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OBSERVATION APPARATUS AND FUSION SPLICER FOR
OPTICAL FIBERS o
BACKGROUND OF THE INVENTION

5 Field of the Invention

The present invention relates to an observation
apparatus for obsefving positions of optical fibers
and a fusion splicer using the same for optical fibers.
Related Background Art

10 A conventional observation apparatus for optical
fibers is disclosed in Japanese lLaid-open Patent
Application No. 1-107218. The conventional observation
apparatus for optical fibers described in this
application is an apparétus for illuminating light

15 from obliquely above to a plurality of optical fibers
fixed in a row on a support frame and for picking up
an image of the neighborhood of end faces at spliced
portions of the optical fibers illuminated by the
light,'through_a TV camera located obliquely below.

20 Fig. 9 is a drawing to show an optical system
according to a conventional observation apparatus for
optical fibers. As shown in Fig. 9, an image pickup
plane 100 of a TV camera is located normally to the
optical axis 102 of optical lens 101 and the optical

25 system is adjusted so that the focus is aChieved on

the image pickup plane'loo intersecting with the
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10" A conventional observation apparatus for optical . fibers
~ s disclosed in Japanese Lai d-open Patent Application No. 1-107218.
The conventional observation apparatus for optical fibers described
inthis application is an apparatus for illum nating SEI98-08L5
fromobliquely above to a plurality of optical fibers fixed in a
row on a support frame and for picking up an i mage of the

nei ghbor hood of end faces at spliced portions of the optical fibers
i1lum nated by the light, through a TV canera | ocated obliquely

bel ow. optical Rixis 90%. aAdcamdiggily,stbe focupt dexliasest arith

according to a conventional observation apparatus for

10

15

20

25

increasing distances from this position, causing the
image to be blurred; therefore, the number of the
optical fibers for which the image could be displayed
in a screen was limited to four pairs if their outside
diameter-éortions were to be measured with the
accuracy of several um or less.

Incidentally, the observation apparatus for
optical fibers was often incorporated in the fusion
splicer for optical fibers. 1In that case, observation
was carried out prior to fusion.splicing so as to
check whether an offset of axis or the like occurred
between optical fibers to be fused and spliced with
each other. Recently, the number of pairs of optical
fibers to be spliced at one time witﬁ an fusion
splicer for optical fibers has been increased, in
order to increase the efficiency of splicing of
optical fibers. At present, the teqhnology for fusion-
splicing twelve fiber pairs at one time is established,
and the technology for fusion-splicing sixteen fiber
paifs or twenty four fiber pairs at one time is also
under research and development.
SUMMARY OF THE INVENTION

In the above observation_apparétus for optical
fibers, however, only four fiber pairs were allowed to

be observed in one screen; and, because the offset of
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optical fibers. As shown in Fig. 9, an inmage pickup pl ane 100 of a

=TV canera is located normally to the optical axis 102 of optical
| ens 101 and the optical 25 systemis adjusted so that the focus is
achi eved on t he i mage pickup plane 100 intersecting w tSEI9808

2 optical axis 102. Accordingly, the focus deviates with

i ncreasing di stances fromthis position, causing the

axis had to be measured while observing each'optical
fiber perpendicularly thereto, the splicing time
largely increased with increase in the number of pairs

of optical fibers to be fusion-spliced at one time, as

5 shown in Table 1 below.
TIABLE 1
Number of optical | Number of Splicing time
fiber pairs observations
' (4 optical fiber
pairs are observed
in each
observation)
4 2 45sec
8 4 70sec
12 6 95sec
16 8 120sec
24 12 l45sec

In the splicing time, the time necessary for

10 actual fusion splicing was constant irrespective of
the number of fibers, and most.of the increase in the
Splicing time was due to the time necessary for |
observation of positions and end-face stétes of the
optical fibers by the observation apparatus for

15 optical fibers. Since the observation time of optical
fibers increased with increase in the number of
optical fiber pairs as described, the increase in the
number of pairs of optical fibers to be spliced at one

time did not result in increasing the efficiency of

20 splicing of °Pt1cal fibers accordingly.
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i mge to be blurred; therefore, the number of the optical fibers

sfor which the image could be -displayed 5 in a screen was limted to
four pairs if their outside di aneter portions were to be neasured
with the accuracy of several [err]mor |ess. SEI98-08
Incidentally, the observation apparatus for optical fibers was
often incorporated in the fusion 10 splicer for optical fibers. In

t hat case, observation was carried out prior to fusion splicing so
as to check whether an offset of axis or the |ike occurred

bet ween optical fibZapanesécLaideopemdPaténteipplitation No.e2eh ot her.
Recently, the nunber of pairs of optical 15 fibers to be spliced at

one time wth384403sidbscloses a conventional observation apparatus
for optical fibers. The conventional observation
apparatus for optical fibers described in this

5 application was designed to make an attempt to bring

more optical fibers into focus by inclining the image
pickup plane of the image pickup device relative to
the optical axis. This observation apparatus for
optical fibers, however, needed a device for driving a

10 mirror, because it used the mirror as a means for
observation in two directions. It was also difficult
to determine an appropriate position and an
appropriate angle of the image éickup plane, because
"the position of the virtual image (mirror image)

15 changed depending upon adjustment upon mounting of the
mirror. Further, the aforementioned application
describes that in practical application of the
apparatus multiple pairs of optical fibers must be
observgd in sections. It was thus eventually

20 impossible to bring all of multiple pairs of optical
fibers into focus.

Further, with either of the above observation
apparatus for optical fibers, magnifications of
obtained images were not constant but varied depending

25 upon the positions of optical fibers, so that

arithmetic procedure or image processing was necessary
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splicer for optical fibers has been increased, in order to increase

:the efficiency of splicing of optical fibers. At present, the

t echnol ogy for fusion- splicing twelve fiber pairs at one tine is
establ i shed, 20 and the technol ogy for fusion-splicing siSEE808i ber
pairs or twenty four fiber pairs at one tinme is al so under research
and devel opnent. SUMMARY OF THE | NVENTI ON In the
above observation apparatus for optical 25 fi bers, however, only four
fiber pairs were allowed to be observed in one screen; and, because

the of fset of for correction for the magnifications of images to a
common magnification. The time for observation of
optical fibers was lengthened by this processing as
well and it also posed a problem in terms of the size

5 and cost of apparatus.
An object of the present invention.is to solve
the above-described problems, thereby providing an
. observation apparatus for optical fibers and an fusion
splicer for optical fibers capable of accurately
10 observing positions and end face states of all of even
more optical fibers within a short time. Another
object of the invention is to provide an observation
unit suitable for use in these apparatus.
An observation apparétus for optical fibers
15 according to the present invention comprises a imaging
optical system located'opﬁcsite to plural pairs of
optical fibers, and an image pickup.device for picking
up images of the optical fibers formed by the imaging
optical system, wherein the imaging optical system
20 comprises, in oréer from the side of.the optical
fibers, a pre-lens system, an aperture stop having an
aperture at a position of a rear focus of the pre-lens
system, and a post-lens system having a front focus a£
the position of the rear focus of the pre-lens system.
25 A more preferred embodiment of the observation

apparatus for optical fibers according to the present
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3 axis had to be neasured whil e observing each optical

sfiber perpendicularly thereto, the splicing tine | argely i ncreased
with increase in the nunber of pairs of optical fibers to be
fusion-spliced at one tine, as 5 shown in Table 1 bel ow. SEI98-08
TABLE 1 Nunber of optical Nunber of Splicing time

fiber pairs observati ons ' (4 optical fiber

pairs are observed

invention is an observation apparatus for optical
fibers for observing é plurality of optical fibers, in
which an imaging optical system and image pickup means
(an image pickup device) are disposed in order from

5 | the side of the plural optical fibers on each of two
different optical axes that are normal to the optical
axes of the plural optical fibers located in parallel
and in a flat shape and that are different from a

. direction of a normal line to a placement surface of

10 the plural optical fibers, the image pickup means
picking up images of the plural optical fibers formed
by the imaging optical system, wherein the imaging
optical system comprises, in order from the side of
the plural optical fibers, a pre-lens system, an |

15 aperture stop having an aperture-at a position of a
reér focus of the pre-lens system, and a post-lens

- system having a front focus at the position of the

rear focus of the pre-lens system,.wherein the image
pickup plane of the image pickup means is inclined

20 relative to the optical axis of the imaging optical
system such that the longer the object distance of an
optical fiber is, the shorter its image distance
becomes and wherein the image pickup plane of the
image pickup means is positioned in parallel to the

25 optical axes of the plural optical fibers.

With this observation apparatus for optical
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in each ' observati on) 4

:2 45sec 8 4

70sec 12 ' 6 95sec

16 8 120sec 24 SEI98-08

12 ' 145sec In the splicing tinme, the tine
necessary for 10 actual fusion splicing was constant irrespective of

t he nunber of fibers, and nost of the increase in the splicing tine
was due to the tinme necessary for observation of positions and
end-face stat €dbefs| hkight, whiohtematgésbfrembyhé hplabakrapticalappar at us
for 15 optical fibers. Since the observation tinme of optical

fibers increafibenst &si observedi obfeetsuibrumifated by a light
| ~source, is focused on the image pickup plane of the
image pickup means and is picked up by the image
5 pickup means.

In this apparatus the imaging optical system is
disposed on each of the two different optical axes
which are almost normal to the optical axes of the
plural optical fibers and which are not normal to the

10 placement surface of the plural optical fibers, and
the image pickup means has the image pickup plane
located substantially in parallel to the optical axes
of the optical fibers and inclined relative to the
optical axis of the imaging optical system such that

15 the longer the object distance is, the shorter the
image distance becomes. Consequently, the in-focus
range is widened on the image pickup plane of the
image pickup means, so that focus is achieved for all
of multiple pairs (for example, twelve pairs) of

20 - optical fibers, whereby clear images of the all
optical fibers can be obtained at once. Since the
imaging optical system is constructed as described
above including the pre-lens system, the aperture stop,
and the post-lens system, the magnifications of the

25 - images picked up by the image pickup means are

constant and uniform independent of the positions of
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optical fiber pairs as described, the increase in the nunber of

pairs of optical fibers to be spliced at one time did not result in
i ncreasing the efficiency of 20 splicing of optical fibers

-accordingly. _ 4 SEI98-08
Japanese Lai d-open Patent Application No. 2- 304403 di scl oses a
conventional observation apparatus for optical fibers. The
conventi onal observation apparatus for optical fibers described in
this

the optical fibers.

In the observation apparatus for qptical fibers
according to the present invention, the pre-lens
system and post-lens system may be equivalent to each

5 other and are located in symmetry with each other with
respect to the position of the aperture of the
aperture stop. In this case, coma is canceled of the
images formed by the imaging optical system, and an
excellent quality is attained in the images of the

10 -optical fibers picked up by the image pickup means.

In another embodiment, the observation apparatus
fﬁr optiCal fibers according to the present invention
further comprises means for correcting a difference in
the object distance of each optical fiber among the

15 plural optical fibers, the object distance difference
cor;ecting means being disposed between the plural
optical fibers and the imaging optical system. In this
case, differences of the object distance due to the
different positions of the respective optical fibers.

20 are corrected so that differences of image distance
become smaller and thereby the angle formed by the
image pickup plane of the image pickup means and the
optical axié of the imaging Optical'system approaches
to the right angle. - Therefore, the image pickup means

25 can be constructed in a compact size, which enables to

reduce the size of the observation apparatus as a
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5 application was designed to make an attenpt to bring nor e

.optical fibers into focus by inclining the inmage pi ckup pl ane of
the i mage pickup device relative to the optical axis. This.
observation apparatus for optical fibers, however, n&BI08-08 device
for driving a 10 mrror, because it used the mirror as a neans for
observation in two directions. It was also difficult to determ ne
an appropriate position and an appropriate angle of the image

pi ckup pl ane, because the position of the virtual inmage (mrror

i mage) 15 wheabangdhed @bdeditng istamcadjdififierence oo nreettingg meanshe
mrror. Further, the aforenentioned application
is preferably a prism having a cross section of a
wedge shape.
A fusion splicer for fibers according to the
5 present invention is an apparatus for fusion-splicing
| end faces of plural paifé of optical fibers kept
opposite to each other. It comprises (1) the
observation apparatus for optical fibers described
above for picking up images of the plural pairs of

10 optic;l fibers, (2) inspection means for determining
whether the plural pairs of optical fibers are in a
fusion-spliceable state, based on the images of the
plural pairs of optical fibers picked up by the
observation apparatus for optical fibers, and (3)

15 fusion splicing means for fusing and splicing the end
féces of the plural pairs of optical fibers to each
other, based on a determination result obtained by the
inspection means. |

When using fusion splicers, the axial and
20 angular shifts of optical fibers should be monitored
to decrease the spliding loss by capturing the images
of the fibers.
According to the present fusion splicer for
optical fibers, the observation apparatﬁs for optical

25 fibers described above picks up the images of the

plural pairs of optical fibers with their end faces
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describes that in practical application of the
.pairs of optical fibers nust be

apparatus nultiple
observed in sections. It was thus

eventually 20 i npossible to bring all of nmultiple pairs of optical

fibers into focus. Further, with either of the &KI98-08
observati on
obt ai ned i nrages were not constant but varied depending 25
positions of optical fibers, so that

apparatus for optical fibers, nmagnifications of

processi ng was necessary

10

15

20

25

opposite to each other, the inspection means
determines whether fusion splicing is possible, based
on the images, and the fusion splicing means fuses and
splices the optical fibers when the inspection means
determines that fusion splicing is possible. |
Accordingly, observation and inspection of the plural
pairs of optical fibers can be carried out together in
a short time, so that the pfocess time for fusion
splicing of optical fibers becomes shortér.

-An observation unit according to the present
invention comprises an imaging optical system and
image pickup means, which are disposed in this order
from the side of the object on the optical axié. The
image pickup means picks up an image of the object
formed by the imaging optical system. The imaging
optical system comprises, in order as described from
the side of the observed object, a pre-lens system, an
apertures stop having an aperture at a position of a
rear focus of the pre-lens system, and a post-léns
system having a front focus at the position of the
rear focus of the pre-lens system. An image pickup
plane of the image pickup means is located as inclined
relative to the optical axis of the imaging optical
system.

This observation unit is suitably applicable to

the above observation apparatus for optical fibers and
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5 ° for correction for the magnifications of inmages to a

.comon magni fication. The tinme for observation of ' optical fibers
was | engt hened by this processing as well and it al so posed a
problemin terns of the size 5 and cost of apparat us. SEI98-08

An object of the present invention is to solve t he above-descri bed
probl ens, thereby providing an observati on apparatus for optica

fi bers and an fusion - splicer for optical fibers capable of
accurately 10 observing positions and end face states of all of even

the above fusion splicer for optical fibers. With this
observation unit, the imaging optical system focuses
the light emerging from the obsefved object (for
example, a pluraiity of optical fibers located in

5 parallel and in a flat shape, or the like), on the
image pickup plane of the image pickup means, and the
image pickup means picks up the image of the observed
object. In the case wherein the imaging optical system
is disposed on the optical axis éubstantially normal

10 to the optical axes of the above optical fibers and
different from the normal direction to the placement
surface of the optical fibers and wherein the image
pickup plane of the image pickup means is located so
as to be substantially parallel to the optical axes of

15 the plural .optical fibers and be inclined relative to
the optical axis of the imaging optical system such
that the ionger the object distance is, the shorter
the image distance becomes. Consequently, the in-focus
range is widened on the image pickup plane of the

20 image pickup means, so that on-focus is achieved for
all of multiple pairs (for example, twelve pairs) of
optical fibers, thus enabling to obtain clear images
of the all optical fibers at once. Since the imaging
optical system is constructed as described above

25 including the pre-lens system, aperture stop, and

post-lens system, the magnifications of the images
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nmore optical fibers within a short tinme. Another -obj ect of the

Lnvention is to provide an observation unit suitable for use in

t hese appar at us. An observation apparatus for optical fibers
15 according to the present invention conprises a imaging SEI98-08
optical systemlocated opposite to plural pairs of optical fibers,
and an i mage pi ckup device for picking up images of the optica
fibers forned by the imging optical system wherein the inmaging
optical system 20 conprises, in order fromthe side of the optical
fibers, a pre-pénkedyepdny tineaimagerpickup meansigberome constaperture at a
position of a rear focus of the pre-Ilens system and a post-I|ens

systen1haV|ng and remifowm ytndependent of the positions of the

optical fibers. It is preferable that the angle
between the optical axis of the imaging optical system

5 and.the image pickup plane of the image pickup means
be propetly determined according to an angle between
the optical axis of the imaging optical system and the
normal line to the placement surface of the observed
object.

10 The present invention will become more fully
understood from the detailed description given
hereinbelow and the accompanying drawings which are
given by way of illustration only, and thus are not to
be considered as limiting the present invention.

