,e3eA 6Tpj | Specification FUSION SPLICI NG APPARATUS AND FUSI ON
SPLI CI NG METHOD <Field of the Invention> The present invention relates to
an apparatus and nmethod for fusion splicing end portions of optical fibers

f &r conmuni ca arge heating and the like, and nore particularly
to an appar at %Wﬁmﬂ\mﬂﬂ for fusion splicing the optical fi bers under
fusion splici Iti1ons suitable for types of optlcal

automati cal ly det SR ng the types of optical fibers. < gl t he
I nvention> Along with the sxeensieitaded diversification of L,

fi ber communications in recent years, various types of optlcal |bers

adapted for respective uses have been devel oped and utilized. Various types
of optical fibers, including a single node optical fiber (hereinafter

ref erregsd PoRSs §£&é¥ﬁ§ %?ﬁ%RA Jyfpd ﬁﬁgkbﬁn§#ﬁ¥3 ﬁdtﬁgT%éﬁwelnafter

referredto as an a di spersion shlfte optical ftiber
(hereinafter referred to as a DS fiber) , and an erbi um doped optical fiber
(hereinafter referred to as an ED fiber), are provided. Wen these optical

fibers e si spl ced by fusion splicing machine, it is required to
make spﬁnﬁj‘n‘g ﬁ"é) ];1“ nutsllocﬂai> 1 spl i cing conditions (d| scharge current,

di scharge ti etc.) urtable for ea optical fiber ver e type of
the opt i cal %Prﬁﬁﬁn LTS Shh r S AR R ThePe e tiRs R e e a
splici ng fai I ure occurs due to unsuitable fusion splicing conditions for

the optf®al fisgers. SHheCingi GRS pPPEFhERE! Q%eoBﬁtllcé‘él fpers ifomot

communication by discharge heating and the like, and more
particularly to an apparatus and method for fusion splicing
the optical fibers under fusion splicing conditions suitable
for types of optical fibers by automatically determining the

types of optical fibers.

<Background of the Invention>

Along with the expansion and diversification of the
optical fiber communications in recent years, various types
of optical fibers adapted for respectiveuseshavebeendeveloped
andutilized. Various typesofoptical fibers, includingasingle
mode optical fiber (hereinafter referred to as an SM fiber),
a multi-mode optical fiber (hereinafter referred to as an MM
fiber), a dispersion shifted optical fiber (hereinafter
referred to as a DS fiber), and an erbium doped optical fiber
(hereinafter referred to as an ED fiber), are provided. When
these optical fibers are fusion spliced by a fusion splicing

machine, it is required to make splicing under the fusion



necessarily conducted under the |ight working environnent, but may be
conducted under the dark environnent within a manhole, for exanple . In
this case, the coating material of the optical fiber may be colored to
iJdentify the type of optical fiber, but recognized by m stake. |If inmage
observing nmeans of high resolution and high magnification is enployed for
an i mage nonitor of the fusion splicing nmachine, a core portion as mnute
as 3 to 10um can be observed, but the optical fibers of simlar profiles

Ty be LereUDh Sl (sl ela: SChathe ABLLoal IRYS Arecogl Spld cpd under

the fusion spl'rcing con i'ons suita pr_ihe type o _ fiber, a
spli ci ng, | 098 L$ 0 ealer, 10es gy dheyspli i ngyale ARL Ledh Jdber s, st be
made agarn fromthe begrnning: To nmake splicing again, a series o
operatiqn includi ng.the renoval, of a falsely spliced portion,.the renoval
of the COREFARY POMITHEkER Portish Brebpircaie sk thek R {1 I he end
portion_mst be perforned fromthe heginning, resulting in a worse working
ef fici eﬁeﬁuaﬁdogﬁ%rap%v%tm %&%ﬁé@bﬁ%rf}&fg@ndﬁlw@%é et nal
t echni ques to sol ve the above 2 1 problemis well-known in which the
opti cal ferpekre epklicpli Edetmder the optinal fusion splicing conditions by
identifying the type of optical fiber through i nage processing, as
di scl osed i n Tipe ALRSAPY23spThesngorRfenthenadpt bedhi dudand/oigesndent i fyi ng
the brightness level profile of the optical fiber observed at the fusion
spl i cednpoessanilt raoughidtresenge nddesi hght Weerk itrteebrviighhness, Imviel profile
(hereinafter referred to as a brightness profile) for each of various types
of optinay Ye henduxtprevndas| yhetdamdd enTheoaalehndr withént y peardfolopt i cal
fiber is designated by collation with the brightness profile of optical
fiber teobesfdilan Splticed.caBwy ohki coht indeta eaxrinf WE Ohe SqBt icell

fiber may be colored to identify the type of optical fiber,

but recognized by mistake. If image observing means of high

resolution and high magnification is employed for an image

monitor of the fusion splicingmachine, a core portion as minute

as 3 to 10um can be observed, but the optical fibers of similar

profiles may be recognized by mistake.

If the optical fibers are not spliced under the fusion

splicing conditions suitable for the type of optical fiber,

a splicing loss is greater, whereby the splicing of optical

fibers must be made again from the beginning. To make splicing

again, aseriesof operations, including the removal of a falsely

spliced portion, the removal of the coatings for the end portion

of optical fiber and cutting the end portion must be performed

from the beginning, resulting in a worse working efficiency,

and the operator becomes nervous.

One of the conventional techniques to solve the above



by designating the type of optical fiber and selecting the optinmal fusion
splicing conditions fromanong the stored fusion splicing conditions for
each type of optical fiber. However, when the type of optical fiber is

esti mated by obtaining the brightness profile froman observed i mage of the
optical fiber, there are various intricate factors such that the brightness
profile may be varied or different between the sane type of optical fibers,
dependi ng on the focus or optical characteristics of the observed inage,

and t hep FEPUERCE I iWeNd ~G@dekint | BNeh DER ti @P!tii_%@'l Eibers dhe sonvesd i onal
t echni que shows an exanple of a fusion splicing machine for ribbonized

opti cal yh§oOerenéd oy fdl | FBGR P MVe iy MRS t £ &) | M e @ A PW
magni fi cation and 'a | ong depth of focus, has a snall "nunerical” aperture of

0.1 or £ﬁ§%yg|éﬁ?€§§>t§. erﬁ%%lruﬁﬂf)&hcf}ﬁgmégfﬁﬁc %snlﬁ%‘%f iagioeirgéflyosoéﬁ ai ned,

wher eby it cult to acquire mation fromthe

bri Nt Ness pookibey: BYSN | bl GRORABSELYLAG)MeQRS AN Gl agpl {1 cati on

and high resolutron 1s enployed I'mage observation, er and an ED
fiber, for gex | e,,.have.both a core dianeter of. 4dumwith quite simlar

br i ght nb8en B VPR LM kG Bt Realtief ST e in HHE ShLiefhitiRe Ml om the
conpari son bet the brightness profi,les. In the conventional technique,
the. conRarFEURH BE(RSOHE HEY BP1 GRERAESE (HoST HHERUTE 1HRgE RERACH MY 1 he

i nterval between displaced points near the center of fiber axis.

