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ABSTRACT

Inspection of printed circuit board using the image processing is an inspection
method to find defect on printed circuit board failures with computer . In order to the convenience
speed and accuracy , this method is used for replacing the human eye’s inspection.

The target of this project is restrictive correction in former project that can be
only inspected the defect of small printed circuit board . We are developed the software

program , so that can inspect the bigger printed circuit board , and increase efficiency for

industrial using.
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unuaiums (3.5) asluaunis (3.3)

o o T

P.(s) =[P (r)(AP,(r)] =T (s) (3.6)
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&
e
A ' v
k fio mszaudm 0,1,2..L-1
L fs  $wowssdudmwesnw P (r ) Aennwtheziiuly

LY

mafaganInnszaudng

n, f18 $ougamwilinseRuEnmity k

= °

1 4
n A9 IUIUYANIWTIINUA

NNANNMITVBS P, (1, ) NN Idde Falaunsu wazninaums (3.1) sl
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a - & . .. Aq 9 S Sao "]:j
g launsudadelawdu ( Histogram Equalization) #1#uTasesunseiifidnyasdy ns
n3snennulfounlowuFudu ( Linear density conversion ) Wusionty udiisluns

[] t 4
utflymiuandieiu TaofisEnsaail

Q(xy) <+«—— (a)P(xy)) +b (3.10)

W P(xy) ﬁamszﬁuﬁmwmmwﬁﬁmﬁﬁ'ﬂ X,y laqneumsulasa
Q(xy) ﬁafiﬁzﬁ'uﬁmwmmwﬁmﬁﬁ'ﬂ x,y lnqudamsutass
a ABBATIVNY (Gain) b DA off - set

0< P(xy) <255 0< Q(xy) < 255

Tagiimswinisa 3 Snvaizie
L aniidauIngjegnedrovesnsaalaunsu( Enhancement of the lower part of an
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g a ' tY 4 P A
'uilzmuﬂ')]llﬁ')’lﬁ‘ijﬂﬁﬂ1ﬂ1ﬂﬂ1ﬂ‘llﬂTﬂtJi]::iJﬂ‘l';‘ﬂi:’,il‘ltlﬂ‘lwvlﬂﬂ‘mj']‘mﬂ

0 127 255 P 0 253 Q

<Histogram of P> <Histogram of Q>

W 3.7 namBaTaunsy ve P (xy), Q (x,y ) N30 Lower part
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255

0 127 255 P

PinmnAens Mo NUFNRUS Q (xy)=2P (xy)

2. anwddiulngegniuniievesnsiMgaTaunsy ( Enhancement of higher part of image )

Taslda1 a=2 uaz b =-255 Tagmwh ldeslidnyazaind memmsaannuainas lay

Yo § 4 o &
AUNTHILHININILNUNDRUANUANTANINVY

A3

0 127 253 P 0 255 Q

<Histogram of P> <Histogram of Q>

519 3.8 N3 B TaunsuueI P (x,y), Q (x,y ) N5 Higher part
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} 910AY vwemaummsﬂmJaamszﬂmmwmmw‘lmi‘lu"lnms Tasdmualddiudagdy 1
" ( white ) wazduninidiu 0 (black ) Tnouansdalaunsuesedumim ( Gray level histogram )

t AN
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Frequency
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I Gray level
T

11 3.10 uansmsuansda launsuiitiste loasa 1@y, (single threshold )

Frequency
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Gray lavel
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4 A 4 P ' o 4 /o
definrsanguii 3.10 Fufudalaunsumszdvding Aldnnileidu £(x,y) 9

Yszneudroanuahaiiudiuvesinquazanudaiudinvesnin annsautd iy

o ! o Jd 1 o 1 {
SaquagainlasmsidenaAusiylean T Taold £ (xy ) < Tifudruvesiaguazdiuinmie
1 a =) 1 v A - 1 o =) 1 o A
aiffuduvemin  Avsangd 3.11 Imsudessdudimiuandreiueenly Aeuszaud
y [}
meenidii 3 nqu (2 Sag uaz 1 a0 ) mawnsalFiTReatuiiitga (xy ) Weldinsen
wonageennnain Taeli T1 < f(xy) <T2 wiewinuusaiageennlay  £(xy)