15 Further scope of applicability of the present
invention will become apparent from the detailed
description given hereinafter. However, it should be
understood that the detailed description and specific
examples, while indicating preferred embodiments of

20 the invention, are given by way of illustration only,
since various changes and modifications within the
spirit and scope of the invention will become apparent
to those skilled in the art from this detailed
description. |

25 BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 is a block diagram to show an embodiment
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the position of the rear focus of the pre-lens system 25 A nore

preferred enbodi nent of the observation apparatus for optica

fi bers according to the present 6
i nvention is an observation apparatus for opti cal fi beSEIHS08
observing a plurality of optical fibers, in whi ch an i magi ng
optical system and i mage pickup neans (an i mage pickup device) are

di sposed in order from

of the observaﬁion épparatus for optical fibers
accdrding to the present invention;

Fig. 2 is an explanatory drawing to show an
imaging optical system of the observation apparatus

5 .for optical fibers according to the present
embodiment;

Fig. 3A is a drawing to show an image obtained
by the observation apparatus for optical fibers
according to the comparative example and Fig. 3B is a

10 drawing to show an image obtained by the observation
apparatus for optical fibers according to the present
embodiment;

| Fig. 4 is a block diagram to show a first
modification example of the optical system from a

15 plurality of optical fibers to the image pickup plane;

Fig. 5 is a block diagram to show a second
modification example of the optical system from a
plurality of optical fibers to the image pickup plane;

Fig. 6 is a block diagram to show an embodiment

20 - of the fusion splicer for optical fibers according to
the ﬁresent invention;

Fig. 7A and Fig. 7B are flowcharts to show fiber
observation steps in the fusion splicer for optical
fibers according to the comparative example and in the

25 fusion splicer for optical fibers according to the

present embodiment, respectively;
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5 the side of the plural optical fibers on each of two

different optical axes that are normal to the opti cal axes of the
plural optical fibers located in parall el and in a flat shape and
that are different froma direction of -a nornmal |ine SEIS84@8acenent
surface of 10 the plural optical fibers, the inmage pickup means

pi cking up images of the plural optical fibers forned by the

i magi ng optical system wherein the inmaging optical system
conprises, in order fromthe side of the plural optical fibers, a
pre-lens system arfig.58 is gpdlogke dilagramationghov apethere at a position
of a rear focus of the pre-lens system and a post-I|ens

syst em havi nembgdiment afushe ahsenysdiiaroappanatas for optical

fibers according to the present invention; and
Fig. 9 is a drawing to show the optiéal system
5 of the observation apparatus for optical fibers
according to the comparative example.
DESCRIPTION OF THE PREFERRED EMBODIMENTS
The embodiments of the present invention will be
described in detail by reference to the accompanying
10 drawiﬁgs. In the description of the drawings the same
elements will be denoted by the same reference symbols
and redundant description will be omitted.
Fig. 1 is a block diagram to show an embodiment
-0of the observation apparatﬁs for optical fibers
15 according to the present invention. This figure is a
view in the direction along the optical axes of plural
optical fibers 2 to be observed. This observation
apparatus for optical fibers 1 has a pair of light
sources 3, 4 located obliquely above a placement
20 surface 14 on either side of a plurality (for example,
twelve pairs) of optical fibers 2 located in parallel
and in a flat shape on the placement surface 14, and a
pair of microscope cameras (obser&ation units) 5, 6
located'obliquely below the placement surface 14. Each
25 microscope camera 5, 6 is a camera for picking up

images of the plural optical fibers 2 back-illuminated
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rear focus of the pre-lens system wherein the inmge

.of the inmage pickup neans is inclined 20 relative to the optical axis-:
of the inmaging optical system such that the | onger the object
di stance of an optical fiber is, the shorter its i mageSIHI98-88ce

becones and wherein the i mage pi ckup pl ane of the

| mage pi ckup

pi ckup pl ane

means i s positioned in parallel to the 25 optical axes of the plural

optical fibers.

10

15

20

25

by each light source 3, 4. The two microscope cameras
5, 6 may be integrated into one unit.

The observation apparatus for optical fibers 1
has an image input/output device 7 for taking in the
images of the optical fibers 2 6utputted from the
microscope cameras.s, 6, and a display 8 for
displaying an image oﬁtputted.from the image
input/output device 7. The observing apparatus 1 is
also provided with é power supply 9 for supplying
powe£ to each of the pair of light sources 3, 4, the
image input/output device 7, and the display 8.

Each of the microscope cameras 5, 6 has an
imaging optical system 12, 13 for receiving light from
the optical fibers 2 and forming images thereof, and a
CCD (image pickup device) 10, 11 for picking up the
images. The imaging optical systems 12, 13 are
microscopes having the same magnification. Each
imaging optical system 12, 13 is located on the
optical path between the light source 3, 4 and the CCD
10, 11. The optical.axeS'IZa, 13a of the imaging
optical systems 12, 13 are set in two'directions

almost normal to the optical axes of the optical

'fibers 2 and different from the normal direction to

the placement surface 14. For example, each optical
axis 12a, 13a is set at the inclination of 45° to the

placement surface 14 while passing the center of the
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I

Wth this observation apparatus for optical



7 fibers, light, which emerges fromthe plural optical

.fibers as observed objects illum nated by a |ight source, IS
focused on the image pickup plane of the i mage pi ckup neans and is
pi cked up by the imge 5 pi ckup neans. _ |ISEIJS-68
apparatus the imaging optical systemis di sposed on each of the
two different optical axes whi ch are al nost normal to the optical
axes of the plural optical fibers and which are not normal to the
10 pl acenent surface of the plural optical fibers, and t he

i mge pi ckup erass Bestibe ofinghepbpkipapl fkbers 2. In this case,
because the optical axis 12a of the imaging optical
system 12 is perpendicular to the optical axis 13a of
the imaging optical system 13, the optical fibers 2

5 are observed in the two directions perpendicular to
each other (in the X-direction and in the Y-direction).

The imaging optical system 12 is composed of a

pre-lens 12A, an aperture stop 12B, and a_post-lens
12C located in order from the side of the optical

10 fibefé 2, and similarly, the imaging optical system 13
is composed of a pre~lens 13A, an aperture stop 13B,
and a post-lens 13C located in order from the side of
the optical fibers 2. Here, each of the pre-lenses 12a,
13A and post-lenses 12C, 13C may be either a single

15 convex lens or a combination of lenses. It is also
noted that the optical axes 12a and 13a do not always
have to be perpendicular to each other, but they may
be set in any mutually different directions.

The imaging optical system 12 will be described

20 below in detail. The imaging optical system 13 also
has the same structufe. Fig. 2 is an explanatory
drawing of the imaging optical system 12. This figure
is also a view in the direction.along the optical axes
of the optical fibers 2. As illﬁstrated in this figure,

25 the optical axis 12a of this imaging optical system 12

passes the center position S of the row of optical

—_—
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| ocated substantially in parallel to the optical axes of the

.optical fibers and inclined relative to the optical axis of the

i magi ng optical system such that 15 t he | ongert he object distance is,
the shorter the I mage di stance becones. Consequent |y, SEI98-08

I n-focus range is w dened on the inmage pickup plane of the

| mge pickup neans, so that focus is achieved for all of nmultiple
pairs (for exanple, twel ve pairs) of 20 optical fibers, whereby clear
i mges of the all optical fibers can be obtained at once. Since

t he i fibibeng 2pt isaheaylyenormalobstthetepticsalicagesbefl the

above including the pre-lens system the aperture stop,
optical fibers 2, and is inclined at 45° to the

placement surface 14 of the optical fibers 2.
In the imaging optical system 12 there are the
5 pre-lens 12A, aperture stop 12B, and post-lens 12C
located in order from the side of optical fibers 2.
Specifically, the aperture stop 12B is located so as
to have an aperture at the position of the rear focus
of the pre-lens 12A, and the post-lens 12C is located
10 so that the front focus thereof is located at the
position of tﬁe rear focus of the front lens 12A. The
aperture stop 12B has the aperture in its certain area
including the optical axis l2a. Namely, the rear focus
position of the pre-lens 12A is almost coincident with
15 the front focus position of the post-lens 12C, and
they are at-the aperture of the aperture stop 12B.

In the imaging optical system 12 constructed as
described above, the principal rays emerging in
parallel to the optical axis 12a from the optical

20 fibers 2 back-illuminated by the light source 3 are
converged at the rear focus position F by the pre-lens
12A to pass through the aperture of the aperture stop
.12B. Then they are converted again into the principal
rays parallel to the optical axis 12a by the post-lens

25 12C to reach the image pickup plane 10a of the CCD 10.

Therefore, the magnifications of the images of the
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and the post-lens system the magnifications of the 25 | mages pi cked
.up by the inage pickup neans are constant and uni form i ndependent
of the positions of o 8

the optical fibers. ' In the observati on appar at uSEI28-08ti cal

fibers according to the present invention, the pre-lens

system and post-|lens system nay be equivalent to each 5 ot her and are
| ocated in synmetry with each other with

optical fibers 2 formed on the image pickup plane 10a
of the CCD 10 are constant or uniform regardless of
either one of the optical fibers 2. The magnifications
are also constant even if the locations of the optical

5 fibers 2 vary in the direction of the optical axis 12a
of the imaging optical system 12 or even if the
position of the image pickup plane 10a of the CCD 10
varies. The magnificatioh of the imaging optical
system 12 is represented by f./f,, and the

10 magnification of an image picked up by the CCD 10 is
determined by the magnification of the imaging optical
system 12, thé angle betwéen the placement surface 14
of the optical fibers 2 and the optical axis 12a, and
the angle between the image pickup plane 10a of CCD 10

15 and the optical axis 12a. Note that the focal

| distances f., £, of lenses 12A, 12C are shown in the
figure.

Here, the pre-lens 12A and post-lens 12C are

preferably lenses having the same structure and

20 located in symmetry with each othef with respect to
the aperture stop 12B. This cénfiguration enables to
easily place the pre-lens 12A, aperture stop 12B,
post-lensflzc, and CCD 10, to cancel the coma, and to
provide a good quality image through the CCD 10.

25 The center position S of the optical fibers 2 is

preferaBly located at the position of the front focus
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respect to the position of the aperture of the
coma i s cancel ed of the
optical system and an

this case,

aperture stop.
I mges fornmed by the imging
excellent quality is attained in the inages

In

of the 10 optical fibers picked up by the image pickup n8#®198-08
I n anot her enbodi nent, the observati on appar atus ‘for optical fibers
according to the present invention further conprises neans for

correcting a difference in

fi ber anong the 15 plural optical fibers, the object distance

di fference

of the mue-dmrnsnd2maninbthig daspesaed limagee8't b ther a

optical fibers and the imaging optical system In this

10

15

20

25

center position S is formed at the position of the
rear focus of the post-lens 12C by the imaging optical
system 12, .where the beam generated from the center
position S becomes parallel in the stop space, and
aberration can easily corrected to be well balanced.

With this imaging optical system 12, each object
distance (the optical distance between an optical
fiber and the pre-lens 12a) différs depending upon
each éosition of the optical fibers 2. When the images
of the optical fibers are obtained with the image
distances (optical distances between the post-lens 12C
and the positions of the images) being kept constant,
that is, when the images are obtained with keeping the
image pickup plane normal to the optical akis 12a,
degrees of defocus vary depending upon the positions
of the respective fibers. In order to solve this
problem due.to the differences in the object distances,
the image pickup plane 10a of the CCD 10 is positioned
so as to be nearly parallel to the optical axes of the
optical fibers 2 and be inclined relative to the
optical axis 12a of the imaging optical system 12. For
each of the optical fibers 2, the image formation

condition is satisfied by inclining the image pickup

" plane 10a such that the longer its object distance is,

‘the shorter its image distance becomes. This
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case, differences of the object distance due to the di fferent

positions of the respective optical fibers 20 are corrected so that
di fferences of inmge distance beconme small er and thereby the angle
formed by the i mage pickup plane of the image pickup SEI98-08d t he
optical axis of the inmaging optical system approaches to the right
angle. Therefore, the inmge pickup neans 25 can be constructed in a
conpact size, which enables to reduce the size of the observation

apparatus as a
arrangement broadens the in-focus range on the image

pickup plane 10a of the CCD 10, and a desirable
focusing is achieved for each of the optical fibers 2.
Thus, clear images of all optical fibers 2 are |
5 outputted from the CCD 10.
The optimum value of the angle 6 between the
- image pickup plane 10a of the CCD 10 and the optical
axis 12a of the imaging optical system 12 can be
app;oximately calculated by the paraxial image
10 forma£ion formula according to the so-called
Scheimpflug principle. It can also be obtained more
accurateiy by perforﬁing a.ray tracing simulation.
According to this, the angle 6 can be set in the range
of 45° to 27° in order to observe the optical fibers 2.
15 in the magnifications of 1x to 2x.
In-the observation apparatus for optical fibers
1 according to the present embodiment, the angle 8
formed by the image pickup plane 10a and the optical
axis 12a is set to 45°, and the magnification is x1.
20 As described above, the angle between the optical axis
12a and the placement surface 14 of the optical fibers
2 is also 45° as described above. Therefore, the angle
between the placement surfacé 14 and the image pickup
plane 10a is the right angle, and hence distortion is
25 very émall in the images of the optical fibers 2

formed on the image pickup plane 1l0a.
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9 - whol e. The obj ect distance difference correcting neans

s preferably a prismhaving a cross section of a - wedge shape.

A fusion splicer for fibers according to the 5 present invention is
an apparatus for fusion-splicing end faces of plural [BEIO8-08
optical fibers kept opposite to each other. It conprises (1) the
observation apparatus for optical fibers described above for

pi cking up i mages of the plural pairs of 10 - optical fibers, (2)

i nspection neans for determning whet her the plural pairs of

optical fibers are Theaabove description about the imaging optical

system 12 referring to Fig. 2 are also applicable to
the imaging optical system'13. Accordingly, the images
of the optical fibers 2, picked up by the CCDs 10, 11

5 and displayed through the image input/output device 7
on the display 8, have the constant magnification
independent of the respéctive positions the optical
fibers 2 and are sharp with less blur. Therefore,
states of even the plurality (for example, twelve

10 pairs} of optical fibers 2 can be observed at once, so
that the positions and end face states of the optical
fibers 2 can be captured on the.display in a short
time.

Fig. 3A and Fig. 3B are drawings to show

15 examples of observed images of the éptical fiber55
Each figure shows an image of multiple pairs of-
optical fibers with their'end faces located close to
each other. Fig. 3A is a drawing to show an image
obtained by the observation apparatus for 6ptical

20 fibers according to the comparative example and Fig.
3B is a drawing to show an image obtained by the
observation apparatus for optical fibers according to
the present embodiment. These figures show the case
where six pairs of optical fibers with their end faces

25 opposite to each other are observed.

In the image 15 obtained by the obserxvation
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fusi on-spliceable state, based on the inmages of the pl ural pairs of

optical fibers picked up by the observati on apparatus for optical
fibers, and (3) 15 fusion splicing means for fusing and splicing the
end faces of the plural pairs of optical fibers to eaSEI98-08

ot her, based on a determ nation result obtained by the I nspecti on
nmeans. When using fusi.on splicers, the axial and 20
angul ar shifts of optical fibers should be nonitored to decrease
the splicing |loss by capturing the inmages of the fibers.

Accor di ng to appapatesrfor wpicablfidwers mccording opttheal fibers, the
observation apparatus for optical

comparative example, as shown in Fig. 3A, the
magnification in the case of an image 16 of the
optical fiber farthest from the microscope camera is

5 the smallest of the optical fiber images, and the
magnifications gradually increase with decreasing
distances between the optical fibers and the
microscope camera, and the magnification in the case
of an image 17 of the optical fibers closest to the

10 microscope camera becomes the largest of the optical
fiber imageé. This is because the object distance and
image.distance differ depending upon each position of
the optical fiber 2 and the real magnification of each
optical fiber image formed on the image pickup plane

15 of the microscope camera also varies accbrding thereto.
Therefore, the observation apparatus fdr optical
fibers according to the comparative example needed the
image processing to correct this nonuniformity of
magnifications of images, which resulted in increase

20 in the size and cost of the apparatus.

In contrast with it, the optical fiber
observation apparatué 1 according to the present
embodiment has the structure of the imaging optical
systems 12, 13 constructed as described above, and

25 consequently in the image 19 obtained by it the

magnification of the images are constant for all of
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25 ° fi bers described above picks up the imges of the pl ur al
pairs of optical fibers with their end faces

10 opposite to each other, the inspection neans det erm nes
whet her fusion splicing is possible, based on the inmdgskE]98:08 t he
fusion splicing nmeans fuses and splices the optical fibers when the
I nspection neans 5 determ nes that fusion splicing is possible.

optical fibers 2 as shown in Fig. 3B. Therefore, the
observation apparatus for dptical fibers 1 according
to the present embodiment does not need the image
processing :for uniforming the magnifications of the

5 | images, and hence that the time necessary for
determination of the positions of the optical fibers
is short, and the size and cost of the apparatus can
be decreased.

A variety of modifications can be contemplated

10 in ad&ition to the structure shown in Fig. 2, for the
optical system from the optical fibers 2 through the
imaging optical system 12 to the image pickup plane
10a of the CCD 10. Two modified examples will be
described below. It should be noted that the same is

15 also applicable to the opﬁical system from the optical
fibers 2 through the imaging optical system 13 fo the
image pickup plane 1lla of the CCD 11. In Fig. 4 and
Fig. 5 described below, the imaging optical system 12,
composed of the pre-lens 12A, aperture stop 12B, and

20 post-lens 12C, is illustrated as a block and the
plurality of optical fibers 2 located in parailel and
in a flat shape are illustrated as a line segment, for
simplicity.