Accor di Fge® tha Préggkrerssleeehmiqie iss (Beredbafd amheafenserrigithess
profile is clearly different depending on the type of optical fiber, it is
di f fi cuk briighginessipd ki e lafprigach 9peargfousptyeab of epEicThd ihessent
invention has been achieved in the light of the above-nentioned

ci rcunstareesvigits1y §torad olfjlmnteafftahe tihw ditdeor  opdricd lde idremppar at us

and nmet hod for fusion splicing
isdesignatedbycollationwiththebrightnessprofileofoptical

fibertobe fusionspliced. The optical fibers are fusionspliced
by designating the type of optical fiber and selecting the
optimal fusion splicing conditions from among the stored fusion
splicing conditions for each type of optical fiber.
However, when the type of optical fiber is estimated by
obtaining the brightness profile from an observed image of the
optical fiber, there are various intricate factors such that
the brightness profile may be varied or different between the
same type of optical fibers, depending on the focus or optical
characteristics of the observed image, and the manufacturing
conditions of the optical fiber. The conventional technique
shows an example of a fusion splicing machine for ribbonized
optical fiber, in which image observing means, typically with
a low magnification and a long depth of focus, has a small

numerical aperture of 0.1 or less. Hence, the resolution can



the optical fibers under the fusion splicing conditions suitable for
respective optical fibers in which the types of optical fibers can be fully
di scrimnated. <Summary of the Invention> The present invention provides a
fusion splicing apparatus for fusion splicing end portions of optical
fibers by butt discharging, characterized by conprising an i mage 4
observi ng nmechani sm for observing the endportions of the optical fibers, an
i mge processing section for neasuring paraneter data of a brightness

di st ri butt oa sweifafodemtdly apta edd f whereby idr bsslifefdiqudrt o amgaipiecked up

i mge, a fuzzy operation section for obtaining a degree of attribution for

t he neaiy eiktraratetiert alad iloho Pranf whay bepehahniees gabdinegi stered in
advance in a data registering section and identifying the type of optical

fi ber throughvan 437 R 8bk@RviRgCakhak argtﬁeﬁtllganmfaeh&qlcla%tlbﬂg the
identified type of optical fiber with fusion splicing conditions for each

type of, Pt ;G ﬂE§3Thﬂi '%%e oG 110y B0 R %ma@e oBQ%&@Qt%B%,C'nﬁscond't'on

regi stering section, ispllay unit for displdaying a collation result, a

fusi on Spld.Clag gﬁ%‘?“ﬂﬁi@r,a'}%raSQz?HFigusﬁg%' th Al $%rd Bl SmbRYENt i on

provi des a fu5|on splicing 'metho I on sp Icing end portlons of

opti cal bers ., butt di,schar characteri,zed b ncl udi.n bserving
Che en@ bt 3ie ‘?U%E%S&B‘Héago %%e%paﬂfﬁﬁﬁge sk B et g hadiant om
measur i ranmeter a of . a, br ness .di stribut.ion eforn1 f optical
(Tber (9P ERaeTo0E: Fon P CRIRITE LR TD i GRR i BB MRS 081 1
section, .ohtaining a de ree of attrlbutlon for the neasured paraneter dat a

fromf lerz“;gl't%’éErszft i BROHAL &S r ediTst P& ??P‘é%‘éh%’éaén&ch@ﬁqqew ng“€he type of
optical fiber throu%h a fuzzy operation in a fuzzy operation section,

col | at iGRFRATE STeREeeR EYpeBlIlpresalPTqbelesiithmads sAPSANIEANg
conditions for each type of optical fiber registered in advance 5 in a
col | at ithg seEerval ketygeyidigrineecopd drtomeass the, cemger of fiber

axis. Accordingly, although this technique is effective when
the brightness profile is clearly different depending on the
type of optical fiber, it is difficult to discriminate all the
types of optical fiber.

The present invention has been achieved in the light of
the above~mentioned circumstance, and it is an object of the
invention to provide an apparatus andmethod for fusion splicing
theoptical fibersunder the fusionsplicingconditions suitable
for respective optical fibers in which the types of optical

fibers can be fully discriminated.

<Summary of the Invention>
The present invention provides a fusion splicing
apparatus for fusion splicing end portions of optical fibers

by butt discharging, characterized by comprising an image



fusion splicing the optical fibers in a fusion splicing nmechanism <Brief
Description of the Drawings> Fig. 1 is a block diagramfor explaining an
enbodi ment of the present invention. Fig. 2 is a view showi ng a picked up
image. Fig. 3 is a graph for explaining a brightness distribution waveform
Fig. 4 is a graph for explaining a differential wave form of the brightness
distribution waveform Fig. 5 is a graph for explaining a nenbership
function. Fig. 6 is a graph for showing a specific exanple of the

menber sholps ¢ et mechkh@sm Foirso s ity tloe eadploaitiong af daeicait iaalof the
bri ghtness distribution waveform Fig. 8 is a view displaying the result of
di scri m ambéRg, tde i Prodialg fddtiioFifdr hdasud ifdpwahaietsdowi ng the
enbodi ment of the invention. In these drawi ngs, reference nuneral 1 denotes
an i mMgeq b5 e ¥ i % RN A 1% tAAMRIED AR AVERIR 1P I &P i IS&Gd N, 3
denotes a data registering section, 4 denotes a fuzzy Operation section, 5

denot es  LUSLOR Rllof Atk 0BTl SALSL PRI NG, £ opaehLiBR.sb iRt es a

col lating section, enotes a nonitor display unit; enotes a control
tion, ' fusi i . {ical
Fiber. 1 nsreaiata $94ds 5E A S AT L et (5RPLE D TR RRALT,

mrror, and 15 denotes a focus .drivi q s%pth%%. < st Nbve for .Carrying Qut
the I nve ‘ﬁ%n rcﬁlgé 45! é)ptﬂr&tléoﬁ S%r&m Sr efﬁl ;ﬁeﬁlnnﬁdgr?necrﬂ)ol&’i fent of
the pr esc?epéairnevgeinsttie%r}.'ngl ge@t%bnlén&e{gérelgfgyggge{f% tly}gieeré)o %Sf.)tical
fiber through a fuzzy operation, a collating section for
collating the identified type of optical fiber with fusion
splicing conditions for each type of optical fiber registered
in advance in a fusion splicing condition registering section,
a display unit for displaying a collation result, a fusion
splicing mechanism, and a control section,.
Also, this invention provides a fusion splicing method
for fusion splicing end portions of optical fibers by butt
discharging, characterized by including observing the end
portions of the optical fibers in an image observing mechanism,
measuring parameter data of a brightness distribution waveform
of optical fiber in cross section from a picked up image in
an image processing section, obtaining a degree of attribution
for the measured parameter data from fuzzy operation data
registered in advance and identifying the type of optical fiber
througha fuzzyoperationinafuzzyoperationsection, collating

the identified type of optical fiber with fusion splicing

conditions for each type of optical fiber registered in advance



an i mage observing nechanism 2 denotes an inmage processing section, 3
denotes a data registering section, 4 denotes a fuzzy operation section, 5
denotes a fusion splicing condition registering section, 6 denotes a
collating section, 7 denotes a nonitor display unit, 8 denotes a control
section, 9 denotes a fusion splicing nechanism 11 denotes an optical
fiber, 12 denotes a m croscope, 13 denotes a light source, 14 denotes a
mrror, and 15 denotes a focus driving section. The inage observing
mechani i ihmge of Il Pt -L.he bu d and
hel d byigL% @%gﬁgﬁ's %%%%ng ﬁe?ﬁg%q% lpﬁgghgeggggéggb?nEQS%%Ff %% not
shown) niwq di.rectjo usi e m cqpes_. 1 isth t aner as
di spose%hgg?hogsc?%é&%éj egﬁ o%t#g‘rc?a hferhﬁ‘lgg%t qglou?céuyéoporgf}% ation to
pick up_the image is disposed to illum nate the optical fiber 11 via the
mrror TﬁCEFBﬁFﬁhe background side. The nicroscope 12 of high magnification
and high resolution has the focus 7 driving section 15 for adjusting the
focal point, which is controlled by the control section 8 with a
m croprocessar. An optical fiber inmge observed by the m croscope 12 is
neasur eGBréehchBrFelPhECpreticte? P HRWLREEA of optical fiber fromthe
brightness distribution waveformin the inmage processing section 2. For the
measur ed dat aFig. dedgre@ bilogkt AipdrpBnfes eXptalnied &y empedimemtto the
data of a fuzzy data nenory registered in advance in the data registering
secti ono8 thetbrefemizyinpentiéomn section 4. The degree of attribution for
each of a plurality of types of optical fiber is conpared and calculated to
sel ect a candFiat 2 fis 4 heldwpshafiroptd q@lcKedarn Meagdy the validity of
t he candi date and decide the type of optical fiber. If the type of optical
fiber is decidggl. 3tihea ealdpat fog ex@dbiining £bklighenckhediypeiwit ophi cal
fiber and the fusion

waveform.

