROIs

i

) Save ROIs 1

' £ Displey ROs| B3 Oea:ROiJ
omcl I ction A
e

38402748 020K 8-bt image 223 (100,1584)

[P Vion Tspecton Lab VENpray iy Compate] <
|

SUN 3.7 $29819NSMVUATOUTDULNEATIVADUATNALLUY
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3.3.3 TUsunsuAsI9InARAUNAYeITUIY

1 9d91U09N19LA3 HUNANE ULUURAZAISAINUATOULAT n5Iadouvun I lam i uns
Seusesuad drunellasidunisnaaaunisyineuedusunsy A5y duswnsuariien
adunuulUil3sudisusunnlureuafimnun d1amgunuuiunmiinsivaeuidiud
adofuslTUsunsudosuansuamumdsfinsasaeunuidulnder uidlyivilousiun o
ATI9ADUILLANIHALTUALAY UBNINLAULLYDIANUIMEBU DI ILIALITINTI9E0UILULARINAUY
wihansvaslUsunsudig feg1imanisnsavee uBuultkunsnsedeuiissnnusinung
uanafasuil 3.8 Truansiumisagnngiiudunsuasazuuunisnaaeuasiu 0 dufogisa
mwawaau%umuﬁmumsmswaammméﬁ’agﬂﬁ 3.9 luanssunisazusing dudidenas
ATLUUNITATIADUILAAUNNY 1000

-

Fle Edt View Project Operate Tool Window Help

PR @0 I‘F

dd
e

Template Setup | ROISetup  Testing

& Match Option Setup

5
e Webcam Setup

3340:2743 0.20X 8-bitimage 222 (0.0)

[Th Vision Inspection Lab V2.vproy/ My Computer] <
'

JUN 3.8 fegen13nTIaaeuBununliiIunInTIaaey

Fle Edt View Project Operste Tools Window He

2@ - I‘?"@:

& m

7] 207436 032K B-bitimage 243 (727348) |

D Templte Setp | ROISetup  Testing
I | | l | | I I I ‘ o Match Option Setup

@ Webcam Setup

“ inspaction Posiions
1 o4

[Cle #

—_— -
s i
,

[T Vision Inspection Lab V2Ivproy/My Computer] <
'

JUT 3.9 $R9E19NINTIABUTUNUMEIUNNTNTIVEOU
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LY o

TUsUnsNaULIIaLI5aAIMUAAINITIEMI AN 9 LABIAUNITATIFEOUAUEAUNAUDY

(%
a v

FUUAIFUN 3.10 (0) IneusazsiunianfenIsnsiaaeuaunsamuualanuafiu Amisines

d‘ o 2 dgj

Parunsanuaeadl

" N3y (Rotation) vean1mluniigesd (degs)

B A0av030 0 (Scale) WulUasiwus (%) nMnAfedn1snsIadauauisaneviseveslaliiiy
Woaswudnivua tnan1n 100% tunwuni

B A150a0e999010 (Occlusion) Wutlasiaus (%) UaInInifaIn15nsI19dauLinn1sin

Denlulalaifulaswunnnime

Match Options Setting

Range Setting Font Setup

20
200
200
200
L . o V“f‘" VD"“ Match Positions
[v] F.ctation (degs) -100 00 p
[218¢ sie (%) %0 110 !
[ Occlusion (3 25
Max
100
110 | a beam_mode.vi X
Video Mode List
‘Min Max Scores
] 160x120 YUY2 30.00fps ﬂ
Rotation(degs)| -100 100
3( - 320x180 YUY2 30.00fps
N o . _ : 320x240 YUY2 30.00fps
Occlusion (%) 0
424x240 YUY2 30.00fps
Min Max
Rotation (degs) -100 100 0 | 640x480 YUY2 30.00fps
Scale () %0 110 o 8483480 MIPG 30.00fps
| Occlusion (%) 0 25 i 960x540 MIPG 30.00fps
Production
Min Max p = 1280x720 MJPG 30.00fps
{Rotation (degs) -100 | 100 fo's"" 12805720 YUY2 10.00fps
[ scale (36) % 710 T
i [ Ocelusion (%) © 25 2%
- ¥ i
& Save Match ParametersJ -— Save Video Mode
(n) (V)