Fig. 4 is a block diagram to show the first
25 modification example of the optical system from the

optical fibers 2 to the image pickup plane 10a. 1In
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Accordi ngly, observation and inspection of the plural pairs of
.optical fibers can be carried out together in a short tine, so that
the process tinme for fusion splicing of optical fibers becones
shorter. 10 An observation unit according to the pSEI8808
I nvention conprises an inmaging optical system and | mage pi ckup
means, which are disposed in this order - fromthe side of the object
on the optical axis. The ' i mage pi ckup neans picks up an i mage of
t he object 15 formed by the imaging optical system The imaging
optical systdthichrguampde a prisie50s weisty iilsech fmeans for t he side of
t he observed object, a pre-lens system an apertures stop having an
aperture at xquesating dhesdifference in the object distance
depending upon the respective positions of the plural
optical fibers 2, is provided on the optical axis 12a
5 between the optical fibers 2 and the imaging optical
system 12. The prism 50 has its cross section of a
wedge shape and is located so that the ridge line
thereof is parallel to the optical axis direction of
the optical fibers 2 and is present on the side of the
10 optical fibers with shorter object distances. Namely,
the longer the object distaﬁce, the longer a distance
of a principal ray passage through the prism 50.
For example, supposing the apical angle of this
prism 50 is 25°, the refractive index is 1.5, and an
15 angle of incidence is 90°, then the angle of deviation
is 14.34°. Wwhen the magnification of the imaging
optical system 12 is x1, the angle between the optical
axis 12a and the plane on which the image pickup plane
10a is to be placed is 54.4°, which is greater than 45°
20 in the case of Fig. 2. 'This means that the differences
of the object distance due to the different positions
of the respective optical fibers 2 are corrected and
consequently the differehces of their image distances
to be set are decreased even if the angle formed by

25 the placement plane 14 of the optical fibers 2 and the

optical axis 12a of the imaging optical system 12 is

—_——
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rear focus of the-pre-lens system and a post-lens 20 system having a
front focus at the position of the rear focus of the pre-Ilens
system An inage pickup pl ane of the inmage pickup nmeans is | ocated
as inclined relative to the optical axis of the inmagi ngEIR-D8al
system 25 This observation unit is suitably applicable to
t he above observation apparatus for optical fibers and
the same as Fig. 2, namely, 45°.
For example, let us consider a case where the
distance between the two outermost fibers of the
twelve pairs of optical fibers 2 arranged at intervals
5 of 0.25 mm is 2.75 mm (= 0.25 mm x 11). Without the
prism 50 (i.e., in the case of Fig. 2), the distance
between the two corresponding end fibers in the image
on the image pickup plane 10a is 2.75 mm; whereas, in
| the case of this modification example, the distance is
10 only-2.04 mm. Since the image of the optical fibers 2
formed on the image pickup plane 10a becomes smaller
as described, the CCD 10 can be of a éompact size.
Fig. 5 is a block diagram to show the second
modification example of the optical system from tﬁe
15 optical fibers 2 to the image pickup plane 10a. 1In
this example the magnification (f./f,) of the imaging
optical system 12 is x1.5. In this case the angle is
33.7° between the optical axis 12a and the plane on
which the image pickup plane 10a is to be placed. If
20 the distance is 2.75 mm between the both end fibers of
the twelve optical fibers 2 arranged at the intervals
of 0.25 mm, the distance will be 5.41 mm between the
corresponding both end fibers in the image on the
image pickup plane 10a. As described, the larger the

25 magnification of the imaging optical system 12, the

smaller the angle 0 between the image pickup plane 10a
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t he above fusion splicer for optical fibers. Wth this observati on

.unit, the imaging optical system focuses the light enmerging from

t he observed object (for exanple, a plurality of optical fibers

| ocated in 5 parallel and in a flat shape, or the like), SBI98:08

| mage pi ckup plane of the imge pickup nmeans, and the | mage pi ckup
means pi cks up the image of the observed object. In the case
wherein the inmaging optical system i s di sposed on the optical axis
substantially normal 10 to the optical axes of the above opti cal

fibers and and thealidgteicalt dxiemlizee amt fdle diargsy dthe dndge pl acenent

surface of the optical fibers and wherein the imge
Therefore, the CCD 10 needs to be of a large size.

Next described referring to Fig. 6 is an
embodiment :0f the fusion splicer for optical fibers
5 incorporating the observation apparatus for optical

fibers described above. The same or like components as
those in the observation apparatus for optical fibers
1 are denoted by the same reference symbols and the
description thereof is omitted herein.

10 The fusion splicer for optical fibers 20
according to the present embodiment comprises: a pair
of light sources 3, 4 for radiating light from
obliquely above to the multiple pairs of multiple
fibers (fqr example, twelve pairs), optical fibers 2a,

15 2b arranged. in a flat shape with the end faces thereof
opposite to- each other; a microscope camera 21 for
picking up images of the multiple optical fibers 2a,
2b in two directions, lpcated obliquely below the

" multiple optical fibérs 2a 2b; an image input/output

20 device 7 for receiving an image outputted from the
microscope camera 21; an image processing device 18
for performing image processing of the image outputted
from the image input/output device 7; a display 8 for
displaying an image outputted from the image

25 processing device 18; and a power supply 9 for

supplying power to each device.
-

This Sheet Has Been

» (WRGR™



pi ckup pl ane of the inmage pickup neans is |ocated so as to be

cl ear images

Substantially parallel to the optical axes of 15 the plural optical
fibers and be inclined relative to the optical axis of the imaging
optical system such that the | onger the object distanSXig8-08 he
shorter the i mage di stance becones. Consequently, the in-focus
range i s widened on the i mge pickup plane of the 20 I mge pickup
nmeans, so that on-focus is achieved for all of multiple pairs (for
exanpl e, twelve pairs) of ' optical fibers, thus.enabling to obtain

Funthenhe the Dpsienlisplices for opbica rEibers i nagi ng

optical systemis constructed as descri bed above

10

15

20

25

20 has a pair of discharging electrodes 22, 23 located
on either side of the portion where the end faces of
the multiple optical fiBers 2a, 2b are opposed to each
other, a calculation device (inspection means) 24 for
analyzing the image outputted from the image
processing device 18 to determine whether fusion
splicing is possible as to the positions and end face
states of the multiple optical fibers 2a, 2b, and a
discﬂérging device 25 for applYing a high voltage to
the discharging electrodes 22, 23 when the calculation
device 24 determines that the fusion splicing is
possible. In addition, the fusion splicer for optical

fibers 20 is provided with left and right fiber

feeders 26 for bringing the facing optical fibers 2a,

2b into contact with each other in each pair when the
calculation device 24 determines that the fusion
splicing is possible, and a memory device 27 for
storing determination data used in the determination
process of the calculatién device 24.

The calculation device 24 takes in the images of
the multiple optical fibers 2a, 2b outputted from the
image processing device 18 and analyzes them to
perform inspections, based on the determination data
stored in the memory device 27, as to whether there is

an offset of axis between each pair of mutually
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25 i ncluding the pre-lens system aperture stop, and post -1 ens
system the magnifications of the imges
12 pi cked up by the inage pickup nmeans becone constant

and uni form independent of the positions of the opti cHEN9gbegs. |t
Is preferable that the angle between the optical axis of the
I mgi ng optical system 5 ~and the image pickup plane of the image
pi ckup neans be properly determ ned according to an angle between
opposing optical fibers to be fusion-spliced, whether
there is a vacancy or the like in the array of the
multiple optical fibers 2a, 2b, whether there is
breakage or the like in the end face of each optical
5 fiber, and!so on. When these inspections result in
determining that fusion spiicing is possible, the
calculation device 24 first sends a signal of driving
instruction to the left and right fiber feeders 26.
This signal drives the left and right fiber feeders 26,
10 so a; to make the both end faces of the opposed
multiplg optical fibers 2a, 2b closer to each other.
After that, the calculation device 24 supplies a
signal of driving instruction to the discharging
device 25. This signal causes the high voltage to bé
15 placed between the discharging electrodes 22, 23,
whereby the end faces of the respective optical fibers
are fused together. At this time, one of the left and
right fiber feeders 26 is driven to further push one
side of the multiple optical fibers 2a, 2b a little,
20 whereby the multiple optical fibers 2a, 2b opposing
each other are fusion-spliced at one time.
Fig. 7A and Fig. 7B are flowcharts to show the
fiber observation steps in the fusion splicer for
optical fibers according to a comparative example and

25 in the fusion splicer for optical fibers according to

the present embodiment, respectively.
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the optical axis of the inmging optical system and the normal |ine

.to the placenent surface of the observed object. 10 The
present invention will becone nore fully understood fromthe
det ai |l ed description given her ei nbel ow and t he accomSEIg8AB8

drawi ngs which are given by way of illustration only, and thus are
not to be considered as limting the present invention. 15
Further scope of applicability of the present i nvention wl |
become apparent fromthe detail ed description given hereinafter.

However, it shoul d A% shown in theicfigunsl tthe mwlimkeiopidierkcription and
specitic fibers were observed every four fibers in the fusion
splicer for optical fibers according to the
comparative example.' For observing the optical fibers
5 of twelve fiber pairs, the fusion splicer according to
the comparative example needed to perform three
observations while moving the microscope, and thus the
measurement took a long time. More specifically, when
the multiple optical fibers are observed in the two
10 direc£ions (in the X-direction and in the Y-direction)
| ‘obliquely below the optical fibers, the X-directional
microscope is first moved (step 30), and then X-
directional observation is carried out for the optical
fibers of the first fiber pair to the fourth fiber
15 pair (step3l). ‘Then the X-directional microscope is
moved a little (step 32) and X-directional observation
is carried out for the optical fibers of the fifth
fiber pair to the eighth fiber pair (step 33). Then
the x-diréctional microscope is further moved a little
20 (step 34) and thé X-directional observation is carried
out for the optical fibers of the ninth fiber pair to
the twelfth fiber pair (step 35). The process of the
above steps 30 to 35 obtains an X~directional image of
the optical fibers of the twelve fiber pairs.
25 Then the Y-directional microscope is moved (step

36) and Y-directional observation is carried out for
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exanpl es,
.are given by way of illustration only,
nodi fications within the
become appar ent

descri ption.

25 BRI EF DESCRI PTI ON OF THE DRAW NGS

Is a block diagramto show an enbodi nent

13

10

15

20

25

the optical fibérs of the ninth fiber pair to the
twelfth fiber pair (step 37). Then the Y-directional
microscope is moved a little (step 38) and ¥-
directional observation is carried out for the optical
fibers of the fifth fiber pair to the eighth fiber
pair (step 39). Then the Y-directional microscope is:
further moved a little (step 40) and Y-directional
observation is carried out for the optical fibers of
the first fiber pair to the fourth fiber pair (step
41). ‘The process of the above steps 36 to 41 obtains a
Y-directional image of the optical fibers of the
twelve fiber pairs.

In contrast with it, the fusion splicer for
optical fibers 20 according to the present embodiment
can observe and measure the fibers at a time by the
above obsenvation apparatus for opticél fibers even in
the case of observation of the optical fibers 2a, 2b
of twelve fiber pairs, so that the measuring time is
very short. More specifically, when the multiple
optical fibers 2a, 2b are observed in the two
directions (in the X-direction and in the Y-direction)
obliquely beloﬁ the optical fibers, the optical fibers
2a, 2b of.twelve fiber pairs are first measured at one
time in the X-direction with the CCD 10 (step 42) and
then the optical fibers 2a, 2b of twelve fiber pairs

are measured at one time in the Y-direction with the .
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of the observation apparatus for optical fibers according to the

.present invention;
I magi ng optical system of the observation apparatus 5
optical fibers according to the present enbodi nent; SEI98-08
Fig. 3Ais a drawing to show an i mage obt ai ned

an

Fig. 2 is an explanatory drawing to show

f or

by the observation

apparatus for optical fibers according to the conparative exanple
and Fig. 3Bis a 10 drawi ng to show an inmage obtai ned by the
apparatus for optical fibers according to the present

observati on
enbodi nent ;

10

15

20

25

CCD 11 (step 43). This obtains the X-directional image
and the Y-directional image of the optical fibers 2a,
2b of the twelve fiber pairs.

As described above, the fusion splicer for
optical fibers 20 according to the present embodiment
can obtain the two-directional images of the optical
fibers 2a,-2b of the twelve fiber pairs by the process
of jusf two steps, so that the number of processing
steps is drastically decreased as compared with the
fusion splicer for optical fibers according to the
comparétive example. This decreases the measurement
time of the multiple optical fibers 2a, 2b in the
fusion splicer for optical fibers 20.

Since.each imaging optical systém 12, 13 is
constructed: as described above in the observation
apparatus for optical fibers, which is a part of the
fusion splicer for optical fibers 20, the

magnifications are uniform for the images of the

multiple optical fibers 2a, 2b picked up by each CCD

10, 11, so that nd image processing for uniforming the
magnifications is especially necessary in the image
processing device 18. The measurement time of the
multiple optical fibers 2a, 2b is also decreased_in
this aspect.

Since the microécopes are not moved in the

observation process of the fusion splicer for optical
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Fig. 4 is a block diagramto show a first nodi ficati on exanpl e of
the optical systemfroma 15 plurality of optical fibers to the inmage
pi ckup pl ane; _ Fig. 5is a block diagramto show a second
nodi fication exanple of the optical systemfroma pl UISEIOBYOSf
optical fibers to the inmage pickup plane; ' : Fig. 6 is a block
di agram to show an enbodi nent 20 of the fusion splicer for optical
fi bers according to the present invention; Fig. 7A
and Fig. 7B are flowharts to show fi ber observation steps in the
fusion splicefibers opdj amd driving rieddeasism cs dexpssatrynefeonlze ati ve
exanple and in the 25 fusion splicer for optical fibers according to
t he microscopes. Therefore, the apparatus structure of the
fusion splicer for optical fibers 20 can be simplified,
and the size and weight of the apparatus can be
5 decreased.:
Fig. 8 is a block diagram to show another
embodiment of the observation apparatus for optical
fibers according to the present invention. When
compared with the apparatus of Fig. 1, the present
10 apparatus is an apparatus obtained by excluding the
light source 3 and microscope unit 6 on the left side
in the same drawing. Instead thereof, the present
apparatus has a mirror 99 the normal line of which is
perpendicular to the optical axes of the optical
15 fibers 2, makes the angle of 45° with the optical axis
of the imaging optical system 12, and makes the angle
of 45° with the optical axis of the light source 4.
The mirror 99 is arranged so as to be movable along
the directions (V) perpendicular to the normal line
20 and the microscope unit 5 is movable along the normal
direction (H) to the mirror 99.
Transmission images of the optical fibers,
observed when the optical fiber pairs 2 are seen in
the X-direction, are obtained in such a manner that

25 the light emitted from the light source 4 is reflected

by the mirror 99, the reflected light passes through
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present enbodi nent, respectively;
14 Fig. 8 is a block diagramto show anot her
enbodi ment of the observation apparatus for optical fibers
according to the present invention; and Fig. 9 SEIa848w ng
to show the optical system 5 of the observation apparatus for optical
fibers according to the conparative exanple. DESCRI PTI ON OF
THE PREFERRED EMBODI MENTS

'the optical fiber pairs 2, and the light is incident

to the microscope unit 5.

Transmission images of the optical fibers,

observed when the optical fiber pairs 2 are seen in

5 the Y-direction, are obtained in such a way that the
light emitted from the liéht source 4 passes through
the optical fiber pairs 2, the transmitted light is
reflected by the mirror 99, and the light is incident
to the microscope unit 5. Thus, X-direction images and

10 Y-diréction images are obtained simultaneously with
one image pickup plane. Reference numeral 2°'
designates a mirror image of the optical fiber image
in this case. The mirror 99 is moved down during
setting of. the optical fiber pairs 2. Since the

15 present apparatus uses only one imaging optical system,
the manufacturing cost thereof can be decreased.

As detailed aboée, the observation apparatus for
optical fibers according to the present invention is
constructed so that the light emerging from the

20 optical fibers as observed objects illuminated by the
light source is focused on the image'pickup plane of
the image pickup means by the imaging optical system
and that the images are picked up by the image pickup
means. In this structure, the imaging optical system

25 is disposed on each of the two mutually different

optical axes that are nearly normal to the optical
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The enbodi nents of the present invention will be described in

.detail by reference to the acconpanying 10 drawings. In the
description of the draw ngs the sane el enents will be denoted by
the sane reference synbols and redundant description WHID8HS
om'tted. Fig. 1 is a block diagramto show an enbodi nent
of the observation apparatus for optical fibers 15 according to the
present invention. This figure is a view in the direction al ong
the optical axes of plural optical fibers 2 to be observed. This

observation axes of a*ﬁ}%r%waflorfwﬁﬁsca‘in& iddiftereraLrom ke of |ight

sources 3, 4 |ocated obliquely above a placenent
normal direction to the placement surface of the

optical fibers, and the image pickup means has the
image pickyp plane located so as to be nearly parallel

5 to the optical axes of the optical fibers and so as to
be inclined relative to fhe optical axis of the
imaging optical system so that the longer the object
distance, the shorter the image aistance; therefore,
the in-focus range is widened on the image pickup

10 plane-of the image pickup means, so that focus is
achieved for all of the optical fibers of multiple
fiber pairs (for example, twelve fiber pairs), thus
obtaining clear images of the all optical fibers at
once. Since the imaging opticallsystem is constructed

15 as described above including the pre-lens systen,
aperture stop,-and post~lens system, the
magnifications of the images picked up by the image
pickup means are constant and uniform independent of
the positions of the.optical fibers. Therefore, even

20 the optical fibers of many fiber pairs can also be
observed within a short time and the image processing
for uniforming the magnifications of images becomes
unnecessary. Therefore, the size and cost can be
decreased.

25 When the pre-lens system and post-lens system

are equivalent to each other and are positioned in
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20 surface 14 on either side of a plurality (for exanple,

twelve pairs) of optical fibers 2 located in parallel and in a flat
shape on the placenent surface 14, and a pai r of m croscope caneras
(observation units) 5, 6 | ocat ed obliquely bel ow t he [SBISS+681t
surface 14. Each 25 m croscope canera 5, 6 is a canmera for picking up
I mges of the plural optical fibers 2 back-illum nated

15 by each light source 3, 4. The two m croscope caneras

symmetry with each other with respect to the position
of thé aperture of the aperture stop, the coma is
canceled in the images formed by the imaging optical
systems, and.consequently the images of the optical

5 fibers picked up by the image pickup means are of good
quality.