Fig. 4 is a graph for explaining a differential waveform
of the brightness distribution waveform.

Fig. 5 is a graph for explaining a membership function.

Fig. 6 is a graph for showing a specific example of the
membership function.

Fig. 7 is a graph for explaining a deviation of the
brightness distribution waveform.

Fig. 8 is a view displaying the result of discriminating
the type of optical fiber.

Fig. 9 is a flowchart showing the embodiment of the
invention.

In these drawings, reference numeral 1 denotes an image
observing mechanism, 2 denotes an image processing section,
3denotesadataregistering section, 4 denotes a fuzzyoperation

section, 5 denotes a fusion splicing condition registering



splicing conditions of that type registered in advance in the fusion
splicing condition registering section 5. If the fusion splicing conditions
are matched with the set conditions, the optical fibers are spliced under
the set fusion splicing conditions using the fusion splicing nechani sm9.

I f the fusion splicing conditions are unmatched with the set conditions, an
instruction for retry or splicing is nade. The collation result of the
collating section 6 is displayed on the nonitor display unit 7. The

execut| 9.0l ofSEORABLLET Ach 1 SRAE UJEL1 LA § eglRt el eds Tigh ot sP! i ci ng

conditions by controlling the fusion®8  splicing nechani sm he

control ,secti 8. wWth the.mcropro or. .lhe details,of eagh section wll
be descg%§8%a§2$%ﬁ¥eﬁ?F§P%§ Sailgé?ﬁgg?ﬁ%ﬁgnﬁﬁBcgggﬁﬁﬁtggc?igﬁﬁﬁp%onprises

i mage acqui si.tion ans 2a L r,acquiring the o ii | fib i, mage picked up
by the FHLUGIBBSBRGRRAD.TBohan| SRVALCRRRI R i ot cbtPFl nbArReHE§ or
detecting the image as a brightness distributiagn waveform (hereinafter
ref erref RECERSGORRI ght FEI tBoR| F BN SRNLER/a Ifed8DPERG AERHET D%/ f or
measuring the data fromthe brightness profile. Fig. 2 is a view showi ng an
i mage pRER-lp SereEfsop fREUPEFEBINg i $REEIeD. be acquired by the inage
acquisition neans 2a. In Fig. 2, the ends of a pair of optical fibers to be
fusion spliced are butted before being fusion spliced. Light passing
t hrough the optical fiber is condensed because the optical fiber serves as
a rod | éRsstaidddaton GarghimesGuii the i ntemniatkeere |ight is centrally
condensed. Therefore, the transmtting light is condensed in the dark
portion as a Bhadawiaga bdbckhaibgekgr dondexp Dintnbnd givt nessodi@rerithe | mage
pi ck-up screen, a strip image is displayed, consisting of a bright portion
21 of the teappatéht AGvien@ilon. In Fig. 1, reference numeral 1 denotes

an image observing mechanism, 2 denotes an image processing

section, 3 denotes a data registering section, 4 denotes a fuzzy

operation section, 5 denotes a fusion splicing condition

redgistering section, 6 denotes a collating section, 7 denotes

a monitor display unit, 8 denotes a control section, 9 denotes

a fusion splicing mechanism, 11 denotes an optical fiber, 12

denotes a microscope, 13 denotes a light source, 14 denotes

a mirror, and 15 denotes a focus driving section.

The image observing mechanism 1 picks up an image of a

pair of optical fibers 11 butted and held by the fusion splicing

mechanism (not described in detail and not shown) from two

directionsusingthemicroscopesl2with the CCDcamerasdisposed

orthogonal to each other. The light source 13 for illumination

to pick up the image is disposed to illuminate the optical fiber

11 via the mirror 14 from the background side. The microscope

12 of high magnification and high resolution has the focus



appearing horizontally in the central section and a dark portion 22 as a
shadow appearing on both the upper and | ower sides of the bright portion
21. A brighter portion 23 appears in the center of the bright portion due
to a core portion having a 9 different refractive index. This picked up
image is extracted along a sanpling line 24 and arithnetically operated to
obtain the brightness profile. The sanpling is nade at several points (four
to five points), whereby the average value data is obtained. Fig. 3 is a

graph SH?%DﬂgtBéc?ibﬁhw%érpéeahéﬁiﬁ the %tdaqaLpofﬂr&qr Wi & 05§ section
for the image of Fig. 2, in which the brightness of the optical fiber is

i cat egnakoned hoy L ORD! SRl S A LIRPOS ] OFbrl e B e

direction Is indica e transverse axis. tness profile
consi sts of ri.ght . _port | i I, ct i r ortion 26
on both si de?‘?#é’r%éé’fa? éft%ggg %’??%%t&%’g?ﬁ%\ bﬁn&?%a‘%‘?ﬁgofﬁgggai&&%und
brightness in its outside. The bright portion, 25 in the central section has
= broj dReTRREer o8t B B sttt eti i L AL ot PR B SR 1 ght

si des thereof .. nganﬁnber of crests, jts interval and the hei ght of crest

may be HF¢%®erdift FREPRGSorfliHer IR R SReEaT™ i BEr . thfe WA al crest

27 indicates the core portion, and is relatively easily identified to be
| ocat edPEPFRST LT FRECEERt @ dio% heh®plResHTethetatan tRodgHTSE iaf al so
easily recogni zed on both sides of the central crest 27. Differentiating
t he bri@hmg%@tia%fiiﬂ €adcutipgedsby refereivpiialtheadaganafed diura% obt ai ned
as shown in Fig. 4. The position and nunber where the differential value is
equal tdabamenary rdidfifsereged idepdvahogionheada trarbegistkréingstestimn 10

3 in the fuzzy operation section 4. The degree of attribution

for each of a plurality of types of optical fiber is compared

and calculated to select a candidate for the type of optical

fiber, verify the validity of the candidate and decide the type

of optical fiber.

If the type of optical fiber is decided, the collating
section 6 collates the type of optical fiber and the fusion
splicing conditions of that type registered in advance in the
fusion splicing condition registering section 5. If the fusion
splicing conditions are matched with the set conditions, the
optical fibers are spliced under the set fusion splicing
conditions using the fusion splicing mechanism 9. If the fusion
splicing conditions are unmatched with the set conditions, an
instruction for retry or splicing is made. The collation result
of the collating section 6 is displayed on the monitor display

unit 7. The execution of fusion splicing is made under the

registered fusionsplicingconditions by controlling the fusion



a vertex position 29 of the crest 27 for the core portion is easy to
obtain. The di stance between the maxi numdifferential values across the
vertex position 29 as the center where the differential value is zero is
defined as a core diameter A, and the distance between the differential

val ues of zero on both sides of the vertex position 29 is defined as a core
di aneter B. As shown in Fig. 3, the core dianeter A indicates a variable
density boundary distance (width) at the m ddl e abdonen of the crest 27 in
the cor epPektingn, madithihen cor einli apet esolioli Gaiceson dgstanee breween the
troughs 30. Also, the nunber of crests is equal to the nunber of peaks in
the anggliak-opevetekdl . affle a1dXd i RESsadhfd&tenee Wian BeCQE8-hELEAL)

bet ween the vertex position 29 of the crest 27 and the trough 30 in the
core pogpLhgp . is neasured and acquired as the data. Besides, the height of
crest 27 may be represented by the brightness |evel fron1the dark portion
26, but not f h g 0,..qr t I b t he
data Ulsually?g)?]ﬁIC %xﬂ%fgb?jﬁkém% gngg%%égﬁlﬁggélgﬁegtégggggﬁgam in Fig.

