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ABSTRACT

When assembling various electronic devices on a mobile phone circuit board
(PCB), it is necessary to make sure that there are no missing parts. At present, some
manufacturing plants are still being inspected by human beings, which may cause errors
in the inspection. Therefore, this thesis focused on the inspection of missing components
on the PCB of mobile phone circuit boards using the digital image processing with pixel
counting technique to solve the problem.

Digital images were taken to begin the experiment of missing component
inspection on the printed circuit board using the pixel counting technique. 100 PCB
images with a resolution of 1478x1108 pixels were taken using a mobile phone camera,
whereas 100 PCB images with a resolution of 783x724 pixels were input from an industrial
camera. The process of measuring white pixels is known as pixel counting. To count the
number of white pixels, the RGB image must be converted to a binary image, which has
two contrast levels: white and black. Using binary images and adjusting the right
threshold setting was required for quick picture conversion. The images were then
complemented so that the PCB images were converted from black to white and from
white to black and were brought to the edge of the printed circuit board. Bounding Box
method was employed to calculate the coordinates that covered 4 objects to obtain a
rectangular frame that covered the object at the top edge of the image to get the area
to count the pixels of the images. The binary complement images were then processed,
and the SUM function was applied to combine the pixels and determine the percentage
of the printed circuit board images.

The pixel count technique was found effective in inspecting missing
components on PCB images taken by digital cameras at 92 percent and by industrial

cameras at 87 percent.

Keywords: missing Component Inspection on PCB, counting Pixel Technique, PCB

inspection by industrial camera
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Jagtunisusenevaunsaldidnnseiindaduumniuasdonussgasuuunuiasfinvsiedsnng
SMD (Surface Mount Device) 1 un1511% udaug Unsai81& nnsednd uinnsuuiaves
wHwesin Inggunsallidndudadldnszuiunsdeuuadiulugvesuiuicasiion wiegld
wiasdnslunsnedunumusuisifmvuauuiavesaeisasuuuniuisasiud deuszney
Fudrugunsaiasudruaziluauanudeulilangdaninasuazared ond udrusu

LAUIATAUNTN AU [2]
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NSRS -~

JUN 2.3 gunsaldianmseiing [2]

2.2 ﬂig‘U'J‘L!ﬂqTU'ixﬂa‘ULLN\T'NQTVQ\IQJ‘VG
2.2.1 wmalulagn1suanweiunasiun wuslau 3 szeu Ae
1) Conventional Technolosy #5845 end nee 1ani 991 plated throuth hole

techniques uwadiaildisnsideuiudiunisgmenisideunzaaslulusmuniasiieg uuwniy

'
=

a182995  nieuiinsienlaviznaeaiagiiasdunisiuvivestudiunneg Iifeaiviugiians

Y

(%
a 1

17 WeidguBudiusinedallugasdidnginsas Wave Solder Machine Liiamstnniunaudiu
A9 IARAAULN LA 993
2) Surface Mount Technology (SMT) [Wumadianldisn1sinuseulsasuuunuaie
1995 FeiNAnludnwuziUraslluuivtuduatetsasuawdenlmdudeomentiu nsdn3sl
1 a 4 = [ 1 Ee) Yao a
WHL29sRNWRETAUIAEaNNTT F9desldiculshn
aa A U = aa O | v oA = = & Yaa
A5n15uvginuiinateds wadiulngazldinies weosnivuadnnisleis
Mannual 3eiilonaianaialaunn lunszurunisuls@ni 5uan Screen print Fsazdunns

print 181 solder paste asluuumLLINABINITNALAAEIUAI)A L UVULHUAIEI99T MR
uazldiniowianisenda Pick and Place LNONISRIUTUAIUA19921989UUALAUIT A DN
a9 UMIIENsEUIUNTYIIA solder paste aranguasi¥auudIuA1 IRAULLHUYTIOVIA

MnUUIn U AMUEE D9 warnsIERU
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3) Mixed Technology tJuinailannssauAuasunaiian SMT AU Plated throuth
hole @sfl 3 sUuuLRE
3.1) Type | fidnwazidu Pure SMD (Surface Mount Device) #4fifionisuan
WUU SMT Lilee819ihen
3.2) Type Il fidnwasnaunau lnog1uvurosur wisasiun axlde
Conventional uay SMT dugnuanaasldis SMT Tunisintudausinge
3.3) Type Il Tanwauznaunau Insaruuuldvatia Conventional @auauans
vosunuazldianig SMT
2.2.2 nszuaunsUsznavgunsalBidnnselindasuuuiulasiiud (PCB Assembly)

nsruIunsUszneugUnsaiBiannsetind Inszurunisuan 3 @ Jaleun

NSEUIUNTRUNASTUTANEUANI AIUUHUIIITRUN

\ 4

NSTUILNITUDULALINTUAIUDLANNTOTNAAIUUNUIITAUN

¥

nszuuNswiaNusaulunisuasulanzUnns

1.) ASEUIUMTRNNaNEUANIAIUULNUINATALN (Screen Printing Process)
Wunisidilansian3ldacluaiusdunuei desnislivivesgunsal
Sidnnseiindieusenuivuwiuisasiun Tnsnisiiazlilansinninssganazlausuiud
AOIN159LF B LFUUVUNNNARN SIA VLN UIATRUNLABIAWIE LagdAIUMUN WUT dNzauivu
¢ 4 1 a ¢ o 1 Y a LY aa
gunsal lngeiosaniuusk UL uUREN Mminzay insizastiglisunuvedansUaningn

