0 3 JUN 2005 Specification FUSI ON SPLI Cl NG APPARATUS AND FUSI ON SPLI ClI NG
METHOD <Field of the Invention> The present invention relates to

apparatus and nethod for fusion splicing end portions of optical @?ngéws
for comunication by discharge heating and the |ike, and nore
particularly to an apparatus and nmethod for fusion splicing the optical
fibers under fusion splicing conditions suitable for types of optical .
fibers by automatically determning the types of optical fibers.
<Background of the Inventiorpenl bhe2Wt®h the expansi on and diversification
of the optical fiber comunications in recent years, various types of
optical fibers adapted for respective uses have been devel oped and
utilized. Various types of optical fibers, including a single node optical
fiber (hesetsafiericaiernerhiaTes A0 SWIIGerJPLIGINGIMETRBBe optical fiber
(hereinafter referred to as an MM fiber), a dispersion shifted optical
fiber (hereinafter referred to as a DS fiber), and an erbi um doped opti cal
fiber (hereinafter referred to as an ED fiber), are provided. Wen these

optical fibers are {usi iged by a fusion splicing nmachine, it is
required<€be%§k% s%$€c?ﬁge€§£%r the fusion 1 0 3 JUN 2005 splicing

condi tions (di geharge Curt ebnedbACHET S€ed itdPan ifbdratus and method

for fusion splicing end portions of optical fibers for
comnunication 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
ofopticalfibersadaptedforrespectiveuseshavebeendeveloped
andutilized.Varioustypesofopticalfibers,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 aptical 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



suitable for each optical fiber. However, the type of the optical fiber
maybe m staken, in which there is the risk that a splicing failur?g?ﬁ@ﬁ@ﬁ5
due to unsuitable fusion splicing conditions for the optical fibers
fusion splicing of the optical fibers is not necessarily conducted under
the Iight working environnment, but may be conducted under the dark
environnment within a manhole, for exanple. In this case, the coating
material of the optical fiber nmay be colored to identify the type of
optical fspeicingmondidogmsddilsghairgeakerrehti mbigechodisee \Wime .ne&as)of hi gh
resol ution and high magnification is enployed for an image nonitor of the
fusi on spsuctagl adoliewch aptocel futidnHase nenuttde BgpSofaddpnican be
observed, but the optical fibers of simlar profiles nay be recogni zed by

m stake. Fibéhea9pbé edlsthikeer,si are R0t t5eté Geor wadars i bRatuskgNi c$RLI ci ng
conditions suitable for the type of optical fiber, a splicing loss is

greater, whereby dheuspldd g AinopPtisle FUHESS é‘%‘flcpﬁgn@gﬁdﬁgﬁbﬁ from

t he begi nning. To nmake splicing again, a series of operations, |ncFuding

t he renov spliced portion, the renoval of the coatings for
t he end|£¥¥§€§§i%§%%géyc%. %%%ér and cutting the end portion nust be

performed from,the _beginnipg,.resulting,.in a rse,working efficiepcy,
and the operat g}rhebeg})lr?ggnne? (l)h(s:}n eo%f tbﬁe %%\ﬁ%/%ﬁ%i (o) extg%cﬁr?i qﬁ% to

solve t henggeosvsearlzlj?c%n%iglgt%%oénder the 1light working environment, but

may be conducted under the dark environment within a manhole,
for example. In this case, the coating material of the optical
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 splicing machine, 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 1s greater, whereby the splicing of optical
fibers must be made again from the beginning. To make splicing
again, aseriesofoperations, 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 beccmes nervous.

One of the conventional techniques to solve the above



problemis well-known in which the optical fibers are spliced under the
optimal fusion splicing conditions by identifying the type of optiﬁ%I 2005
fi ber through i mage processing, as disclosed in JP-A-8-21923. This JUN
conventional technique involves identifying the brightness |evel profile
of the optical fiber observed at the fusion spliced portion through inmage
processing. Then the brightness |evel profile (hereinafter referred to as

a brightness profile) for each of various types of optical fiber, i
previ ousbyobilemedls Wkl elarewh in WRICGHHENST OBE%Feél LibeR? a5% Sé’géicg%it ed by
collation with the brightness profile of optical fiber to be fusion

spl i ced. ufderophiecaptfimbér §uaienf gplésisgl icoadithp e divgidentd it @ ype of
optical fiber and selecting the optiml fusion splicing conditions from
anong t hehstofrdofugiticaspiber g reendi ihags frorc esscing ype difs cdprs ashl

fi ber. However, when the type of optical fiber is estimated by obtaining
the brightnese-pr-afidiefy omei Hbsesnednt iagelof teheniapei calnvoilbers there
are various intricate factors such that the brightness profile may be

varied on ditfeceny PRENSENGkhtes s,y pe oifi DbiCeheddersal dapanding on

the focus or op characteristics of the observed i mage, and the

manuf act el ng. GondihLons. sof 4, GRS beak; buberzodhie: fRBN BRI epohni que
shows an “exanple of "a fusion splicing nachine for™ ribbonized optical

fiber, in, whi i TR bser wi < 1Ly pi l; i qeghifd cation
and a lo EEHeﬁgﬁ %ﬁgg%gﬁégsHﬁgggﬁgggﬁﬁlﬁﬁE%%?%ééﬁﬁgkgf%%Eégg% 0.1.%% | ess.

Hence, t gebrrj(.agsr?tl'_rlféésogr%afqle?i for each of various types of optical fiber

is previously stored. Thereafter, the type of optical fiber
isdesignatedbycollationwiththebrightnessprofileofoptical
fiber tobe fusion spliced. The optical fibers are fusionspliced
by designating the type of optical fiber and selecting the
optimalfusionsplicingconditionsfromamongthestoredfusion
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 féctors 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



0 3 JUN 2905 not be sufficiently obtained, whereby it is difficult to
acquire the detailed information fromthe brightness profile. Eve #fuﬂgmge
observing neans with high magnification and high resolution is egb 3ye

for imge observation, a DS fiber and an ED fiber, for exanple, have both
a core dianmeter of 4m wth quite simlar brightness profiles, and
practically is difficult to discrimnate fromthe conpari son between the
brightness profiles. In the conventional technjque, the conparison between
the brighehéesspfbicient]y obtdd nefpl e TRPY thel 3 ﬁﬁéfféfa}llﬁéﬁg%ﬂua@pl aced
poi nts near the center of fiber axis. Accordingly, although this technique
i s ef fecthwedehenled henboirgat hessfpenfthe prsightaek§ Hr@fég@nt dependi ng on
the type of optical fiber, it is difficult to discrimnate all the types
of optical filgsenThe prnesentvsayentgamedms bieth atbhevagnihicheibhght of

t he above-nentioned circunstance, and it is an object of the invention to

provi de 24 aRPgk at 85c aidi BBt hedehplofuai porsphagengbstheabpbncak DEbers
under the fusion splicing conditions suitable for respective optical

fibers ip;uhiclydhg BPeInak, OpblCakambidesa¢aibdidn faubbyedissnerirat ed.
<Summary of the Invention> The present invention provides a fusion splicing

appar 2t sy 00, LyPLT S CLgh £ er a0, hoepl Lealurd BeASe DALY
is difficult to discriminate from the comparison between the
brightness profiles. In the conventional technique, the
comparison between the brightness profiles is made employing
the interval between displaced points near the center 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 toprovide an apparatus andmethod for fusion splicing
the optical fibersunder the fusionsplicingconditions suitable

for respective optical fibefs 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