3, which a centr crest ates the. cor |on ch of the DS
flber aﬁﬁ‘a{gﬁeacéﬂlﬁlbe]rorh%%a%%? raSq’s‘%ﬁlng °8| éﬁﬁ%efg Ad 52 PG ge

di fference |g refrggflve |nd X bet\/veenc_:;]ﬁ?l cor and the claddlgg wher eby
the cenPrgKSEMERPY Jd?aqehg g6F 81BE8MS I}Jssné eNGEE IR 9 GReF IR Eur t her |
since the refractive index distribution is convex, the Ilght condensing is

so corrp%“@imfsh%? fe dSSECEAPGr thReIRIER S & Eﬁf‘gaﬁnﬁis d’o‘? %u’ﬁh%er of
crests is |ncreased On the other hand, the MM f fiber gg ) has a

ref r act Wagefadax (hpaeigpitiesl rofentndetse aFta k@lrweglh%mgﬁ@ mo& t,tending
to decrease conspicuously. In this manner, the brightness profile of

opti cal apfbdethsmedpsfieinat melapende n@orarm@an@urylp@ blie opataafrémbehe and
nmeasured by the data neasuring neans 2c. The degree of attribution is
substi t brédhtoesshprdéideneasured fromthe brightness profile by the fuzzy
operation section 4. The type of optical fiber

Fig. 2 is a view showing an image pick-up screen of the
optical fibers to be acquired by the image acquisition means
2a. In Fig. 2, the ends of a pair of optical fibers to be fusion
spliced are butted before being fusion spliced. Light passing
through the optical fiber is condensed because the optical fiber
serves as a rod lens, and has a brightness distribution where
light iscentrally condensed. Therefore, the transmitting light
is condensed in the dark portion as a shadow against the
background light brightness.

On the image pick-up screen, a strip image is displayed,
consisting of a bright portion 21 of the transmitting light
appearing horizontally in the central section and adarkportion
22 as a shadow appearing on both the upper and lower sides of

the bright portion 21. A brighter portion 23 appears in the

center of the bright portion due to a core portion having a



is identified fromthe degree of attribution obtained. In making a fuzzy
operating process, it is required to prepare for the nenbership function.
Turning back to Fig. 1, the data registering section 3 will be described
hel ow. The data registering section 3 stores in advance the data for
discrimnating the types of optical fibers to be fusion spliced. The data
regi stering section 3 includes data processing neans 3a and a fuzzy data
menory 3b. The data processing neans 3a creates the nmenbership function

data by «iof tantait e farcieragaedeal ueh Bhoirlkidangat dadevi aitdxairactage from
the data neasured by the inmage processing section. Also, it acquires the

new y nessdi@d dahpl asgtiieeaddidn0nrali thaled idfad 1ypdptesteletsldpraithe fuzzy
data nenory 3b accunul ates the optical fiber type data subjected to the

fuzzy opgf@birQQni¥ elshep et f1 O GRS ShAP1TRANSs adid atUssek £01 gealngy ati ng

the degree of attribution for the optical fiber that i1s newy neasured.

Fig. 51 ypL cal; ..ex I ft £@§£e i J fulc in the
fuzzy opgt;%#l oﬁbo?lyﬁeﬁg&\?}ﬁ?i’on&? n i gﬁat %e‘;elr#e}%eﬁgﬁlgef Sﬁgtgl gr? is a
convex t %HJ&%%f function represents the fuzziness of data in the

distrib h, and has a probability that the degree of attribution is
one at the central _value. However, .oth forms. or the gepe ak§é zy theory
may be enpl oydd-9-s6 £ony g&f??ﬁé?‘&iw ighﬁ%ﬁl%}?gﬁﬁ?i Ii”gofje{) € E:fhg)(; by the
function. The nengership function,ofﬁfig 5. s represented p triangle
with a WREGALELPRS tREPSS VAFLEORAGT HRSdmAgs Bhch i v dth “RiPhe bot t om
side, in which the degree of attribution is taken along the |ongitudinal
axi s, arghe Herightrrierobaihe PRRCRhel iPaRsYEr $Bda%REEATRA OBGNT val ue
is an average value of data and the distribution width is a standard
devi at i orpngl ed irgyl redish@nchdh@ posifdonod nwiddemed@reddiraatien de. g.
five times on one side) the standard

indicated along the transverse axis. This brightness profile

consists of a bright portion 25 in the central section, a dark

portion 26 onboth sides thereof, and abright portionindicating

the background brightness in its outside. The bright portion

25in the central sectionhas aprojecting crest 27 in the center,

and crests 28 on the left and right sides thereof. The number

of crests, its interval and the height of crest may be different

depending on the type of optical fiber. The central crest 27

indicates the coreportion, andis relativelyeasily identified

tobe located almost in the center of the optical fiber. A trough

30 is also easily recognized on both sides of the central crest

27.

Differentiating the brightness profile of Fig. 3, a
differential value waveform is obtained as shown in Fig. 4.

The position and number where the differential value is equal

to zero are different depending on the number of crests, but
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devi ation val ue, the nenbership function is so reasonabl e that neasurenent
val ues are not deviated fromthe average val ue and do not becone zero over
the broad range. Fig. 6 shows the exanples of the nenbership function from
t he actual neasurenent data. Fig. 6 (A is a nenbership function with the
core dianeter A Fig. 6(B) is a nenbership function with the core dianeter
B, Fig. 6(C) is a nenbership function with the core height, and Fig. 6(D)
is a nenbership function with the nunber of crests . As will be seen from
these figurestex npddiet tox @ dicameher cBekdi 2Vapce brévweeretpertioughs 30 in
Fig. 2) , thereis no vivid difference between the SMfiber and the 13 VM
fiber, agdsyhes @uitsial.SPha Bt € bedividesr eReendgineri it tdndider (DS1
indicates an ordinary dispersion shifted optical fiber and DS2 indicates a

d'Spefs'9@1§85féé%bé%“ﬂﬂé“véﬁﬂé%’ﬁ@%ﬂ%%&% ex%PagstRe tyRedraptetde kD fiber,
when the standard deviation is incl u ed In creating the nmenbership

f unct i ongs £ er @l hpobi o A0S FBY; Dyl pLlaed 4 AR NBTELeFing, 7 15 a

graph show ng e variation of t rlg tness pr e when the focus

oS! {1 0ngn ! Pecy POSLLL0Nsd Rlod ey SUTE BT LhANARS, A8 sl n Fi o

5, the brlgh ness profi Vari et anglng ion for
plcklng the i ven with the exa a optical fib Accordingly,
"t s ned @E@éﬁseﬁooqi‘iﬁsn%ﬁtﬁé%‘?im%ﬁaﬁﬁ?&rﬁ O BEASBP I REOREHASHT f uncti on
by intentiaqnally dliger5|ng the profil e, including,the val ues sured at
the posi®i disSBEMBr " &1d -a té%‘iﬁ@rﬁbehéng?erlB licaites, a gyl se the
adaptablllty The nmenbership function is necessary to be created in advance

fromt he R‘h%%yé%ﬁ‘ﬁl%ronlﬁﬁénﬂét B idth s etatheiriddimuebsiomepheh e f usi on

splicing is nmade by newy discrimnatin g the type of optical fiber, it is
possi bl eC¥@at Ahénndmsgrse pRYBiPBr alikERPRIRR ﬁéﬁn‘leé'-eﬁewlylcﬁd@é@st o the
al ready existing menbership function. Al so, the types of optical fiber can
be furt h@rdxﬁ@ﬂcmg@i@hmnbyhadtlrngghhéme\klfsobeﬂ:hasnuwﬁne@f reastes user
successively and learning it . By the successive addition of data, the
anount ofs dafadbhse ftdre dusbeirnofiapeakscan bee | oy ebsedyawabtnne andge of
optical fiber can be identified nore

a brightness difference (or a core height) between the vertex

position 29 of the crest 27 and the trough 30 in the core portion

is measured and acquired as the data. Besides, the height of

crest 27 may be represented by the brightness level from the

dark portion 26, but not from the trough 30, or the contrast

may be obtained as the data.