AU UUBIUULN LIS RUNANUIT DA UUS LUV asnzUnns AL eane wazmuizauny

¢

gUnsniBinnsedind fisgninanuseneu Tneinguied

n.) Aspect Ratio LUSRS1@IUVDINITANUIMKILUBDS LT UATBIIUIN
Anuniweesiilafiszeonuuniuiasiun ilanednndaiunudeswosunufiunasuy
writ99sfinnt Inedndruiidniufemmuruamiuninsesesdafuauiigauuusulsasia

AR DINITIALanzUANTHIU TTAa1NSUNITLEBNAINUNAUIVDIL N UIATNUNTA U111y Taean
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(v 1 dy 2 a0 1 1 & & @ I3 =
1INTFIUYDIDATIFIULITABIAAININNTT 1.5 111 %38 150 Lﬂaimummmmmgmimamjmms
AU

) w
Aspect Ratio = T (2.1)

a0

1089 W =Aunineuearassuuiunmdalilanednnsauy

o

Y]

T = ANUAUIYDIHUlanEUANINR

a

PNV UNUN

ee

a

%.) Area Ratio 1ugnsndruseninsiufivesosiignlalilagnedans

[ '
L) =l = v 1 =

darusuuin AU uN vendesresignilalilansUans Inan1u lagaunsgiuves

§f (3 A I

IMINEIULILABILANUINNINNT0DE19UBY 0.60 30 60 LWasSTUH NBTNILAUITOAEIUATY
lanzUnn3asuuuiuasiuilagunnyesgniailliegludndiuisvdmavililane danslal

anunsodsinlavedanslaiisans nedagnsnisAuinasl

LXW

Area Ratio = —————— (2.2)
2X(L+W)XT

g W =AunI90990 st URUAA alrlane Uan3sny
T = ANUNUIYDINUT AN U AN NS ULV UL
L = @MU LHUTaZ AN RNV ILN LU VAL
A.) MIUSUAIATOIRLNIaNEUANTLTBI9INAITRUAATINITITHLADT A9
TunisiunlanzdaninismuuaaIndmesane lunsiunlangUaniagvinlnlsunalany
‘Y] a0 1 1 a a fd‘ o o Y] 1 ‘&I 2]
Uan3dge1uaslunut o UAULRUURLAN 98 NWUURSIANURTUnlaeAvuatadea el dlnny
a a & o o ] = vy v
wsosinlaneUnanslunmsusuauaseslilinaunimlaun
- k5anatunISUNIRTUNNSAUA
- s lunisunalunsfiiud
- ks lun1saeakuURLW

- SYYLNITNDARUUNUN

- SEHYUNNTEMINNUITRUNAURUU RN
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2.2.3 n3EUUNMINTUdINgUNIalBiannTalindasuuNe 299 TN

[y [

Qy ] a s a s qy ] a a
nsrUIUNTNsTUdBdnyselindagllusunsulunsne@udiunuiinig fne XY

AvuanuLrUwazAansvesaunsalnuiwvin1sasgunsaluuuiwIas i wagldnn

(%
o w

v a 1 = L3 = P < d{' A o [
'«JUGUummmawasqﬂﬂimmumﬂuimamimaauwmmmumu Z a2 JUNTARBUNENNITU

Nsvgukarn1TINeUnTalsa Ty Tnsvunuar seaysiueg furunvegUN saltuTuY

Z stock

Mount GAP

|
G

Nozzie 11 mm.

5UN 2.4 MaAfeuiveIn1sIeliudIvaraUnsalindutuau

2.2.4 AS2UIUNSLIBULANUANS

¢ v =

nszuunslunadeslansinniseninsvesgunsaldiannseiind fugnidouss
1 a ¢ & v % a v A { ¢ o
VUK 9asiind WunszurunslinnuseuwielvlansUaniseningunsainsaslaglans

(Y a

Uanagnasumainioniu lneguwuuvesrainuseunldiuazivegiuvilnveddansUanid

U

donldilunan nederimunvesgluvunishianudoudulanzdaniszusznausieg Faaan

AU DU ANULTIVDINISUA BUAIUSaUINNT 1T slUB NPT i el lansans danu

auysed [1]

2.3 ﬂi%U'Junqi'a’ﬂigﬁlS%uﬂqUﬁ'JUﬂﬁﬂﬂq%ﬁq%ﬂiiu
2.3.1 NABIYAEINNTTY
naesgaarnssuldlunisanenmvesinguagimuvisvasingluaulssensnige
WU AeNINEALUUSRITR  NM15RSIRERUANAIN waznIEUIUNIHAARY 9 Wuiu ndes
gnavinssudugunsalfideddsimiuiauduargunsaiiisafussuuuas ndesgnanynssuiildly

v
v a v

{]wuuwmum@%ﬁgwﬁm CCD (Charged Coupling Devices) wag CMOS (Complementary
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Metal Oxide Semiconductor) Feisansuiinazannsaldlilunutszgndeng 1 Talduanssiu
nssaideumasndesilegnansnuutuegfunulssynd  aruidivesmsmeninuazUsyanana
Wil USB 2.0, USB 3.0, FireWire.a, FireWire.b, Gigabit Ethernet, or Camera Link® uaﬂmﬂfij
gUnsalfiuifusing q Tuegiudnurnisldomdy medeuse qunsaidudn gunsalsoiden
Dusiu

nadenldndosgmainnssuiueg fureulunvesnin (Field of View, FOV) uag
Anuazden (Resolution) veulrmyesnnduveuivnfindesgnamnssuasnsaaionnle
aseuagalufiAvng X uay Y dauauazidoaldnmsnisdiuimin 1 pixel wiriunuenAts