SUN 3.10 M mSUNISAAIMIEABINT Al AN NAIBUAYBINABIANN 9

TWsunsuduiifieonuuuliansnsafvunazuuy (Score) 8snniinsrvaeulnetienzuuy
eflAnsEning 0-1000 AzuuudsgUT 3.10 (n) Fsimunlid 800 Azuuy drdngemanadenn
Fuluunazamiinsiaaeuiaumiiouduunn WeusueinisuaninaadunsanvuaruIalany
m’mmmzauﬁuagjﬁumummm%umuﬁmnaau Fumsiinsavaeuansa frunlagIuns

21992 A3 89810U 11U ATFIWAUINTIVFBU 4 FIAUIVUTUIIU 9196589910918 L UI0890 N
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AANWIN U - 1 TayaLaN1LYDINAB3RINa Basler acA-3800 [17]

acA3800-14uc - Basler ace

The Basler acA3800-14uc USB 3.0 camera with the ON Semiconductor
MT9J003 CMOS sensor delivers 14 frames per second at 10 MP resolution.

8 ) @@=

General Information

Order Number
Product Line
Price

Shipment

Sensor

Sensor Vendor
Sensor

Shutter

Max. Image Circle
Sensor Type
Sensor Size
Resolution (HxV)
Resolution

Pixel Size (H x V)
Frame Rate

Mono/Color

Camera Data
Interface
Pixel Bit Depth

Synchronization

106537
ace classic

For pricing, please use the request cart to get a quote.

For information about shipping please use the request cart.

ON Semiconductor
MT9J003

Rolling Shutter
1/2.3"

CMOS

6.4 mm x 4.6 mm
3840 px x 2748 px
10 MP

1.67 pm x 1.67 pm
14 fps

Color

USB 3.0
12 bits

software trigger
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Exposure Control he camera API
Digital Input 1
Digital Output

General Purpose 1/0
Power Requirements

Power Consumption (typical)

Housing

Housing Type

" GenlCam

" IP30






AARWIN U - 2 Yeyalanizvetaud Edmund Optics 12mm, FL /1.8 [18]

TECHSPEC® COMPACT FIXED

FOCAL LENGTH LENS
#58-001 ¢ 12mm FL » /1.8

our TECHSPEC® Com-

in factory automation, in

—
g 1lenses have been optics
T ding d ution requirements of fac
% d inspection in ng large maximum apertures,
(I'I; rformance lenses can be used in even the most restrictive
® ons. Each lens has a broadband anti-reflection coating,
8 ransmission by up to 12 percent over the standard MgF2
< coatis 1petitive lenses.
3
>
(2]
— Focal Length: 12mim Aperture {f/#): 1.8-/16
E Minimum Working Distance': 100mm Magification Range: 0X- 0.055X
g Focws Range' {Lockable): 100mm - < Distorfion® <15
Length at Near Focus: 7.9
py gals e = Object Space NA% 0,007
g Length et Far Focus: 27.9mm
Number of Elements (G : i
> Filter Thread: 0255 x0.5 ter of Bomeats (R -
(e .
— Max. Sensor Formut: 2 AR Coating: 425- 675nm BBAR
% Camera Mount: C-Mount Weight: 54g
(0]
—
T Sensor Size va' V) Yo" ' 8" %" 1" 45
—
m Field of View® | 6d4.4mm-17.2° | B859mm-229° | 1024mm-27.0° | 1150mm-30.3° | 130.0mm-33.5° | 159.4mm-41.1° H/A /A
% 1. From front of housing 2. At 300mm W.D. 3. Horizontal FOY on standard 4:3 sensor format. Min. W.D. - angular FOV at infinite conjugate Specifications subject o change
Distortion ‘255 Image Height Relative Illumination
- Smm 2/3'
E,, ——— {1004
£ vz 1 - i 80
2 g & T
e ! - 70
'E 173 = g
E: g N e
3 14 E E r 50
d 5 L 40
5 a
ol | 1 =0
\ i { 20
L Sensor Format: 1/97" /3t /2T 2/3"7 10
0.00 i ' lZ.I75 ' ' 5.500
0 R 18] . Image Height [mm]

Figure 1: Distortion uf the maximum sensor format. Positive values correspond fo pincushion
distortion, negafive values correspond to harrel distortion.

Figure 2: Relative illumination (center fo corner)

In both plots, field points correspanding o the image circle of common sensor formats are included. Plots represent theoretical values from lens design software. Actual lens performance varies due fo
manufacturing folerances.