Usually, the SM fiber has a waveform of three crests as

shown in Fig. 3, in which a central crest indicates the core

portion. Each of the DS fiber and the ED fiber has actually

a small core diameter and a large difference in refractive index

between the core and the cladding, whereby the central crest

27 for the core portion is slender and higher. Further, since

the refractive index distribution is convex, the light

condensing is so complex that the bottom of the crest is spread

11



14 m nutely and precisely. The additional data can be managed in
accordance with the follow ng expression, AVn+l = ( riAVvn + D~+1 ) ~ ( ri+
1) (1) ~nti2 =L ( n-1) wz+nAv~2+D~+12- ( n+ 1 ) AV~+12 ] /n ( 2)
where n is the nunber of data, AVn is an average value, a" is a standard
deviation value, and Dn+l is the addition data. Herein, if the nunber n,

t he average val ue and the standard devi ation val ue are al ready known, the
optim zation can be performed due to the addition of data . Since the

wei ght i gragele neirkher dt @ rics tehanrgeachragkangbrgthBeo tHEBEhafd, tfige Xt ent
of adaptability or the learning speed (nunber of additions) can be set up.

Turning RRGK HeQ Fd;ﬂt e) hRe at Héﬂa@l@%é@rﬁﬂe;@@ﬁét%&a‘&iu qu;ﬂéﬁ&r&éé@ nating
the type of optical Tiber will be described bel ow™ The fuzzy operatlon

SeCt' on & ’cHCJcngﬁ? é{'lﬁ%yof’p&‘@% “Qerg?frﬂ% £ d%l g;go s & culald g, means

candi ate verl g neans 4c an er t nmeans 4 " The

fuz2y oper at i ng. r@ﬁnssmé%nz%bsala%rel g %se%.f:%efﬂf 3 LhbuLion fior, the data

measured by the inage processin $ecti on he "substi i on degree
of attri butj, is made for. the asur ed as t t ype of tical fiber
(romthe? P henT %%416}98? S ot Bty PRty Dot ior, "oh.
Table 1 Jists an instance of calculgtln e ree of attrlbutlon The

h d
numer i caPYvEr &2 td MRS PR eS| Cexgﬁﬁl‘g?gr 8 Of f3F LRIPRECR i R, but

differ fromthe actual values. Table 1 TfpeNunber of
substituted for the data measured from the brightness profile

by the fuzzy operation section 4. The type of optical fiber
is identified fromthe degreeof attribution obtained. Inmaking
a fuzzy operating process, it is required to prepare for the
membership function. TurningbacktoFig. 1, thedataregistering
section 3 will be described below.

The data registering section 3 stores in advance the data
for discriminating the types of optical fibers to be fusion
spliced. Thedataregisteringsection3 includesdataprocessing
means 3a and a fuzzy data memory 3b. The data processing means
3acreates themembership functiondatabycalculatinganaverage
value and a standard deviation value from the data measured
by the image processing section. Also, it acquires the newly
measured data as the additional data and updates the data. The
fuzzy data memory 3b accumulates the optical fiber type data
subjected to the fuzzy operation by the data processing means
and is used for calculating the degree of attribution for the
optical fiber that is newly measured.

Fig. 5 is a typical example of the membership function

12



crests (3)Core dianeter BCore height

(-60) M ni munsSMD. 80. 50. 80. 5MWD. 90. 80. 30. 3DS10. 90. 80. 90. 8EDO. 500. 880- 11 - |
MaxumanD . 8 The cal culation of Table 1 will be described bel ow. Assum ng
that the nunber of neasured crests for the bright portion is three, it wll
be found fromthe nenbership function of Fig. 6D that the SMfiber, the WV
fiber, the DS1 fiber and the ED fiber have the degrees of attribution of
0.8, 0.9, 0.9 and 0.5, respectively. Simlarly, assum ng that the core

di anet e;sBfiis Snmthanthife e theroblf k5e6dnsbaPSont hosewRpEhCahe fi bers
have the degrees of attribution for the type of optical fiber as listed in

Tabl e InciBlbelnaherabicirath odhebieyPEMelishERn EUREL! b erpach

parameter of Fig. 6. e nurerical values cal culated by the fuzzy operating
means 4 r d.by L eul.atin -Qggps t el ect a
candida?géfSP%?EEQ¥§p8?OFBg%t?§gR% i@gf%g?ﬁﬁgggﬁ}gﬁ' at'a.E1 éﬁggﬁ%idate

I . e . Ll . . - .
met hod PRBTRES FY et R i g Pl e e L T o
each ty§e of optical t he Sﬁ%fiber is 0.5 for the

fiber. 1 [ n quge 1

core di SAet&r ,W?H%rNW?EP%Er??Emﬁ.%rf © IR NP Rt ERE PRy Y fi ber i s
0.8 for the core dianeter B, and the ED fiber is zer¢ for the core di aneter
B. ThenPet§T JR¥E hu i deJtE 8 Sof i SitEdMsA oPso S slad@ 8 FFRIFSRITRA t he
m ni mrum degrees of attribution for each type of optical fiber. That is,
since th¥ t%@f?ﬁ%h@gr ebegrempanshii fWRCE50mog Figt- PAS Ieresetedit is
judged that the candidate for the type of optical fiber is the DS1 fiber.
An arithife® daliangdreesditdn foverhexmati e nesihtad nveRde iahd ephesented in
the follow ng manner. Herein, F is a degree of confidence having a
nuner i cdlistalibetobntwieditle gredhef bottom side, in which the degree of

attribution is taken along the longitudinal axis, and the

parameter data along the transverse axis. The central value

is an average value of data and the distribution width is a

standard deviation value. By making the distribution width

several times (e.g., five times on one side) the standard

deviation value, the membership function is so reasonable that

measurement values are not deviated from the average value and

do not become zero over the broad range.

Fig. 6 shows the examples of the membership function from

the actual measurement data. Fig. 6 (A) is a membership function

with the core diameter A, Fig. 6(B) is a membership function

with the core diameter B, Fig. 6(C) is a membership function

with the core height, and Fig. 6(D) is a membership function

with the number of crests. As will be seen from these figures,

in the core diameter B (distance between the troughs 30 in Fig.

2), there is no vivid difference between the SM fiber and the

13



attribution, mis a nmenbership function, "i, j, k, 1, . ." are paraneters,
and t is the type of optical fiber. F=mx [mMmn (m, t, m, t, nk, t, nm,
t, . . )] t The type of optical fiber as determ ned in the above manner is
verified by the candidate verifying neans 4c. The verification of the
candidate is uncertain, when the degree of attribution for the type of
optical fiber determned as the candidate is snmall, because the degree of
attribution selected for the candidate is the degree of confidence.

Accordi pi ¥ibét, addikaehal ds i stehof &pd Aén €edl e in@d beithidenOBhet he
identification of the candi date may be uncl ear when the candi date has the

degree ¢fs Piﬂ;%f gtﬂsiloﬂnaﬂegtgg atman;Hgt?gté‘f@é@PéPon \sh 1 $%le8Co bR e

candidate wt he maxi num degree o ribution, 17 two candi dat es

havi ng \@%gﬁg% g r&i%%@e"seaoéigé]éﬁ]g&'#\i&Pif’t{e&“o;&iac%m%'i‘b [ dif ference

in the ution betwe irst and second candi dates than a

certain yakley o Arsofl sphaxed A thbs cashior hond voeaohaont | cal

fiber nﬁ?rge he measur enent “agal n, or on asi s of
the ranking. As a.result that the t . of tical. . fiber is verified by the
cand! datE BEAPy g RERNSART: TP ehEEELRe: PR, RaRPr bR iRRELRRAd: date | s
deci ded by the _fiber type deciding neans 4d. A Taple 2 below |lists the

resul t s t6f SRRPEFAGLIPBSFAngRi BAYaPR B Fo¥EIedt FOf B8t BRYThe precision of
identification can be further raised by addition and accunul ati on of data,