WAS ANNALLIEAYRILAAY NAN1IAI U LAGaT

FOVv(mm)

—— (2.3)
no.of pixels

Resolution =

§10819 81 FOV iy 30 mm lufienis Y disléndssunn 310,000 pixel (Y = 480°)

R jon —Y = ——=0.062
esolution 280 0.0625 mm

¢ o = A& A

nslduUsEynAivensaTUInYRNRAUNALaENITIATUIATDITUITY YUIRTILANTIER

9 q

& a [ [ N Y) 4 a <) a = [ . a o
YDIWUNUNATIVINLAWAY 4-pixel Nroilugudmasuansa (@-pixel square) waziinaAl1y

q

Y

\Hovnefif (Dimensional tolerance) fAARY +5 pixels alnassRdia 310,000 pixels 9z
o [22]

YnAdnTnTIaialawinty = 0.063 X 4 = 0.25 mm square

2.3.2 msdenldiaud
= v ¢ o i = a = ¢ ¢ o Y
nsidenldiaud dnasionuazduavesn niaie Wesnaudilugunsalifedriu
wasnldlunissiuvienszateuas wudusenaunisdudiufe s evateYud uiueg vy
U5 AT LA udld 1491815 89N150ANAININNITNEDUYDININ NSHANA1AVRIHR dIUVeY
AN NISVLIUAN VBUIAYBININ ANUEIMNAE (Focal distance, FD) Wusu iaudndeuldluy

FIUATIVIANILANLAANNLTINAGAIN 8, 16, 25 mm. VBDUIAVDININ @NNITOAIWIN [22]

Working distance (WD)  Focal distance (FD)
Field of View (FOV) Sensor size

(2.4)
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NWALSY

sensor

nwoRIWnA(Focal Length)

g‘dﬁ 2.5 AMUENNUSILIING Field of View , Working Distance, Focal distance, Sensor
Size.

ANSUIAILAUINTNANI UL T T NSV ULNUNINYDISIE 698D AGMIA AUV

A Ao Torwan Begesildlunsiuinidswielull (23]

1 1 1
;=;+; (2.5)

e £ AvAuelilia
S Apsreying

9

S’ ARTLYLAMN

NNGAS m=-—+— (2.6)

dlo m Ao Adsenevenaud

i A9 YWINVTOANUGIVRININ

O fig IUIAVITOAINGIVDIING
Tumsrwnmsulitazednvesnmazfodimssmuaesewuns 1 uas 2 dmsu

USunausines Tuaunsaadil. s fnTeamiung + a1ingegviniaud uwae s diesomung - aingeg

Y

22



VRUAUA2. s' TATRIMINY + D1INRYVAUAUE Uag s' TASRMANY - D1INREMIAUE3. £ ¥8d

s a A s v a A
LauaEUNLf‘Wi@QV@JWH + LLaSfﬂ@ﬁLauaLﬂqﬂLﬂiaﬂﬂﬂJqﬁ - [23]

wudnldlunugnamnIsuuansfisgun 2.6 (n) wudniianuenliiand uag 5Ui 2.6

() audveneiildvensyaln q iusvazdenladaauiu ninsdenidaudiuegiviwn
sl o

Funuuaznulssendiling1tea22]

(n) w@udnall (1) laudvee

JUN 2.6 tauddwiundesenaminssy [22]

2.4 n1sUTEUANANINAINDA
aa o - \ 1< a A v o

NSUSEUIaNaN 1NAIMea (Digital Image processing) L UUNTLUIUNITNLAYIVBINUNS
wasteyalvegluninuuudeyandnea (Digital format) a1uisauienveyaidnnisuiu
N52UIUNIIA99081USUNIUABUTADT LA AINATADAUTZNBUAIL IANINANTIUIUNIN
Fenfinwa lagldAIRaIuNUAIYDITIAVE I9TEAUAIINAINTDILAAZ NN FIA1U150
USULALN DN TLAAIHANINAINAIINABINITEA N nATReaddafianisadiniUssuiana
USUURAMNNURITBYaMIENTTUIUNTHN MsRBUNILABS b

2.4.1 AMURUNYVBINNLYA

Ana (Pixel) Ao AutNLan iy liAadunn nunisgazusenaunie
NALANINUIE FINNLABZNINNATNVUZANMUANLAUILULTDSINTALaTLANANeaN U
1 dy & Y = a . = = 1 ) . .

AURUILUULLTUAIUDNNIANUAZLRYA (Resolution) vBan1ngslruseidu ppi (Pixel Per
Inch) Aedwiuiinanail Falagialufednnmilinuazidengmisamninizianiiy

auiden 300 x 300 ppi YUl A1 ppi Begetin nAvzdinnuasBeauavAutnuINTY [20]
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Column

Row

A 1

x I(NxM)

5UN 2.7 siuvtsvesdinwal20]

13U N = uudinaiunigaluwnu Y

M = IuiinanuInfgaluwnu X

2.4.2 ¥UAYDININ
AMnazUsenaumiedayaluuuning viavesnmiugiuasiley 4 Ussinvuag
Y | 13 a ed Y ! & [
Toyaluudazesdusznourasunsndnuansaiuaztavenindunindssinnla lawn
1. N34 (Truecolor lmage) #3BLI8AIT AW RGB
o a = = & Sa a Y a a A =
ANEDTY I8 ILUVE RGB LUUTTUUANINAIINAITIINNUVDINALGAFVYD &
WA kagAU1EY Feyan1ssesdInureddRe M x N x 3 Aifvualifanin laefl M AeAauen?