0 3 JUN 2005 observingnmechani smfor observing the endportions of the
optical fibers, an inmage processing section for measuring paraneterl3 dal 205
of a brightness distribution waveform of optical fiber in cross section
froma picked up inmage, a fuzzy operation section for obtaining a degree of
attribution for the measured paraneter data froma fuzzy operation data
regi stered in advance in a data registering section and identifying the
type of optical fiber through a fuzzy operation, a collating section for
col | ati ng qhw‘eeqmw@éanwﬁ%%fokbﬁﬁqwg theepdiatt ¥qrs of thenp el ¢yt
conditions for each type of optical fiber registered in advance in a

f usi on spliidiens candiimage Pagcstseriing sewdtiiogn, fora ndasplEyhqmarfregter

di splaying a collation result, a fusion splicing nechanism and a control
section. Alae dfhiss birfivénineas phicetrdés: ta dnusisore Spin ci g pieitdwld £ ifloer f usi on
splicing end portions of optical fibers by butt discharging, characterized
by i ncl udiinge ehsekeicngohher N pipaedignsnefet hef oniy 6pkrhithenssddt fon i mage
observi ng nechani sm rmeasuring paraneter data of a brightness distribution

wavef or m fr Optd £Alndihesgide 6rass SR Qh EHOMORE REGKRHHR 4 MBOS &N  an
i mage processing section, obtaining a degree of attribution for the

measur ed parameL e, %a%zfzrwmpfe%ﬁtg]oqp%raaéa R dale r LY BIRIRthdD advance

and identifying the type of opti fiber through a fuzzy operation in a
et R A T I T
In advanc%iber 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
through a fuzzyoperationinafuzzyoperationsection, collating

the identified type of optical fiber with fusion splicing

conditions for each type of optical fiber registered in advance



50 3 JUN 2905 in a collating section, displaying the collation result,
and fusion splicing the optical fibers in a fusion splicing ”EChaWFﬂUNZNS
<Brief Description of the Drawings> Fig. 1 is a block diagram for
expl ai ni ng an enbodi nent 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 differenti al
wavef orm of the brightness distribution waveform Fig. 5 is a graph for
expl ai ni ngnaanembkership femcidron.didfHlpying $he godph tfiom skewilng anspeci fic
exanpl e of the nenbership function. Fig. 7 is a graph for explaining a
devi ati onfabibhe sdirigiineshedigitridull | ghbvavelior m Fiusidhi Spdiviay

di splaying the result of discrimnating the type of optical Fiber. Fig. 9
is a flowgbharbhnsbawW ng the enbodi ment of the invention. In these draw ngs,
reference nuneral 1 denotes an image observing nmechanism 2 denotes an

i mage processing section, 3 denotes a data registering section, 4 denotes
a fuzzy operation section, 5 denotes a fusion splicing condition

registeripg,qs Description of the Drawings>

Fig. 1 is a block diagram for explaining an embodiment
of the present invention.

Fig. 2 is a view showing a picked up image.

Fig. 3 is agraph for explainingabrightness distribution
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,
3denotes adataregistering section, 4denotes a fuzzy operation

section, 5 denotes a fusion splicing condition registering



6 0 3 JUN 2005 section, 6 denotes a collating section, 7 denotes a nonitor
di splay unit, 8 denotes a control section, 9 denotes a fusion s highq&m
mechani sm 11 denotes an optical fiber, 12 denotes a m croscope} ﬂ

denotes a |light source, 14 denotes a mrror, and 15 denotes a focus
driving section. <Best Mdde for Carrying Qut the Invention> Fig. 1 is a

bl ock di agram for explaining an enbodi nrent of the present invention. In
Fig. 1, reference nuneral 1 denotes an image observing nmechanism 2

denot es aredtnage pi abessiag a seLllonnd senoias, & ddreot €gi stegnhgosect i on,
4 denotes a fuzzy operation section, 5 denotes a fusion splicing condition

regi st eridigsies} et 6 sdenabes saa cldtald NG 3eGldroNg dedBRekes fids {®RI t or
di splay unit, 8 denotes a control section, 9 denotes a fusion splicing

mechani sip it URNHSh A OPL | CRladd A s 2 oSOl 3¢ A 08 O 5 CRfo £ 48

denotes a’'l1ght source, 14 denotes a mrro 15 denotes a focus

011110 SefOBscThe | TIOSANEECY) o JBERAA 10 SK3CURR A g of o

pair of optica tHe fusron splicing nechanism
(not descri i n detail d not, shown) frogmtwo directions using the
micr oscoﬁélépﬁg’ \fd]etnr?etﬁ?e BC%)%%‘H]SVH} posed °"br t hogonal to each other. The
| i ght source 13 for illumnation to pick up the inmage is disposed to

illumnate the optical fiber 11 via the mrror 14 fromthe background

side. The mcroscope 12 of high magnification and high resolution has the
focus <Best Mode for Carrying Out the Invention>

Fig. 1 is a block diagram for explaining an embodiment
of the present invention. InFig. 1, reference numeral 1 denotes
an image cbserving mechanism, 2 denotes an image processing
section, 3 denotes adata registering section, 4 denctes a fuzzy
operation section, 5 denotes a fusion splicing condition
registering section, 6 denoftes 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
palir of optical fibers 11 butted and held by the fusion splicing
mechanism (not described in detail and not shown) from two
directionsusingthemicroscopesl2withtheCCDcamerasdisposed
orthogonal to each other. The light source 13 for illumination
topick 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 resoclution has the focus



