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(57) Abstract: A measurement arrangement (1) to determine a quality of an optical cable (10) and an optical connector (20) in an as -
sembled condition comprises a fixture (100) to insert the optical connector (20) and a camera device (200). The measurement ar -
rangement (1) is configured to determine the metrology of the optical connector (20), the position of the optical fibers (11, 12, 13,

O 14) in the optical connector (20), and a beam propagation direction. The measurement arrangement (1) turther allows a contactless

W

(i.e., non-contact) insertion loss measurement and a mating loss estimation.
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MEASUREMENT ARRANGEMENT FOR AN OPTICAL CABLE ASSEMBLY

PRIORITY APPLICATION
[0001] This application claims the benefit of priority of European Patent Application Serial
No. Serial No. 15177872.7, filed on July 22, 2015, the content of which is relied upon and

incorporated herein by reference in its entirety.

DESCRIPTION
[0002] A measurement arrangement to determine a quality of an optical cable and an optical

connector in an assembled condition

TECHNICAL FIELD
[0003] The invention is directed to a measurement arrangement to determine a quality of an
optical cable and an optical connector terminating optical fibers of the optical cable in an
assembled condition. The invention also relates to a method to determine the quality of an
optical cable and an optical connector terminating optical fibers of the optical cable in an

assembled condition.

BACKGROUND
[0004] Optical fiber transmission is becoming more and more common due to the growing
bandwidth demand. To meet this demand, it is necessary to use an optical cable comprising a
plurality of optical fibers in parallel for certain applications. As a consequence, the
parallelization of optical fibers leads to N different connectors at the input and output side of
the optical cable or the optical fibers.
[0005] To facilitate handling, an optical connector which groups several of these optical
fibers to one single connector output has to be used. The optical connector can be configured
as a physical contact connector, for example a MTP connector, or an expanded beam
connector, such as a MXC connector. In order to evaluate the coupling of light transferred via
parallel guided optical fibers and an optical connector for receiving optical waveguides, the
optical cable comprising the optical fibers and the optical connector terminating the optical

cable/optical fibers have to be analysed.
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[0006] It is desired to provide a measurement arrangement to determine the quality of an
optical cable and an optical connector in an assembled condition which allows to determine a
state of the optical cable and the optical connector in an assembled condition and to specify
the reason for a possible failure of the optical cable and the optical connector in the
assembled condition. There is also a need to provide a method to determine a quality of an
optical cable and an optical connector in an assembled condition which allows to determine a
state of the optical cable and the optical connector in an assembled condition and to specify
the reason for a possible failure of the optical cable and the optical connector in the

assembled condition.

SUMMARY
[0007] An embodiment of a measurement arrangement to determine a quality of an optical
cable and an optical connector in an assembled condition is specified in claim 1.
[0008] The measurement arrangement comprises a fixture to insert the optical connector,
wherein the fixture comprises at least a first and a second hole to respectively receive a first
and a second pin of the optical connector protruding from a front face of the optical connector
and an opening to receive an area of the optical connector comprising end faces of the optical
fibers. The measurement arrangement further comprises a camera device, a first light source
to illuminate the front face of the fixture, a second light source to couple light in the optical
cable, and a control device to control a measurement procedure of the measurement
arrangement.
[0009] The control device is configured to control the camera device such that the camera
device captures an image of the front face of the fixture. The control device is configured to
evaluate the image of the front face of the fixture to determine whether the first and the
second pin of the optical connector are inserted in the first and second pin hole of the fixture
to assert whether the optical connector is inserted in the fixture.
[0010] The control device is configured to control the camera device such that the camera
device captures a first image of light beams of the light coupled out of the end faces of the
optical fibers in a first plane, for example the near field plane, and a second image of the light
beams of'the light coupled out of the end faces of the optical fibers in a second plane, for
example the far field plane. The first plane is located closer to the front face of the fixture
than the second plane. The control device is configured to evaluate the first image to

determine the position of the end faces of the optical fibers.
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[0011] The control device is configured to determine an angular misplacement for each of the
optical fibers within the optical connector and/or an expansion of the respective light beam
coupled out at the end face of the respective optical fiber by evaluating the first and second
images. The control device is configured to determine an insertion loss value of the optical
cable by evaluating a first intensity distribution of the light coupled out at the end faces of the
optical fibers in the first image. The control device is configured to determine a mating loss
value of the optical connector by evaluating the first intensity distribution of the light coupled
out at the end faces of the optical fibers in the first image and by evaluating a second intensity
distribution of the light coupled out at the end faces of the optical fibers in the second image.
[0012] An embodiment of a method to determine a quality of an optical cable and an optical
connector in an assembled condition is specified in claim 9. The method comprises the steps
of:

- providing a fixture to insert the optical connector, wherein the fixture comprises at least a
first and a second hole to respectively receive a first and a second pin of the optical connector
protruding from a front face of the optical connector and an opening to receive an area of the
optical connector comprising end faces of the optical fibers,

- inserting the optical connector into the fixture,

- illuminating the front face of the fixture,

- capturing an image of the front face of the fixture,

- evaluating the image of the front face of the fixture to determine whether the first and the
second pin of the optical connector are inserted in the first and second pin hole of the fixture
to assert whether the optical connector is inserted in the fixture,

- coupling light in the optical cable,

- capturing a first image of the light beams of the light coupled out of the end faces of the
optical fibers in a first plane,

- evaluating the first image to determine the position of the end faces of the optical fibers,

- capturing a second image of the light beams of the light coupled out of the end faces of the
optical fibers in a second plane, the first plane being located closer to the front face of the
fixture than the second plane,

- determining an angular misplacement for each of the optical fibers within the optical
connector and/or an expansion of the respective light beam coupled out at the end face of the

respective optical fiber by evaluating the first and second images,
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- determining an insertion loss value of the optical cable by evaluating a first intensity
distribution of the light coupled out at the end faces of the optical fibers in the first image,
and

- determining a mating loss value of the optical connector by evaluating the first intensity
distribution of the light coupled out at the end faces of the optical fibers in the first image and
by evaluating a second intensity distribution of the light coupled out at the end faces of the
optical fibers in the second image.

[0013] The insertion loss value and the mating loss value may be determined as relative
values, i.e. in relation to the insertion loss value and the mating loss value of an optical cable
terminated with a reference connector.

[0014] The measurement arrangement enables a user to measure the quality of an optical
comnector which can be configured either as a physical contact connector, for example a MTP
connector, or an expanded beam connector, such as a MXC connector being in an assembled
condition with an optical cable comprising a plurality of optical fibers. The measurement
arrangement can be used to determine if a connector, a physical contact connector or another
expanded beam connector was assembled properly and if it meets a set of pass/fail criteria.
The measurement arrangement allows a contactless measurement of the connector’s
metrology, the beam propagation direction of light beams of the optical fibers, the insertion
and mating loss value of the optical cable and the optical connector being in an assembled
condition.

[0015] Furthermore, the measurement arrangement and the method to determine the quality
of an optical cable and an optical connector in the assembled state allows to quantify a miss-
positioning of the optical fibers at the optical connector. The information obtained can be
used to determine the assembly quality of the optical connector and the physical quality of
the optical cable to conclude whether the assembly of the optical connector and the optical

cable passes a set of predefined criteria.

BRIEF DESCRIPTION OF THE DRAWINGS
[0016] Figure 1 shows an embodiment of a measurement arrangement to determine a quality
of an optical cable and an optical connector in an assembled condition.
[0017] Figure 2 illustrates steps of a method to determine a quality of an optical cable and an

optical connector in an assembled condition.
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[0018] Figure 3 shows a measurement arrangement of a camera device and a fixture to
determine a quality of an optical cable and an optical connector in a misaligned state.

[0019] Figure 4A shows a fixture receiving an optical connector having an angular
misalignment.

[0020] Figure 4B shows a fixture receiving an optical connector having a radial
misalignment.

[0021] Figure 5 shows a measurement arrangement of a camera device and a fixture to
determine a quality of an optical cable and an optical connector in a calibrated state.

[0022] Figure 6 shows a front face of an optical connector and optical fibers being inserted in
the optical connector and a reference coordinate system to whom all metrology values are
related to.

[0023] Figure 7 shows the capturing of images in a first plane and a second plane.

[0024] Figure 8A shows a captured first image of light beams coupled out of optical fibers of
an optical cable being inserted in an optical connector in a first plane.

[0025] Figure 8B shows a captured second image of light beams coupled out of optical fibers
of an optical cable being inserted in an optical connector in a second plane.