wag N AANUNINaUaIn Nl Ul eAnea[20]

Blue component image

bl

The three color

= Green component image
companents of

a color pixel

Red component image

sUfl 2.8 asdUszneUvEIN T RGB [20]
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ANE RGB a@nUN5waASMUBHUN NGB UNUNUYBININE 3 AW Wiladwng e &

(%
U ¥V a

W3y gnasludrenmdiieasisninduuaenmlagseuuudl iansinnndEuue118s

1999AUTENBUVDININAUAT ANELTET Wz MAUNIUVDIN MU UG N1TUUINFUT YA

[ 7
= U

aadUsznevdtuTuediudissasiinmunvestoya naudeyanin RGB auidunuvasarii 939

v v 1 ¥ d'

AT BUAILLTULUY Double 98 M1AU [0,1] haztd ubh 81/ ud 1919001 a7 [0,255] n3o

y {
[0,635535] nguvesn nazilu Unit 8 30 Unit 16 auaeu agldduudaduafineaves
9aAUsENoUd Liladnduen Bit Depth 1090 1w lundazedusynoudianrintu 8dn
AuduWus RGB agild 24 Bit Depth agvhluudduuvestn Tuynesduseneunimayilen
whity Tunsdlisunuaidulldlunm RGB azild (22 Tas b Swudaluusazesdusznou

a lunsdives 8 On azlirwindu 16,777,216 & lnednvarvesnisiiudoyanin RGB auiduy

v
a o a

SNWUZYDUURTNG VoIANALAY A8 azdu1Rdu Inun 1w RGB Lanisnag1avasaAina tasd

SU#t 2.9 [20]

5UN 2.9 nngaRidnealszian RGB Image

2. A& (Grayscale or Intensity Image)

ANEWT 50 SYUUR Grayscale 1 Ju%19909@nFW1 FIUANAITUAINUTI-M

=

Ao a oA o o o & = v a . Y
Piiies 2 & Aovna Ausn &lu grayscale 9 wansdanduvesd (ntensity) luszauangg lng

[

a0 & ) aa o N v a = v a ° o o<
FAANUUAIUNUAMULVUVDIFUDY LATEVIILUAMULVUYBIFUIN AMUAUTEAUYBIFVUDYNU

U

A Aoy 1o Y v 2 v = Fy v a ~ s =
wavaslnfliiiuend Ineniluuainsiuteyadussnnilsigtayavuin 8 Un vise 1 lud &9
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ZIAAUALLDEAYDIAN 265 Land TUNBUNITRUAINIWALATUNINY1-A1 SeaUANT vinlalee
Y= a ) = & o 1 a v A o
wenseRudnsaziinwassnaniulunIng RGB a1ntiutA1d RGB ddngaunis iiveruInm

Adnuazihanlaluunuigefineaidy Inedwialddainaunisi 2.8

G’ (x,y)=0.3R(x,y)+0.59G(x,y)+0.11B(x,y) (2.7)
%39 G’ =(R+G+B)/3 (2.8)
Tneiuusld G fi Assiudniildannnisulasdiiniea (xy)

5UN 2.10 MBeRIneausvlnnszAuEm

3. ANEU-71 (Binary Image)

AMEV-A1 W3 nnluws Ae niswlastayanmidanuduateseauli
Junmadisgaumnududies 2 ssdudoganin nanfe lu 1 yanmasiiafinigaiiiesdods
N =t = = = =2 oo oA = Y o
Ao 1 Baunefgan1ndend uay 0 Faanefegannde iwesamnainluwiiuaninalaiiies 2
seaudevinliaunsoaniuiiiudeyaiios2 da vilinisuszsuranavitldsaniuazd
UszdnSamn deniluldunlunisussuianaiifesnisaanuiage wu n1suudiuiududiu

s Ao o A S & v A Y o~ U o g w a
gunsalfleguuaemunmauadeui 1Wudu mndamanuduiigaaesseauyiliaunsaden

NINSU RIS EAUNTILNUNNVDIFINS1AULD dIUDNTEAUNTILNUNUNAIUDIN N b
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a o

nsiasananlues asliaulausfineaniuendu udazaulanquuesiineaiiogfiniu 1iunagy

Yoaiinia AeguR 2.11

5UN 2.11 dnwaznmluunInuananguuesiinea

Tunrsasrsnmmluun’d virlalagnsidimaida nisvinmsalaas (Threshold
. a 1 a @ A A o o = = [y 1 a
Techniques)lagiiarsanininaalaiduduuiodailagyinnsiTourisuiu serienniee
a v o A = aa 1 O\ ¢ v =gy N
ansuAufuAIAsnilanisenitan wsvlead (Threshold Value) Toyaninagzilanwaei
#afusEnIeing(Object) waviumas (Background) lngavasiinisauainntanqniAuInnid
vsawhiuAwstlaassgniudewdu 0 @) lunisasinmluunsleeldinedamsaleadioly
lanaansnmuzanuazautn deildAgnan Ae Annsylea wWewindndendtnsylaadly
wnzauenssleanieglunieuniiuly) nwnlaagliasnuvingans Adudynivesnis
adenmlunni Ae mMsnwuaaw sslsaniwuizay Al sasennluuniiisnng
muuAnsvlealanaiedd Tnguragisimungauivanvaen1syauiwanasiululsagis
a Y v dgj
psuulAnsil
n) N15IANITlealasn1sAInuAA1829%U Y (Pre-Assigned Threshold Value)
Junsfmuaamselealaenisimuaaesnngld Jansivuailuegfiuussaunisaives
Al InenisidenAasiiniladaiondt Awnstlea Adenundasilufegseninsmigauas
ANGIEAVDITEAUANITULAIVDININ LT NMINBUNATTEAUANUTULES 256 S8 NazdAla
Aaus 0-255 WiadenAunsalealauaifaunsaasisluunila
) ANTIANNTTIEaNAINAN (Mid-Range Threshold Value) Aan1511ALNTY