Edmund

optics | worldwide

www.edmundoptics.com
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TECHSPEC® COMPACT FIXED
FOCAL LENGTH LENS
#58-001 ¢ 12mm FL e /1.8

MTF & DOF: f/2.8
WD: 300mm

Modulation Transfer Function: /2.8, 300mm WD
ﬁ 100 %
% 99
g 80
(9]
('? 70
g & 68
g g 50
g § w0
mn
; 30
m
) 20
a 18
g Pixel Size: 18um Spm :
1> ' - - — 0
= 8.0 62.5 125.0
E Spatial Frequency [lp/mm]
Z Figure 3: tnoge spoce polychrenatic diffroction FFT Modulaion Transfer Funcdion (ATF) bor A = d86nm fo 856m . Icludad are Tangental and Sagtial
Q) vdues for fidd peints oncenteg ol 70% of full liddand aitbemacimun sensor fom al. Selid Hock line indicates diffrocianlimit detemnined by /4
E dalinedaperfure. Fraquenties corresponding fo1he Myqust rescluiion limit of pixel sires are indicated.
=
E Depth of Field: 20 1lp/mm, /2.8, 300mm Focus
v r r - - - - 100 %
=215 0.00
=< TS 4.00 |1 9e
===:175 5.50
88
70
= )
L od
® 50
£
S 40
38
20
10
> [}
e.e 2e0.0 680.0
Working Distance [mm]

Figure 4: folyhroe atic diffraction throug b locus TF f 20 linepairs/mm {i age spore). Contrast is platied 1o fwo fimes the focvs disiance. ok cbject
spaid Fequeny changeswith working dislame.

Hots represer theoreticd wdves from lens design soware. didual lers perk mance varies due fomanufaduring folerances.

Edmund

 aoptilos  worldwida

wnw.ecmuncloptics.com
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TECHSPEC® COMPACT FIXED
FOCAL LENGTH LENS
#58-001 ¢ 12mm FL e /1.8

MTF & DOF: f/4.0
WD: 300mm

Modulation Transfer Function: /4.0, 300mm WD
100 %

L]

80

70

60

50

Contrast [X]

40

30

20

Fi

1@

Pixel Size: 18pm Spm

- u ]
8.0 62.5 125.0
Spatial Frequency [lp/mm]
Figure 5: knoge spoce polychreenatic diffroction FFT Modulaion Transfer Funcdion (ATF) bor 2 = d86nm fo 856m . Icludad are Tangental and Sagtial

vdues for fidd peints oncenteg ol 70% of full lidand aitbem acimun sensor fom al. Selid Hock line indicates diffrocianlimit detemnined by /4
dalinedaperfure. Fraquenties corresponding fo1he Myqust rescluiion limit of pixel sires are indicated.

Depth of Field: 20 1p/mm, /4.0, 300mm Focus

SNIT HLON3IT T¥204 A3XId LOVHINOD 23dSHO3L

100 %

98

70

60

40

contrast [X]

30

20

1e

: . 9
1]
e.e 3ee.9 60e.9

working Distance [mm]

Figure 6: foly hroe atic diffraction hroug b locus TF f 20 linepairs/mm {i age spore). Contrast is platied 1o fwo fimes the focvs distance. ok cbjet
spaid Fequeny changeswith working dslame.

Hots rep reser theoretcd valves fam lens design sofiware. & fual lers perbmance aries doe famanuforduring idderances.

Edmund

- aoptios  worldwida

wnw.eclmuncloptics.com
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TECHSPEC® COMPACT FIXED
FOCAL LENGTH LENS
#58-001 ¢ 12mm FL e /1.8

MTF & DOF: f/2.8
WD: 750mm

Modulation Transfer Function: /2.8, 750mm WD

100 %

90

1]

70

60

50

contrast [%]

38

20

18

18um

T - 2]
e.e 62.5 125.0
Spatial Frequency [lp/mm]
Figure7: nogespace polychrenatic diffroction FFT Modulaion Transfer Function (ATF) bor 2 = d86nm fo 856 m . Icludad are Tangental and Sagtial

vdues for fidd peints oncenteg ol 70% of full lidand aitbemacimun sensor fom al. Selid Hock line indicates diffrocianlimit detemnined by /4
dalinedaperfure. Fraquenties corresponding fo1he Myqust rescluiion limit of pixel sires are indicated.

Depth of Field: 20 1p/mm, /2.8, 750mm Focus
- - - - 100 %

SNIT HLON3IT T¥204 A3XId LOVHINOD 23dSHO3L

T T

— TS ©.00 mm
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40
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. } 0
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working Distance [mm]

Figure 5: folye hroe atic diffraction hroug b locus TF f 20 linepairs/mm {i age spore). Contrast is platied 1o fwo fimes the focvs distance. ot cbject
spaid fequeny changeswith working dislame.