7 0 3 JUN 2905 driving section 15 for adjusting the focal point, which is
controlled by the control section 8 wwth a m croprocessor. An optical

fiber i mage observed by the microscope 12 is measured to acquirel §HEN 2005
predeterm ned data of optical fiber fromthe brightness distribution
waveformin the image processing section 2. For the neasured data, a
degree of attribution is calculated by referring to the data of a fuzzy
data menory registered in advance in the data registering section 3 in the
fuzzy oparaviiag seectiiom 4.5 e detrestiofg athe i bucabnpoint, eabACHf 1
plurality of types of optical fiber is conpared and calculated to select a

candi dat goherot hedt ypetak ephigal stibebn vewnity theivabpdotgssbrthe
candi date and decide the type of optical fiber. If the type of optical

fiber is deci ded of Pl 4 214N natRrbbeBroeaoblats dherdsmepofl optd cal
fiber and the Tusi'on splicing conditions of that type registered in
advance [ n_the

fus lleCl LLLOR; hEai i G ipkfe th
fusi on gSFFEFﬁa 3 90 SRLCLAG ﬁg?ghgg?ﬂlﬁgg'ﬁﬁ%%'ﬁg gﬁgFEBQ $iblkfr the

ondrtions are wth the set conditions, the

optical fibers_are spliced under, the,set. fusj |.Ci di; t.i usin
tﬁe fusi GA°8pl FRE nd Eﬂﬁ%%1g}slFlpﬁglpﬁéig%geggkhcigg é%%giﬁbg S are ’

unnmat ched with the set conditions, instruction for retr, spldcing is
made. ThETEEPE&LNGn TkAIN of £RE ?tgﬁ AT hg 58 |%8r¥36 i% %%%g%gyg)(f on the

noni tor displ a unit 7. The execution of fusion i ci i de under the
attgibﬁtion is calculated by referring to %Re gagg oésén%uzzy

datamemoryreqisteredinadvanceinthedataregisteringsection
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. I1f 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

registeredfusionsplicingconditionsbycontrollingthefusion



regi stered fusion splicing conditions by controlling the fusion 8 0 3 JUN
2705 splicing nmechanism9 in the control section 8 with the

m croprocessor. The details of each section will be described b&@ﬂMN%%ist
of all, the inmage processing section 2 conprises imnmage acquisition neans
2a for acquiring the optical fiber inmage picked up by the inage observing
mechani sm 1, waveform detecting neans 2b for detecting the imge as a
brightness distribution waveform (hereinafter referred to as a brightness
profil e) spldared rdat @aeoranisinng meéanscipe tontmedsusemgieone &avathr dme he
brightness profile. Fig. 2 is a view showi ng an i nmage pick-up screen of the
optical fj;R8s e s ReqUheede byil beo f g aeqtiiont wol lnpariesQaibed Fig.
2, the ends of a pair of optical fibers to be fusion spliced are butted

bef ore bgquwfusion spliced. Light passing through the optical fiber is
condensed bacause t he optical fiber serves as a rod lens, and has a

bri ght ness di StEriirbs'{t b%na‘:ﬁ/@er@heiji%eiﬁr&@@éé%&ysé@ﬂﬂgﬂsg%om rafore, the

transmtting Iight' " I's cpnﬁense In"the dark poftion as a shadow agai nst
7 o DRGSR (O A AP Ptpt ottt
O T Ba o ST e P PR SiE BRyRadp eyl o
means 2b for detecting the image as a brightness distribution
waveform (hereinafter referred to as a brightness profile),
and data measuring means 2c for measuring the data from the
brightness profile.

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
throughtheopticalfiberiscondensedbecausetheopticalfiber
serves as a rod lens, and has a brightness distribution where
lightiscentrallycondensed.Therefore,thetransmittinglight
is condensed in the dark portion as a shadow against the
background light brightness.

On the image pick-up screen, a strip image is displavyed,
consisting of a bright portion 21 of the transmitting light
appearinghorizontallyjj\thecentralsectionauuiadarkportion
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 portien having a



the bright portion 21. A brighter portion 23 appears in the center of the
bright portion due to a core portion having a 9 0 3 JUN 2905 (Mfﬁy ?wgm5
refractive index. This picked up image is extracted al ong a sanpling

24 and arithnetically operated to obtain the brightness profile. The
sanpling is nmade at several points (four to five points) , whereby the
average value data is obtained. Fig. 3 is a graph show ng the brightness
profile of the optical fiber in cross section for the image of Fig. 2, in
whi ch t heliffigpemese fofaqtigeopnideal- Thberpiskeddircaredeal snexthected

| ongi tudi nal axis and the position in diameter direction is indicated

al ong t he aransweessepaxng.lifte & dbangdmigssngiriofal by oparatHd tofolatdHinght
portion 25 in the central section, a dark portion 26 on both sides

thereof, afk arbhyhghlesgoptbont &nditcalsiang 1 itlie i Back@s eundebeirghtpesstsn its
outside. The bright portion 25 in the central section has a projecting

crest 27 ifedile e8niedie S CS!on2Beany thie |Afdragdl vhalle sigles {hereof .

The nunber of crests, its interval and e hei ght crest may be
different , qﬂging on the type of optical fiber. The central crest 27
indicates t core portion, and |s relatlvely easily identified to be

oceted 2= 1331 SoriSr g RGN SH. LLvgrn gl Q0 e
the bri ghto%%siscaﬁr %fible?: Plfx chg's séc@ion for the image of Fig. 2, in which
the brightness of the optical fiber is indicated along the
longitudinal axis and the position in diameter direction is
indicated along the transverse axis. This brightness profile
consists of a bright portion 25 in the central section, a dark
portion26 onbothsides thereof, andabrightportion indicating
the background brightness in its outside. The bright portion
251in the central section has aprojectingcrest 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 relatively easily identified
tobe located almost in the center of the optical fiber. A trough
30 is alsc 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 1is equal

to zero are different depending on the number of crests, but

10



differential value waveformis obtained as showmn in Fig. 4. The i

and nunber where the differential value is equal to zgro are di pg?;tlon
dependi ng on the nunber of crests, but 10 0 3 JUN 2905 a verteﬁfs riquf’on
29 of the crest 27 for the core portion is easy to obtain. The dlstance
between the maxinumdifferential 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 values of zero on
bot h S|de§-&érﬁdxapﬁyﬂﬁmo1xﬁﬂ1uﬁ3mh29qn§s¢eﬂﬂnédra§ha €ore BPAREPBriSB. As
shown in Fig. 3, the core dianmeter A indicates a variable density boundary
di stance éé(% thy ok atihe Thedies ehdearre iedrhehecmesimai dif fhrentral
portion, the core dianeter B indicates a distance between the troughs

30. Also,, ﬁ}? trFef el ed SRfiUBlon @4 he nusbeenobrpehksei hhthe
angul ar wave orm an a brlghtness difference (or a core height) between

the vertegjsfpogé}ltfm& hethe seests3Taandniheatr oushra0di anbbercare

portion asured and ach|re as the data. Besides, the height of

crest 27 mmy hereptesent od. by Lheche! htpessotoue! vhiguLt be Adackonortion

égtabutBEETl the A 3 efcon rast may be obtained as the
: er has a wave
Flo. 3, IpoWhsifes %a&«ea\qerctre@w“’ﬁﬁegé’fe%‘l AeTdare #0 SxTr R gle e the

