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Development of System based on Digital Image
Processing for Precision Measurement of Micro Spring

C. R. Pyo, S. H. Kang and B. H. Jeon

Abstract

The purpose of this paper is the development of an automated measurement system for micro spring
based on the digital image processing technique. This micro spring can be used in various engineering
applications such as filament, load bearing springs, hard disk suspension and many others. Main
functionality of the micro spring inspection system is to measure the representative pitch of the micro
spring. The derivative operators are used for edge detection in gray level image. Measurement system
developed in this paper consisted of new auto feeding mechanism to take advantage of air pressure. In
the process of development of the micro spring inspection system based on the image processing and
analysis, strong background technology and know-how have been accumulated to measure micro
mechanical parts.

Key Words : Digital Image Processing, Micro Spring, Image Enhancement, Auto Feeding, ROI(Region
Of Interest), Luminance Pattern Recognition, High Resolution Camera
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Fig. 1 Micro spring with very large aspect ratio(1/80)
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Fig. 2 Schematic diagram of the developed system
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Table 1 Specification of BL18120
Index Performance
LED life 100,000 hours
H&Lﬁgﬂtgé%ht +/= 6% over illuminated area
Operation

0 ~ 65°

temperature range

622 /3t= AMIREEEX/A11d A75, 2002

25 RElsd A=y g‘%’é‘ﬂ

PE olEAA: FY -EE HE sk dF &
PARINA o] FBl = FA|=A f??- Hojilol o]ato] of
F&He7} “454“1 Ax A Ao wel olHHlE
9 @A) FREIL QT BRI s 7o)} 7
Ragolal AA: 2oy HEol sidsh: AR &)
wopel] o] 27| 74A} 7} Fopel Fol o]&¥i Qlrh UN:
How A& 7HE Wo| AMEE T ol FV|(FE
H4A 5 parts feeder) iz FEE o] &3 -'i"-(bowl) 3]
Bl W A dlinear) HE7} W] AMEE L vk AL O
Aol Z24ad AXEg 13 A8 M row mre)-— 7
A g Ao AFite] Yglol A ARt %
58 oA 2AY Axyrhe JylE fushy,
A g A el BE A4 s
u} olejgt FAH-g siAsy] g8l Al ’fr’ o & A H
AEketgivt. Al Are ol&v]e] Yeli: Fig. 33 #Zol
o1 Uloll 248 ~ZEE Je 3o Plg 49]r o] -
woll A 14 FUIshe Bolo] Whojlyos Ago] g
A dd Aoz mxurks Aolr

S
Air blow

Qutput Spring

Fig. 4 Basic concept diagram (extract state)

X ""-i}XHlEl 71MAQl g
THIT A robot)

Al A

L’rEMUr S 4
K l% -’ITE%‘OI

& stackeri

stackeroll A ¥ ~ZHYL FESH] A 22k wFy
& wHE YT 2 )i A9k o]l &k
RS A=



Extraction
nozsze

Stacker

2nd air
L nozze

Fig. 5 Diagram of feeding system for micro spring

FFRAL AFe F 4R olstol
i, G4 Fig. 94 sk Fig 62 271244

Spring supp!y‘

Down ¢

Fig. 7 Second state

Spring output

LL ﬁl\u supply
e

Fig. 9 Final state

Fig. 7& % w4 @Az Aduy}t adatn, ol u
2 2ol 53 ofgipRon Wolk HHolt of
u] MHe] 2HEL stacker Woll A Al 2l
FHEHH, MMz stacker Yol B 24E A
o] &8 AAste] AdAeF olslr W WHI} e}
2 sojglch Al WA dAlelE A-Yrst destel &

b wleE e, 132 308 FEet) ou &9
ol el A)\sﬂ 2ol Zate] oA =
H %9 stacker WH-2 o2t} Fig 9%

! lfa*ﬁ 22k w9ke olddiM xZHE FE6
: PUNE S

o

o

~
T
15

SLp
=
T

-

o
-

oo [H
T g
,4_‘

o,
o
. ol

-

2

£

SE
&

s
4J:IN
‘o

1 oHﬂ
S

o

>

[

&,

©

—

=

o om
)