Hots rep reser theoretcd valves fam lens design sofiware. & fual lers perbmance aries doe famanuforduring idderances.

Edmund

- aoptios  worldwida

wnw.eclmuncloptics.com
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TECHSPEC® COMPACT FIXED
FOCAL LENGTH LENS
#58-001 ¢ 12mm FL e /1.8

MTF & DOF: f/4.0
WD: 750mm

Modulation Transfer Function: /4.0, 750mm WD
I'_I“ - - - 100 %
0
I _— 98
W
ﬁ 80
(9]
@ 70
0
g = 60
0 E 50
& £
2 § w0
= 30
ﬁ ~== TS 5.50 mm ]
o “ee TS 4.00 mm s 1 20
= = TS 0.00 mm s o)
3 — Diff. Limit el e
e} Pixel Size: 18um Spm [ = |15
> = ; 1 : 2
= 8.0 62.5 125.0
E spatial Frequency [1lp/mm]
Z Figure 9: tnoge spoce polychreenatic diffroction FFT Nodulaion Transfer Funcion (ATF) or 2 = d86nm fo 856 m . Icluded are Tangental and Sagtial
Q) vdues for fidd peints oncenteg ol 70% of full lidand aitbemacimun sensor fom al. Selid Hock line indicates diffrocianlimit detemnined by /4
E dalinedaperfure. Fraquenties corresponding fo1he Myqust rescluiion limit of pixel sires are indicated.
=
% Depth of Field: 20 1p/mm, /4.0, 750mm Focus
v - - 100 %
~== TS 2.00 mm
- TS 4.e0 mm 1 9%
=== T5 5.50 mm
- 1 se
1 7e
€t 60
o
] 158,
S
S 40
EL]
20
10
: 9
8.0 750.8 15€0.0
working Distance [mm]

Figue 10: Folyhromatic diffraction throwgh Focus NTF i 20 linepairs/nm (inage space). Carndrastis plotied 2 wo fimesihe focus distame. Note
cbjert spaial Frequeny changes with worhing distance.

Hots rep reser theoretcd vaves fom lens design sofiware. & fual lers perb mance aries doe famanuforduring idderances.

Edmund

- aoptios  worldwida

wnw.eclmuncloptics.com
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AARLIN ¥ - 3 Yeyalanizvetaud Edmund Optics 25mm, FL /1.4 [19]

TECHSPEC® COMPACT FIXED

FOCAL LENGTH LENS
#59-871 « 25mm FL » f/1.4

d for use in machine vision lications, our TECHSPEC® Com

Fixed Fo Length Lenses are ideal for use in factory automation
spection ualific These 1ine vision lenses have been opt

ly des vith the working distan: 1d resolution requirements of

factory automation and inspection in mind. Featuring large maximum

esfrictive lighting conditions. Each lens has a broacband anti -refiection

ting, wh \ereases transmission by up to 12 percent over the stan-

yating on competitive lenses

—
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m
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m
e
(A)]
-
o
=
m
z
0

Focal Longth: 25mm Aperture {1/#): t1.4-117
Minimom Working Distance': 100mm Maguification Runge: 0X-0.025X
Focus Range' (Lockable): 100mm - 0 Distorfion’s 0%
t o 0.43
Length at Near Focus 30.43mm Objoct Space NA™: E
Length at Far Focus: 30.43mm o
Filtor Thread: 25.5x05 Mouror:of Eonmst: -
iR SER T F ormat: 247 AR Coating: 425 - 675nm BBAR
Camera Mount: C-Mount Woight: 49
Sensor Size 23 14" Vo8 ' Yig" %" 1" ¥
Field of View® | 14.2mm-82° | 19.0mm-109° | 226mm-129° | 254mm-145° | 285mm-16.1° | 35.0mm-19.8° N/A N/A
1. From front of housing 2. At 200mm WD. 3. Horizontal FOV on standard 4:3 sensor format. Min. W.D. - angular FOV ot infinite conjugate Specifications subject to change
Distortion vs. Image Height Relative Illumination
5. 5mm 2/3'"
= [T L [ 7 S
~ | ss6m | —~1 +—'B
" T
E 172 v = \\ {1 80
B E = i
< 4 L {70
® g3 2 -
v u a | i eo
r g ;l
L va 8 s T 12
| o i
\ 5t £/420 1 30
\ - | 35
| Sensor Format: /4" /3 a/2*9 2/3"_ 10
b W | l ’ PR I I g
et Dl:tDrDQ;Dan [21 i Image Height [mm]
Figure 1: Distortion o the maximum sensor format. Positive values correspond to pincushion Figure 2: Relative illumination (center to corner)

distortion, negative values correspond to barrel distortion.