When the apparatus further has the object
distance difference correcting means for correcting
the;difference in the object distance of each optical

10 fibe£ among a plurality of optical fibers, disposed
between the optical fibers and the imaging optical
system, it corrects differences among the object
distances depending upon the positions of the
respective optical fibers, differences of image

15 distances to.be set become small, and the angle
between the image pickup plane of the image pickup
means and the optical axis of the imaging optical
system aéproaches the right angle. Therefore, the
entire optical fiber observation apparatus as well as

20 the image.pickup means can be constructed in a compact
size. The object distance difference correcting means
is preferably a prism having the cross section of the
wedge shape.

With the fusion splicer for optical fibers

25 according to the present invention, images of plural

pairs of optical fibers with their end faces opposite
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5, 6 may be integrated into one unit. The observati on

.apparatus for optical fibers 1 has an i mage input/output device 7
for taking in the 5 i mges of the optical fibers 2 outputted fromthe
m croscope caneras 5, 6, and a display 8 for di spl ayi §EI98-08ge
outputted fromthe inmage I nput / out put device 7. The observing
apparatus 1 is al so provided with a power supply 9 for supplying
10 power to each of the pair of |ight sources 3, 4, the I mage
I nput /out put device 7, and the display 8. Each of the

m croscope cabereach,othémsare picked up risyitige oxvoveldesestridred 2, 13 for
receiving light from

observation apparatus for optical fibers, the
inspection means determines whether fusion splicing is
possible, based on the images, and the fusion splicing

5 means carries out fusion splicing of the fibers when
the inspection means determines that fusion splicing
is possible. Accordingly, observatioﬁ and inspection
of the plural pairs of optical fibers is carried out
at once within a short time, and the process time of

10 fusion splicing of optical fibers is shorténed. The
structure becomes simpler, because the driving section,
necessitated before, becomes unnecessary.

With the observation unit according to the

present invention, the light emerging from the

15 observed object (for example, a plurality of optical
fibers arrénged in parailel and in the flat shape) or
the like) is focused on the image pickup plane of the
image pickup means by the imaging optical system, and
the image of the observed object is picked up by the

20 image pickup means. In the case wherein the imaging
optical system is disposed on the optical axis nearly
normal to the optical axes of the above optical fibers
and different from fhe normal direction to the
placement surface of the optical fibers and wherein

25 the image pickup plane of the image pickup means is

located so as to be nearly parallel to the optical
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the optical fibers 2 and forming inmges thereof, and a 15 CCD (i mage

.pi ckup device) 10, 11 for picking up the | mages. The i magi ng
optical systens 12, 13 are m croscopes having the sane
magni fi cati on. Each i magi ng optical system 12, 13 is ISEHS8080n the
optical path between the |ight source 3, 4 and the CCD 20 10, 11. The
optical axes 12a, 13a of the imaging optical systens 12, 13 are set
in two directions al rost nornmal to the optical axes of the optica
fibers 2 and different fromthe normal direction to t he pl acenent
surface 14. Faxesxafipthke epticabtfibérs2and soaasstd?be iBalisedet at the

i nclination of 45[err] to the ' pl acenment surface 14 while passing

t he center. ofrehative to the optical axis of the imaging optical
system so that thé longer the object distance, the
shorter the image distance, the in-focus range is

5- wideﬁed on the image pickup plane of the image pickup
means, so that focus is achieved for all of the
optical fibers of multiple fiber pairs (for example,
twelve fiber pairs), thus obtaining cleér images of
the all optical fibers at once. Since the imaging

10 optiéal system is constructed as described above
including the pre-lens system, aperture stop, and
post-lens system, the magnifications.of the images
picked up by the image pickup means are constant and
uniform independent of the positions of the optical

15 fibers. This observation unit is suitably applicable
to the above observation apparatus for optical fibers
and the above fusion splicer for optical fibers.

From the invention thus described, it will be

obvious that the embodiments of the invention may be

20 varied in many ways. Such variations are not to be
regarded as a departure from the spirit and scope of
the invention, and all such modifications as would be
obvious to one skilled in the art are intended for

inclusion within the scope of the following claims.
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16 cross section of the optical fibers 2. In this case,

.because~%he—6ﬁ%+ea+—a*+s—12a of the imaging opti cal - system 12 is

per pen to the o tical axis 13a of t he i magi ng optica
system 'i Hl |bers 2 5 are observed in the tS&EIA8+ 0t ons

per pend .each other (in the X-direction and in the
Y-direction). { The imaging optical system 12 is conposed of a

1. An observation apparatus for optical fibers
comprising:
(A) a first imaging optical system located opposite to

5 a plurality of pairs of optical fibers, said first
imaging optical system having:

(a) a first pre-lens system,
(b) a first aperture stop including an aperture
at a position of rear focus of said first pre-

10 lens system, and

(c) a first post-lens system including a front
focus at the position of the rear focus of said
first'pre—léns system, wherein said first pre-
lens system, said first aperture stop and said

15 ' first post-lens system are arranged a way'from

said opticél fibers in the order given; and
(B) an image pickup device that picks up images of the
optical fibers formed by said first imaging optical
system.

20 2. An observation apparatus for optical fibers
according to Claim 1, further comprising a second
imaging optical system for observing said pairs of
optical fibers in a direction different from that of
said first imaging optical system, said second imaging

25 optical system having: |

(a) a second pre-lens system,
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pre | ens—12A —an aperture stop 12B, and a post-Ilens 12C | ocated in

-order fr he optical 10 fibers 2, and simlarly, the
I magi ng @l EE m‘ar‘“ is conposed of a pre-lens 13A, an

apertur and a post-lens 13C located in orSEI9808m t he
si de of the optical fibers 2. Here, each of the pre-lenses 12A,
13A and post-lenses 12C, 13C nmay be either a single 15 convex |lens or
a conbination of lenses. It is also noted that the optical axes
12a and 13a do not al ways have to be perpendi cul ar to each ot her,
but they may (b)bé §§F°Pﬂ &PFrﬁHFGaPFQPd#PFéPéﬁPngPeéP?6ﬁ§re

The imaging optical system.12 will_ be described 20 bel qw i n det ai

The i magi ng opt|caFtsfsPQﬁﬂI3°&IQ§ rear focus of said second pre-

lens system, and

(c) a second post-lens system including a front
5 focus at the position of the rear focus of said

second pre-lens system, wherein said second pre-

lens system, said second aperture stop and said

second post-lens system are arranged a way from

said optical fibers in the order given.

10 3. An observation apparatus for optical fibers
according to Claim 1, wherein an image pickup plane of
said image pickup device is inclined relative to the
optical axis of said first imaging optical system so
tﬁat the longer an object distance of an optical fiber

15 out of said pairs of optical fibere, the shorter an
image distance thereof, and said image pickup plane of
‘said image pickup device is placed in parallel to the
optical axes of said pairs‘of optical fibers.

4. An observation apparatus for optical fibers

20 according to Claim 1, further comprising a mirror for
deflecting the images of said optical fibers toward
said first imaging optical system, said mirror being
located near said optical fibers.

5. An observation apparatus for optical fibers

25 according to Claim 4, wherein said mirror is movable.

6. An observation apparatus for optical fibers
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has the sane structure Fig. 2 is an explanatory . drawi ng of the

{1 magi ng This figure is also a viewin the
dlrectlo " I Al axes of the optical fibers 2. As

| ust r at ed |Cn this fsgure,. 25 the optical axis 12a of thS§EI9898i ng
optlcal system 12 passes the center position S of the row of
opti cal: 17 fibers 2,

nearly nor mal

10

15

20

25

to the optical axes of the

according to Claim 2, wherein said first and second
imaging optical systems are microscopes having a
common magnification.

7. An observation apparatus for optical fibers
according to Claim 1, further comprising object
distance difference correcting means for correcting a.
difference in an object distance of each optical fiber,
said object distance difference correcting means being
disposed between said pairs of optical fibers and said
first imaging optical system.

8. An observation apparatus for optical fibers
according to Claim 7, wherein said object distance
difference correcting means is.a prism having a cross
section éf a shape.

9. An fusion splicer for optical fibers
comprising: |

the observation apparatus for optical fibers as
set forth in Claim 1; and

a pair of discharging electrodes for fusing and
splicing ends of said optical fibers; said discharging
electrodes being disposed at respective positions on
either side of a space between the ends of said plural
pairs of optical fibers.

10. An fusion splicer for optical fibers
according to élaim 9, further comprising inspection

means for determining whether said pairs of optical
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optical fibers 2, and is |ncI|ned at 45[err] to the pl acenment
~surface H“lmum mmm”ﬂm fibers 2. In the i magi ng opti cal
system 1 5: pre-lens 12A, aperture stop 12B, and

post -1 ens *12C | 6cated in order fromthe side of opti cBEIf808r s 2.
Specifically, the aperture stop 12B is |ocated so as to have an
aperture at the position of the rear focus of the pre-lens 12A and
the post-lens 12C is |located 10 so that the front focus thereof is

| ocated at the position of the rear focus of the front |ens 12A
The Hidbensr arse dn B2Btaxe time wiyieh dhe optitalc ditens aagma

I ncl uding the optical axis 12a. Nanely, the rear focus posi tion of

t he pre-| ens b2 Ausedalamis ispddicedt dgntsadid kischarging electrodes,
based on the images of said pairs of optical fibers
picked up by said image pickup device.

5 11. An fusion splicer for optical fibers
comprising:
the observation apparatus for optical fibers as
set forth in Claim 2; and
a pair of discharging electrodes for fusing and
10 splicing ends of said optical fibers, said discharging
electrodes being disposed at respective positions on
either side of a space between the ends of said plural

pairs of optical fibers.

15
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15 the front focus position of the post-lens 12C, and they are

at the aperture of the aperture stop 12B. In the imagi ng
optical system 12 constructed as descri bed above, the principal
rays enmerging in parallel to the optical axis 12a fro®SHIB8-0%ti cal
20 fibers 2 back-illum nated by the |light source 3 are

converged at the rear focus position F by the pre-lens 12A to pass
through the aperture of the aperture stop 12B. Then they are
converted again into the prlnC|paI rays parallel to the optical
axi s 12a by t&RdIRSAd ghs QRAIRE o reach the image pickup plane |0a
of the CCD 10. Therefore the magnifications of the i mges of the

Bach of imaging optical systems has a post-lens
system having a front focus at a position of a rear
focus of a pre-lens system. Each of the optical axes

5 is set in a direction normal to the optical axes of
optical fibers and different from the normal direction
to a placement surface of the optical fibers. Each of
image pickup planes of CCDs is inclined relative to
the optical axis of the imaging optical system so that

10 the longer an object distance of each optical fiber
among the optical fibers, the shorter an image
distance thereof, and each image pickup plane is
located in parallel to the optical axes of the optical

fibers.

———

e ——
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18 optical fibers 2 formed on the image pickup plane |0Oa

of the CCD 10 are constant or uniformregardl ess of ei ther one of
the optical fibers 2. The magnifications are al so constant even if
the locations of the optical 5 SEID868s 2 vary in the direction of the
optical axis 12a of the imaging optical system 12 or even if the
position of the imge pickup plane | 0a of the CCD 10 varies. The
magni fi cati on of the inaging optical '

Fig.1

L—10

11—
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9
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POWER
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system 12 is represented by f[err]/f[err], and the 10 magni fi cati on of
an i mage picked up by the CCD 10 is determ ned by the
magni fi cati on of the inmaging optical system 12, the angl e between

t he placement surface 14 of SEEE9grpgcal fibers 2 and the optical
axi s 12a, and t he angl e between the inmage pickup plane | 0a of CCD

10 15 and the optical axis 12a. Note that the focal
di stances f[err], f[err] of lenses 12A, 12C are shown in the
figure. Here, the pre-lens 12A and post-lens 12C are

preferably | enses having the sane structure and 20 | ocated in symmetry
with each other with respect to

O Z. .

e
/
12C

.
T Vg >g
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“the aperture stop 12B. This configuration enables to

the pre-lens 12A, aperture stop 12B,
the coma, and to

cancel

CCD 10.

25

provi de a good quality image through the

easily place
post-lens 12C, and CCD 10,

preferably |l ocated at the position of the front focus

19

of the pre-lens 12A
center position Sis formed at the position of the

Fig.3A
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rear focus of the . post-lens 12C by the inaging opti cal system 12,
where the beam generated fromthe center 5 position S becones parallel
in the stop space, and aberration can easily corrected to be well
bal anced. Wth this iSBbO8308pti cal system 12, each object

di stance (the optical distance between an opti cal fiber and the
pre-lens 12A) differs dependi ng upon 10 each position of the optical
fibers 2. Wien the imges of the optical fibers are obtained with

t he i mage di stances (optical distances between the post-lens 12C
and the positions of the imges) being kept constant, that is, when

t he i nmages ar’:ig*qkped w th keeping the

|

12a
¥ [\ _ } 54.4°\/§§04
275/ A48 14.34° 10a Jp

50
2
Fig.5
12
2.75 ) 12a

a5 | |
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15 i mage pi ckup plane normal to the optical axis 12a, degr ees

.0of defocus vary dependi ng upon the positions of the respective
fibers. In order to solve this probl em due to the differences in

t he object distances, ‘the 9BYO808kup plane 10a of the CCD 10 is
positioned 20 so as to be nearly parallel to the optical axes of the
optical fibers 2 and be inclined relative to the optical axis 1l2a
of the imging optical system 12. For each of the optical fibers 2,
the image formation condition is satisfied by inclining the imge
pi ckup 25 ’:Zs’ | 0a such that the longer its object distance is,

the shorter Tt ge di stance becones. This

25
-
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11 10
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20

pi ckup plane | 0a of the CCD 10, and a desirable
fibers 2.

arrangenent broadens the in-focus range on the inmage

achi eved for each of the optical

all optical
The optinum val ue of the angle [err]

fibers 2 are 5

focusing is

Thus, clear imges of

o 8EIO808f rom t he CCD 10.

pl ane I 0a of the CCD 10 and the optical

-opt i cal

system 12 can be

Fig.7A
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approxi mately cal cul ated by the paraxial image 10 formation formul a

according to the so-called Schei npflug principle. It can al so be
obt ai ned nore accurately by performng a ray tracing sinulation.
According to this, the angle [err] SENG8208et in the range of
45[err] to 27[err] in order to observe the optical fibers 2 15 in the
magni fications of |x to 2x. In the observation apparatus for
optical fibers 1 according to the present enbodi nent, the angle
[err] formed by the image pickup plane | 0a and the optica

axis 12a is set gsrr], and the magnification is xI. 20 As

descri bed above ¥ thsgs8¥gl e bet ween the optical axis 12a and the

pl acenent surface 14 of the optical fibers

IMAGE INPUT /
OUTPUTDEVICE [~ 7

POWER
SUPPLY

DISPLAY r-\., 8
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2 is also 45[err] as descri bed above. Therefore, the angle bet ween
the placenent surface 14 and the inmage pickup plane I 0a is the

- right angle, and hence distortion is 25 very small in the inages of
~“the optical fibers 2 f or e SEBh98HB8i nage pi ckup pl ane 10a.

21 The above description about the imging optica

system 12 referring to Fig. 2 are also applicable to

Fig.9

_—
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the imaging o
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t hrough the i
constant magn
opti cal
states of eve
fibers 2 can
face states o
in a short
show 15
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ptical system 13. Accordingly, the inages f tﬁﬁwas

s 2, picked up by the CCDs 10, 11 b -snd.dispnlayved

mage i nput/output device Z~- - * LACEMENT SHEETShav 8Gt he

i fication i ndependent of M%mm:ipag@dsitoipagedﬁ?e )
fibers 2 and are sharpiwith | pd8 (aigns) ThougédZ8to paged 4/

nthe plurality (for exanpTe, twe] & Drawing(s) :paged)).. o péd &2l

be observed at once, so tlﬁfmhstmx:tposiph'gmﬁ{w gé}p—-

f the optical fibers 2 clan be captured on the drsplay
IIIL&.QE;RﬁE_INMENIIQN Fig. 3ApREERHE: a#fw]qu to
exanpl es _of observed inﬁggs of tH 1 :

OBSERVATION APPARATUS AND FUSION SPLICER FOR

OPTICAL FIBERS
BACKGROUND OF THE INVENTTON
Field of the Invention

The preseﬁt invention relates to an observation
apparatus for observing positions of optical fibers
and a fusion splicer using the same for optical fibers.
Related Background Art

A convehtional observation apparatus for optical
fibers is disclosed in Japanese Laid-open Patent
Application No. 1-107218. The conventional observation
apparatus for optical fibers described in this
application is an apparatus for illuminating light
from obligquely above to a plurality of optical fibers
fixed in a row on a support frame and for picking up
an image of the neighborhood of end faces at spliced
portions of the optical fibers illuminated by the
light, through a TV camera located obliquely below.

Fig. 9 is a drawing to show an opticél system
according to a conventional observation apparatus for
optical fibers. As shown in Fig. 9, an image pickup
plane 100 of a TV camera is located normally to the
optical axis 102 of optical lens 101 and the optical

system is adjusted so that the focus is achieved on

.the image pickup plane 100 intersecting with the
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Each figure shows an inage of multiple pairs of optical fibers with

their end faces |l ocated close to each other. Fig. 3Ais a draw ng
to show an i nage obt ai ned by the observation apparatus for opti cal
20 fi bers according to the conparative exanple and Fig. - 3Bis a
~drawi ng to show an i mage obt ai ned by the observati on apparatus for
optical fibers according to t he™present enbodi nent. These figures
show t he case where six pairs of optical fibers with their end '
faces 25 opposite to each other are bserved. t he

i mage 15 obt aiARtdGRL @¥dSodderv aFenrdingly, the’focus deviates wifh'

increasing distances from this position, causing the
image to be blurred; therefore, the number of the
optical fibers for which the image could be displayed

5 in a screen was limited to four pairs if their outside
diameter portions were to be measufed with the
accuracy of several um or less.