Iaaimaé’miuﬁ@lmalajéjaﬂﬁﬁﬂi’fﬁﬂuﬁmum ANSMIANNIVLFANLGITNEDA ADNITUIAINAN

Y
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v30AMRAY (Mean) Awsvlaaniauinlaand1fnaeiag seninaanseauAUdugan
(Maximum Level) Wagsauadadusga (Minimum Level) 99401miiiaydnu1viNsAIuLIN

Awsylaalawalanuisaasisnmluunsialagtiiannsuleailaunld [3]

4. et (Index Image)
el (ndex Image) Ao awifluwdazfinwasufuaduil Fadusuan
Srunududaazgnihadvifinanluifieuiuned (Color Table) Juiumsauansaued
uwee W waziniu erndaihduindlidiuinnnlusumisinatiug desnsdiuveusd
uaa 3 @ lushauaziitls fsgud 2.12 [20]

e
e

A

e
|

5
S
271
3|1
Index value

Al W s

WIN[N| W

5UN 2.12 dnwarnmaviiuazdnsidinvesidneas 3 &

2.5 NMsYIARUNALNUANIN (Image Complement)

6 Y

mMavheeuwdluddiulsenevvesnmluu’ Agudsnduidunils uazdmisaznduidy
Aud vlinmdauagdvnaduiu lumsmeeumduudnndinmsennd Arvedudaziiniea
awgnaveenInAfineadsan wazauiiazgninnlfifuafnalunimeding Taenm
wnmaziianssinufunwduaty ndamAsnmiednauinauifinaznduduaine v

a1naaznadutduiin[20]

(n) ()

JUN 2.13 (n) A mE (1) AERDUNELLIUA
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2.6 N19911 Bounding Box

Juilsddudmsunisussunugaiinansvesinguinaiidean1snssgeudlonmunge

Aenansliinguas Medduszasianseudmdeudeusouingys 4 anu lagagasanmingduna-

'
| o

i1 Ausameafidnfinseuing 4 9a udrthAmaauazgeaaluusiazunummanuniiuas
Anuge ieflazldnsevdvasuiinseuingfiogueuuugavesnin anvneasldqaiialunns
a¥undosdivaelunsUndoning suaunsd 2.9

W = (maxX - minY)

H = (maxY - minY)

R = [minX minY wight height]

(2.9)
Wl W Aernundng, H Aerugs way R AeAiiuliasanseudmdeuioguugn

2.7 WAdANISUUNNLYA

nstiuinunguuesiinwaneginiu ynq Aresiinwalunguifeifiuazdesiiduniudon
cs' Y a X oA W v = ] | a ! I o
Mszneulumedinaduqlunquiisusienu lnadedlifiidunissenineginigasingurinnuy
lnswanuingiavnaulvnuusasiiniga Wnwanegauaznduazlavaneavineiu ludanesiuil
A mABNNAIUAlUWIETIzNUsyadana gninuluwaididuaesdia Aflvuia nxm lagfiniga
Amazdandu 1 wavinwatiundsiandu 0 wagldfeddy SUM Tunssiufinea wazman
s & ¢ A ¢ o N
WosSIUAYDINTWUNIIATRUN Feaun1sh 2.10
WA = RAANIN + ANLBANUNES

SPUAYYRINNLYA = NNWANIN / ANWAVDINIEDITIUNY x 100 (2.10)

5UN 2.14 dnwagmsuaniASegaznsiuiines
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2.8 U MNYIVD9

[
a 1

Uagtunsuszendisn1snsrsaeudounnsemsouadiunuinmeluveuneasasiud

[ £

Fruaunn lagdulvgduisnsimunigaiu nsWauinszuiunisnssgeudounnses

(%
YU U Ya v

Yo Tngldndnnisuszanananin augiussuudnludd dslugidedaladne
mATRRe e uiodumssAdunsise Tneflswasdonddl

[1] Ytausluiite NMSHAILIALLUUEaNALISEIMSUNITATIVEDUTDUNNTBIN1TUSENBU
wHa9asBdnnIedngd lagldudnnisussanananinianea lndnauen1simuAuLUUTaNILIS
Taeldlusunsuduwuy Color Trainer lddmsUnITIATIERAET LN ZaNd S UNTYLS 4
Toanuazlunad HSV wazlunad CIE Lab ienfiuiluesngesudivinisianimussnges
panu1 Tgarunuluswnsy Xnview 2.33 for windows ﬁliﬁz’fﬁmi’uﬁ’mﬂﬁgﬂmws’mﬁqmi
firsanaaandioneg vesnmdunuy HedildTusunsy MATLAB 2012 uay OpenCV Libraly
Frd Ui oulusunsulunsUszananan e Tagn15ATIANISVINNIEYBIABUNILULT

YMIA8NISAMNRUANUNLTIUU18AISTA AUV IABU TN LUUNAURTU INNUULUINUIUANAE

o A

alaa1nn1svissalean tnefiansanainal L*a%b* Tulunad CIE Lab ansuwiudiniwadan
18N 50% LEATINADUNILUUTVINNIY ?humimuﬁ]milﬁmﬁﬂmimﬂsauﬁm?{auuqumﬂ
Undounsouazgnindnlagruin gaguinatsiazamides nadwsilide Ténmmaaeudiuam 20
A Taediuadatos 120 U Aeslmiuudfivnmglus1uIu1 7767 9 nvianun 1,800 §
wazaeulnUUALEEY 35 f 91navLAl623 § HaNISVAABINUTTIUSLASHENINSaNSWUSEIY

a 1
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s9iu Focal Distance (FD) = S’ =051 w3 51 cm.
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Working distance (WD)  Focal distance (FD)
Field of View (FOV) Sensor size

(3.2)

Field of View (FOV) x Focal distance (FD)
Sensor size

Working distance (WD) =

7x0.51
15

Working distance (WD) = 0.91 cm.