[0026] Figure 9A shows the capturing of an image of a front face of a fixture with an inserted
optical cable in a first plane.

[0027] Figure 9B shows the capturing of an image of a front face of a fixture with an inserted

optical cable in a second plane.

DETAILED DESCRIPTION
[0028] The present invention will now be described in more detail hereinafter with reference
to the accompanying drawings showing different embodiments of the invention. The
invention may, however, be embodied in many different forms and should not be construed
as limited to the embodiments set forth herein; rather, these embodiments are provided so that
the disclosure will fully convey the scope of the invention to those skilled in the art. The
drawings are not necessarily drawn to scale but are configured to clearly illustrate the
invention,
[0029] The basic principal of the method to determine a quality of an optical cable and an
optical connector being in an assembled condition can be divided into two parts. The first part
uses a single image or a set of images to locate a reference feature on the optical connector to

set a reference coordinate system. For this purpose, the optical connector is illuminated from
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the front and a reference feature is used to verify the presence of the optical connector within
a fixture and to establish the reference coordinate system. According to a possible
embodiment, the pins of the optical connector can be used as a reference feature of the optical
connector. In addition, the geometrical features of the optical connector are measured and the
measured values are compared to nominal values using the images of the front face of the
fixture with the inserted optical connector obtained from a camera system.

[0030] Once the reference coordinate system is set, a light source illuminating the optical
connector from the front is turned off and another light source, such as an LED light source,
which is connected to the input side of the optical fibers, is used to evaluate the position of
the optical fibers within the optical connector. This is done by capturing a first image in a
first plane, for example a near field plane, and measuring a first intensity distribution of the
light emitted at the output side of the optical fibers in the first image. A center of mass of the
light beams from the several optical fibers of the optical cable is evaluated in the first image
to assign to each optical fiber end a coordinate in space. The intensity value of each optical
fiber is integrated in the first plane and the insertion loss value of the optical cable/the optical
fibers is estimated.

[0031] To estimate a beam direction of the light emitted from the output side of the several
optical fibers, a second image of each light beam of the optical fibers is captured in a second
plane, for example a far field plane, and the center of mass of each light beam is evaluated.
By comparing the coordinate value in the first and second plane for each optical fiber, the
respective direction of the light beams can be calculated. An angular misplacement of a
respective optical fiber inside the optical connector can then be deducted from the
comparison of the coordinate value of the center of mass of the light beams evaluated in the
first and second plane. Furthermore, a mating loss value can be determined by evaluating the
first intensity distribution of the light coupled out at the end faces of the optical fibers in the
first image and by evaluating a second intensity distribution of the light coupled out at the
end faces of the optical fibers in the second image. The mating loss value may be determined
by integrating the intensity values of the intensity distribution of the light emitted from the
optical fibers in the first plane and in the second plane and by estimating an overlap integral
against a pre-defined aperture.

[0032] An embodiment of a measurement arrangement 1 to determine a quality of an optical
cable and an optical connector in an assembled condition is shown in Figure 1. The

measurement arrangement 1 comprises a fixture 100 to insert an optical connector 20
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terminating optical fibers of an optical cable 10. The fixture 100 comprises at least a first and
a second hole 110, 120 to respectively receive a first pin 21 and a second pin 22 of the optical
connector 20. The first and second pin 21, 22 protrude from a front face 23 of the optical
connector 20 and an opening to receive an area of the optical connector 20 comprising end
faces of the optical fibers.

[0033] The measurement arrangement 1 further comprises a camera device 200 to capture an
image of the front face 23 of the optical connector 20. A first light source 300 of the
measurement arrangement 1 is used to illuminate the front face 23 of the optical connector
20. The measurement arrangement 1 comprises a second light source 400 to couple light in
the optical cable 10, in particular in optical fibers or waveguides of the optical cable. The
measurement procedure to determine the quality of the optical cable 10 and the optical
connector 20 is controlled by a control device 500, for example a computer, of the
measurement arrangement.

[0034] Figure 2 shows an embodiment of a method to determine a quality of the optical cable
10 and the optical connector 20 terminating optical fibers of the optical cable in an assembled
condition. The method comprises several steps S1 to S12 which are explained in the
following with reference to the accompanying Figures 1 to 9B.