as previous| yFégsct ilbedl 9rpphl showingdherypehafben of therbetoltbreast Answer
Rat i oSM36/ 36100aMVB5/ 3697~DS1 ( Nor mal type) 34/ 3694~DS2 ( Expanded core area
t ype) 36,30L30$ERBEN3BRF~Lfocus positions (three positions) of the SM

fiber are changed. As shown in Fig. 5, the brightness profile
is varied by changing the focus position for picking up the
image even with the exactly same optical fiber. Accordingly,
it 1s necessary to extend the distribution width of the
membership function by intentionally dispersing the profile,
including the values measured at the positions before and after
the focus set-up position, to increase the adaptability.
The membership function is necessary to be created in
advance from the knowndata or by thedata registration. However,
when the fusion splicing is made by newly discriminating the
type of optical fiber, it is possible that the measured data
for discrimination is newly added to the already existing
membership function. Also, the types of optical fiber can be
further distinguished by adding the new fiber as defined by
theuser successivelyandlearningit. By the successiveaddition
of data, the amount of database for discrimination can be

increased, and the type of optical fiber can be identified more
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The result of determining the type of optical fiber is displayed, along
with the fiber imge, on the nonitor display unit 7, as shown in Fig. 8.
The determ nation for the type of optical fiber is made separately for each
of the left and right 18 optical fibers . The type of optical fiber is

di spl ayed for each of the left and right optical fibers, in which the
splicing conditions may be displayed. The operator may be pronpted to
performthe fusion splicing or retry by once interrupting the operation
during toirsutthlspland pgredecildi.ng the type of optical fiber, the type of
optical fiber and the nmeasurenent data are added to the data registering

section 3. |If ke dodia idhaapidatal chnbe msindeeidas aldie rdwprofviapt i cal
fiber is collated by the fusion splicing condition registering section 5

and the gl | @i NG, sRFtd P sibre fusion splicing condition registering
section 5 includes setting neans 5a for inputting the splicing conditions

and a nenory for_ st of4, N e ,spli,giyng condition The splicing

condi tions inggﬁﬁé_iH%R%Y%ﬁéggﬂﬁéqkfné, end face sgééing, di schar ge
current, and di sghar ti for ty i gal, fiber,, for exanple.
After the typ&ntf Bp??BéhV%%b@?AggﬁE%HepﬁﬂgﬁB%Réﬁi?épng dlditions are

col lated by the col|ating section 6, t fusion splicing |s perfarned
autonatPﬁﬁ%??rbﬁsb§héoﬂFﬁ?ﬁﬁt? rﬁ%ﬁaTH%'bﬁérﬁ?o?vgf?g?hga%ﬁ?{d?i&ﬁ results
are matched wth the type of optical fjiher and the fusiqn sp]icing

cond! 11 Ghe i Ha eGP REhbriatdr A GO 108 Ky, t he
fusion splicing is automatically performed without interruption. In this
case, the reskiareigvel hhediuherod ths a TR aphVRorednshihg skandard t her eby
| i ghtening the | abor_ of the operator., Only if the collation results are
unmat chelWiathiatheva e e optieady fkpeyniothesaRtiReZRG3PBN CEPl & ng
conditions, the results are displayed on the nonitor display unit 7 to
pronpt tHer opaesd duette Pee fdditipa dludabA - SiNias ke sie Lodttr in iaglddegor dance
with the display content's. The fusion splicing itself is performed by

dri vi ng tthee datsi dis sylaingiendy biye chamiggmag9 thyeon uglvean ni, n téet axitendn ofhe basi s
of the above-nentioned fusion splicing condition under the control of the
control skqitiain 13 tw tlr her bpa brEsg 0sp e eddrpl oy tdfe awelilt-ilomein caet hod and
mechanism Referring to a flowhart of Fig. 9, a fusion splicing nmethod of

the inveyd isyt wid.!| be described below. In Fig. 9, the automatic processing
is showmmn within the frame of the dotted |ine, and the manual processing is

shown out si de Tihe ihamRckAthl awgof 1fi bake Fagizgt bakramibe eeeationt ke fi ber
data for determining the type of optical fiber is showmn on the |left side of
the flowdhaht scaifligakhay Ofe fule0ns P L0 fiiBeThPv M HBGCKIBRY Side.

below. The fuzzy operation section 4 includes fuzzy operating

means 4a, comparing calculating means 4b, candidate verifying

means 4c and fiber type deciding means 4d. The fuzzy operating

means 4a substitutes the degree of attribution for the data

measured by the image processing section 2. The substitution

of the degree of attribution is made for the measured data as

the type of optical fiber from the membership function of Fig.

6 stored in the fuzzy data memory 3b.

Table 1 lists an instance of calculating the degree of

attribution. The numerical values of Table 1 are only exemplary
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case of

ep S1, the

First of all, the flowhart of the fiber registration on the left side wll
be described bel ow. Herein, a pair of optical fibers with clear type of
optical fiber are set in the fusion splicing apparatus, as is the

fusion splicing. Firstly, the optical fibers are set. Then, at st

type of optical fiber (one of the choices if already known or its nane if
unknown) is selected and input. The next steps D2 to D5 involve the inmage

processi ng of opti cal

fiber.

At step D2,

| i ght adj ust

ment i s nade

by the

i mage dos exap Yan 20 on menttam isihgrFifg.oml )t hso atdiatalarvadhser.ved pi cked-up i mage

of th

e optical fi

ber

may be in an opti mal

state.

Then,

position is adjusted so that the pick up position of the optical
be located in the center of the screen to be easily observed. Thereafter,

at stemd¥e focusing is nmade to set the focal
step LH

tion At

t he
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fiber

t he butt
may
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(Fig.
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AQia.L.a,_l_rl_mbii ch the
the fiber d3aXi®m% he dafdbase. Thereafter,

B)ADn,t
at step D7, the optical fiber is renoved fromthe fusion splicing
apparatus. A flow of the fusion splici ng on the right side will be

descri bed b%l %w 41?{:y.@§b thh;l g bgg g?¥8gg alaneady known but

uncertain, nown ely pair &Fs 1o Be fusion
spl i C%ssalfn?insgettﬂar% t%e nsI Sl s(g)% 'n(féarllgug%d crests for the bright

portion is three, it will be found from the membership function

of Fig. 6D that the SM fiber, the MM fiber, the DS1 fiber and
the ED fiber have the degrees of attribution of 0.8, 0.9, 0.9

and 0.5, respectively. Similarly, assuming that the core
diameter B is 9um, and the core height is 60 steps, those optical
fibers have the degrees of attribution for the type of optical
fiber as listed in Table 1, which are calculated from the
membership function for each parameter of Fig. 6.

The numerical values calculated by the fuzzy operating
means 4a are employed by the comparing calculating means 4b
to select a candidate for the type of optical fiber of measured
data. The candidate selection is made using a minimum/maximum
method. Thisminimum/maximummethod involves firstly selecting

theminimumdegree of attribution for each type of optical fiber.
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apparatus as is the case with the fiber registration. After the optical
fibers are set, at step S1 firstly, the fusion splicing conditions are

sel ected and input. The fusion splicing conditions that are relevant with
the type of optical fiber maybe selected by the type of optical fiber. The
fusion splicing conditions are selected fromanong the pieces of splicing
condition data registered in the database on the basis of the presunption
of the type of optical fiber, if it is estimated in advance. If the type of

opticah fiabes 15 AR e 1850l ut @l %, £8P EhENEs > PHL@IRbb e SEB ECERON" provi ded
on the selection menu may be chosen. The |ight adjustnent at step S2, the

but t 13§ Atnot & $33 bhe FRcusing i alep b pdidsibe.libes gegsurenent at

step S5 are involved in the inage processing as previously described, wth

ol S Pt L By bt A TR glf%@tﬁ@gg%tdldab crbed here.