H
o
o M
2
é )
o

=
o
T
. 2

jinca
E £
)
e

o -

o
iy,

o o,
-

Bl oX, oy SLopn by
o
2
- O
of o
g
i
i1
gi"
a2

o M 2 o

N
5
3-_2

ot o
N
=l
)
\"l
&
ol
o
N
I
A
o
-z
o -
r\l
1o
o2,
Y
o
T
z
o

£
i
2
o
ok
4z
o
o
2
&
it
2
oft
-3
)
o

AN R/ A LA ATE, 20023/623



et

729 AFs JAe ¢di=d) qauAe]y ol <l ﬁﬂ A
ool AAHQ Fv)E Y & i Sl &abw F7rdele] viAel A AR payivh
Adg 5 et
oj#idt FrFY o] gAY ML T oF, g, y) = hlx, V)< Ax, y) (n
AL Ao g AXUAME 2 4709 AL 7R
B N2 FEIA HUCh Ax. )= 9 A4s e glx,y) 4ol 28

ety g3 Vel D k(x, y)i= position invarianl

Table 2 Results of feeding system operation operatorolth. A1) A(2)7 ek,

Nozzle Amount of Time Air
Size Spring = o . .
(mm) Ea) | & (kPa) h* fx, y) = Zl th(l,;) cRx—idy—i) @
$1.30 00 | 180 08
S5 400 180 08 AL g A@)ell sl A(d)iL w3
: 400 160 085

Ho=(rad= [ A0 gt=)de @

Glu, v)=Hu,v) - Flu,v) (4)

od7|A Fu, v)i= A888t7] 9138 Fourer Hgo]
i, H(w, )+ 98 93 ghpor) & ooz 3
stal glE] ZoA] jowpass B9l HASt median HE
WA ALESEA T

03 &HOperations)

Fig. 10 Inspection system of micro spring

3.1 E&sKEqualization)

Hakal" Aaiz dAolA mFE RS FAaA)A
AFy QRS BEATNRT C"f‘""‘ Fig=d Jif}ﬁ} Ae)ir
HYE HEj$ o] g3 Hgr} Fiz o] & k. ouiE
AEl 8 vl AA(mask)EhslEe k3l 3%3, 5x5, TXT 59
271% Z4evh #@E3g Aol lowpass WU (filter),
median 3 1 129 o] 43}il vk Fig. 112 AxRkHel 3

Fig. 12 (a) Spring image Fig. 12 (b) Background image

X3 mp1f Bolrt,
Wl W2 W3
I Fig. 12 (¢) Enhanced bright field image
W4 Wo Wo
|
W7 | W8 | W9 el gayel o A Ao el Ak
&% gt 248 Axdgel ir YA 2AY

Fig, 11 A 3X3 mask with arbitrary coefficients(weights)

624 /= AMIBEEX/A 1Y TS, 20024



M 4(scale factor)i2 Z1#lo] #l(gray levelo] 7V &
o Wl 2665 A HlAG e R oA =Y i
AAE die] doixAAl Ak e} G Al A
o] AP Ak 21 Ao A o] Fol Az BAR 24T
~EYo AL wagks A A Fith ol Heks)
71 AEiA o] AAE FE Wu(buffer)d A7
CA] FallEoiia Al A3 3‘]79 01 03%"3' aq&
T A8t olegt dAF My 7ge
Aol Bkt 7hd & 4 glens
F9 FAd 9ol §lizvHE vel wdst
Tl AA G LA eR U

-

o

33 ol x| AZ&(Edge Deteotlon)

7&‘:(intensity9] %5}013}“ ) /] _@12 ) =R
A AE 7PEL Wl Ak} Aldbel] A o
Oﬂ"‘l om el Aol 12} wEE I1 Ao 7]&7
(gradient) F17]% vERATE
A fl, 9 A3 (x, y)HAMe] 71e7]= 4
58} 3E2- HlE otk

G .