Incidentally, the observation épparatus for

optical fibers was often incorporated in the fusion

10 splicer for optical fibers. 1In that case, observation
was carried out prior to fusion sﬁlicing so as to
check whether an offset of axis or the like occurred
between optical fibers to be fused and spliced with
each other. Recently, the ﬂumber of pairs of optical

15 fibers to be spliced at one time with an fusion
splicer for optical fibérs has been increased, in
order to increase the efficiency of splicing of
optical fibers. At present, the technology for fusion-
splicing twelve fiber pairs at one time is established,

20 and the technology for fusion-éplicing'sixteen fiber

| pairs or twenty four fiber pairs at one time is also
under research and development.
SUMMARY OF THE INVENTION

In the above observation apparatus for optical
25 fibers, however, only four fiber pairs were allowed to

be observed in one screen; and, because the offset of
[_BEPLACEMENT SHEET
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22 apparatus for optical fibers according to the

conparative exanple, as shown in Fig. 3A the magni fication in the

case of an inage 16 of the opti.cal fiber farthest fromthe

m croscope canera i s 5 the smal | est of the optical fiber imges, and

t he magni fi cations gradual |y i nérease with decreasing

di stances between the optical fibers and the m croscope canera, and
the magnification in the case of an image 17 of the optical fibers

| he_. i i i
closest tot gx;s_had to be measured while observing each optical

fiber perpendicularly thereto, the splicing time
largely increased with increase in the number of pairs

of optical fibers to be fusion-spliced at one time, as

5 shown in Table 1 below.
"TABLE 1
Number of optical | Number of Splicing time
fiber pairs observations
(4 optical fiber
pairs are observed
in each
: observation)
4 2 45sec
8 4 ' 70sec
12 6 95sec
16 ' 8 120sec
24 . 12 l45sec

In the splicing time, the time necessary for

10 - actual fusion splicing was constant irrespective of
the number of fibers, and most of the increase in the
splicing time was due to the time necessary for
observation of positions and end-face states of the
optical fibers by the observation apparétus for

15 optical fibers. Since the observation time of optical
fibers increased with increase in the number of
optical fiber pairs as described, the increase in the
nﬁmber of pairs of optical fibers to be spliced at one

time did not result in increasing the efficiency of

20 splicing of optical fibers accordingly. REPLACEMENT SHEET
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10 m croscope canera becones the | argest of the optical fiber

I mges. This is because the object distance and I mge di stance

di ffer dependi ng upon each position of - the optical fiber 2 and the
real magnification of each optical fiber imge forned on the inmage
pi ckup plane 15 of the m croscope cgnera al so varies according

t hereto. Therefore, the observatTon apparatus for optica

fi bers according to the conparative exanple needed t he I mage
processing to correct this nonunifornitz magni fi cati ons of

i mages, which resulté8PRResfckaideopen Patenyy ApplicatiandNees?2-of the

appar at us. In contrast with it, the optical fiber
304403 discloses a conventional observation apparatus

for optical fibers. The conventional observation
apparatus for optical fibers described in this

5 application was designed to make'an attempt to bring
more optical fibers into focus by inclining the image
pickup piane of the iﬁage pickup device relative to
the optical axis. This observation apparatus for
optical fibers,'however, needed a device for driving a

10 mirror, because it used the mirror as a means for-

| observation in two directions. It was also difficult
to determine an appropriate position and an
appropriate angle of the image éickup plane, because
the position of the virtual image (mirror image)

15 - changed depending ﬁpon adjustment upon mounting of the
mirror. Further, the aforementioned application
describes that in practical application of the
apparatus multiple pairs of optical fibers must be
observed in sections. It was thus eventually

20 impossible to bring all of multiple pairs of optical
fibers.into focus.

Further, with either of the above observation
apparatus for optical fibers, magnifications of
obtained images were not constant but varied depending

25 upon the positions of opticél fibers, so that

arithmetic procedure or lmage process1ng was necessary
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observation apparatus 1 according to the present enbodi nent has the
structure of the inmaging optical systems 12, 13 constructed as
descri bed above, and 25 consequently in the inage 19 obtained by it

t he magni fi cati on of the inages are constant for all of

23 optical fibers 2 as shown insFig. 3B. Therefore, the
observation apparatus for optical fibers™ according to the present
enbodi ment does not need the inmge

for correction for the magnifications of images to a
common magnification. The time for observation of
optical fibers was lengthened by this processing as
well and it also posed a problem in terms of the size

5 and cost of appératus. |

An object of the present invention.is to solve

the above—described problems, thereby providing an
observation apparatus for optical fibers and an fusion
splicer for optical fibers capable of accurately

10 observing positions and end face states of all of even
more obtical fibers within a short time. Another
object of the invention is to prdvide an observation-
unit suitable for use in these apparatus.

An observation apparatus for opticai fibers

15 according to the present invention comprises a imaging
optical system located 6pposite to plural pairs of
optical fibers, and an image pickup'device for picking
up images of the optical fibers formed by the imaging
optical system, wherein the imaging optical system

20 comprises, in order from the side of thg optical
fibers, a pre-lens system, an aperture stop having an
aperture at a position.of a rear focus of the pre-lens
system, and a post-lens system_having a front focus at
the position of the rear focus of the pre-lens system.

25 A more preferred embodiment of the observation

apparatus for optical fibers éccording EPLACEMENT SREET
£
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brocessing for uniformng the magnifications of the 5 | mages, and

hence that the tinme necessary for determ nation of the positions of
the optical fibers is short, and the size and cost of the apparatus
can be decreased. A variety of nodifications can be
contenplated 10 in addition to theéstructure shown in Fig. 2, for the
optical systemfromthe optical fibers Z through the | magi ng
optical system 12 to the image pickup pl ane . 10a of the CCD 10. Two
nodi fied exampl es will be descri bed below. It should he noted that

the same is fgnventigns 45, 3n obssryatd oy @appdtatas pn ORYISHH t he opti cal

fibers for observing a plurality of optical fibers, in
which an imaging optical system and image pickup means
(an image pickup device) are disposed in order from

5 the side of the plural optical fibers on each of two
different optical axes that are normal to the opﬁical
axes of the plural optical fibers located in parallel
and in a flat shape and that are different from a
direction of a normal line to a placement surface of

10 thé plural optical fibers, the image pickup means
pickin§ up images of the plural optical fibers formed
by the imaging optical system, wherein the imaging |
optical 5ystem comprises, in order from the side of
the piural optical fibers, a pre-lens system, an

15 aperture stop having an aperture at a position of a
rear focus of the pre-lens system, and a post-lens
system having a front focus at the position of the
rear focus of the.pre-lens system, wherein the image
pickup plane of the image pickup means is inclined

20 relative to the optical axis of the imaging optical
system such that the longer the object distance of an
optical fiber is, the shorter its image distance
becomes and wherein the image pickup plane of the
image pickup means i§ positioned in parallel to the

25 optical axes of the plural optical fibers.

With this observation apparatus for optical
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fibers 2 through the imaging optical system 13 to the | mage pi ckup

pl ane 1la of the CCD 11. In Fig. 4 and - Fig. 5 described bel ow, the
Irmagi ng optical system 12, conposed’ of the pre-lens 12A, aperture
stop 12B, and 20 post-lens 12C, is illustrated as a block and the
plurality of optical fibers 2 |ocated in7parallel and in a flat
shape are illustrated as a |line segnent; for sinplicity.

Fig. 4 is a block diagramto show the first 25 nodi fication exanpl e of

|to Ihgngplt Iogal | flyfwégéi ORgHE, which emdtdéstfidbaife D IvxrdheoptRaal pi ckup
fibers as observed objects illuminated by a light
source, is focused on the image pickup plane of the
image pickup means and is picked up by the image
5 pickup means.

In this apparatus the imaging optical system is
disposed on each of the two different optical axes
which are almost'ﬁormal to the optical axes of the
plural optical fibers and which are not normal to the

. 10 placement surface of the plural optical fibers, and
the image pickup means has-thé image pickup plane
located substantially in parallel to the optical axes
of the optical fibers and inclined rélative to the
optical axis of the imaging optical system such that

15 the longer. the object distance is, the shorter the
image distance becomes. Consequently, the in-focus
range is widened on the image pickup plane of the
image pickup means, so that focus is achieved for all
of multiple pairs (for example, twelve pairs) of

20 optical fibers, whereby clear images of the all
optical fibers can be obtained at once. Since the
imaging optical system is constructed as described
Above including the pre-lens system, the aperture stop,
and the post-lens system, the magnifications of the

25 images picked up by the image pickup means are

constant and uniform independent of the positions of
REPLACEMENT SHEET
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24 this exanple a prism50, which is a nmeans for

correcting the difference in the object distance dependi ng upon the
respective positions of the plural . optical fibers 2, is provided on
the optical axis 12a 5 between the optical fibers 2 and the inaging
opti cal system 12. The prism508has its cross section of a

wedge shape and is |ocated so that the TTdge |ine thereof is
parallel to the optical axis direction of the optical fibers 2 and

i s present ontheeoptdeadf fibers.

In the observation apparatus for optical fibers
according to the present invention, the pre-lens
system and post-lens system may be equivalent to each

5 other and are located in symmetry with each other with
respect to the position of the aperture of the
aperture stop. In this case, coma is canceled of the
images formed by the imaging optical system, and an
excellent quality is attained in the images of fhe

10 optical fibers picked up by the image pickup means.

In anothef embodiment, the observation apparatus
for optical fibers according to the present invention
further comprises means for correcting a difference in
the object distance of each optical fiber among the

15 plural optical fibers, the object distance difference
correcting means being disposed between the plural
optical fibers and the imaging optical system. 1In this
case, differences of the object'distance due to the
different positions of the respective optical fibers

20 are corrected so that differences of image distance
become smaller and thereby the anglé formed by the
image pickup plane of the image pickup means and the
optical axis of the imaging optical system approaches
to the right angle. - Therefore, the.image pickup means

25 . can be constructed.in a compact size, which enables to

reduce the size of the observation apparatus as a

REPLACEMENT Suriy
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iO opti cal

fibers with shorter obj ect distances. Nanely, t he
| onger the object.distance, the Ionger a di stance of a princi pal
ray passage through the prism 50. . For exanpl e, supposing the

api cal angle of this

1.5, and an

15

prismb50 is-25[err], the refractive index is
angl e of incidence i% 90, then the angl e of deviation

Is 14.34. \Wen the magnification of theTnmaging optical system 12

is xI, the angle between the opti cal

axis 12a and the plane on

whi ch the inmage pickup plane 10a is to be placed is 54.4, which is

greater than
di f f erences

ke

th objerk distanse diffieyenge vrTestdng MeANS: he

of the object distance due to the djfferent positions

of the respecti® PEPEeEIRLY iHpLism having e @rasmfection of a

wedge shape.

10

15

20

A fusion splicer for fibers according to the

present invention is an apparatus for fusion-splicing

end faces of plural pairs of optical fibers kept

opposite to each other. It comprises (1) the

'obse:vation apparatus for optical fibers described

above for picking up images of the plural pairs of

optical fibers, (2) inspection means for determining

whether the plural pairs of optical fibers are in a

fusion-spliceable state, based on the images of the'

plural pairs of optical fibers picked up by the

observation apparatus for optical fibers, and (3)

fusion splicing means for fusing and splicing the end

faces of the plural pairs of optical fibers to each

other, based on a determination result obtained by the

inspection means.

When using fusion splicers, the axial and

angular shifts of optical fibers should be monitored

. to decrease the splicing loss by capturing the images

of the fibers.

According to the present fusion splicer for

optical fibers, the observation apparatus for optical

fibers described above pickslup the images of the

plural pairs of optical fibers with the¥f—ead-£aees——————
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consequently the differences of their inmage distances to be set are

decreased even if the angle formed by 25 t he pl acenent plane 14 of the
optical fibers 2 and the optical axis 12a of the inmaging optical
system 12 is 25 . t he sane
as Fig. 2, nanely, 45[err]. 10 For exanple, let us consider a
case where the di stance between-the two outernost fibers of the

opposite to each other, the inspection means
determines whether fusion splicing is possible, based
on the images, and the fusion splicing means fuses and
splices the optical fibers when the inspection means

5 determines that fusion splicing is possible.
Accordingly, observation and inspection of the plural
pairs of optical fibers can be carried out together in
a short time, so that the process time for fusion
splicing of optical fibers becomes shorter.

10 An observation unit according to the present
invention comprises an imagihg optical system and
image pickup means, which are disposed in this order
from the side of the object on the optical axis. The
image pickup means picks up an image of the object

15 formed by the imaging optical system. The imaging
optical system comprises, in order as described from
the side of the observed object, a pre-lens system, an
apertures stop having an aperture at a position of a
rear focus of the pre-lens system, and a post-lens

20 system having a front focus at thé position of the
rear focus of the pre-lens system. An image pickup
plane of the image pickup means is located as inclined
relative to the optical axis of the imaging optical
system.

25 This observation unit is suitably applicable to

the above observation apparatus for optical fibers aqd_i_
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twel ve pairs of optical fibers 2 arranged at intervals 5 of 0.25 mm
Is 2.75 M (= 0.25 mm x 11). Wthout the prism50 (i.e., in the
case of Fig. 2), the distance bet ween the two cortrespondi ng end
fibers in the i mge on the imge pickup plane I10a is 2.75 mm
whereas, in the case of this nodification exanple, the distance is
10 only 2.04 mm Since the inmage of-the optical fibers 2

- formed on the inmage pickup plane | 0Oa becones snall er as descri bed,

(1 o0 10 S e, TP b8y cor gmrgrnd, e FAROCAARE,
FheLe o hsetdas oA Sy i AT g el 100 I°
the light emerging from the observed object (for

example, a plurality of optical fibers located in

5 parallel and in a flat shape, or the like), on the
image pickup plane of.the image pickup means, and the
image pickup means picks up the image of the observed
object. In the case wherein the imaging optical system

 is disposed on tﬁe optical axis substantially normal

10 .to the optical axes of the above optical fibers and
different from the normal direction to the placement
surface of the optical fibers and whereéin the image
pickup plane of the image pickup means is located so
as to be substantially parallel to the optical axes of

15 the plural optical fibers and be inclined relative to
the optical axis of the imaging optical system such
that the longer the object distance is, the shorter
the image distance becomes. Consequently, the in-focus
range is widened on the image pickup plane of the

20 image-pickup means, so that on-focus is achieved for
all of multiple pairs (for example, twelQe pairsj of
optical fibers, thus enaﬁling to obtain clear images
of the all optical fibers at once. Since the imaging
optical system is construcfed as described above

25 including the pre-lens system, aperture stop, and

post-lens system, the magnifications of the images
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optical system12 is x1.5. In this case the angle is 33. 7 between

the optical axis 12a and the plane on whi ch the image pickup pl ane
|0a is to be placed. If 20 the distance is 2.75 nm between the both
end fibers of the twelve optical fibers 2 arranged at the intervals
of 0.25 nm the distance will be 5.41 mm®Petween the correspondi ng
both end fibers in the image on the- — inmage pickup plane 10a. As
described, the larger the 25 magni fi cati.on of the inaging optical

;?’;;gml éz thPpicke_d up b%r”%lhlee rimta%ee %rigzlk%p[ %rer sb%[emc%?nré E:%%sitrg%%e pi ckup
and uniform independent of the positipns of the
optical fibers. It is preferable that the angle
between the optical axis of the imaging optical system

5 and the image pickup plane of the image pickup means
be properly determined according to an angle between
the optical axis of the imaging optical system and the
normal line to fhe placement surface of the observed
object.

10 The present invention will become more fully
understood from the detailed description given
hereinbelow and the accompanying drawings which are
given by way of illustration only, and thus are not to
be considered as limiting the present invention.

15 Further scope of applicability of the present
invention will become apparent from the detailed |
description given hereinafter. However, it should be
understood that the det;iled description and specific
examples, while indicating preferred embodiments of

20 the invention, are given by way of illustration dnly,
since various changes and modifications within the
spirit and scope of.the invenfion will become apparent
to those skilled in the art from this detailed
description.