DS fiber and the ED fi ber has actual
di fferenck- iAf BEPFRCIRVE] ngextheuc%rg dl%mser’g?alrl Aclonrflgét?gsmae(raéggbael arge

density boundary distance (width) at the middle abdomen of the
crest 27 in the core portion, and the core diameter B indicates
a distance betwean the troughs 30. Also, the number of crests
is equal to the number of peaks in the angular waveform, and
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
asmallcorecﬂameterand&alargedifferencejjlrefractiveindex
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



bet ween the core and the cl addi ng, whereby the central crest 27 for the
core portion is slender and higher. Further, since the refractive]gnugxio
distribution is convex, the light condensing is so conplex that the bottom
of the crest is spread 11 03 JUN 2105 or the nunber of crests is

i ncreased. On the other hand, the MM fiber (G type) has a refractive index
that gradually changes, wth the height of crest tending to decrease
conspicuously. In this manner, the brightness profile of optical fiber is

di ff er ent ;depeadingben &he-tepes afs aptdmwsdsdd bam tardmgdsur édndpy thige dat a
measuring means 2c. The degree of attribution is substituted for the data

measured fgy@mhe; bt kgplkhasss BrefidL:t iy 1heef tnay opedasl bypcheotiesn 4. The
type of optical fiber "is identified fromthe degree of attribution

obtai ned. | 4,09 Zz¥ QPELAL LRHJIRHACEESdetkehSel eauisbedubasprepar e
for the ﬁ%ggggéﬁi%eiﬂﬁgtﬁﬁne %urningbacgto Fig. T, the data registering

section 3 will be descrlbed bel.aw nThgndabasrogh gt ebldg ROlAN F3pgtores in

advance the dat scrim nati ng e types of optical fibers to be

uston, SBLISSSe Th daLaken suerkn, secl oa dcbod wiee daug-pegese!

. ] ) a processi ng neans creates

Standard_ BeVFRE | ACOSNGRSNT DS TN Bt 26 LIRS L O 1 ToRgE PP 88si ng
section. Also, it acquires the newy neasured dat asrhnﬁﬁggdgg%99%| dat a
and updategbshetdﬁp@_fqn@jmadata measured from the brig P

by the fuzzy operation section 4. The type of optical fiber

isidentified fromthe degree of attribution obtained. Inmaking

a fuzzy operating process, it is required to prepare for the

membershipfunction.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.Thedataregisteringséction3includesdataprocessing

means 3a and a fuzzy data memory 3b. The data processing means

3Jacreates themenbership functiondatabycalculatinganaverage

value and a standard deviation wvalue from the data measured

by the image processing section. Also, 1t 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



fuzzy data nenory 3b accunul ates the optical fiber type data subjected to
the fuzzy operation by the data processing neans and is used forn UN 200
calculating the degree of attribution for the optical fiber that lj’s' %ev\ﬁsy
nmeasured. Fig. Sis a typical exanple of the nenbership function 12 0 3
JUN 2905 wuseful in the fuzzy operation of the invention, in which the
menbership function is a convex type. This function represents the
fuzziness of data in the distribution width, and has a probability that

t he degreseDil atrt ritbutfiuvre ¥ opene Eton e ¢cérrt dalvenvtdlarng. idowenet, toisher
forms or the general fuzzy theory may be enployed, so long as the

di stri bukdrgre 0fh tatfaircx ifgpheserbed ey ybae THINEFiuer:t i be r Bprbeesitisp
function of Fig. 5 is represented by a triangle with a vertex at the

central wal ug, apdhihe odi asrciﬁb%i l%mlewiaqt&ﬁ%m%ﬁpq&i SigdRd h sy%iech the

degree of attribution Is taken along the |longitudinal axis, an

par anet : n he. - rs IS entr lLye, I aver age
val ue oﬁrd%?&abala%&f %gta |"s:§ér ?%%t\éi%oenggvi ttﬁ Jiby}‘g‘oq'ls?énoglder %edﬁgg‘i 8%|38%g\}al ue. By
maki ng the distribution width .several (i rres%‘ge.% , flve %'brre§ on _one side)
the standr'tf  dETR{Ton Vaite, TTHES nBhbEP ST tntt FBAZY sTEE°F €aB8Kabl e
t hat maasureﬁrgr)}t8 val ues are not deviated fromthe average value and do

not becoife®z8 Per Se HENS Bad-TANGE "R F 1B SABVER thé SeX3RPF 2876F % he

menbership function from the actual neasurenent data. Fig. 6(A) is a
nenbersm¥ﬁ$gﬁ@ﬂqﬁion.ThemembershlpfunctlonofFlg.515represented

by a triangle with a vertex at the central value and the

~distribution width as the bottom side, in which the degree of
attribution is taken along the longitudinal axis, and the
parameter data along the transverse axis. Thes central value
is an average value of data and the distribution width is a
standard deviatiocn wvalus. 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. ig. 6{A) is a membership function
with the core diameter A, Fig. 6(B) 1s a membership function
with the core diameter B, Fig. 6(C} is a membership function
with the core height, and Tig. 6(D) 1s a membership function
with the number of crests. As will be seen from these figures,
in the core diameter B {distance betwean the troughs 30 in Fig.

3), there is no vivid difference tetween the SM fiber and the



with the core dianeter A, Fig. 6(B) is a nenbership function wth the core
diameter B, Fig. 6(C) is a nenbership function with the core hd} §guy 78nd
Fig. 6(D) is a nenbership function wth the nunber of crests. As will be
seen fromthese figures, 1in the core dianeter B (distance between the
troughs 30 in Fig. 3), there is no vivid difference between the SM fi ber
and the 17 0 3 JUN 2905 MM fiber, and in the core dianmeter A there is

al so no apparent difference between the DS fiber (DSl indicates an ordinary
di spersipn:shéf} 0pt ieakhéidere ahcerdS2 1 Adi thees bs dilspensi appashitt

optical fiber of core expansion type) and the ED fiber, when the standard
devi ati @ firs reRelUdRAdwddh Ccrigat bpgriber Mesherishijxftastia®nordbary
application range may be m sjudged to be narrow Fig. 7 is a graph show ng

t he Varhﬁ%b%?sqf %ﬁ&?? %€£98§§ £ Protiles whenihhe heeUusapesihleosoht hree

positions r are c anged As shown in Fig. 7, the brightness

prof il e opi$c/agl %Pﬁyflgangl BG4 0e daoues RaRIdN | G F&h“ekbﬂgflr'ﬂekhe | mage

even w e optlca Acco I's" neceésary to
extend the dlstrlbutl wi df h of the nenbers fu ctlon |nt tlonally
di sper s¥R§"t H r dFFRE3 ara dﬁ it P hé Sy it u#é%su 8d 4% kﬁén%o ti ons

before and after the focus set-u osition, to increase the adaptgbility.
The. morBERBRIEE o Bn UG 4 nadts SR To7 bt SRS 160 SAVARE S 1U5M t he

known data or by the data registration. However,
to be narrow.

