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ABSTRACT

New morphological positioning algorithm and inspection method are presented and compared
with a method by means of the Hough transform. The positioning algorithm is the process of
finding the center and the rotated angle of the surface mounted device (SMD). The inspection
method is capable of detecting the location of broken or bent leads. In order to obtain the
center and the orientation of the SMD rapidly, the Hough transform method utilizes feature
points (concave points) and is executed on a DSP board. The proposed morphological method
is implemented by using the morphological skeleton subsets, and an ultimate orientation is
decided by the Hit-or-Miss transform (HMT). In the inspection process, two inspection
methods also are présented. The first method utilizes the morphological methods, i.e., opening
and closing. It is performed before the positioning process and called an initial inspection. The
second method follows the positioning process and is performed by an inspection of
intersections of rulers and the lead edge (or the skeleton). It is a ruling technique which is
referred to as a detailed inspection. We find the morphological approach is preciser and faster
than the Hough approach by the comparison of the proposed algorithms.
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38 13. EAA9 Hough Wt o3 Ad
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Fig. 13. Experimental result by the
Hough transform (image 1) @ (a)
edge image, (b) concave points,
and (c) center and orientation.
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Fig. 14. Experimental result by the
Hough transform (image 2) : (a)
edge image. (b) concave points,
and (c) center and orientation.
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AAge] ol o8 ezl FAAHe iAot A=
ke 73 A2 a9y 1339 28 149 (o)A B
o)z glvk ¥ 159 2 16904, (a)& 22131
Aol 5x59] CIRCLEE opening &4H& ko] 13
7 2l=ge Gield, (e 4 ¥E3gT 93
ARl TS, (c)= o] Tl o= Falxl 34
A 345 4xg BedFa gl

(c)

(a) (b)
-] o X]

a8l 15, 374 T%%:]@'"ﬂ g% A3k (94 1)
Ha) R 44, (b)) 253 A= (o)
FA 2 uhek

Experimental result by the mor-
phological approach (image
1):(a) leadless image. (b)
cornerpoints, and (c) center and
orientation.

w289 173 23 184 58 oiAlel didt
¥ AL HAE Hola gt

(a) (b) (c)
3% 16, 4 FEAEe 4% A (94 2)
C(a) FEde Y ) FUHE,
(c) B4 4%

Fig. 15.

Fig. 16. Experimental result by the
morphological approach (image
2) :(a) leadless image, (b)
cornerpoints, and (c) center
and orientation.
F aygdd (a)v FEIH oA GAaleld (e
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AAE ehdick 23 199 33 20¢l4e Bl=gle
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gk FF ZAL g dolx gtk (a)e FAEAE
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Table 1. Experimental result for image 1.
1 Measurement ‘ Error
 — . .
_center (mm) | Angle | center (mm) | Angle
: » N o v (degree)|| T v 1 (degree)
TP — ;
Morphological| .\ o0 | 14375 | 51709 | 0.028 | 0.025 | 0.209
Method i
Hough o 200 14340 | 50,026 | 0.098 | 0.060 | 1.474
 Method || T | SR R ' -
( actual position = x © 21.3, v : 144, 6 : 51.5)

(d)= Bl=9) Ao I e} ul3ko 2 el
THH rulerg HEF Aold, (o) FAH3 7
ruler®] IApH o RE] T 2= WS el
Rem, (e AA 2l=e] wekdddr Pz Bk 9
2] 3XE Jeigles, ‘o Beal 9 ¢AE,
fo’ iz Foiz] ;o $E Jehdc)

(a)

(c)
a8 17.

(d)

A=Al F-F HA} Aw} (dAk 1)
© (a) oAl 44, (b) A<} ruler,
(c) rulers} 2= ¥kgk (d) 2l= 8
S‘J:

Ruling results on edge (image 1)
: (a) edge image. (b) edge and
ruler, (¢) ruler and lead
direction, and (d) lead direction.

Fig. 17.
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Table 2. Experimental result for image 2.
Measurement Error
center (mm) | Angle center (mm) Angle
‘ X | (degree} x v (degree)
| Morphological |, 490 14.063| 0.00 | 0.020 oo | 000
Method : : : B
Hough 20.390 14063 000 | 0410 i 0.037 | 0.00
Method | e il e e
( actual position = x @ 20.8, y : 141, € :0.0)

AnAg wolw Uosd, E 3ol 2 dzelEel o
@ 4 A7k A2 DSP MEdAe) 8 A7kE
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HEGTVARELEL T

(a) (b)

i 15810 b0 " =|” 'l “I___
= =
= = =

TR TERe ”” . \ “

() (d)
28l 18. dlxldlA e} ¥-F AAL A (44 3)
©(a) oA 9k, (b) SIFIg ruler,
(¢) rulerst 3= €3k (d) 23
= 8=
Fig. 18. Ruling results on edge (image 3)

(a) edge image, (b) edge and
ruler, (c¢) ruler and lead direction,
and (d) defective leads.
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ARk AdE ¢ v ALY A=E A e 2
T gtk ole FElYushE o83 vy so]=e}
¢l = Z M4 (nonlinear pipeline processor : NPP)
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HEfREE S

o 23k sh=dole] T A o] A wE AT
Aele] SMTE 7FsA & AL 2ofErth

E 3.7 nelEs DSP mucldg 43 A7
Table 3. Execution time of algorithms and DSP
board.
i
Execution Time (sec) ‘ Image 1 Image 2
Morphological Method ;(7 39 33
(on SUN4) ‘ ’ .
. .
Hough (M SUN 38 i
~Method () PSP board) | 0.310 0.294
\ b _
F 10
& %, O
@ ’/,// \@
§ B

(a)

)
(e}

(d) (6]
a3 19. ez RGN ¥F AL A
3 1D ¢ (a) F=gls 9 ()
gl 94, (o 8= 34, (d) 34

. (e) rulerst ¥z Wk ()

Fig. 19. Ruling results on morphological

skeleton (image 1) @ (a) leadless
image, (b) lead image, (c)
skeleton of leads, (d) skeleton
and rulers, (e) rulers and pin
direction, and (f) pin direction.
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Fig. 20. Ruling results on morphological
skeleton (image 3) : (a) leadless
image, (b) lead image, (c)
skeleton of leads, (d) skeleton
and rulers, (e) rulers and lead
direction, and (f) defective
leads.
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