25 BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 is a block diagram to show an embodiment
[ REPLACEMENT ST
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and the optical axis 12a and the | arger the inmage. Therefore, the

CCD 10 needs to be of a large size. Next described referring
to Fig. 6 is an enbodi ment of the fusion splicer for optical fibers
5 i ncorporating the observation apparatus for optical fibers
descri bed above: The sane or |ike conmponBnts as those in the
observation apparatus for optical fibers— 1 are denoted by the same
ref erence synbols and the : description thereof is omtted herein

10 TQE éﬂglggsggbé ?angﬁpggg£ﬁglf££b§£§1321 fibers

accordiﬁg to the present invention;

Fig. 2 is an explanatory drawing to show an

imaging optical system of the observation apparatus
5 - for optical fibers according to the present
embodiment;

Fig. 3A is a drawing to show an image obtained
by the observation apparatus for optical fibers
accbrding to the comparative example and Fig. 3B is a

- 10 drawing to show an image obtained by the observation
apparatus for optical fibers éccording to the present
embodiment; |

Fig. 4 is a block diagram to show a first
modification example of the optical system from a

15 plurality of optical fibers to the image pickup plane;

Fig. 5 is a block diagram to show a second
modification example of the optical system from a
plurality of optical fibers to the image pickup plane;

Fig. 6 is a block diagram to show an embodiment

20 of the fusion splicer for optical fibers according to
the present invention;

Fig. 7A and Fig. 7B are flowcharts to show fiber
observatiqn steps in the fusion splicer for optical
fibers according to the comparative example and in the

25 fusion splicer for optical fibers according to the

present embodiment, respectively;
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according to the present enbodi ment conprises: a pair of Iight
sources 3, 4 for radiating light from obliquely above to the
multiple pairs of nultiple fibers (for exanple, twelve pairs),
optical fibers 2a, 15 2b arranged in a flat shape with the end faces
t her eof opposite to each other; 14 m croscope canera 21 for
pi cking up images of the nultiple opticdl fibers 2a, 2b in two
di rections, |ocated obliguely beIOM/bye | tiple éggical fibers 2a
2b; an inmage input/Bi¥p 190 blogie Atagran o, ER&E i mage out putted
fromthe nicroscoge camera 21; an i mage rocegging devife 18
foor perforni ngRbPadsBERE R sEhﬂg°B?e¥ﬁ%t+%%g%P§hﬁ{kﬁ?e r optica
fibers according to the present invention; and
Fig. 9 is a drawing to show the optical system
5 of the observation apparatué for optical fibers
according to the comparative example.
DESCRIPTION OF THE PREFERRED EMBODIMENTS
The embodiments of the present invention will be
described in detail by reference to the accompanying
10 drawings. In the description of the drawings the same
elements will be denoted by the same reference symbols
and redundant description will be omitted.
Fig. 1 is a block diagram to show an embodiment
of the observation apparatus for optical fibers
15 =~ according to the present invention. This figure is a
view in the direction along the optical axes of plural
optical fibers 2 to be observed. This observation
apparatus for optical fibers 1 has a pair of light
sources 3, 4 located obliquely above a placement
20 surface 14 on either side of a plurality (for example,
twelve pairs) of optical fibers 2 located in parallel
and in a flat shape on the placement surface 14, and a
pair of microscope cameras (observation units) S5, 6
located obliquely below the placement surface 14. Each

25 microscope camera 5, 6 is a camera for picking up

images of the plural optical fibers 2 back-illuminated
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fromthe i mage input/oufput device 7; a display 8 for di spl ayi ng an

| mge outputted fromthe inmage 25 processi ng device 18; and a power
supply 9 for suppl yi ng power to each device. :

7 Further, the fusion splicer for optical fibers 20
has a pair of discharging el ectrodes 22,1523 | ocat ed on either side

of the portion where the end faces of
2a, 2b are opposed to each

by each light source 3, 4. The two microscope cameras

the multiple optical fibers

5, 6 may be integrated into one unit.
The observation apparatus for optical fibers 1

has an image input/output device 7 for taking in the

5 images of tﬁe opticai fibers 2 outputted from the
microscope cameras 5, 6, and a display 8 for
displaying an image dutputted from the image
input/output device 7. The observing apparatus 1 is
also provided with a power supply 9 for supplying

10 power to each of the pair of light sources 3, 4, the
image input/output device 7, and the display 8.

Each of the microscope cameras 5, 6 has an

imaging optical system 12, 13 for receiving light from
the optical fibers 2 and forming images thereof, and a

15 CCD (image pickup device) 10, 11 for picking up the
images. The imaging optical systems 12, 13 are
microscopes having the same magnification. Each
imaging optical system 12, 13 is located on the
optical path between the light source 3, 4 and the CCD

20 10, 11. The optical axes 12a, 13a of the imaging
optical systems 12, 13 are set in two directions
almost normal to the optical axes of the optical
fibers 2 and different ffom the normal direction to
the placement surface 14. For example, each optical

25 axis 12a, 13a is set at the inclination of 45° to the

placement surface 14 while passing the center of the
REPLACEMENT SHEET
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5 other, a calculation device (inspection neans) 24 for

anal yzing the image outputted fromthe inage processi ng device 18
to determ ne whet her fusion splicing is possible as to the
positions and end face states of the nmultiple optical fibers 2a,
2b, and a 10 di schargi ng device 25 fér applying a high voltage to
the di scharging el ectrodes 22, 23 when t-he cal cul ation device 24
determ nes that the fusion splicing is possi ble. In addition, the

" her ““lgHbe PRy of ae QPRIGH BB LRY, S0 ML LG,
2b into contachedhfhe ol GheElal NagfSh P71 b WG {£§§ing optical
system 12 is perpendicular to the optical axis 13a of
the imaging optical system 13, the optical fibers 2
5 are observed in the two directions perpendicular to
each other (in the X-direction and'in the Y-direction).
The imaging optical system 12 is composed of a
pre-lens 12A, an aperture stop 12B, and a post-lens
. 12C located in order from the side of the optical
10 fibers 2, and similarly, the imaging optical system 13
is composed of a pre-lens 13a, an aperture stop 13B,
and a post-lens 13C located in order from the side of.
the optical fibers 2. Here, each of the pre-lenses 12a,
13A and post-lenses 12C, 13C may be either a single
15 convex lens or a combination of lenses. It is also
noted that the optical axes 12a and 13a do not always
have to be perpendicular to each other, but they may
be set in any mutually different directions.
The imaging optical system 12 will be described
20 below in detail. The imaging optical system 13 also
- has the same structure. Fig. 2 is an explanatory
drawing of the imaging optical system 12. Thig figure
is also a view in the direction along the optical axes
of the optical fibers 2. As illustrated in this figure,
25 the optical axis 12a of this imaging optical system 12

passes the center position S of the row of optical

- REPLACEMENT SHEFT
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cal cul ati on device 24 determines that the fusion splicing is

possi bl e, and a nenory device 27 for storing determ nation data
used in the determ nation 20 process of the cal cul ation device 24.

The cal cul ation device 24 takes in the imges of the multiple
optical fibers 2a, 2b outputted fromtha7 | mage processing device 18
and anal yzes themto performin&§pections, based on the

determ nation data 25 stored in the nenory device 27, as to whether
there is  £inel 971$8'n8he Y RoPRLICED ERCMOPELERD" QUL BE! ¥ne

optical fibers 2, and is inclined at 45° to the
placement surface 14 of the optical fibers 2.
In the imaging optical system 12 there are the

5 pre-lené 12A, aperture stop 12B, and post-lens 12C
located in order from the side of optical fibers 2.
Specifically, the aperture stop 12B is located so as
to have an aperture at the position of the rear focus
of the pre-lens 12A, and the post-lens 12C is located

10 so that the front focus thereof is located at the
position of the rear focus of the front lens 12A. The
‘aperture stop 12B has the aperture in its certain area
including the optical axis 12a. Namely, the rear focus
position of the pre-lens 12A is almost coincidént with

15 the front fdcus position of the post-lens 12C, and
they are at the aperture of the aperture stop 12B.

In the imaging optical system 12 constructed as
described above, the principal rays emerging in
parallel to the optical axis 12a from the optical

20 fibers 2 back-illuminated by the light source 3 are
converged at the rear focus position F b& the pre-lens
12A to pass through the Aperture of the aperture stop
12B. Then they are converted again into the principal
rays parallel to the opticél axis 12a by the post-lens

25 12C to reach the image pickup plane 10a of the CCD 10.

—

Therefore, the magnifications of the imaées of &he -
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28 (o}

there is a vacancy or the like in the array of the

fibers 2a, 2b
face of each

cal cul ation d

and right fib
opposed

pbosing optical fibers to be fusion-spliced, whether

, whether there is

mul tiple optical
breakage or the like in the end

optical 5 fiber, and so on. Wen these inspections result
in determning that fusion splicidhg is possible, the _
evice 24 first sends a sigmat of driving I nstruction
to the left and right fiber feeders 26. ' This signal drives the |eft

f h
Cbpt£ESF #i88rs 7% ormed odthd [BkSe (DRl L Fite fAGSS Of the

of the CCD 10 are constant or uniform regardless of

either onelof the optical fibers 2. The magnifications
are also constant even if the locations of the optical
fibers 2.vary in the direction of the optical axis 12a

of the imaging optical system 12 or even if the

- position of the image pickup plane 10a of the CCD 10

10

15

20

25

varies. The magnificatioﬁ of the imaging optical
system 12 is represented by £f./f,, and the
magnification of an image picked up by the CCD 10 is
determined by the magnification of the imaging optical
system 12, the angle between the placement surface 14
of the optical fibers 2 and the optical axis 12a, and
the angle bétween the image pickup plane 10a of CCD 10
and the optical axis 12a. Note that the focal
distances f., f, of lenses 12a, 12C -are shown in the
figure.

Here, the pre-lens 12A and post-lens 12C are
preferably- lenses having the same structure and
located in symmetry with each other with respect to
the aperture stop 12B. This configuration enables to
easily place the pre-lens 12A, aperture stop 12B,
post-lens 12C, and CCD 10, to cancel the coma, and to
provide a good gquality image through the CCD 10.

The center position S of the optical fibers 2 is

preferably located at the position of the front focus
: : REPLACEMENT S
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multiple optical fibers 2a, 2b closer to each other. After that,
the cal cul ation device 24 supplies a signal of driving instruction
. to the discharging device 25. This signal causes the high voltage
to be 15 pl aced between the discharging el ectrodes 22, 23,

whereby the end faces of the respectivel@ptical fibers are fused
together. At this tine, one of the |eft and right fiber feeders 26
is driven to further push one side of the multiple optical fibers

o8 R llttew t@épﬁrgt Qggare fu5| #lceﬁggtéﬁaim%#geés 62 cil

opposi ng t .
Fig. 7A and FF%ntL§ ?%%ﬁ%é@%?%?&%sfﬁgmgﬁogitQﬁe pOSLthB[Q%rtgg§ervatlon

steps in the tudsion
rear focus of the post-lens 12C by the imaging optical

system 12, where the beam generated from the center
5 position S becomes paréllel in the stop space, and
aberration can easily corrected to be well balanced.
With this imaging optical system 12, each object
distance (the optical distance between an'optical
fiber and the pre-lens 12A) differs depending upon
- 10 each position of the optical fibers 2. When the images
of the optical fibers are obtained with the image
distances (opiical distances between the post-lens 12C
and the positions of the images) being kept constant,
that is, when the images are obtained with keeping the
15 image pickup plane normal to the optical axis 12a,

_ degrees-of defocus vary depending upon the positions
of the respective fibers. In order to solve this
problem due to the differences in the object distances,
the image pickup plane 10a of the CCD 10 is positioned

20 so as to be nearly parallel to the optical axes of the
optical fibers 2 and be inclined relative to the
optical axis 12a of the imaging optical system 12. For
each of the optical fibers 2, the image formation
condition is satisfied by inclining the image pickup

25 plane 10a such that the longer its object distance is,

the shorter its image distance becomes. This
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optical fibers according to a conparative exanple and 25 In the fusion

splicer for optical fibers according to t he present enbodi nent,
respectively. 29 As
shown in the figure, the nultiple optical fi bers were observed
every four fibers in the fusion 20plicer for optical fibers
according to the conpar ati ve exampl e. For. observing the opti cal
fibers

arrangement broadens the in-focus range on the image

pickup plane 10a of the CCD 10, and a desirable

focusing is achieved for each of the optical fibers 2.

Thus, clear images of all optical fibers 2 are |
5 outputted from the CCD 10.

The optimum value of the angle 6 between the
image pickup plane 10a of the CCD 10 and the optical
axis 12a of the imaging optical systém 12 can be
approximately calculated by the paraxial image

10 formation formula according to the so-called
Scheimpflug principle. It can also be obtained more
accurately by performing a ray tracing simulation.
According to this, the angle & can be set in the range
of 45° to 27° in order to observe the optical fibers 2

15 in the magnifications of 1x to 2x.

In the observation apparatus for optical fibers
1 according to the present embodiment, the angle 6
formed by the image pickup plane 10a and the optical
axis 12a is set to 45°, and the magnification is xl.

20 As described above, the angle between the optical axis
12a and the placement surface 14 of the optical fibers
2 is also 45° as described above. Therefore, the angle
between the placement surface 14 and ﬁhe image_pickup
plane 10a is the right angle, and hence distortion is

25 very small in the images of the optical fibers 2

formed on the image pickup plane 10a. S
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5 of twelve fiber pairs, the fusion splicer according to t he
conparative exanpl e needed to performthree observations while
novi ng the mcroscope, and thus the measurenent took a long tine.
More specifically, when the nultiple optical fibers are observed in
the two 10 directions (in the X-dir¥ction and in the Y-direction)
obliquely bel ow the optical fibers, the Xdirectional m croscope is
first noved (step 30), and then X- directional observation is

cart od out Tor te i halue gescrsdt R Sofled Wnd dlosl el L0, 1
e R A e i onscam

the imaging optical system 13. Accordingly, the images
of the optical fibers 2, picked up by the CCDs 10, 11

5 and displayed through the image input/output device 7
-on the display 8, have the constant magnification
independent of the respective positions the optical
fibers 2 and are sharp with less blur. Therefore,
states of even the plurality (for.example, twelve

10 pairs) of optical fibers 2 can be observed at once, so
that the positions and end face states of the optical
fibers 2 can be captured on the display in a short
time.

Fig. 3A and Fig. 3B are.drawings to show

15 examples of observed images of the optical fibers.
Each figure shows an image of multiple pairs of
optical fibers with their end faces located cldse to
each other. Fig. 3A is a drawing to show an image
obtained by the observation apparatus for optical.

20 fibers according to the comparative example and Fig.
3B is a drawing to show an image obtained by the
observation apparatus for optical fibers accordin§ to
the present embodiment. These.figures show the case
where six pairs of optical fibers with their end faces

25 opposite to each othef are observed.

In the image 15 obtained by the observation
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fiber pair to the eighth fiber pair (step 33). Then t he

X-directional mcroscope is further noved a little 20 (step 34) and
the X-directional observation is carried out for the optical fibers
of the ninth fiber pair to the twelfth fiber pair (step 35). The
process of the above steps 30 t2235 obtains an X-directional inage
of the optical fibers of the twetve fiber pairs. 25 Then
the Y-directional mcroscope is noved (step : 36) and Y-directional

observation ig caLligd AW d¥ical fibers according to the

comparative example, as shown in Fig. 3A, the
magnification in the case of an image 16 of the
optical fiber farthest from the microscope camera is

5 the smallest of the optical fiber images, and the
magnifications gradually increase with decreasing
distances between the optical fibers and the
microscope camera, and the magnification in the case
of an image 17 of the optical fibers closest to the

10 microscope camera becomes the largest of the optical
fiber images. This ié because the object distance and
image distance differ depending upon each position of
the optical fiber 2 and the real magnification of each
optical fiber image formed on the image pickup plane

15 of the microscope camera also varieé according thereto.
Therefore, the observation apparatus for optical
fibers according to the comparative example needed the
image processing to correct this nonuniformity of
magnifications of images, which resulted in. increase

20 in the size and cost of the apparatus.

In contrast with it, the optical fiber
observation apparatus 1 according to the present
embodiment has the structure of the imaging optical
systems 12, 13 constructed as described above, and

25 consequently in the image 19 obtained by it the

magnification of the images are constant for all of
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30 the optical fibers of the ninth fiber pair to the

twelfth fiber pair (step 37). Then the Y-directional m croscope i s
~moved a little (step 38) and Y- ' di rectional observation is carried

out for the optical 5 fibers of the fifth fiber pair to the eighth

fiber pair (step 39). Then the ¥3directional m croscope is

further noved a little (step 40) and Y-drrectional observation is

carried out for the optical fibers of the first fiber pair to the

fourth T10or RS Y Fhell o an bbiowmng e iaes S RlEcaaLe, ohger, & 1
observation apparatus for optical fibers 1 according
to the present embodiment does not need the image
précessing for uniforming the magnifications of the

5 images, and hence that the time necessary for
determination of the positions of the optical fibers
is short, and the size and cost of the apparatus can
be decreased.

‘A variety of modifications can be contemplated
10 in addition to the structure shown in Fig. 2, for the
optical system from the optical fibers 2 through the
imaging optical system 12 to the image pickup plane
10a of the CCD 10. Two modified examples will be
described below. It should be noted.that the same is

15 also applicable to the optical system from the optical
fibers 2 through the imaging optical system 13 to the
image pickup plane lla of the CCD 11. In Fig. 4 and
Fig. 5 described below, the imaging optical system 12,
composed of the pre-lens 123, aperture stop 12B, and

20 post-lens 12C, is illustrated as a block and the |
plurality of optical fibers 2 located iﬂ parallel and
in a flat shape are illuétrated as a line segment, for
simplicity.
Fig. 4 is a block diagram to show the first
25 modification example of the optical system from the

optical fibers 2 to the image pickup plane 10a. In-
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twel ve fiber pairs. In contrast with it, the fusion splicer
for optical fibers 20 according to the present enbodi nent 15

can observe and neasure the fibers at a tinme by the above
observation apparatus for optical fibers even in t he case of.
observation of the optical fibers 2a, 2b4 of twelve fiber pairs, so
that the neasuring tinme is very=—short. Mre specifically, when the
multiple 20 optical fibers 2a, 2b are observed in the two

oot ons T o A I P om0 ULy
pairs are f'rgérfgé iﬁéx¥ﬁ§ é”¥%erence in the object distance '
depending upon the respective positions of the plural
optical fibers 2, is provided on the optical axis 1l2a
5 between the optical fibers 2 and the imaging optical
system 12. The prism 50 has its cross section of a
wedge shape and is located so that the ridge line
thereof is parallel to the optical axis direction of
the optical fibers 2 and is present on the side of the
10 optical fibers with shorter object distances. Namely,
the longer the object distance, the longer a distance
of a principal ray passage through the prism 50.
For example, supposing the apical angle of this
prism 50 is 25°, the refractive index is 1.5, and an
15 angle of incidence is 90°, then the angle of deviation
is 14.34°. When the magnification of the imaging
optical system 12 is x1, the angle between the optical
axis l2a and the plane on which the image pickup plane
10a is to be placed is S4.4°, which is greatér than 45°
20 in the case of Fig. 2. .This means that the differences
of the object distance due to the different positions
of the respective optical fibers 2 are corrected and
consequently the differences of their image distances
ﬁo'be set are decreased even if the angle formed by
25 the placement plane 14 of the optical fibers 2 and the

optical axis 12a of the imaging optical system 12 is
' - REPLACEMENT SHEET
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time in the X-direction with the CCD 10 (step 42) and 25 t hen the

optical fibers 2a, 2b of twelve fiber pairs are neasured at one
time in the Y-direction with the ' .