Fig. 7 is a graph showing the variation of the brightness
profile when the focus positions (three positions) of the SM
fiber are changed. As shown in Fig. 7, the brightness profile
is varied bv changing the focus position for picking up the
image even with the exactly same optical fiber. Accordingly,
it is 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 fromthe known data 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 functicn. Also, the types of optical fiber can be
further distinguished by adding the new fiber as defined by
theuser successivelyandlearningit. Bythe successiveaddition

of data, the amount of database for discrimination can be



when the fusion splicing is made by newy discrimnating the type of
optical fiber, it is possible that the neasured data for discri&igﬁ*' g i's
new y added to the al ready existing nenbership function. Al so, ?@ S
of optical fiber can be further distinguished by adding the new fi ber as
defined by the user successively and learning it. By the successive
addition of data, the anount of database for discrimnation can be 14 0 3
JUN 2905 mnutely and precisely. The additional data can be managed in
accor daned nyittel y tamel fsl9Gvisdd -expressi on, AV'+1 = (n-AV' + D'+i) / (n+l)
(1) a"+l' = (n-1) '6n2+n. AV'Z+D'+L2_ (n+l) 'AV'+1Z)/n (rczf} where. n is the
nunber of dat aThaVadid timnaledade varube denaged iy ARATFRNA attoh val ue,
and D~+i is the addition data. Herein, if the nunber n, the average val ue
and the strandayid Bevgtdsprasaivnm, are al ready known, the optinization can be
perfornmed due to the addition of data. Since the weight in adding the data

i s changed by r\l)aplgigg(r;.jgn@n numhern Mnie extent of (adaptability or the
| ear ni ng speed%( nunber of additions) can be set up. Turning back to Fig.

1, the fuzzy operatio e¢tion 4 fam dizsqnimynes], (/g /mhe type of optical
fiber will be d8&cri bgéﬁ EL‘%W*_“Thg fuzizy operati on section 4 includes

I,gfiz%/yioﬁgurhaérien { e ﬁ%mb%%ngﬁréiggaf:aﬂiﬁgyliast IR0 SRR3R ARa16@)dicdat €
a standard deviation value, and Dy 1s the addition data.

Herein,ifthenumbern,theaveragevalueandthestandard
deviation value are already known, the optimization can be
performed due to the addition of data. Since the weight in adding
the data is chanéed by changing the number n, the extent of
adaptability or the learning speed (number of additions} can
be set up.

Turning back to Fig. 1, the fuzzy operation section 4
for discriminating the type of optical fiber will be described
pelow. 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 daﬁa 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.ThenumericalvaluesofIﬂblel.areonlyexemplary
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means 4c and fiber type deciding neans 4d. The fuzzy operating neans 4a
substitutes the degree of attribution for the data measured by the3ijgRg%s
processi ng section 2. The substitution of the degree of attribution is
made for the neasured data as the type of optical fiber fromthe
menbership function of Fig. 6 stored in the fuzzy data nenory 3b. Table 1
lists an instance of calculating the degree of attribution. The nunerical

val ues of Table Tare on exenpl ar 3 J 210 s explanation, but

di f f er EpPFoRFPAErEELQRY %ﬁFué&E%?ﬁb%éo f% a§¥§bér%ggh r'e Core hei ght

M nimum crests dianmeter B (60) (3) (9m SM0.8 0.5 0.8 0.5 MMO0.9 0.8 0.3
0.3 DS1 0.90.80.90.8 EDO0.500.80 Maxinum0.8 The cal cul ati on of

Table 1 will be described below. Assum ng that the nunber of neasured
crestsTheret Ne bright portion is three, it will be found fromthe
menbership functign—of §b-t L. tive—Si : Qelw“jﬁpﬁum the DS1
fi ber [and T¥®f ED|f Nﬁgbe ég th géeeS(J%dﬁ% EE' ion of 0.8, 0.9, 0.9
and 0.5, respectlnely?r5§ﬁ§larl %a%_ %ﬁ1ﬁg t hat °the cof e

SM 0.8 0.5 0.8 0.5

MM 0.9 0.8 0.3 0.3

DS1 0.9 0.8 0.9 0.8

Maximum 0.8

The calculation of Table 1 will be described below.
Assuming that the number of measured 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 DSl 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 functicn 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 candidates selection is made using a minimum/maximum
method. This minimum/maximummethod involves firstly selecting

theminimumdegree of attribution for eachtypeofoptical fiber.
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dianeter Bis 9m and the core height is 60 steps, those optical fibers
have the degrees of attribution for the type of optical fiber as Ilst
Table 1, which are calculated fromthe nenbership function for elén ﬁ%
paraneter of Fig. 6. The nunerical values calculated by the fuzzy operatlng
nmeans 4a are enployed by the conparing calculating means 4b to select a
candi date for the type of optical fiber of measured data. The candidate
selection is made using a m ni munm maxi nrum net hod. Thi's m ni munt maxi mum

met hodI i el sl f ittst 1)1 Sélbeot itmg O -Bhéoni hAhruAPgeghéamsteat Bri bli€i on for
each type of optical fiber. 16 0 3 JUN 2905 1In Table 1, the SMfiber is
0.5 famtiibeories di.ameber tBe tbee MM Ighter tile @B figbetrhé scOr 8 ferght, the
DS1 fiber is 0.8 for the core dianmeter B, and the ED fiber is zero for the

core didBbek diBnethans, thel PRXEDMHEA0! €eetb fid thbubirendismeekect ed from
anong the nlnlnun1degrees of attribution for each type of optical fiber.

That ig Fhaee e rﬂﬁim @@?f@é! of attribuEion 16 SeBocfen thenDSL fiber,
it is judge that t candidate for the type of optical fiber is the DS1

fiber. A0ag tm@@hﬂﬁ@lﬁ‘§é§n£sa§'o®aéeflw@lam oL SR UM EERodali S

represeﬁf ng manner. Herein Is a degree of confidence

Pa\“ ng ﬂ)nunﬁlrk]actal s\,/alsfr?cgftﬁg%aqgl%r ﬁ\?dg regt%f | QUYL 90 i § sAgmgmber ship
fugctl m 1 parame I's the type of optica
I ber =
for the DSE”%{B r, it 1sn}ﬁdgédq§kn:thg1¢a$dldate)fér'khe type
of optical fiber is the D31 fiber.
Anarithmetical expressionfor theminimum/maximummethod
is represented in the following manner. Herein, F is a degree
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, m,t, m,t, m,t,..)]t