The data“feasure measur erren step ed to the

dat seded, or th b t step D6
e, posT oFNEw | para e il € Gk AT o T MR e
det t f th i qpt tiber _and the || t f

he. 1TATBh R R ORT £F DAL 2 S UL S ToT e T DD @agsc" i ber that

has been set is identjfied. ldentification of the type of optical fiber is
made b¥Peat ddiad itRg %h‘éc%ié?@fe@aéﬁm&%“tﬁi%{ﬁ‘?&rﬁ PSFrtlEétaQPalﬁéh HAired at step
S5 by referri ?tothefuzzy erated data (Fi in the dat abase, and

i dentfeyithge PBI fiberi jjelsfiugaedihat bee chncglhtat;ﬁ AcFuER eebiBRIm net hod.
After the fiber type is identified at step S6, the fusion splicing

condiof orst iorl ebidher yie Wdie dptl chilbdyd ber registered in the database are
collated. If they are matched with the fusion splicing conditions selected
at step S1,An heidpeeticabegpoesesdsntiivn tice néxtimbngnan isphine ttigodr ocessi ng.
I f unmatched with the fusion splicing conditions selected at step S1, the
col | at$ arepresdritdd it shkafelbowihe nthrapd y Heieti gt Fsiepa Skegrdd the
splicing is determined to be unsuitable fromthe displayed data, the

of confidence having a numerical value of the degree of

attribution, m is a membership function, “i, j, k, 1,..” are

parameters, and t is the type of optical fiber.

F = max[min(m;, t, my,t, mg,t, m,t,..) ]t

The type of optical fiber as determined in the above manner
isverifiedbythecandidateverifyingmeans 4c. Theverification
of the candidate is uncertain, when the degree of attribution
for the type of optical fiber determined as the candidate is
small, because the degree of attribution selected for the
candidate is the degree of confidence. Accordingly, if a
threshold 1is set for the degree of attribution, the
identificationof thecandidatemaybeunclearwhenthe candidate
has the degree of attribution smaller than this threshold. In

selecting the candidate with the maximum degree of attribution,
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operation returns to step S1 to set the fusion splicing conditions again.
If it is determined that the splicing is possible though the displayed data
i s unmat ched, the operation proceeds to the next fusion splicing
processing. The next steps S9 to S13 invol ve perform ng the fusion splicing
of the optical fibers by the well-known nmethod. First of all, in neasuring
the end face of optical fiber at step S9, the end face spaci ng between
optical fibers, the end face shape of the optical fiber, and attachnent of
dust aretwgasali@ibatés HLAngl@hel bahbemgrimhacge ghepent s totheikei s be
false, the optical fiber is renoved fromthe apparatus, and cut again. |If

there isop@iaBnosaRL 1 &Y Q% flhenerd f age delgrertd £ak thiibat i onlfetaptdgal
fibers are aligned with their axes at step S11. Subsequently, at step S12,

the optigcpl #4068 $y eetcaﬁ;iogaﬁc@ia&f@s ath£h & g_%@s%ra% Gaigevti@%w a
t he An

di scharge tine set In usi on splicing conditions. in the check
after fugj spl4 .Gl ear ; t | ortion
For thi chrael B 108, dh enfk ShER, irfe SRS BRE St BTBBFLETRE
inclinatéon. f.core orrtlior}i and nisali nnent.are:gQ§c d. .Thereafter, at
step S149€%h e%p YK in%etf’ T SFERVES T ot HY Usi Th efibc%%]gsa ar at us.
A single_core 0£tical fi ber has been descri bed above, but the invention is
al so apptieab?e 194 ribboni zed optical fiber, enploying the i mge
observing nechani smw th high nagnification. |n ihis case, if the
ri bboni zed opthtd Wt ithakppaFehyP§ ebnpRleebilipRT caf %8 Widhiedr the
sanme kind, one of the ribbonized optical fibers may be subjected to the
i denti f ilattlm grediedategrermioligly maans entd orfhitayesddn GRdsian bed above
in connection with the specific enbodinents, it will be apparent to those
ski |l | ed goodhéhgr canfadavariisodscydeddiy she Hibemdiybiecde tbdsngmears nade
thereto without departing fromthe

4d. A Table 2 below lists the results of sampling test, which

are almost satisfactory. The precision of identification can
be further raised by addition and accumulation of data, as

previously described.

Table 2
Fiber Type Number of Correct |[CorrectAnswerRatio
SM 36/36 100%
MM 35/36 97%
DS1 34/36 94%
(Normal type)
DS2 36/36 100%

{Expanded core
area type)

ED 35/36 97%

The result of determining the type of optical fiber is
displayed, along with the fiber image, on the monitor display
unit 7, as shown in Fig. 8. The determination for the type of

optical fiber is made separately for each of the left and right
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scope or spirit of the invention. This application is based on

JP- A- 2000- 369681, dated on Decenber, 5, 2000, its contents being

i ncorporated herein by reference. <lndustrial Applicability> As will be
apparent fromthe above description, with this invention, the optical
fibers can be suitably fusion spliced by identifying all the types of
optical fibers correctly and 24 sel ecting the fusion splicing conditions
suitable for the type of optical fiber. Also, it is possible to add to the

dat abape iten fdestsfiteat & ope 3 opaitaalfibennd dNsyPagedtda kdentification
preciston. 25 \at is Clained is: 1. A fusion splicing apparatus for

fusi ogrsphieciiBgteRAdPOL Ehensp i capt FeBbrki b@ﬁSwmcHweh_ed'sﬁmém%ng, _
characterized by conpriSing: an i mage observi ng mechani sm for observing the

end peLhiigrs ok ﬁlQ?el?Qt&f&l)liﬁz@&F Sphed by  PHRGL SR ggoagghpoeofor

measuring a parane data of” a brightness distributi eform of optical

fi ber ng%&9§§hé gﬂﬂu%rqqﬁ%n@L%%?g%H?%Pﬂ?%%beaikﬁéééugeﬁkﬁékﬁg section

for obtaining a degree of attri he measure araneter data from

f g & degree of attributi edsy dret !

and | BEGERFY PR ERee e SR IBEERYal Th ARET R B e Fapefatfon o
|1 at, ' f | Lati identified_t f tical fib ith

Fusi o 'BBFr PR CBHOICE GRESFO1 GABRZ (Y08 WI° BReeLReTAnioRaF 8gFEF erad | n

advance in a fusion sglicing , )
added to the data registering section 3.

If the typeofoptical fiber isdecided, the typeofoptical
fiber is collated by the fusion splicing condition registering
section 5 and the collating section 6. The fusion splicing
condition registering section 5 includes setting means 5a for
inputting the splicing conditions and a memory 5b for storing
the splicing conditions. The splicing conditions include the
preheating time, end face spacing, discharge current, and
discharge time for each type of optical fiber, for example.

After the type of optical fiber and the fusion splicing
conditions are collated by the collating section 6, the fusion
splicing is performed automatically or by confirmation of the
operator. If the collation results are matched with the type
of optical fiber and the fusion splicing conditions selected
beforehandbytheoperatorpriortosplicing, the fusionsplicing
is automatically performed without interruption. In this case,
the results are not displayed on the monitor display unit 7,
thereby lightening the labor of the operator. Only if the

collation results are unmatched with the type of optical fiber
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condition registering section; a display unit for displaying the collation
result; a fusion splicing nmechanism and a control section. 2. The fusion
splicing apparatus according to claiml, characterized in that said
paranmeter data includes at |east the nunber of crests, a core dianeter, and
a core height of 26 said brightness distribution waveform 3. The fusion
splicing apparatus according to claim2, characterized in that said data
regi stering section conprises data processing neans for retrieving said

par aneheH € afaidekeaticiggt BenfuEZynopertad ireizudaisaard. dfel1dysd on
splicing apparatus according to any one of clains 1 to 3, characterized in

that tBg A ZHnARSAHE 8P1 §atih eI 6§ redtptNt REHGa s &oNBEPESSRI P

function of an average val ue and a standard devi ation val ue for the
par anme f LORLN i $tri ] V, i cal fiber
in cro%ggsgg%?gﬁ.S%EEXQPES?%nﬁggfgc?%géﬁg%%%%n¥%rﬁ;Qﬁniﬁé &b§p99§l |

usion splicing end

Cbser vERBCERE eniThor tTERT 1 ey Gy L Ber E0RRRE B 480 B Vi g ™
rechan 31 SR 9, SIS A0Sk oly 512 Gl LN IoRR duslr bputhgn vevel orm
Par amopBF Ldat s THOAEP IS SISH o 105 507G BPePaRt fLaBVaRE and
| dent! ]:c}lxien%otnt?:?:otly%ef Ogheopéci)r(igl:o{i ggrcttig;lo%gmia}clf un%lz rozgrocessor,

employing the well-known method and mechanism.