Working distance (WD) =
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Field of View (FOV
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no. of pixels

238
960 pixel
Fa91NN1TINTLYLIINNADIAAIMNTTUUALBHIIITAUN Tuszeg 10 Wwudiuns a1l

Resolution = = 0.00025 cm

unluguazldands launsonsaduliudiuiviamels

INTPYLTAINNTDIQAAMNTTULALUNIIATANN Treeh 15 Lgufiluns

AUIUlANANNISA 3.3

/ Field of View (FOV)
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- mMsEsASsuigy
x=imread('2ng.jpg);
y=im2bw(x,0.5);
y=imcomplement(y);
y = y(1:end-10,);
imshow(y);

hold on;

- MIANANSREAZUDININILNIIIITRUN
% //Read in the image from StackOverflow
x1=imread('2ng.jpg);
x2=imread('1.jpg);
% //Threshold and remove last 10 rows
y1=im2bw(x1,0.3);
y2=im2bw(x2,0.3);
yl=imcomplement(y1);
y2=imcomplement(y2);
% //Calculate all bounding boxes
sl=regionprops(y1, 'BoundingBox’);
s2=regionprops(y2, '‘BoundingBox);
%// Obtain all of the bounding box co-ordinates
bboxCoords1 = reshape([s1.BoundingBox], 4, [1).;
bboxCoords2 = reshape([s2.BoundingBox], 4, [1).;
% // Calculate top left corner
topLeftCoords1 = bboxCoords1(;,1:2);
topLeftCoords2 = bboxCoords2(;,1:2);

% // Calculate top right corner
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topRightCoords1 = [topLeftCoords1(;,1) + bboxCoords1(:,3)
topLeftCoords1(;,2)];

topRightCoords2 = [topLeftCoords2(:,1) + bboxCoords2(:,3)
topLeftCoords2(:,2)];

% // Calculate bottom left corner

bottomLeftCoords1 = [topLeftCoords1(;,1) topLeftCoordsi(;,2) +
bboxCoords1(:,4)];

bottomLeftCoords2 = [topLeftCoords2(;,1) topLeftCoords2(:,2)
bboxCoords2(;,4)];

% // Calculate bottom right corner

bottomRightCoords1 = [topLeftCoords1(;,1) + bboxCoords1(:,3)
topLeftCoords1(;,2) + bboxCoords1(:,4)];

bottomRightCoords2 = [topLeftCoords2(;,1) + bboxCoords2(:,3) ...
topLeftCoords2(;,2) + bboxCoords2(:,4)];

% // Calculating the minimum and maximum X and Y values
finalCoords1 = [topLeftCoords1; topRightCoords1; bottomLeftCoords1;
bottomRightCoords1];

minX1 = min(finalCoords1(;,1));

maxX1 = max(finalCoords1(;,1));

minY1 = min(finalCoords1(:,2));

maxY1 = max(finalCoords1(;,2));

finalCoords2 = [topLeftCoords2; topRightCoords2; bottomLeftCoords2;
bottomRightCoords2];

minX2 = min(finalCoords2(;,1));

maxX2 = max(finalCoords2(;,1));

minY2 = min(finalCoords2(:,2));

maxY2 = max(finalCoords2(;,2));

% Draw the rectangle on the screen

widthl = (maxX1 - minX1);

heightl = (maxY1 - minY1);
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rectl = [minX1 minY1 width1 height1];
width2 = (maxX2 - minX2);
height2 = (maxY2 - minY2);
rect2 = [minX2 minY2 width2 height2];

z2=imcrop(x2,rect2);

n = size(zl);

zdiff = z2 - z1;

Onee = sum(zdiff(:)== 1);

Zeroo = sum(zdiff(:)== 0);

Pix = Onee+Zeroo;

PercentOne = (Onee/Pix)*100;

imshow(zdiff)

text(500,900,strcat (\color {red},'Percent =',num2str (PercentOne)))
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Rajamangala University of Technology Thanyaburi is the technology university
which focuses on human resource development in science and technologies. We
emphases on producing professional hands-on graduates, who are ready to work,
research, invent, innovate and provide innovation research to the community and society
which support industrial needs, and benefit the countries economic advancement.

On behalf of the university, board and staffs, we cordially invite all the
participants from all over the world to attend “The 2™ International Conference on
Applied Science, Engineering, and Interdisciplinary Studies 2019 (24 ASEIS 2019). The
aims of this conference are to exchange and to discuss information about the latest
developments, trends, research, and future outlook in science and technology field. It also
provides a stimulating and informative forum for discussion and a platform for
collaborations among professional societies. also to enhance technical exchanges among
participants through plenary lectures and technical sessions.