The type of optical fiber as determined in the above manner
isverifiedbythecandidateverifyingmeans4c.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 attributicn selected for the
candidate is the degree of confidence. Accordingly, if a
threshold 1is set for the degree of attribution, the
identificationof the candidatemaybeunclearwhenthe candidate
has the degree of attribution smaller than this threshold. In

selectingthecandidatewiththemaximmndegreeofattribution,
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The type of optical fiber as determned in the above manner is verified by
the candi date verifying neans 4c. The verification of the candig%te i@
uncertain, when the degree of attribution for the type of optical JUNBP5
determ ned as the candidate is small, because the degree of attribution
selected for the candidate is the degree of confidence. Accordingly, if a
threshold is set for the degree of attribution, the identification of the
candi date may be uncl ear when the candidate has the degree a t.tribution
snmal | er thanchhidsdhbeeshetiingl the sedme margi Ruie damd Hatle AH Sfhxi mum
degree of attribution, 17 0 3 JUN 2905 two candi dates having the sane
maxi mum deqya8, Qfraltild et £ par encavihithe segkkerofat tetbnEeor P& egree of
attributiron between the first and second candi dates than a Egétain val ue,
if any, re-displ i Gasted heatrypecot taphi cal uéi & be

deci ded Byerrgghg’\g ?%gdsnee%i}h%gﬁ%nt again, or on the basis of the ;i_g&nki ng.
As a result that.the ty : jcal dhiderdeSofepptiedl Bybéhenzrnek dat e
verifyin@rﬁegﬁgpﬁéyepf ?ﬁeeﬁégi %%éhiggﬁbigpigood,pthe candi date is decided
by the fiber ty deci.di n an 4 2 belowd i1sie Bdweig estil t s of
sanpl i ng dteé“s‘td,e%ycﬂ‘a éﬁrﬂeﬁo&%as?&(}iegég}?é%g%l%fhgi preci si on of

identification can be further raised by addition and accunul ati on of dat a,
as previtdgs|iadedSri bed. Table 2

As a result that the type of optical fiber is verified
by the candidate verifying means 4c, 1if the verification is
good, the candidate is decided by the fiber type deciding means
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 Correct Answer Ratlo
SM 36/36 100%
MM 35/36 97%
D51 34/36 94%
(Normal type)
D52 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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Fi ber Type Nunber of Correct Correct Answer Ratio SM 36/36 100% 35/ 36
97% DS1 34/36 94% (Normal type) 100% DS2 36/36 (Expanded core afealiNi®)
b ED 35/36 97% The result of determning the type of optical fiber is

di spl ayed, along with the fiber inmage, on the nonitor display wunit 7, as
shown in Fig. 8. The determnation for the type of optical fiber is nade
separately for each of the left and right 18 0 3 JUN 2005 optical fibers.
The type of optical fiber is displayed for each of the left and right

opti cabptibelstiberswiTdle tveedl Peragalchbher ¥ ilondlpryaB8ddfehiedrdd. The
operator may be pronpted to performthe fusion splicing or retry by once
interrypttng 186t apdratibh dptinglt Aibedisspiaywhighdébiedispd &% ype of
optical fiber, the type of optical fiber and the neasurenent data are

added &gnalﬂeigagama?gﬂp@t@ripﬂgaﬁmt i Dire Jpdfatde naypdeofpromiptecal ti ber is
decided, the type of optical fiber is collated by the fusion splicing

condi t,gpcp el @ €741 08 QGHI ieM rfy adré beyaoy latd g rasatiugt g The f usi on
splicihg condition registering section 5 includes setting nmeans 5a for
operation during this display. In deciding the type of optical
fiber, the type of optical fiber and the measurement data are
added to the data registering section 3.

If the typeof optical 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 Sa 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,thefusionsplicing
isautomaticallyperformaﬂwithoutinterruption.Irithiscase,
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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inputting the splicing conditions and a nenory 5b for storing the splicing
conditions. The splicing conditions include the preheating tine,gengyfase
spaci ng, discharge current, and discharge tine for each type of optica
fiber, for exanple. 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 '
fusi on epid thagteohen tSronisc e eoneld tilsatsor ERgnBebylEncd opetiaira¥idor to
splicing, the fusionsplicing is automatically perfornmed w thout

i nt er r uphi bhe danittvs diagday vhetresolpsompe tist ogespltayeto arendwrmoni t or
display unit 7, thereby lightening the | abor of the operator. Only if the
col | ati ener eaulits apa iwinmf chedewirtyh ithe doppelanfceoptiitdalt Hd erspll®y 0 3 JUN
2005 and the fusion splicing conditions, the results are displayed on the

noni t or GingRind Ulhe FukQoBr Qﬁmcmg 0PE BEOf s te PES FREM b her Feision
splicing or retry in accordance with the display contents. The fusion

SpliCith%t%%EgohssP?&E?E@ﬁHeQMaH&E%ﬁgg(néhesﬁéﬁﬁcﬁhsﬁgﬂ£iﬂg sechadi sm 9

(not shown in detal on the basis of the above-nentioned fusion splicing

condi 19 undgt: -4oe. 50011 gly f o408 £ONISR!SSPELI A0 Fotdh {4y o crpp oCESSOr

enpl oyi ng "the we known™ ne anism Referring to a wchart of
0k o the CALSPIOF Pe THIGOTsddtn SVENLARR WildrRESlRRRIA DR Del ow
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 shown within 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 cf 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 1its
name if unknown) is selected and input. The next steps D2 to
DS involve the image processing of optical fiber.

At step D2, light adjustment is made by the image observing
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the automatic processing is shown within the frane of the dotted 1line, and
t he manual processing is shown outside the frame. A flow of fi

registration to create the fiber data for determning the typeqﬁJ%gqU%al
fiber is shown on the left side of the flowhart, and a flow of fusion
splicing is shown on the right side. First of all, the flowhart 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 sgt in the
fusi on spidheiNigragpagat ms,scasth%ttamveogégévsfi pag?sﬂ—ga HRAHG. CTA St y, the
optical fibers are set. Then, at step S1, the type of optical fiber (one
of the chaiices iffibalr emdy dendwn aor dpttsmedarst dte urfkifdim)2§ Ss¥ it ed and

i nput. The next steps D2 to D5 involve the inmage processing of optical

fiber. @thétb%FEtDBoshtghh 26 a5{ Ienéd i o g et hecknapepebseEoNngt 20 0 3
JUN 290 mechani sm (Fig. 1) so that an observed picked-up i mage of the

optical i bef, 1y, 10 i :aRagPbbMabostatieinThie, cantst ept (hhe shpcent t
position’i's justed so that the pick up position of the optical fiber may
be located in the center of t SELEeBy, Lo hecpasi | Eqahseliveds dhéeeaf ter,
at step ﬂ?ef%%@%aasgr&%é‘é Jflft?% set tﬁe f ocal %}g%i nt of observed imge at a
preset focus posi tJL_

measur eck® Ik it a %@gﬁ%g%ﬁfo%oﬁgggvg? ggr%{%ef % ;hgbpefé;%eig?ﬁ%gbzn a
position.

At step D5, the data of the optical fiber is measured.
The data measuremant is made by sampling.several points on a
putt 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) is
performed on the hasis of this brightness profile to acguire
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
dataisregisteredasthefiberdatainthedatabase.Thereafter,
atstepD?,theopticalfiberisremovedfromthefUSionsplicing
apparatus.