In both p|o|s, field points wresponding tothe image circle of common sensor formats are induded. Plots represent theoretical values from lens design software. Adual lens performunue varies due fo
manufacturing tolerances.
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TECHSPEC® COMPACT FIXED

FOCAL LENGTH LENS
#59-871 « 25mm FLe /1.4

MTF & DOF: f/2.8

WD:

200mm

contrast [%]

Modulation Transfer Function: /2.8, 208mm WD
188 %
L
an
78
[21:]
1]
48
El:]
we= TS 5.5 mm
e TS5 4.88 mm 28
w== T5 4.98 mm
—— Diff. Limit : : 18
Pinel Size: 18m Sum
1 L - L a8
8.8 75.8 152.8
spatial Frequency [lp/mm]

Figura3: Inoge spoce poly hrom aiic diffroction FFT Modulation Transher Fumdion (TR Fr b = diénm 1o 658 m . I nduded ane Tangerial and Sogiial
wives for fidd pointsoncendeg of 0% of full fiddand ot 1bem meimm sansor fomal. Sobid block ine indiotes o frocio nlim i detam ined by 174
defined aperiure. Frequencies correspanding 1o 1he tyquist resolwfion limii of picd sizes are indicated.

contrast [%]

Depth of Field: 2@ 1p/mm, /2.8, 288mm Focus

- - - -
== T5 8.80 mm i
=< TS 4.@0 mm
=== TS 5.50 mm

188 %

98

78

(=1}

58

£

2a

18

8.0 200.8
wWorking Distance [mm]

Figure 8 Foly hrow alic diffrockio n 1 hrowg b-bows MTF ol 20 linepas/nm (imoge space). ondrast is plotied 1o 1m0 fimes he For s distance. Hoke objedt
spaid frequency changes with warking digame.

Hots rep s thesnraticd wdwess From lans designsaHware. & fual lers perbmianee vanis dve fa mannbduing tolananees.
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TECHSPEC® COMPACT FIXED
FOCAL LENGTH LENS
#59-871 « 25mm FL+ /1.4

MTF & DOF: f/4.0
WD: 200mm

Figura 5: Inoge spoce poly hrom aiic diffroction FFT Modulation Transher Fumdion (TR Fr = diénm 1o 658 m . I nduded ane Tangenial and Sogiial
wives for fidd pointsoncendeg of 0% of full fiddand ot 1bem meimm sansor fomal. Sobid block ine indiotes o frocio nlim i detam ined by 174
defined aperiure. Frequencies correspanding 1o 1he tyquist resolwfion limii of picd sizes are indicated.

Depth of Field: 2@ 1p/mm, /4.0, 288mm Focus
- - - - - 100 %

Modulation Transfer Function: /4.8, 208mm WD
r_r| 100 %
0
% EL
H lizl v 28
(9]
(l) 78
g 5 68
; E 58
9 E "
L T 38
ﬁ = TS 5.50 mm o
(w] e TS5 4.88 mm 28

“—e T5 .28 MM

8 — Diff. Limit _ 0
A Pixel Size: 18m Sum |
} ' L - . I a
— 8.8 75.8 158.8
E spatial Frequency [lp/mm]
z
3
=
m
I
w

— TS €.88 mm
== TS 4.80 mm
== T5 5.58 mm

98

78

(=1}

58

contrast [%]

£

2a

18

8.0 200.8 age.e
wWorking Distance [mm]

Figura 62 Foly hrow atic diffrockio n 1 hrowg b-bows MTF ol 20 linepas/nm (imoge space). ondrst is plotied 1o 1m0 fimes he For s distance. Hoke objedt
spaid frequency changes with warking digame.