_ x| ox

v = [Gy]_ 3 f (5)
ay

o7 Ao Fas ghe ol WEe =vjolm, ofi-
kA 0. 7}»‘}6—1 I 59, vF2 B
2 Uk,

L A7) 26

vF =mag(vf)=y G+ G} (6)

o gk vigl Wgon vyl Aod f(x,3)9 Hu
F7hevh 2 ARl M 7187l A gER AW
3} qbo] LAEHstel o] AbgEILE

V|G )+I|G,] @

N&7) WE e wek 9a Fadk dolth a(x, v) 7t

(x, Wolsel wel vie] w3244 vebdca shd
W a4 o RE thie] A8 A& § stk 9YIA

2e x5S NFoR Sk

Sle A9 B Ael Asg A

[s3K=}

G

1f Gy

a(x,y) tan ( Gx) 8
Hoolito M3z Abv]e] W] 27 sk Yl YA

ARt A& £ LB S F FAH3a e

Faol #Rl(line)e 18, 21 2H)E 27W(scan)dte] o
Efuhyz oAt A& 4 RS sk ol wiE
ARG ol R G Aol el kARl oA HE
ol veht gl B XS HEST] wiel] A
SAstaat ks Eﬂom (Gl HEd oA 32
#F) ol9je &% JPLU} dlolel7h v wolA A drth uf
A el AR SN FAuA dhe B o
Buhe dEste], ofF At AHggoRA 549 &

&4 skl

34 Aldt ¥ EH(Calculation & Calibration)

ek sk 2lo] ¥ MAF A As FEE
Qo) FEe AL 1 B Ak Aue Wy
& Eh ool s ARE HE o]y
SLAE AR FRaA sk HELAY AR
AdP A FE0 © YlA Uelel B 2
s 7 Mg % A (xl,yl), (%2, y9) & Arke 4

Aol e ok 4 @9 2k

=2V (py ) ©)
Xo X1

wY % A8e @ de A dd @ 2y
FRlAEtaL 7 3 Alele] Al A €k
210 F 3 (x,3), (x9,39) Aole AgE

D=V (% —x )+ (3 —» )2 (10
B od-fo A= Yo AAbEE o] &3l B9 i

§ A4, Bat gol® olz A Hu /1E AR
& o183 14 gt Abstel Ad GO AN,

2 MIIEEEIR/ ALY ATE, 20021/ 625



3z

_u.o"!"

e 8] AR el A A ol
Aol Pio] EAGEE UA FuLt DL ¥
o] Jgere 3tpartial scan 0},_ o] w45
oI Fig Bl e a5 gyeld i

a& veRd Ao# ROIRegion

Fig. 13 Selection of region of interest from the whole
image denoted by green box

oz Aol gelel BH FgAeln FAsK 5
b A7} oA gl A9z 23y

& 4se] 9y Aelshs glo] Augor
o] oleldt ROL 99 AAatel a4l e Fasialet

H

2 pas

Fig. 14 Scan of the image inside the region of interest
to location the tip of the upper lead of the
target micro spring

Fig. 15 Scan of the image within the lower wire to
locate the root of lead wire

626 /8= AM4IFSsEX/A 11 A7E, 20025

st ol
’»,‘l/] £l ?%Oﬂ* Qliigh 2kl
Aozl dEE ROIY $d
HA ey webd vpis w
7uob bR Wslskis g #

>~

2 slke) 9Jx ylEste] 24

3

gepare) el 7o) e
@ane 2] A9 A4 -

Prdel g 37 A% Axsh fAbsh Fig 153

erAe] ols Fab] 1% saolu,

el A7 el A EAlo) dEE 914
of WMEES ANAT FH A Asgol e A4
& ghivh A 271de WRL L A i
sefo] oA AgE B Al aheke] Pual

15 ks diol ARG 2lo) AR AR
Joksl7] Sla) 279 A Hlad b ARl AR
éiﬂr. G Aol Wshrol xvlel MA gy =9
JLHe] Ao Folo)l e Ao vlA] AWE A
Ak o7l el ols) 4eat darel 94 e
o 4 i A eklel Ao AR Weret & g,
Fig. 16& #x}& dAsR: o 248 ~xyy)
ga)sl urako iz gtel AN sHA ¥

s endunixulunfnaluntenfurfunies]

Fig. 16 Determination of the coil pitch of the micro
spring body

Sgel g 4 gliiol 44 W) wel Adg
A 314 Apole] (HAG EEF 4 glekh olug sl
g solyel AAA WRHE pal WAES Ak
R S e
clste] st olgalel A2 A 13 5 A
229 Axgel diF A+ HuE W A Fg
[ e Hsel 15t gel shvio] e Ak



Upper Lead Length = 2 00
Lower Lead Length = 2.00
Average Pitch = 0.148
Thickness = 0.34

Coil Overall Length = 21.46

Coil Number = 145

Fig. 17 Display of the summarized results of the
analysis of the micro spring
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