A flow of the fusion splicing on the right side will be
describedbelow.Herein,thetypeofopticalfibermaybealready

known but uncertein, or unknown absolutely. A pair of optical

fibers to be fusion spliced are set in the fusion splicing
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butt screen (Fig. 2) of the optical fiber and creating the brightness
profile (Fig. 3) of the optical fiber through the image processigg A 2905
differentiating processing (Fig. 4) is performed on the basis of this
brightness profile to acquire the paraneter data, including the core

di aneter, core height and the nunber of crests. At step D6, the neasured
data is processed. The data processing involves creating the nenbership
function (Figs. 5 and 6) on the basis of the nmeasured data, in which the
created agphaatssragi st eted asstheithbehe dbilbernretibstinasbase. AThereafter,
at step D7, the optical fiber is renmoved fromthe fusion splicing

appar at UﬁherfatQWan fiberkuairen sapl,i cithgtep tde fightlpj dehei Fhsben
descri bed bel ow. Herein, the type of optical fiber nmaybe al ready known but

uncertaig l?ElH&%@%ﬁlﬁﬂ§ﬂJEiéﬁéld%ﬂéﬁén@ﬁ i Cohe fidiairsspoibentusi on
spliced a?e set”in the fusion splicing 21 03JUN2105 apparatus as is the

case with tgf?#b?grtﬁgg' stLaro0ya ALt SLrhNengptifal ofi Beescanessety at step

Si flrstF usion |C|ng condltlons are sel ected and i nput.

fusion s in condi hat it v, ca
fiber %’es%?]e %’ ’g’heeE Seoaé)gp | ca ‘Phbfﬁ;é ¥Usi glggfllbm ng
condltlons are selected from,a the iece of spllc n i n data
reglster%ﬂ“?htfﬂﬁsd&FﬁbéﬁgﬁﬁF% 95 388? df j&e ré?ﬂﬁ%t?%nggﬂgkkeatype of

optical fiber, if it is estimated
P condition data registered in the database on the basis of the

presumption of the type of optical fiber, if it is estimated
in advance. If the type of optical fiber is unknown absoclutely,
an item “automatic selection” provided on the selection menu
may be chosen.

The light adjustment at step S2, the butting at step 53,
the focusing at step S4, and the fiber measurement at step S5
are involved in the image processing as previously described,
with the exactly same flow as the fiber registration, and not
described here. The data measured in the fiber measurement at
stepSSmaybeaddedtothedatabase,asneeded,ortheprocessing
of fiber registration at step D6 may be performed in parallel.

The steps S5 to $8 are involved in the determination of
the type of optical fiber and the splicing collation of the
fusion splicing conditions. AL step $6, the type of optical
fiber that has besn set is identified. Identification of the
type of optical fiber is made by calculating the degree of
attribution for the data measured at step S5 by referring to

thefuzzyoperateddata[Fig.6)inthedatabase,andidentifying



in advance. If the type of optical fiber is unknown absol utely, a& |tegh
"automatic selection" provided on the selection nenu may be chosd 5

| ight adjustnment at step S2, the butting at step S3, the focusing at step
S4, and the fiber neasurenent at step S5 are involved in the inmage
processing as previously described, wth the exactly sanme flow as the
fiber registration, and not described here. The data neasured in the fiber
measurenent at step S5 maybe added to the database, as needed, or the
processithg t@PefDﬁeppﬁégﬁétﬁébﬁénbatt@?eElDGmN@ym@élﬁéWTBﬁﬁéﬁdin paral | el .
The steps S6 to S8 are involved in the determ nation of the type of
optical fiberAahdrttte $hlbiesi hypedld atleonidfiethet e 6A/ sPe diusgon
conditions. At step S6, the type of optical fiber that has been set is
identifispdichdgneébhiicaibas pirtdurh type of gptical fibrar rieyisude eloy
calculating the degree of attribution for the data neasured at step S5 by

referring d ghPephYZZ% ©p6l ahedddatath &y grebhat Shblervidal ehases iand
|dent|fy|ng 22 0 3 JUN 2905 the type of optical fiber by the mi ninmm

maxi mum E%EEEHEI Onsc?ff't}.gﬁs SeRQ-HeWPgt s elodeN! ichicesh &t a 81 &P pPbcelli® fusion

pI|C|ng co or each type of optical fiber registered in the

i I e e T
oD ot oduBi0ReaR] Wiy S RATE EPRE FUIdLAdE ac HRERTS PP R899I OnS
resultisdisplayedonthedisplayunitat stepS8. Ifthesplicing
is determined to be unsuitable from the displayed data, the
operation returns to step S1 to set the fusion splicing
conditions again. If it is determined that the splicing 1is
possible though tﬁe displayed data is unmatched, the operation
proceeds to the next fusion splicing processing.
The next steps S% 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 Sil.
Subsequently, at stepS12, theoptical fibersare fusionspliced

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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result is displayed on the display unit at step S8. If the splicing is
determ ned to be unsuitable fromthe displayed data, the operatiogshﬁmqm%s
to step Si to set the fusion splicing conditions again. If it i

determ ned that the splicing is possible though the displayed data is
unmat ched, the operation proceeds to the next fusion splicing processing.
The next steps S9 to S13 involve performng the fusion splicing of the
optical fibers by the well-known nethod. First of all, in nmeasuring the
end faceabfstopt S0, fapperamsnaet ef 58 sphdcerdPPasd ogperngtbethBan opti cal
fibers, the end face shape of the optical fiber, and attachment of dust
are neasy¥ edlinAkssstigpe 1@ uirk dthéuehdnbiacier bhbpé eiss Wrretredinatpensal se,
the optical fiber is renoved fromthe apparatus, and cut again. |If there

I's no abcsle%Eﬁ‘é b ren dhie 28adnf 3581 ghneptiwad driduited . The repifiteal, fitbers are
aligned wth their axes at step 511. Subsequently, at step S12, the

optical f{]bers ar L ON-$PlAi9RA ; atr sl Fabgetcarfanitorasd 1t ol na
discharg%tgﬁﬁgjgegh%ﬁi¢ﬁe fusﬁbn splicing conditions. And in the check
after fusion_s &icing 23 0 3 JUN 2105 at step 512, appearance of the
spliced PFEFdRTor thickness or thinness, the nixture of dust and air