Hots rep s thesnraticd wdwess From lans designsaHware. & fual lers perbmianee vanis dve fa mannbduing tolananees.
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TECHSPEC® COMPACT FIXED
FOCAL LENGTH LENS
#59-871 « 25mm FL+ /1.4

MTF & DOF: f/2.8
WD: 500mm

Modulation Transfer Function: /2.8, 5€@8mm WD

r_rI 188 %
O
I %8
v
H 28
0
1z 78
0
g 5 68
0 E 58
A Z
q § a0
L 38
ﬁ —— T55.50mm :
() wes TS 4,08 mm 1 2@

—== T5 9.08 mm i ;
8 — Diff. Limit g | e
A Pixel Size: 18m Sum |
T — : ' ' 0
- 8.8 75.8 158.8
E spatial Frequency [lp/mm]
pr Figura¥: Inoga spoce poly hrom aiic diffroction FFT Modulation Transher Fumdion (TR Fr = déénm 1o 658 m . I nduded ane Tangenial and Sogiial
Q) wives for fidd pointsoncendeg of 0% of full fiddand ot 1bem meimm sansor fomal. Sobid block ine indiotes o frocio nlim i detam ined by 174
E defined aperiure. Frequencies correspanding 1o 1he tyquist resolwfion limii of picd sizes are indicated.
=
g Depth of Field: 2@ lp/mm, /2.8, 588mm Focus
W T T ; T r 188 %

— TS &.2a mm

= TS 4.88 mm
== T5 5.58 mm

contrast [%]

tea.a
Working Distance [mm]

Figura$5: Foly hrow atic diffrockio n 1 hrowg b-bows MTF ol 20 linepas/nm (imoge space). ondiast is plotied 1o 1m0 fimes he For s distance. Hoke objedt
spaid frequency changes with warking digame.

Hots rep s thesnraticd wdwess From lans designsaHware. & fual lers perbmianee vanis dve fa mannbduing tolananees.
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TECHSPEC® COMPACT FIXED
FOCAL LENGTH LENS
#59-871 « 25mm FL+ /1.4

MTF & DOF: f/4.0
WD: 500mm

Modulation Transfer Function: /4.8, 5€8mm WD

spatial Frequency [lp/mm]

Figura®: Inoga spoce poly hrom aiic diffroction FFT Modulation Transher Fumdion (TR Fr b = diénm 1o 658 m . I nduded ane Tangeial and Sogiial
wives for fidd pointsoncendeg of 0% of full fiddand ot 1bem meimm sansor fomal. Sobid block ine indiotes o frocio nlim i detam ined by 174
defined aperiure. Frequencies correspanding 1o 1he tyquist resolwfion limii of picd sizes are indicated.

Depth of Field: 2@ lp/mm, f/4.8, 588mm Focus
T - - - - 100 %

r_r| 100 %
[ @]
I EL
v
m - 88
$]
(] 78
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g 5 z 68
-
> s
t
q § 20
L - 38
ﬁ wm= TS5 5.58 mm : : 4
() wes TS 4,08 mm 1 2@
w== T5 @.00 MM ¢ :

8 — Diff. Limit § |
O Pixel Size: 18um Sum |

i | ; I .
|:E 8.8 75.8 158.0
=
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z
g
=
m
-
w

— TS &.2a mm
== T5 4.08 mm
== T5 5.58 mm

L

78

(=1}

58

contrast [%]

E

28

18

8.0 se8.0 1802.0
Working Distance [mm]

Figure 10 Folyhronaiic diffrocdion ha ughFocus 8TF ol 20 linepairs/fnm fimage space). Gonistis plotied foiwa i es 1he foos distance. bole
chject spaial Frequancychanges with warking didane.

Hots rep s thesnraticd wdwess From lans designsaHware. & fual lers perbmianee vanis dve fa mannbduing tolananees.
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AANUIN U - & Vayalan1zveaaud Shodensha SDS-M [20]

Standard vanable magnification lens

b “Yariahle magnification lens spec

Model Mount Supported camera Focus distance
S0E-M  Mount 152" 40--95mm
158"

*Lenz diameter: ¢ B0mm

Maenification

B— 160

Standard variable ramification lers 505
+Standard tvpe variable maenification lens

Optical maenification

0.35~-2.25
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Vision Inspection of Marking on Hose Using Webcam
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ABSTRACT — Marking process is an important process for
power steering hose. Defects were found In this process by In-
process [nspection and final product inspection. This case study was
applied pokayoke concept and new inspection technology and
techinigue to improve production. Vision inspection system using
webcam was developed to inspect marks on hose which Is composed
of two webcams, webcam holder, and vision inspection program.
Before inspection system was implemented, it s found that 30 ppm
of defect was found. Costs of repalr works and various inspections in
marking process were necessaly. After [nspection system was
fmpiemented, no defect was found. Cost of repalr work was
necessary and inspection in marking production was reduced.

Keywords — Visfon Inspection, Webecam, Hydrauiic Hose,
Marking
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