On this occasion, I sincerely hope that the outcome of this meeting will be
another step to provide the opportunity for researchers and students of the Rajamangala
University of Technology Thanyaburi, together with 18 Universities from Prachachuen
Research Network University. We sincerely hope that ASEIS-2019 serves as an
international platform for meeting researchers from around the world, widen professional
contact and create new opportunities, including establishing new collaborations, which is
useful for the development of research to improve quality both nationally and
internationally

We sincerely invite you to participate in ASEIS 20 19 in Bangkok, THA]LANDv

Uraohe Lplionies;

(Mr. Virach Hotravaisaya)
Acti i
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Aocrosident

Rajamangala University of Technology Thanyaburi (RMUTT) has an intense
commitment and in resolution to educate. develop learning processes and support
academic research, which produces qualified graduates to society and global markets
requirements. RMUTT offers courses and programs leading to officially recognized
higher education from bachelor to doctorate degrees in several areas of study. Our 29,000
alumni members are among the scientists. engineers, researchers, and innovators in
industry, universities, and government sections on professional levels.

The theme of “The 2™ International Conference on Applied Science,
Engineering and Interdisciplinary Studies 2019 (2™ ASEIS 2019) and The 4%
Prachachuen Research Network National and International Conference (4" PRN-CON)”
is to provide open discussion and valuable feedback among prestigious researchers, with
their most current and innovative achievements in applied science, engineering, and
interdisciplinary studies. The conference will include plenary speech, keynote speeches,
invited speeches, oral presentations and poster presentations. As an annual gathering, it
provides an extensive platform for scientists, researchers and scholars to present their
research results and discuss the practical challenges encountered and the solutions

adopted. The previous conference ASEIS 2018 successfully held in last year, has attracted
over 150 participants from 6 countries.

=t

(Assistant Professor Dr. Sommai Pivsa-Art)
Vice President
Rajamangala University of Technology Thayaburi, Thailand
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Institute of Research and Development (IRD), Rajamangala University of
Technology Thanyaburi is committed in developing a research and enhancing a research
quality to be internationally recognized. We realized the importance of disseminating
research results to society and encourage researchers to extend their research, invention
and innovation into commercialization.

The 2" ASEIS 2019 together with 4" PRN-CON conference offers a wonderful
opportunity for all the scientists, academicians, industry people and young researchers to
meet at one place to share and gain knowledge through oral and poster presentations in
the fields of technologies. Participants from the top international academic, government
and private industry of different disciplines participate in ASEIS 2019 to identify new
technology trends, development tools, product opportunities, R&D collaborations, and
commercialization partners. It is an excellent event for students to meet and discuss with
lead researchers. The conference covers all frontier topics such as information and
technology, visual information processing and color vision, innovation and technology
for engineering, technology for medical science and herb, nanotechnology and applied
materials, applied science, business management and administration, and humanity and
social sciences.

We appreciate all the generous from our guests, many universities and research
organizations in Thailand and worldwide. We hope that this conference will give you
valuable contacts and knowledge which be helpful for everyone.

(Assistant Professor Dr. Warunee Ariyawiriyanan)

Director of Institute of Research and Development
Rajamangala University of Technology Thayaburi, Thailand

A
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. 2" ASEIS 2019 and 4™ PRN-CON

Detection of Component Missing on Printed Circuit Boards
by Image Processing using Pixel Counting Technique

C. Boonkong', W. Ooppakaew **
1.2 Department of Electronics and Telecommunication Engineering
Rajamangala University of Technology Thanyaburi,
Email: Chatchadaporn_b@mail.rmutt.ac.th *Wichian.o@en.rmutt.ac.th

Abstract

In the process of assembling the electronic components on printed circuit
board (PCB) is the part that necessary to inspect because of it is the main part
for connecting the other part together If this part was missing, it may cause
unavailable phone and getting error in the next assembling process. Currently,
the manufacturer assigns the operator to inspect the damaged component on
printed circuit board using visual inspection. When the operator has inspected
the part for a long time, it may cause eye fatigue that affects error in inspecting.
Therefore, this paper proposed the method to inspect the damaged component
on the printed circuit board using pixel counting method with one hundred
example pictures of printed circuit board (size:1478x1108). From the
experimental results. were found that the pixel counting method providing more
efficiency than the traditional method by 92 percent approximately

Keyword: Detection of component missing, pixel counting technique, image
processing
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Detection of Component Missing on Printed Circuit Boards by Image Processing
wsing Pixel Counting Technigue

L Boppkene'. W. Ooppakaew ™

'? Department of Electronics and Telecommunication Engineering
Rajamangala University of Technology Thanyaburi,
Email: Chatchadaporn_b@mail.rmutt.ac.th “Wichian of@en rmutt ac th

Absiract

In the process of assembling the electronic components on printed circuit board (PCB) is the part that
necessary to inspect because of it is the main part for connecting the other part together If this part was
missing, it may cause unavailable phone and getting error in the next assembling process. Currently, the
manufacturer assigns the operator to mspect the damaged component on printed circuit board using visual
nspection. When the operator has inspected the part for a long time, it may cause eye fahgue that affects
error in inspecting. Therefore, this paper proposed the method to inspect the damaged component on the
printed circuit board using pixel counting method with one hundred example pictures of printed circuit
board (size:14T8x1108). From the experimental results were found that the pixel counting method

providing more efficiency than the traditional method by 92 percent approximately

Keyword: Detection of component missing, pixel counting techmique, image processing

L INTRODUCTION

The main board of mobile phone consist of
many clectronic components inside.  After the
assembly of components on the printed circuit
board, the inspection is necded to check that the
components are correctly on the position as design.
The missing components on printed circuit board is
very important to check due to various components
on printed circuit board are connecting the other
parts together. If the component on printed cireuit
board was damaged, it will make the printed circuit
board not carrying the electrical current to the phone
parts regularly. In present, most industry need to
inspect the missing component and circuit using
digital image processing such as [1]. Using AOI
machine to inspect the quality of printed circust
board is high ecfficient but the price is very
expensive. Other researcher used Sobel boundary
extraction [2] to find coordinate of missing
component in sample image compared with original
image but this techmque cannot detect the small
parts or overlapping paris.