Therear for . ath StBBLB140~Ereb SherRal - el Lo r enoued T ronrt heCrudi on
splici ngbugptg)k?erz aj:[p?\?ént':b\igé n]gsl ealcsocg eap?:ﬁtiiccaatlvlle]c it 'l I}?Ebgﬁﬁr}_e@eﬁﬁr{:iig‘é‘i above,
fiber, employing the image observing meéhanism with high
magnification. In this case, if the ribbonized optical fiber
is apparently composed of optical fibers of the same kind, one
of the ribbonized optical fibers may be subjected to the
identification processing.
Though this invention has been described above 1in
connection with the specific embodiments, it will be apparent
to those skilled in the art that various variations or
modifications mayv 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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but the invention is also applicable to a ribbonized optical fiber,

enpl oyi ng the i nage observing mechanismwith high nmagnification(3 fiNHBs
case, if the ribbonized optical fiber is apparently conmposed of optical
fibers of the same kind, one of the ribbonized optical fibers nmay be
subjected to the identification processing. Though this invention has been
descri bed above in connection with the specific enbodinents, it will be
apparent to those skilled in the art that various varjations or

nodi f i catsiedres iy bbenfidel ethepdtie imia Bondldépasts g d binforethe dorRe or
spirit of the invention. This application is based on JP-A-2000- 369681,

dat ed onofDepetrban, f2be200R] s sitcdre entss ilbdiendgoi addr portte datertsd se by
reference. <Industrial Applicability> As will be apparent fromthe above
descri ptirgr, Wi HBnthifS caitivent i @atokhheieptilgal fabhérs Canrdessui tidbdy
fusion spliced by identifying all the types of optical fibers correctly
and 24 Q43 YN 2005 or5¢l.ectiiNgt.he fusion splicing conditions suitable for
the type of optical fiber. Also, it is possible to add to the database for
identification automatically, and increase the identification precision.
25 0 3 JUN 2905
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What is Clainmed is: 1. A fusion splicing apparatus for fusion splicing end
portions of optical fibers by butt discharging, characterized b 008
conprising: an inage observing mechani smfor observing the end digv%%s of
the optical fibers; an imge processing section for neasuring a paraneter
data of a brightness distribution waveform of optical fiber 1in cross
section froma picked up inmage; a fuzzy operation section for obtaining a
degree of attribution for, the neasured paraneter data froma fuzzy
operation data registered i nWadtadée Glaiqieghtif regi stering section and
identifying the type of optical fiber through a fuzzy operation; a

coll ating sectilonAf bustohl splinginheappiemitsetotr yhesiaf gpticalg fémer with
fusion splicing conditions for each type of optical fiber registered in

advance FBr@iEﬁ%i 6n &pti€i NG iveadbl/ilom: t efi stlerdqihgeetaoctaiispd ay unit
for displaying the collation result; a fusion splicing nmechanism and a
control pecthapridinfhe fusion splicing apparatus according to claiml,
characterized in that said paranmeter data includes at |east the nunber of

crests, a core,di AMRIAL 0BBEr 31 £G" GGl Mt sRT £026 B2 AN P10Re 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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said brightness distribution waveform 3. The fusion splicing apparatus
according to claim?2, characterized in that said data registerigg ﬁgﬁgﬁon
conprises data processing neans for retrieving said paraneter d AU
creating the fuzzy operation data. 4. The fusion splicing apparatus
according to any one of clainms 1 to 3, characterized in that the fuzzy
operation data registered in advance is a nenbership function of an
average value and a standard devi ation value for the paraneter data of
the bri glsendsbrdigbtniesst idds twawatdon sRVER€I8ptical fiber in cross
section. 5. A fusion splicing nethod for fusion splicing end portions of
optical fibers by butt discharging, characterized by including: observing
the end portions of said optical fibers in an inmage observing nmechani sm
measuring a paranmgher fdaianofpaibihghipessadistadhordbng Wavelaokin of
optical fiber in cross section froma picked up inmge in an inage

processi R ,$86iHan;z Qb ai Mhag R idednea Déghttetr boyi pect bon duepeisstd ed
paranmeter data froma fuzzy operation data registered in advance and

| denti fyifng .t E‘f‘ YRS i¥fy RREhGak ot P@Erl@{r@ﬂ?hs@icﬂ UgZyam@Te D BatJANIRDO05
operation in Puzzy operation section; collating the identified type of

optical'Ugggkfggl{géx%dy}y operation data.

4. The fusion splicing apparatus according to any one
of claims 1 to 3, characterized in that the fuzzy operation
dataregisteredinadvanceisanmmbershipfunctionofanaverage
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
parameterdatafrmnafuzzyoperationdataregisteredinadvance

and identifying the type of optical fiber through a fuzzy
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splicing conditions for each type of optical fiber registered in advance
in a collating section; displaying the collation result; and fugi:?o‘mN 2905
splicing the optical fibers in a fusion splicing nechanism 6. The fusion
splicing nmethod according to claimb5, characterized in that said paraneter
data includes at |east the nunber of crests, a core dianmeter, and a core
hei ght of said brightness distribution waveform 7. The fusion splicing
met hod according to claim5 or 6, characterized in that the fuzzy

oper at i orfP RFFE VYt & ddi2G¥n SRRFEHECT S5 ser ship function of an
average value and a standard devi ation value for the paraneter data of the
bri ght ness di stGGlB@Giew W éfepmidf edhe/rsp? | eRIt itieBef iber pisbsfusien i on. 8.

The fusion splicing nmethod according to claim7, characterized in that

sai d mentseridhiimd gpediitnonavid vesadlnd yaeae &ne et calht Hi dwe e gsia tok tord. ght ness
di stribution waveform has a focal point for picking up an optical fiber

i mage shiift edivafrrcemia setcolf apdsiat isexti2® ;0 3 JUN 2005 9. The fusion
splicing nmethod according to claim7 or 8, characterized in that said

menber shi p funetiispnayasg addi tbanalliynsaeduneasumed paranmeter data of the
optical fiber to be fusion spliced newy.
fusion splicing the optical fibers in a fusion splicing

mechanism.

6. The fusion splicing method according to claim 5,
characterized in that said parameter data includes at least
the number of crests, a core diameter, and a core height of

sald brightness distribution waveform.

7. The fusion splicing method according to c¢laim 5 or
6, characterized in that the fuzzy operation data registered
in advance is a membership function of an average value and
a standard deviation wvalue for the parameter data of the
brightness distribution waveform of the optical fiber in cross

section.

8. The fusion splicing method according to claim 7,
characterized in that said membership function involves the
parameter data where said brightness distribution waveform has
a focal point for picking up an optical fiber image shifted

from a set-up position.
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10. The fusion splicing nmethod according to any one of <clains 5 to 7,
characterized by further including obtaining degree of attribution for
each of plural pieces of said neasured paraneter data for each QBJEquy
types of optical fiber to make the fuzzy operation, selecting the mninmum
val ue of said degrees of attribution for each type of optical fiber,
sel ecting the maxi mnum val ue anong said sel ected m ni num val ues, and
identifying the type of optical fiber indicating said selected naxinmm
value as the type of neasured optical fiber. 11. The fusion splicing method
according to claim5, characterized in that if the collation result of the
splicing condi%.i g ffors idre spleming ewetilypd atcopdieal teipbains’matched
with the preset splicing conditions, the fusion splicing is perforned
wi t hout di,splcayirag ttdre oal | dti onhaésubbid29membership 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 wvalue 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.