1 4
<T2 wnzdwmneeld f(xy)>T1  Staenaniildanugndenissniitiden sSslead

REGAIGIR
Aad T o dy
Tasiidsnmsninaeil
T,=T{x,y,P(xy),f(xy)] (3.11)

d' =) 1 o A Aao
dle  f(xy) fio ArszaudimAndgaxy 1aq

=) o 1 1 LY}
P (x,y) D AUV UIYDIMISAVUTIN

gunsamauss¥laanuesn g(xy) 1dlay

1 iff(xy)<T

g (xy) = (3.12)

0 iff(xy)<T

) d e P ' g p
e T Auegfuilard £(xy) szgniSond1 Tnauoaisiylead (Global threshold)
¥ Vo o Poy 1
pazdh T Juegiu 2 Aeddume f(xy)uaz P(xy) 92qniseA TanoasIs Taad ( Local
¥
threshold ) ttazdmssauiueeasn T dYuegivuszezvinnnialassaun x uagy g

= 1 a d 'd .
o laudinisisleas ( Dynamic threshold )
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@ a, =1 o @ o 1
Reddi er al @ lAiannizmsdumuvusiags  dmiumsdan threshold 164

[ b4 ]
image  Ta135msi otsu @ e Vidnndhuftug o anilomiigeen iy

Agmifimunzay Reddi et al. S¢ 1 uennaBonvemanmsgum threshold fou7
2
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diagram MeMa3 Trussler © 1do110 3 Imilugdvesaunisadinmansduq do 'l
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Sin@) D)
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T,,,, T, i A1 threshold Y8IMIIUGT £+7 tiag k mud sy

} 4
mAulsszniegy o°1) dmFumsutaszdy 2 sy Taoah threshold T i ei

om =

Taeh

Po = [p(x)dx

T

Pokp = [xp(x)dx

0

tag

I

Po (U T) + by (M)

Py = [pO)d

o

Pakp = pr(x)dx

T

Polty + ool

(3.13)

b 4
=

(3.14)

(3.15)
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P fe Randuvesnnununiuanuteziiy (probability density function) U494 gray-

level lugnn
x fAn ulsfiueag gray-level
P ' P . a1 g '
o Ao anuhezilud pixel vxiididin T
subscript D M08 dark pixel
ps B AMneiud pixel axfishgenda 7

subscript B M bright pixel

T
pr(x)dx
Uy =2 =mean of dark pixels.

[p(x)dx

[xp(x)x

Mp =-———— =mean of bright pixels.
[Py
T

My = total mean = pr(x)dx

0

aums (3.14) musaangihiy

OJ(T) = pD;LlDz + pBﬂBz - ;urz

threshold Amsnzew 7+ gruden 14 Tavms maximize o(T)

819113 differentiate (Foufy 7 92189

o (T)
=p. (2
e pyQu poe

Ps 2

aT Hp =

7/ ou
Tﬂg + pa(z/"ﬁ)FTi +

=0

(3.16)

(3.17)



B o  p—

—

¥ w—— s Bl R S Py i — LR

(e
aPD
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0Py -
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T o =T p(0)
iag
5 pB<—Tp<T))+[ pr(x)dx]pm 1
Lo - : =—[-T+p,]om)
or Ps B

auANNS (3.18) - (3.21) udmmua luawnis 3.17) 92'd

2r (luo - My ILIDz - IUBZ

T = 05y pay

u

Huh 9 A1 T‘l’ll"r’llﬂ“‘fﬂi‘l’lf{ﬂ ﬁju

T.

pr(x)dx pr(x)dx
T* = = + T

jp(x)dx jp(x)dx

n3e dmsuaumsRanse MNAUNT(3.23) 1Wouldidly

1 in(z’)i in(i)i

T* = _ i=0 i=Ty +1

2 T N
Zn(i) 2. n(d)

=T, +1
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(3.18)

(3.19)

(3.20)

(3.21)

(3.22)

(3.23)