The process of missing component inspection
on the printed circuit board wsing pixel counting
technique 15 counting the numbers of white pixel.
The procedure for counting the mumbers of white
pixel consist of converting RGH image to binary
mmage [3] which has 2 contrast levels: white and
black level. For fast image conversion, using binary
image and adjust the suitable value of threshold is
needed. Then the complement function is used to
invert binary image. Calculating 4 coordinates of the
object with bounding box method and sum function
to summarize the pixel are utilized for analysis.

Finally, the experimental result found that
pixel counting method has capability to inspect the
missing component on printed circuit board around
92 percent and can detect overlapping parts

efficiently. However, this technique will be
implemented on the real hardware to prove that it
can be mspected the missing components on the
mobile phone main circuit boards.

1L MORPHOLOGY

Binary image

Binary image 1s the image that displayed in
black and white level, the image data in each points
were defined by 1-bit binary value which 1 value is
white point and {1 value is black point on image as
figure 1

The creating of binary image finished with
threshold technigque by comparing between the first
image point and constant value which called

“threshold” that has  wvalue between 0-255 as
equation |
giij)l = _[ 1 for il =T
o for il j1=T (1

Where 15 the mnput images, g is binary images. 115
constant { Threshold Techniques), gfijl=1 is visual
clement of the object, gfi j}=0 is background image
clements[4]
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Complement image

The complement of binary image which
makes the opposite binary value from black to white
and white to black as figure 2.

R

(b)

Fig. 2 (a) Color image (b) Complement image

Bounding box

Bounding box is the function that estimates
[5] the center of object in detected arca when
defining the center point for object. The function
will create rectangular box surrounds the object by
creating black and white object to calculate the
coordinates of rectangle and then let the minimum
valuc and maximum value at cach axis as equation 2

W = (maxX-minX)}
H = (maxY-minY)

R = [minx minY wigth height] 2)

Where W is the width, 1/ is the height and R
1s the stored value creates a rectangle that is at the

top.

Pixel counting

The counting of the numbers of adjacent
pixcl. all of couple of pixels in the same group must
has conncction linc that consists of other pixel in
arranged group which not has way between the
different group of couple pixel. The process of pixel
counting is releasing a number’s group for cach
pixel; the pixel in the different groups obtained a

79

different number in this algorithm. The complement
binary image stores in 2-dimensional matrix at n*m
size, with image pixel is 1 and background pixel is
0. Then sum function is used to summarize the pixel
of the image. Finally, finding the percentage of
image is calculate showing the expected results as
figure 3.

Fig. 3 Pixcl counting
IIL METHODS AND EXPERIMENT

The onc hundred printed circuit board
photos with the size 1478 = 1108 pixel from digital
cameras arc used to this experiment. There is an
analysis process as follows.

e
| Sest |
, o J
N .
Desect RGH coler fnages oo dgatal canesas. l
————ep—

.
L Change the ooler Fmmge o black 14 wdore image
‘ DA HAL
| Contpletedtmgn o[ Ty e
v
¥ind the edpe of the object by mears of Bovoding Bax

T

f

— — NN
Congat e poxels of the ohject By cougting oaly the whoe preels

Fig. 4 Experimental procedure
The experimental procedure 1s getting an
original color image which obtained from camera.
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Then converting the color image to complement
binary tmage for finding a top white pixel, bottom
white pixel, left white pixel and nght white pixel is
processed. The program will create rectangular box
to enclose the desired ohject after counting the
numbers of white pixel. If the percentage of white
pixel is between 46-49.5 percent, the result shows
that the components on printed circuit board were
not missing. However, if the percentage of white
pixel is higher than 500 percent. It means that the
components on printed circuit board were missing.

Table 1 The result of missing component on printed
circuit board mspection from 100 images using
white pixel counting with the maximum pixel value
and mimimum pixel value as follow:

. Maximum
. L Minimum P

printed circuit board pinel vl pixel

value
Component Missing
on Printed Circuit 499720 61.1445
Boards
Component
completely on :
Printed Circuit 46.1557 49,5647
Boards

(b)

Fig. 5(a) Component missing on printed circuit
boards (b) Component completely on printed circuit
boards

Table 2 Component prototype on printed circuit
boards and component missing on printed circuit
boards from digital cameras

Position
name

Component

Component
Missing

IV. RESULTS

The inspection of the missing component
on printed circuit board with pixel counting method
using 100 sample images, it found that the method
can inspect the missing component on printed circuit
board around 92 images and getting emor from
method around ¥ images as shows in table 3

Table 3 The result of missing components on
printed circuit board inspection from 100 images

Examunation The program The program
detect that detect that
missing completely
Campanant
Missing on Printed 92 8

Circuit Boards

From the result in table 3 found that the
pixel counting method can inspect the missing
component on printed circuit board at accuracy
around 92 percent and error percentage is & percent
that caused by bnghtness while taking the image.
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Therefore, the research will consider this factor for
developing the inspecting system in the future.

V. CONCLUSION
In this paper proposed the technique of

missing component on printed circuit board using
pixel counting providing more efficiency than the
traditional method by 92 percent and emor
percentage is & percent that caused by brightness
while taking the image.
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