31 CCD 11 (step 43). This obtains the X-directional inage

and the Y-directional inage of the optics fibers 2a, 2b of the
twel ve fiber pairs. As desTTi bed above, the fusion splicer
for 5 optical fibers 20 according to the present enbodi nent

the same as Fig. 2, namely, 45°.

For example, let us consider a case where the
distance between the two outermost fibers of the
twelve pairs of optical fibers 2 arranged at intervals

5 of 0.25 mm is 2.75 mm (= 0.25 mm x 11). Without the
prism 50 (i.e., in the case of Fig. 2), the distance
between the two corresponding end fibers in the image
on the image pickup plane 10a is 2.75 mm; whereas, in
the case of this modification example, the distance is

- 10 only 2.04 mm. Since the image of the optical fibers 2
formed on the image pickup plane 10a becomes smaller
as described, thé CCD 10 can be of a compact size.

Fig. 5 is a block diagram to show the second
modification example of the optical system from the

15 optical fibers 2 to the image pickup plane 10a. In
this example the magnification (fc/fa) of the imaging
optical system 12 is x1.5. In this case the angle is
33.7° between the optical axis 12a and the plane on
which the image pickup plane 10a is to be placed. If

20 ‘the distance is 2.75 mm between the both end fibers of
the t&elve optical fibers 2 arranged at the intervals
of 0.25 mm, the distance will be 5.41 mm between the
corresponding both end fibers in the image on the
image pickup plane 10a. As described; the larger the

25 magnification of the imaging optical system 12, the

smaller the angle 6 between the image picﬁup—plane_lﬂam_mm
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can obtain the two-directional inmages of the optical fibers 2a, 2b
of the twelve fiber pairs by the process of just two steps, so that
the nunber of processing steps is drastically decreased as conpared
with the 10 fusion splicer for optical fibers according to the

conpar ative exanple. This decreases the2feasurenent time of the
multiple optical fibers 2a, 2b in the fusion splicer for optical
fibers 20. Si nce each imging optical system12, 13 is 15

oL 1t s dndoRSE BELIEAR kg, LIE SRa°bHElaglgor cne gl al s or
fibers 20, th%herefore, the CCD 10 needs to be of a large size.
Next described referring to Fig. 6 is an
embodiment of the fusion splicer for optical fibers
5 incorporating the observation apparatus for optical
fibers described above. The same or like components as
those in the observation apparatus for optical fibers
1 are denoted by the same reference symbols and the
description thereof is omitted herein.

10 The fusion splicer for optical fibers 20
according to the present embodiment comprises: a pair
of light sources 3, 4 for radiating light from
obliquely above to the multiple pairs of multiple
fibers (for example, twelve pairs), optical fibers 2a,

15 2b arranged in a flat shape with the end faces thereof
opposite to each other; a microscope camera 21 for
picking up images of the multiple optical fibers 2a,
2b in two directions, located obliquely below the
multiple optical fibers 2a 2b; an image input/output

20 device 7 for receiving an image outputted from the
microscope camera 21; an image processing device 18
for performing image processing of the image outputted
from the image input/output device 7; a display 8 for
displaying an image outputted from the image

25 processing device 18; and a power supply 9 for

supplying power to each device.
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magni fications are uniformfor the imges of the mul tiple optical
fibers 2a, 2b picked up by each CCD 20 10, 11, so that no inmage
processing for uniform ng the magni fications is especially
necessary in the imge processi ng device 18. The neasurenent tine
of the - multiple optical fibers 2& 2b is also decreased in

this aspect. 25 Since the nmi Croscopes are not noved in the
observation process of the fusion splicer for optical

Further, the fusion splicer for optical fibers
20 has a pair of discharging electrodes 22, 23 located
on either side of the portion where the end faces of
thé multiple optical fibers 2a, 2b are opposed to each

5 other, a calcuiation device (inspection means) 24 for
analyzing the image outputted from the image
processing device 18 to determine whether fusion
splicing is poééible as to the positions and end face
states of the multiple optical fibers 2a, 2b, and a

10 discharging device 25 for-applying a high voltage to
the discharging electrodes 22, 23 when the calculation
device 24 determines that the fusion spiicing is
possible. In addition, the fusion splicer for optical
fibers 20 is provided with left and right fiber

15 feeders 26_for.bringing the facing optical fibers 2a,
2b into contact with each other in each pair when the
calculation device 24 determines that the fusion
splicing is possible, and a memory device 27 for
storing determination data ﬁsed in the determination

20 pfocess of the calculation device 24.

The calculation device 24 takes in the images of
the multiple optical fibers 2a, 2b outpufted from the
image processing device 18 and analyzes them to
perform inspections, based on the determination data

25 stored in the memory device 27, as to whether there is

an offset of axis between each pair of mutually
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32 fibers 20, no driving nmechanismis necessary for the

m croscopes. Therefore, the apparatus structure of the fusion
splicer for optical fibers 20 can be sinplified, and the size and
wei ght of the apparatus can be 5 decr eased. Fig. 8is a
bl ock di agram to show anot her enBodi nent of the observation
apparatus for optical fibers aceording to the present invention.
When conpared with the apparatus of Fig. 1, the present 10

P e BRI T A B I S scea, e oe 3
there is a vacancy or the like in the array of the
multiple optical.fibers 2a, 2b, whether there is
breakage or the like in the end face of each optical

5 fiber, aﬁd'so on. When these inspections result in
determining that fusion splicing is possible, the
calculation device 24 first sends a signal of driving
instruction to the left and right fiber feeders 26. -
This signalldrives the left and right.fiber feeders 26,

10 so as to make the both end faces of the opposed
multiple optical fibers 2a, 2b closer to each other.
After that, the calculation device 24 supplies a
signal of driving instruction to the discharging
device 25. This signal causes_the.high voltage to be
15 placed between the discharging electrodes 22, 23,
whereby the end faces of the respective optical fibers
are fused together. At this time, one of the left and
right fiber feeders 26 is driven to further push one
side of the multiple optical fibers 2a, 2b a little,
20 whereby the multiple optical fibers 2a, 2b opposing
‘each other are fusion-spliced.at one time. |
Fig. 7A and Fig. 7B are flowcharts to show the
fiber observation steps in the fusion splicer for
opticallfibers according to a comparative example and
25 in the'fusion'splicer for optical fibers according to

the present embodiment, respectively.




in the sane drawi ng. I nstead thereof, the present apparatus has a

mrror 99 the normal |ine of which is perpendi cul ar to the optica
axes of the optical - 15 fibers 2, nakes the angle of 45[err] with the
optical axis of the imging optical system 12, -and nakes the angle
of 45[err] with the optical axis of the2bpight source 4. The mrror
99 is arranged so as to be novabl e al ong™ the directions (V)

per pendi cul ar

to the nornmal line 20 and the mcroscope unit 5 is

movabl e al ong the n

Transm ssi on
optical fiber
such a manner

10

15

20

25

inagesg%?%kﬁgnoﬁpiEggl%ggékg? QE% 531%3§§g}§§§3332h t he
fﬁ%%%% %e%%?o%%%@v%ﬁ every fohgef§bgk%e§%F%ﬂe & sQptained in
splicer for optical fibers according to the
comparative example. For obsefving the optical fibers
of twelve fiber pairs, the fusion splicer according to
the comparative example needed to perform three
observations while moving the microscope, and thus the
measurement toock a long time. More specificaily, when
the multiple optical fibers are observed in the two
directions (in the X-direction and in the Y-direction)
obliquely below the optical fibers, the X-directional
microscope is first moved (step 30), and then X- |
directional observation is carried out for the optical
fibers of the first fiber pair to the fourth fiber
pair (step 31). Then the X-directional microscope is
moved a little (step 32) and X-directional observation
is carried out for the optical fibers of the fifth
fiber pair to the eighth fiber pair (step 33). Then

the X-directional microscope is further moved a little

(step 34) and the X-directional observation is carried

out for the optical fibers of the ninth.fiber pair to
the twelfth fiber pair (Qtep 35). The process of the
above steps 30 to 35 obtains an X-directional image of
the optical fibers of the.twelve fiber pairs.

Then the Y-directional microscope is moved (step

36) and Y-directional observation is carried out for
REPLACEMENT
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25 the light emtted fromthe Iight source 4 is reflected by
the mrror 99, the reflected |ight passes through

33 the optical fiber pairs 2, and the light is incident
to the mcroscope unit 5. Transm ssion i mages of the optical

fibers, observed when the optigal fiber pairs 2 are seen in 5
the Y-direction, are obtained in such avay that the .

the optical fibers of the ninth fiber pair to the
twelfth fiber pair (step 37). Then the Y-directional
microscope is moved a little (step 38) and Y- |
directional observation is carried out for the optical

5 fibers of the fifth fiber pair to the eighth fiber
pair (step 39). Then the ¥Y-directional microscope is
further moved a little (step 40) and Y-directional
observation is carried out for the optical fibers of
the first fiber pair to the fourth fiber pair (step

10 41). The process of the above steps 36 to 41 obtains a
Y-directional image of the optical fibers of the
twelve fiber pairs.

In contrast with it, the fusion splicer for

optical fibers 20 according to the present embodiment

15 can observe and measure the fibers at a time by the
above observation apparatus for optical fibers even in
the-case of observation of the optical fibers 2a, 2b
of twelve fiber péirs, so that the measuring time is
very short. More specifically, when the multiple

20 | optical fibers 2a, 2b are observed in the two |
directions (in the X-direction and in the Y-direction)
obliquely beloﬁ the optical fibers, the optical fibers
2a, 2b of twelve fiber pairs are first measured at one
time in the X-direction with the CCD 10 (step 42) and

25 then the optical'fibe:s 2a, 2b of twelve fiber pairs

are measured at one time in the Y-direction with the
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light emtted fromthe |ight source 4 passes through t he opti cal
fiber pairs 2, the transmtted light is . reflected by the mrror
99, and the light is incident ' to the mcroscope unit 5. Thus,
X-direction images and 10 Y-direction i mages are obtai ned

sinmul taneously with one image Pickup plane. Reference nuneral 2'
‘designates a mrror inmage of the opticaf—fiber inmage in this case.
The mrror 99 is noved down during setting of the optical fiber

[ 2. Si h t |
gﬁls[ Zm _ ' Nc€ch gl g}atﬁ?acﬂjrelsﬁg} csgs ereo canq%l ecreaseéi!ﬁ'nﬂ!%?plo ce
As detail ed a?ﬁ&%né“ﬁ&?f&éﬂ%%ﬁ&f ﬁﬂé)&éa&f'stﬁgroptlcal £9Bbrs3afibers

according to e present Tnvention
2b of the twelve fiber pairs.

As described above, the fusion splicer for
5 optical fibers 20 according to the present embodiment
can obtain the two-directional images of the optical
fibers 2a, 2b of the twelve fiber pairs by the process
of just two steps, so that the number of processing
steps is drastically decreased as compared with the
- 10 fusion splicer for optical fibers according to the
comparative example. This decreases the measurement
time of the mnltiplé opticallfibers 2a, 2b in the
fusion splicef for optical fibers 20.
Since each imaging optical system 12, 13 is
15 constructed as described above in the observation
apparatus for optical fibers, which is a part of the
fusion splicer for optical fibers 20, the
magnifications are uniform for the images of the
multiple optical fibers 2a, éb picked ué by each CCD
20 10, 11, so that no image processing for uniforming the
magnificatiohs is especially necessary in the image
processing device 18. The measurement time of the
multiple optical fibers 2a, 2b is also decreased in
this aspect.
25 Since the microscopes are not moved in the

observation process of the fusibn splicer for optical
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.constructed so that the light emerging fromthe 20 optical fibers as

observed objects illum nated by the | i ght source is focused on the
r mage pi ckup pl ane of - the inage pickup nmeans by the inaging optica
system - and that the inmages are picked up by the inage pickup

means. In this structure, the inmaging oggical system 25 I s di sposed on
each of the two nutually different optical axes that are nearly
normal to the opti cal 34

fibegs 20, no driving mechanism is necessary for the
microscopes. Therefore, the apparatus structure of the
fusion splicer for optical fibers 20 can be simplified,
and the size and weight of the apparatus can be

5 decreased. |

Fig. 8 is a block diagram to show another
embodiment of the observation apparatus for optical
fibers according to the present invention. When
compared with the apparatus of Fig. 1, the present

10 apparatus is an apparatus obtained by excluding the
light source 3 and microscope unit 6 on the left-side
in the same drawing. Instead thereof, the present
apparatus has a mirror 99 the normal line of which is
perpendicular to the opticai axes of the optical

15 fibers 2, makes the angle of 45° with the optical axis

| of the imaging optical system 12, and makes the angle
of 45° with the optical axis of the light source 4.
The mirror 99 is arranged so as to be movable along
the directions (V) perpendicular to the normal line

20 and the microscope unit 5 is movable along the normal
direction (H) to the mirror 99;

Transmission.images of the optical fibers,
observed when the optical fiber pairs 2 are seen in
the x-direction, are obtained in such a manner that

25 the light emitted from the light source 4 is reflected

by the mirror 99, the reflected light passes through
REPLACEMENT & 1
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axes of the optical fibers and different fromthe nor mal direction
to the placenent surface of the optical fibers, and the inage

pi ckup neans has the i mge pickup plane |ocated so as to be nearly
parallel 5 to the optical axes of the optical fibers and so as to

be inclined relative to the optical axis3»f the . | magi ng optica
system so that the |onger the object - di stance, the shorter the

i mage di stance; therefore, the in-focus range is wi dened on the

achi eved for 4t gpeiRedttiben BRnad Ang heniadshe 33 WNEERED 1S (ror
exanpl e, tvel (&, e Rqidstbpe! (it 5. '

Transmission images of the optical fibers,
obsefved when the optical fiber pairs 2 are seen-in

5 the Y-direction, are obtained in such a way that the
light emitted from the light source 4 passes through
the optical fiber pairs 2, the transmitted light is
reflected by the mirror 99, and the light is incident
to the microscope uhit 5. Thus, X-direction images and

10 Y-direction images are obtained simultaneously with
one image pickup plane. Reference numeral 2°'
designates a mirror image of the optical fiber image
in this case. The mirror 99 is moved down during
setting of the 6ptica1 fiber pairs 2. Since the

15 present apparatus uses only one imaging optical system,
the manufacturing cost thereof can be decreased.

As detailed'abofe, the observation apparatus for
optical fibers according to the present invention is
constructed so that the light emerging from the

20 optical fibers as observed objects illuminated by the
light source is focused on the image pickup plane of
the image pickup means by the imaging optical system
and that the images are picked up by the image pickup
means. In this structure, the imaging optical system

25 is disposed on each of the two mutually different

optical axes that are nearly normal to the optical
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obtaining clear imges of the all optical fibers at once. Since the
I mgi ng optical systemis constructed 15 as descri bed above i ncl uding
the pre-lens system aperture stop, and post-lens system the
magni fi cati ons of the inmages picked up by the inmage pi ckup neans
are constant and uniform i ndependent of 34 the positions of the
optical fibers. Therefore, even 20 —the optical fibers of many fi ber
pairs can al so be observed within a short time and the inage

innocessary. HER c7bren arElAL L TP QR PO CErbifCRRg (200

unnecessary

10

15

20

25

normal direction to the placement surface of the
optical fibers, and the image pickup means has the
image pickup plane located so as to be nearly parallel
to the optical axes of the optical fibers and so as to
be inclined relative to the optical axis of the
imaging optical system so that the longer the object
distance, the shorter the image distance; thereforé,
the in-focus range is widened on the image pickup
plane of the imagé pickup means, so that focus is
achieved for all of the optical fibers of multiple
fiber pairs (for example, twelve fiber pairs), thus
obtaining clear images of the all optical fibers at
once. Since the imaging optical system is constructed
as described above including the pré-lens system,
aperture stop, and post-lens system, the
magnifications of the images picked up by the image
pickup means are constant and uniform indepgndent of
the positions of the optical fibers. Therefore, even
the optical fibers of many fiber pairs can also be
observed within é short time and the image processing
for uniforming the magnifications of iméges becomes
unnecessary. Therefore, the size and cost can be
decreased.

When the pre-lens system and post-lens system

are equivalent to each other and are positioned in
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25 When the pre-lens system and post-|lens system are
equi val ent to each other and are positioned in

35 symmetry with each other with respect to the position

of the aperture of the aperture stop, the coma is canceled in the
| rmages formed by the inmaging optical 35 systens, and consequently the
I mges of the optical 5 fibers picked up by the inmage pickup neans
are of good quality.

symmetry with each other with respect to the position
of the aperture of the aperture stop, the coma is
canceled in the images formed by the imaging optical
systems, and consequehtly the images of the optical

5 fibers piéked up by the image pickup means are of good
quality.

