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Automatic Inspection of Geometric Accuracy of
Optical Fiber Single Ferrules

Gee-Hong Kim*, Seung-Woo Kim**, and Ssang-Gun Lim***

ABSTRACT

We present an automatic inspection system which has been developed to evaluate the geometric tolerances of the
optical fiber connectors with an dimensional accuracy of £0.1 pm. The main part of the inspection system comprises a
series of machine vision and laser scanning probes to measure the internal and external circle diameters along with
concentricity by making the most of advanced edge detection algorithms. Actual experimental results obtained through
various repeatability tests demonstrate that the system well satisfies the required industrial demands for in-situ
inspection of optical fiber connectors in real manufacturing environment.
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Gaussian derivative operator (c) Result of convolution

Fig. 3 (@€ A HZA9 “3’7‘:}'5 =4

(x)& Jehde, e 7HSAE m2 dsz)
M) E e o) T 4o 2ERAS Ha
W s 2 Gx) FUe YA U AFAQ

AAHe AXE GOl el 43 ZH B
Fqstal Hupge g2 AHB,

65

232 § 2E guglF

Aed oA HEHE olg&std WA A
A AP E HEI 5 9 2E dugES o)
gt AHEZEE WA F4AH a8z 39
SE AL

Uty o2 FANE 4 $EF dangEFe 7}
$-2- 57 E(Gauss-Newton) & 12]|Z&& o] &3l ur

Hip A8 34 A<5Y(linear least-squares method)
olgstE WWoz BEACDN o £ wwo
AEE dAHY Exo we g2 53 Az

Fod, dEd 0117‘]7‘4"] LF4d 12
23R G dFEe AFHUS Aeole
Ha AsHol ot A &4 AHE 2
T Fol BaHa QIohl 2 =R A &%
2 she ”ﬂi«] 3%, mlolaE Afojze] W
st AF4Y RE XFEE FHE + ¢l

357t ““3?'5}“]
B dAbs
Adstez 54
o}, ageg B
o] &g o =EF ¥d1

mlo

HT-
i)

oL
<0
-

r rﬂ—‘
Nob e
o o R R A

H
=
/‘\l.

rulo

-x)f +Wi-yof-r? €))

AAAAM (x,y;)E AR AR, (x0,¥0,r)
& Airstnz sh= LH’U FTHAHY AR} w7
°IE} p=x5+ys-r‘S =489 3)4e A
W, o4 e xo,yo,p of g My wyHo
2 B4 o2y ey e

& % itk
Xo

Alyol=b )
P
@A ABEe AR B (2x,,2y; - 1)

ol, byA WA B xF+yighe 7R

223 i 24 WS Yehdch @)l
g9 AN WA FHAH (o.0)S p=
2E 97 e AN 5 Aok



A71% - Aee - AT FFAERIREHA A 17H AW0E

24 SAE 53 g12lE 25, o) FEE VES] FolN& Hg 9
$4EE A% 20N £2% 24 ¥%o o] Adolool AP FAUE U WY F

24 974 FAol deted WA FAH wsFe Yok

2 RejEnh aemz by ol¥H e o aey oleld @AREE olF fAUEH

Az WAe FAG S4ae] 479 FAAE A HF FHAA BIY £ 3ow, FH S= 4

g T FAE e AEsidop ok ey Ao HEY FA
Fig. 14 #HEL 979 Z7]E= 2.5mmQldl 8|3 ZHghe oz god
o YAY azeE 125umdA 3 sl FEAE
ol g3t WA 9739 44& FA 53
A& E7hsstd

2 =EdAE M2 SAEE 357 9
sfol Fig. 49 2o VEES ol$% FAE 373
We ol g5t
Ferrule
A
e
Vb@
V Fig. 5 Photograph of automatic ferrule measuring system
=4 AN2R9e Fig 59 $3AAYE AFE
Fig. 4 Schematic diagram of concentricity measurement 2 FAR Ao AR o83 ERFge=E F
4. 34%E Ag FRY, 97 3% 29
Fig 4914 %20 SA8 29 Agel v 3 WA 2 SHES ZARE WP PR T
B2 9o 9 Z7] Aejoln, oleje uge B F o FY dAFcolHE o)&sto AE
180° 3| A3 FEE EAIF Zolth g ol% £ EFTT
FAE 54 e 27]) A WE F 9473 A AMEElE 53 vl Mitutoyo AL
ARE £AF 5 AES 180° A% F FLH 9] LSM-3100 &84 E&%S 0.02um, ¥HE% S
U7Ae 448 FHI% o] F A A +0.1pm o] TH¥, A Ko FF FHELS 3FEe
d2%E SAEHRS d/22 2R A74E& EHT F HA 9FH A3 AAE A=E
o] Wrge wig WA H LA R 7HA gt
AFHE 7Ho W7 ERFE du)7 228 vES a8
Ax, 2AHE ASS A 180° A HE olF % 180° HAL A TE ALPeR
ojoptt JEY FHEE —%’53% T Atk ol&H TAHY k. dEvR ZrEs dEd=zc

180° W XA 074 = Mitutoyo AF¢] VMU-1H %3 M Plan Apo 20 M)
ol#fe] FAo2 RHHE & & =0, AFR¥ CCD 7h42tE PULNIX A9

a8 7Hzh TM-7CN o|t}. 858 g9 3hi(pixel) £35S
712, A= $3o =z = 0.5um ot}

Error(%) = (1-cos &) x100 ) AoE =4 A2"He s FY, &4, EF
7} AHEH oz o] FoAH, 1] FF AHE hEF

66



27

LFEE A A 17 A A10E

HoZ (5% 18 % Axo|th

4. YA

41 g 23

B E S0 ol&HE EE @i Zzd
W& BAS Fefstoiof . dubdl Hf g
B 9Hd 48 A% dude d¥od
AA Feje] By AlHg o] &3 ey 2
XM Agd HE 18 FA7 Ffele ol
HE HEAd By o] w=a e »YE
TRYGL 2 F Y ole ¥MAH ZzHY

%t
)

=
LI

By AWEE ohie, EHEel
Tz, 2459 FU4Y 9PE 27 BRoy

g BAY AW of &= Zi°l M g BA
ozt ‘?a_“% o
HE AE
Zo wR }\].F]Oi o]_g.o}gi_q_ C o] BA A
o NBERLE B e PE3] HH S
FHFE ol 8dtd AU
HEF ov)e wjE RAgL FIT
g i FoHd B BFEE s

42 Bt=s oY

54719 A% Add el AE ATl
e g dgow Pl

A dde Ao 479 HAE

ERPTEE RS
2050 AA WA, DAE, FUES 274 uas
& A¥stRon], 4y ATE Fig 67 2ok

Table 2 Repeatability results of various ferrule samples

Sample | Inner diameter | Roundness Concentricity
No. (pum) (pm) (um)
1 0.03 0.07 0.17
2 0.03 0.1 0.16
3 0.01 0.01 0.22
4 0.02 0.08 0.33
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(a) Inner diameter (b) Roundness (c) Concentricity
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Table 3 Repeatability results under real measuring

process

Sample No. 1 2
Inner diameter (um) | 125.64 (0.02) 127.45 (0.02)
Roundness (um) 0.121 (0.08) 0.143 (0.04)

Concentricity (um) 0.482 (0.24) 0.953 (0.17)
Outer diameter (um) | 2.4992 (0.0001) | 2.4991 (0.0)
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