(3.24)
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Tashi N A9 $117IUYOY gray-level vBeg1 AN

dmFugnmiduiludoya s-bit My <2* -1 = 255

v
NTUNT (3.24) 1§35 msudy fixed-point (fixed-point iteration method) Ao

| in(z‘)i 2 n(i

Ton=3 =0 (3.25)
2.n(@)  Dn()
i=0 i=T, +1

' o [~ 1 ' 3 o o
i1 threshold 7 szifuvinauiuiififsznin o fla 255 dmuginm s-bit gray-
level image W51z MINToVRITUMT (3.25) Taauihuausauese udriunilam il

o d o Y [y 3 T T 9 Y] o
lﬂulﬁﬂﬂ'lu'JulﬂllﬂiﬂalﬂU\'iﬂﬁ\?ﬂ‘lﬂﬂ‘li')ﬂiﬂ‘ﬂﬂﬂﬂi\? AINTPIN (convergence) ﬂzvlﬂn']lllﬂ

T, = T, (3.26)
uams1nueieluTaseen Idvimsen 1 Ty =Ty < 0.01 tifoanrnumuszidiulali 147
wlden T, =T,
Convergence
quntsmsuddmiy single level threshold selection amsnoFolugiialyl
1&ei
T = g(T) (3.27)

n+l

a = :‘ : 9o e
DEUNYMIULTVIAUR mnumuuam"lﬂmiﬂm 3.12

9
[

W% 1, g wds 7, usnuny x #1801910m5 projection 98 (7, ,5(T) asuy
NI y = 7 W1saga (7,,g(7,) Roguuns y = g(T) M3 projection TuiIAe 04 (7))
vudu y = 71890 B = (7,,7) 910 T, ssnemnsadnnm gT) wasm1 7, 7, 7, 18&aenisi

1 =Y o [~{ 9
2819AYINU WUAY
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1NAVATT (3.25) 92 141

! in(i)i gn(i)i

: g =] s (3.28)

% don@) Do)

i i=0 =2

I

! fioe91n n) > 0 0214

|

; Don(Di <Y n()

E =0 i=0

' TGH

:l N N

| > n@)i < NY n(i) (3.29)
i=2 i=2
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. @) N nG)
g) s | F—rrt 2 (3.30)

2300 Sn)

i=0

HUIREINY

s%[nzv] >0 (3.31)

— e, RS e T

g@ = [2+ ]

g(N—l)s—%[N—HN]:N—-% (3.32)
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Hunsn1lases NMToUAUNAIWEIa102995 1S Thinning Algorithm %9
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t4 d y E 4 1 v
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1 AA v d . (]
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a
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4 o 4 ] ¢ A 4 [y
o NG1) iWhidwauiiya lidlugud fegdhafueiuga p1 Ao

N(pl) =p2+p3+pd+...+p9

P9 P2 P3
P8 r1 P4
P7 Po P5

3U% 3.14 LAANI1 Thinning Algorithm #1149 8 yadhufivs

2. S(pl) =1
tiie S (p1) fedauveswssaiinlfeunasn o @y 1 Tasasremenmug gy
p2,p3,...,p9

3. p2 *pd * p6 =0 (e * unudrwanin AND)

4. p4* p6 *p8 =0

3 dy 9 o P [] 9 d’ 9 LY
Junouilseldfiunnganiniieglassevvssarsces  dufoulvasandeeiy
19 pl 9zgnisaesn’y
v . ¥ Y v 8 v
LY s LY S A Y A LY ~ LY LY r=1 ]
dunsui 2 Yumeuil Qouluden 1 uaz 2 swduniousvlusuneud 1 ug
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douludeon 3 uaz 4 veldouiiy
5. p2 % p4 * p8 =0
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Y -

' o o ' v A v 4 v ¥ &
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3.6 madhsvagnlgifudiumiaezAania (Chain Code)
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Partial Difference Operator Unfudaluduvesnmnesfasiuvea iy 18rufivey
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s
| yauwavean Wl u'lg

l’
: TMINIeUYeInIW 1A Partial Difference Operator UgiuuuAaiife

fi,j)-fi-1,j), if f is defined at (i , j) and (i-1 , j)
f [DX®] G, ) =
E - * otherwise
E - f,)-fli,j1), if f is defined at (i , j) and (i-1, j)
(DY G, ) =
- * otherwise
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#78619984 Partial Difference Operator 910
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[ * * 0 -3 -1 1
‘ * | -1 -3 0 |
* -1 1 -3 - -1
X = * 0 0 -4 1 -1
* -1 -3 0 *
* 0 0 -4 1 0
o -1 0 -3 0

Partial Difference Operator 493 DX
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