When the apparatus further has the object
distance difference correcting means for correcting
the difference in the object distance of each optical

10 fiber among a plurality of optical fibers, disposed
between the optical fibers and the imaging optical
sysfem, it corrects differences among the object
distanceé depending upon the positions of the
respective optical fibers, differences of image

- 15 distances to be set become small, and the angle
between the image pickup plane of the image pickup
means and the optical axis of the imaging optical
system approaches the right angle. Therefore, the
entire optical fiber observation apparatus as well as

20 the image pickup means can be constructed in a compact

| size. The object distance difference cofrecting means
is preferably a prism haQing the cross section of the
wedge shape.

With the fusion'spliéer for optical fibers

25 according to the present invention, images of plural

pairs of optical fibers with their end faces opposite
REPLACEMENT SHEET
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Wien the apparatus further has the object di stance difference
correcting nmeans for correcting the difference in the object

di stance of each optical 10 fi ber anong a plurality of optical fibers,
di sposed between the optical fibers and the inmaging optical

system it corrects differences anong tB& object di st ances
dependi ng upon the positions of the =~ respective optical fibers,

di fferences of inmage 15 di stances to be set beconme small, and the

ﬁggLS and thet%g%%ggroéggglg?gfﬁgéEﬁggFﬁggggFﬁ%a%ggvgﬂggchéé%@ﬁ]approaches
the right anglgeI45t3bR" GpphB&tus for optical fibers, the
inspection means determines whether fusion splicing is
possible, based on the images, and the fusion splicing
5 means carries out fusion éplicing of the fibers when
the inspection means determines that fusion splicing
is possible. Accordingly, observation and inspection
of the plural pairs of optical fibers is carried'out
at once within a short time, and the process time of
10 fuéién'5plicing of optical fibers is shorténed. The
structure becomes simpler, because the driving section,
necessitated before, becomes unnecessary.
With the observation unit according to the
present invention, the light emerging from the
15 observed object (for example, a plurality of optical
fibers arrénged in parallel and in the flat shape, or
the like) is focused on the image pickup plane of the
image pickup means by the imaging optical system, and
the image of the observed object is picked up by the
20 image pickup means. In the case wherein the imaging
optical system is disposed on the optical axis nearly
normal to the optical axes of the above optical fibers
and different from the normal direction to the
placement surface of the optical fibers and wherein
. 25 - the image pickup plane of the image pickup means is

located so as to be nearly parallel to the optical _
| REPLACEMENT SHEET |
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entire optical fiber observation apparatus as well as 20 t he i mage

pi ckup means can be constructed in a conpact si ze. The obj ect

di stance di fference correcting nmeans is preferably a prism having
the cross section of the wedge shape. Wth the fusion
splicer for optical fibers 25 accorsging to the present invention,

I mges of plural pairs of optical—fibers with their end faces
opposite 36

axes of the optical fibers and so as to be inclined
relative to the optical axis of the imaging optical
system so that the longer the object distance, the.
shorter the image distance, the in—focﬁs range is
5 widened on the image pickup plane of the image pickup
means, so that focus is achieved for all of the
opfical fibers of multiple fiber pairs (for example,
‘twelve fiber pairs), thus obtaining clear images of
the all optical fibers at once. Since the imaging
- 10 optical system is constructed as described above
including the pre-lens system, aperture stop, and
post-lens system, the magnifications of the images
picked up by the image piékup means are constant and
uniform independent of the positions of the optical
15 fibers. This observation unit is suitabiy applicable
to the above cbservation apparatus for optical fibers
and the above fusion splicer for optical fibers.
From the invention thus described, it will be
obvious that the embodiments of the invention may be
20 varied in many ways. Such variations are not to be
regarded as a departure from the spirit and scope of -
the invention, and all such modifications as would be
obvious to one skilled in the art are intended for

inclusion within the scope of the following claims.
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to each other are picked up by the above-described observati on

appar at uﬂ bers, the I nspection nmeans determ nes
Whet her,m ﬂm(lmnﬂﬂ" ' possi bl e, based on the inmages, and the
fusion splic«cihg * 55 * neans carries out fusion splicing of the fibers

when the inspection means deted8ines that fusion splicing
is possible. Accordingly, observation and inspection of the plural
pairs of optical fibers is carried out at once within a short

time, and theQBBEEEEECLAEFFQLFﬁ%O fusion splicing of optical fibers is
shortened. Th e becones sinpler, because the driving
section, - ngcesy t&é&&%ﬂ&’am B Speital fibers
comprising:
(A) a first imaging optical system located opposite to
5 a plurality of pairs of optical fibers, said first
- imaging opfical system having:
(a) a first pre-lens system,
(b) a first aperture stop including an aperture
at a position of rear focus of said first pre-
10 lens system, and
(¢) a first post-lens system including a front
focus at the position of the rear focus of said
first pre-lens system, wherein said first pre-
lens system, said first apefture stop and said

15 ' first post-lens system are arranged a way from

said optical fibers in the order given; and
(B) an image pickup device that picks up images of the
optical fibers formed by said first imaging optical
system.

20 2. An observation apparatus for optical fibers
according to Claim 1, further comprising a second
iméging optical system for observing said pairs of
optical fibers in a direction different from that of
said first imaging optical system, said second imaging

25 optical system having: REPL£E-*"**-MWM"
_ EMENT SHEET

(a) a second pre-lens system,




Wth the observation unrt according to the present invention, the
| i ght observed object (for exanple, a plurality
of op“mm |IW“I mu bers arranged in parallel and in the flat shape, or

he Iike)cistfotuged*on the image pickup plane of the I mage pi ckup
neans by the imaging optical system an3p the i mage of the observed
object is picked up by the 20 | mge—pi ckup neans. In the case wherein
t he i magi ng optical systemis disposed on the-optical axis nearly

normal to the optic axes of e above opti
different fromthe ﬁér n%ls%q?ré‘%ta}%?lnf‘br? h%:o;: lncj"“%f%e%nﬂpes{rﬁm%e of the

opti cal

fibers and ypey eg':osxtzil.son of ') RGP KU At Wi dHla i mROC

pi ckup neans is

10

15

20

25

lens systenm, and
(c) a second post-lens system including a front
focus at the position of the rear focus of said
second pre-lens system, wherein said second pre-
lens system, said second aperture stop and said
second post-lens system are arranged a way from
said optical fibers in the order given.

3. An observation apparatus for optical fibers
according to Claim 1, wherein an image pickup plane of
said image pickup device is inclined relative to the
o§tica1 axis of said first imaging optical system so
that the longer an object distance of an optical fiber
out of said pairs of optical fibers, the shorter an
image distance thereof, and said image pickup plane of
said image éickup device is placed in parallel to the
optical axes of said pairs of optical fibers.

4. An observation apparatus for optical fibers
according to Claim 1, further comprising a mirror for
deflecting the images of said optical fibers toward
said first imaging optical system, said mirror being
located near said optical fibers.

5. An observation apparatus for optical fibers
according to Claim 4, wherein said mirror is movable.

6. An observation apparatus for optical fibers

27 JAN 1999
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Iocated SO as to be neaury-parallel to the optica

relatlve

t he | onge¥
I n-focus range is
pi ckup

10

15

20

25

ptical fibers and so as to be inclined
H(Emﬁm , lEXI s of the inmaging optical system so t hat
€10 tance, the shorter the inmage di stance, the

wi dened on t he40 mage pi ckup pl ane of the inmge
neans, so that focus is athieved for all of the

acco;ding to Claim 2, wherein said first and second
imaging optical systems are microscopes having a
common magnification.

7. An observation apparatus for optical fibers
according to Claim 1, further comprising object
distance difference_correcting means for correcting a
difference in an object distance of each optical fiber,
said object distance difference correcting means being
disposed between said pairs of optical fibers and said
first imaging optical system. |

8. An observation apparatus for optical fibers
according to Cléim 7, wherein said object distance
difference correcting means is a prism having a cross
section of a shape. |

9. An fusion splicer for optical fibers
comprising:

the observation apparatus for optical fibers as
set forth in Claim 1; and

a pair of discharging electrodes for fusing and
splicing ends of said optical fibers, said discharging
electrodes being disposed at respective positions on
either side of a space between the ends of said plural
pairs of optical fibers.

10. An fusion splicer for optical fibers
according to Claim 9, furfher comprising inspection

means for determining whether said pairs of optical

heet Has Been Replaced
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optical Tibers ofmmuttiple fiber pairs (for exanple, twel ve fiber

pairs lalhi cl ear inmages of the all optical fibers at
once. I”" mm “@Mﬂ'ﬁg 10 optical systemis constructed as descri bed
¢ L kN

above * g the pre-lens system aperture stop, and

post-lens system the magnifications of4k he i nages pi cked up by the
| mge pickup neans are constant and - uni form i ndependent of the
positions of the optical 15 fibers. This observation unit is suitably
applicabl e to the above observation apparatus for optical fibers
and the above fusion splicer for optical fibers. From t he

i nvention thus,described, it

| nventiion thus, 4eseribeda 1l Jlle P wnicn wfLb9SeAl %508 SBbR ot S

bers can
be fused and spliced by said discharging electrodes,
based on the images of said pairs of optical fibers
picked up by said image pickup device.
5 11. An fusion-splicer for optical fibers
comprisiné:
the observation apparatus for optical fibers as
set forth in Claim 2; and
a pair of discharging elect;odes for fusing and
10 splicing ends of said optical fibers, said discharging
electrodes being disposed at respective positions on
either side of a space between the ends of said plural

pairs of optical fibers.
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20 varied in many ways. Such variations are not to be regar ded

as a departure fromthe.spirit and scope of the invention, and al
such nodi fications as would be obvious to one skilled in the art
are intended for i nclusion within the scope of ?Hk? [ S BEEN
cl ai ns. ' 38

CLAI MED | S: 1. An observation apparatus f gk '

OBSERVATION APPARATUS AND FUSION SPLICER FOR OPTICAL FIBERS

ABSTRACT OF THE DISCLOSURE

Each of imaging optical systems has a post-lens
system having a front focus at a position of a rear
focus of a pre-lens system. Each of the optical axes

5 is set in a direction normal to the optical axes of
optical fibers and different froﬁ the normal direction
to a placement surface of the optical fibers. Each of
iﬁage pickup planes of CCDs is inclined relative to
the optical axis of the imaging optical system so that

10 the longer an objeét distance of each optical fiber .
among the optical fibers, the shorter an image
distance thereof, and each image pickup piane is

located in parallel to the optical axes of the optical

fibers.
(Figure 1) This Sheet Has Been Rﬁlaced
LT
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conpri si ng: (A) a first imaging optical System | ocated opposite to

5 a plurality of pairs of optical fibers, said first I magi ng
opti cal system havi ng: (a) a first pre-lens system

(b) a first aperture stop i ncl udi ng an aperture at a position
of rear focus of said first pre- 10 1 " lens system and

(c) a first post-lens systemincluding afront focus at the
position of the rear focus of said - first pre-lens system
.Wherein said first pre- | ens system said first aperture stop

and said 15 F- first post-lens systemare arranged a way from
ig.1

11— ~—10

IMAGE INPUT /
OUTPUTDEVICE [>7

| | POWER
SUPPLY

DISPLAY L _8
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said optical fibers in the order given; and (B) an image pickup

device that picks up inmages of the optical fibers fornmed by said
first imaging optical system 20 2. An observation
apparatus for optical fibers according to Caim1l, further
conprising a second | magi ng opti @al system for observing said pairs
of optical fibers in a directiomrdifferent fromthat of

said first inmaging optical system said second imaging 25 opti cal

syst em havi ng: (a) a second pre-lens system

/
12C

(
12B
12

%8

N

a

12a
(

Fig.2
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at -a position of

and

focus at the position of the rear focus of said

(b) a second aperture stop including an aperture
rear focus of said second pre-

| ens

(c) a second post-lens systemincluding a front
second
| ens system said

pre-lens system wherein said second pres3

second aperture stop and .said

arranged a way from

Fig.3A

SMALL

MAGNI]?I\CATI()Nr
4

A
- LARGE
MAGNIFICATION

Fig.3B

EQUAL
MAGNIFICATIONS

system
5

- second post-lens system are
fibers in the order given.

said optical
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10 3. An observation apparatus for optical fibers

according to Claim1l, wherein an inmage pickup plane of sai d i mage
pi ckup device is inclined relative to the optical axis of said
first inmaging optical system so that the | onger an object distance
of an optical fiber 15 out of said pairs of optical fibers, the
shorter an i mge di stance thereof, and said i nage pi ckup pl ane of
said i mage pickup device is placed in parallel to the opti cal axes
of said pairs of optical fibers. 4. An observation apparatus

for optical fiFig(ﬂO according to aim1, further conprising a
mrror for ®defl ecting the i mges of said optical fibers toward

- 182 |
25° 12a _
y [\ ) 54.4‘>\/‘§04
27 347 ' 103)\
) 50
Fig.5
12 |
2.75 ) 12a 5.41

/<45'° | (337
Ja
10a
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said first inmaging optical system said mrror being | ocat ed near
said optical fibers. 5. An observation apparatus for optical
fibers 25 according to Claim4, wherein said mrror is novable.

6. An observation apparatus for optical fibers

40 according to Claim2, whereig said first and second

I magi ng optical systens are m croscopes having a conmon

magni fi cation. '

Fig.6

25
P
DISCHARGING
DEVICE
N
IMAGE INPUT/
OUTPUT DEVICE [~7
9 18 24
= = P
POWER IMAGE CALCULATION
PROCESSING
SUPPLY DEVICE DEVICE
8 27 26
~ ~ ~
DISPLAY ’ MEMO L /R FIBER
RY FEEDER

REPLACEMENT SHEET

27 JAN 1999




7. An observation apparatus for optical fibers 5 according to Claim]l,

further conprising object di stance difference correcting neans for
correcting a difference in an object distance of each opti cal

fiber, sai d object distance difference correcting neans being

di sposed between said pairs of optical fgbers and said 10 first

I magi ng optical system 8.—An observation apparatus for
optical fibers according to Claim?7, wherein said object distance
di fference correcting nmeans is a prism 15 9. An fusion splicer

for optical fibers-

Fig.7A Fig.7B
( START ) | C START j

X IMAGE X IMAGE
MOVE MICROSCOPE |~ 30 OBSEIBIXEI{%TA};?S“TH ~— 42
I "
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I FIBER PAIRS

MOVE MICROSCOPE [~—32
| ' (f END i)
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I
MOVE MICROSCOPE |~ 34

OBSERVE STHTO 12TH
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MOVE MICROSCOPE |[~—36

OBSERVE 9TH TO 12TH
FIBER PAIRS 37

I
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|

OBSERVE 1ST TO 4TH
FIBER PAIRS 41

Can )




conpriéing: t he observatlon apparatus for optical fibers as.

set forth in Cdaiml; and a pair of discharging el ectrodes
for fusing and 20 splicing ends of said optical fibers, said

di schargi ng el ectrodes being di sposed at respective positions on
either side of a space between the ends ef said plural pairs of
optical fibers. 10. An fus+en splicer for optical fibers 25
according to Claim9, further conprising inspection means for

det er mi ni ng whet IFigaus pairs of optical

IMAGE INPUT /
OUTPUTDEVICE |~7

POWER
SUPPLY

DISPLAY . L _8

REPLACE




4T fibers are.in a state in which the optical fibers can
be fused and spliced by said discharging el ectrodes, based on the
i ges of said pairs of optical fibers pi cked up by said i mage

pi ckup device. 5 : 11. An fusion splicer for optical fibers

conpri si ng: t he observati o8 apparatus for optical fibers as
set forth in Caim2; and —

Fig.9
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LR
S A

a pair cf dischargihg-electrodes:for f usi ng and 10 splicing ends of

said optical fibers, said discharging el ectrodes bei ng di sposed at
‘respect ive ROSI tions ei ther side of a space bgtTween the ends of
Wl N PATENTbQiFIFJCEf optical fibers. 15 Application No.
SEA CH PORT SG 9804129-6

Box III 'i’EXT OF THE ABSTRACT (Contmuatlon of item S of the first sheet)

Each of imaging optica] systems (12, 13) has a post-lens system (12c, 13c) having a front focus at a position of a rear
focus of a pre-lens system (12A, 13A). Each of the optical axes (12a, 13a) is set in a direction normal to the optical
axes of optical fibers (2) and different from the normal direction to a placement surface of the optical fibers. Each of
image pickup planes of CCDs (10, 11) is inclined relative to the optical axis of the imaging optical system so that the
longer an object distance of each optical fiber among the optical fibers, the shorter an image distance thereof, and
each image pickup plane is located in parallel to the optical axes of the optical fibers.

e
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according to Claim 2} whérein said first and second
imaging optical systems are microséopes having a
common magnification.

7. An observation apparatus for optical fibers
according to Claim 1, further comprising object
distance difference correcting means.for correcting a
difference in an object distance of each optical fiber,
said object distance difference correcting means being
disposed between said pairs of optical fibers and said
first imaging optical system. .

8. An observation apparatus for optical fibers
according to Claim 7, wherein said object distance

difference correcting means is a prism.

9. An fusion splicer for optical fibers
comprisings

the observation apparatus for optical fibers as

- set forth in Claim 1; and

a pair of discharging electrodes for fusing and
splicihg ends of said optical fibers, said discharging
electrodes being disposed at respective positions on
either side of a space'between the ends of said plural
pairs of optical fibers.

10. An fusion splicer for optical fibers
according to Claim 9, further comprising inspection

means for determining whether said pairs of optical
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