Referring to a flowchart of Fig. 9, a fusion splicing

method of the invention will be described below. In Fig. 9,

the automatic processing is shownwithin the frame of the dotted

line, and the manual processing is shown outside the frame.

A flow of fiber registration to create the fiber data for

determining the type of optical fiber is shown on the left side

of the flowchart, and a flow of fusion splicing is shown on

the right side.

First of all, the flowchart of the fiber registration

on the left side will be described below. Herein, a pair of

optical fibers with clear type of optical fiber are set in the

fusion splicing apparatus, as is the case of fusion splicing.

Firstly, the optical fibers are set. Then, at step S1, the type

of optical fiber (one of the choices if already known or its

name if unknown) is selected and input. The next steps D2 to

D5 involve the image processing of optical fiber.

At step D2, light adjustment ismade by the image observing
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operation in a fuzzy operation section; collating the identified type of
optical fiber with fusion splicing conditions for each type of optical
fiber registered in advance in a collating section; displaying the
collation result; and fusion splicing the optical fibers in a fusion
splicing mechanism 6. The fusion splicing nethod according to claimb5,
characterized in that said paraneter data includes at |east the nunber of
crests, a core dianmeter, and a core height of said brightness distribution

wavef orpeci{anTie frisg on)spbi ehag deioeeraeeppdiched-apciabFeSooree
characterized in that the fuzzy operation data registered in advance is a

nmenber shpPi EHNCE9E Qﬁa%rbélV_fH e ot g BNk A St arngd d devd@dp ok val ue for
the paraneter data of the brightness distribution wave form of the optical

fiber ipherons: eakicn, 8 JosuLushon ShldCihe peLhodoassordigg dp claim 7.

characterrzed 1 n that sai ership funct vol ves the paraneter data
where sgj i S di st.r) buti et qQr a C I ar.. pi cki ng
up an o%?c%&%]%i;?lfon%gzla hI% t%ggF\ré%Er% ggsg%'-gu%e%%é?t%na%zgcgeén The

fusi on l.i cing, nethod accorgding ta, claim7, or characterized jn that

o 0 eR DS L TV its THRGPEEBREY |3F 508 Phndrui 5 bhgade dat a of
the optjcal fiber %o be fusion spILced nemké. 10. . The fusion splicing

met hod B2cdfbi WSt bOGRY BRGNS &I aPRETESHo 1Radeh &tadt AGAAF bﬁsf"?‘{ﬁther

i ncl udi ng obtaining degree of attribution for each of plural pieces of said
nmeasur PPAFEPRt er data for each of plural types of optical fiber to

At step D5, the data of the optical fiber is measured.
The data measurement is made by sampling several points on a
butt screen (Fig. 2) of the optical fiber and creating the
brightness profile (Fig. 3) of the optical fiber through the
image processing. A differentiating processing (Fig. 4) 1is
performed on the basis of this brightness profile to acquire
the parameter data, including the core diameter, core height
and the number of crests.

At step D6, the measured data is processed. The data
processing involves creating the membership function (Figs.
5 and 6) on the basis of the measured data, in which the created
data isregisteredas the fiberdata inthe database. Thereafter,
at step D7, the optical fiber is removed from the fusion splicing
apparatus.

A flow of the fusion splicing on the right side will be
describedbelow. Herein, the typeofoptical fibermaybealready
known but uncertain, or unknown absolutely. A pair of optical

fibers to be fusion spliced are set in the fusion splicing
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make the fuzzy operation, selecting the m ninumval ue of said degrees of
attribution for each type of optical fiber, selecting the nmaxi mum val ue
anong sai d selected m nimum val ues, and identifying the type of optical
f.iber indicating said selected maxi num val ue as the type of neasured
optical fiber. 11. The fusion splicing nethod according to claimS§5,
characterized in that if the collation result of the splicing conditions
for the |dent|f|ed type of optical fiber is matched with the preset
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t he coI tion res t.
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possible though the displayed data is unmatched, the operation
proceeds to the next fusion splicing processing.
The next steps S9 to S13 involve performing the fusion
splicing of the optical fibers by the well-known method. First
of all, in measuring the end face of optical fiber at step S9,
the end face spacing between optical fibers, the end face shape
of the optical fiber, and attachment of dust are measured. At
step S10, if the end face shape is checked to be false, the
optical fiber is removed from the apparatus, and cut again.
If there is no abnormality on the end face of optical fiber,
the optical fibers are aligned with their axes at step S11.
Subsequently, at step S12, theoptical fibers are fusion spliced

at a discharge current and for a discharge time set in the fusion

splicing conditions. And in the check after fusion splicing
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to those skilled in the art that various wvariations or
modifications may be made thereto without departing from the
scope or spirit of the invention.

This application is based on JP-A-2000-369681, dated on
December, 5, 2000, its contents being incorporated herein by

reference.

<Industrial Applicability>
As will be apparent from the above description, with this
invention, the optical fibers can be suitably fusion spliced

by identifying all the types of optical fibers correctly and
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What is Claimed is:

1. A fusion splicing apparatus for fusion splicing end
portions of optical fibers by butt discharging, characterized
by comprising:

an image observing mechanism for observing the end
portions of the optical fibers;

an image processing section for measuring a parameter
data of a brightness distribution waveform of optical fiber
in cross section from a picked up image;

a fuzzy operation section for obtaining a degree of
attribution for the measured parameter data from a fuzzy
operation data registered in advance in a data registering
section and identifying the type of optical fiber through a
fuzzy operation;

a collating section for collating the identified type
of optical fiber with fusion splicing conditions for each type
of optical fiber registered in advance in a fusion splicing
condition registering section;

a display unit for displaying the collation result;

a fusion splicing mechanism; and

a control section.

2. The fusion splicing apparatus according to claim 1,
characterized in that said parameter data includes at least

the number of crests, a core diameter, and a core height of
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4. The fusion splicing apparatus according to any one
of claims 1 to 3, characterized in that the fuzzy operation
data registered inadvance is amembership functionof anaverage
value and a standard deviation value for the parameter data
of the brightness distribution waveform of the optical fiber

in cross section.

5. A fusion splicing method for fusion splicing end
portions of optical fibers by butt discharging, characterized
by including:

observing the end portions of said optical fibers in an
image observing mechanism;

measuring a parameter data of a brightness distribution
waveform of optical fiber in cross section from a picked up
image in an image processing section;

obtaining a degree of attribution for the measured
parameter data froma fuzzyoperationdata registered in advance

and identifying the type of optical fiber through a fuzzy
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9. The fusion splicing method according to claim 7 or
8, characterized in that said membership function has
additionally said measured parameter data of the optical fiber

to be fusion spliced newly.

10. The fusion splicing method according to any one of
claims 5 to 7, characterized by further including obtaining
degree of attribution for each of plural pieces of said measured
parameter data for each of plural types of optical fiber to
make the fuzzy operation, selecting the minimum value of said
degrees of attribution for each type of optical fiber, selecting
the maximum value among said selected minimum values, and
identifying the type of optical fiber indicating said selected

maximum value as the type of measured optical fiber.

11. The fusion splicing method according to claim 5,
characterized in that if the collation result of the splicing
conditions for the identified type of optical fiber is matched
with the preset splicing conditions, the fusion splicing is

performed without displaying the collation result.
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