[0035] According to step 1 of the method, the fixture 100 shown in Figure 1 to hold the
optical connector 20 to be analysed is provided. Furthermore, an image capturing system is
provided. The image capturing system may comprise the camera device 200 shown in Figure
1 and magnifying optics 800. According to a possible embodiment, the magnifying optics
may comprise a telecentric lens to compensate for aberrations so that additional calibration
procedures to compensate these effects via software are not necessary. The light source 300
to illuminate the front face 23 of the optical connector 20 may be mounted on the magnifying
optics 800 to illuminate the fixture 100 and the optical connector 20 homogenously, making
pattern recognition easier.

[0036] Figure 3 shows a portion of the measurement arrangement of Figure 1 comprising the
image capturing system with the camera device 200 and the magnifying optics 800, and the
light source 300 attached on the magnifying optics 800. The fixture 100 is placed in front of
the image capturing system. Before capturing an image of the front face of the fixture 100,
the measurement arrangement has to be adequately calibrated. Figure 3 shows the
measurement arrangement before the calibration. The optical axis of the camera device 200 is

not oriented parallel to the optical axis of the fixture 100.
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[0037] In order to align the image capturing system and the fixture 100, the image capturing
system/the camera device 200 and/or the fixture 100 has to be moved so that the optical axis
of the image capturing system/the camera device 200 is oriented parallel to the optical axis of
the fixture 100. For this purpose, the camera device 200 may be mounted on a rotational stage
900 which may be moved in relation to the fixture. It is also possible that the fixture 100 or
both of the image capturing system and the fixture 100 is moved to align the optical axis.
[0038] According to a subsequent step S2, the optical connector 20 is inserted into the fixture
100. Figures 4A and 4B show the optical connector 20 being inserted in the fixture 100. The
fixture 100 needs to be designed tightly around the pins 21, 22 of the optical connector 20 to
avoid angular shift of the optical connector in the fixture as shown in Figure 4A or
lateral/radial shift as shown in Figure 4B. The fixture used in Figures 4A and 4B has loose
tolerances giving room for radial and angular misalignment. An appropriate embodiment of a
fixture 100 provides a radial and angular alignment of the optical connector 20 in the fixture
100.

[0039] Figure 5 shows a portion of the measurement arrangement comprising the image
capturing system and the fixture 100. The image capturing system comprises the camera
device 200, the magnifying optics 800 and the light source 300 mounted to the magnifying
optics 800. The fixture 100 is positioned in front of the light source 300. In the calibrated
state of the measurement arrangement, the fixture 100 and the image capturing system are
aligned such that the optical axis of the camera device 200 is oriented parallel to the optical
axis of the fixture 100.

[0040] According to a subsequent step S3 the front face of the fixture 100 is illuminated by
the light source 300. The light source 300 may be configured as a lamp. According to step S4,
the image 10 of the front face of the fixture 100 is captured by the camera device 200. To this
purpose, the control device 500, shown in Figure 1, is configured to control the camera
device 200 such that the camera device 200 captures an image 10 of the front face of the
fixture 100.

[0041] Figure 6 show the image of the front face of the fixture 100. The optical connector 20
is inserted in the fixture 100 such that the pins 21 and 22 of the optical connector 20
protruding from the front face 23 of the optical connector 20 are arranged within the holes
120 of the fixture 100. An area 24 of the optical connector 20 comprising end faces of the
optical fibers 11, 12, 13, 14 is received in an opening 130 of the fixture 100.
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[0042] According to an embodiment of the measurement arrangement 1, the control device
500 is configured to evaluate the image 10 of the front face of the fixture 100 shown in Figure
6 to determine whether the pins 21 and 22 of the optical connector 20 are inserted in the pin
holes 110 and 120 of the fixture 100 and to assert whether the optical connector 20 is inserted
in the fixture 100. According to a step S5 of the method to determine the quality of the
optical cable and the optical connector in the assembled condition, the image 10 of the front
face of the fixture 100 is evaluated to determine whether the pins 21 and 22 of the optical
connector 20 are inserted in the pin holes 110 and 120 of the fixture 100 to assert whether the
optical connector 20 is inserted in the fixture 100. Both connector pins 21 and 22 may be
recognized accurately by applying image filtering and pattern recognition techniques.

[0043] According to a possible embodiment of the measurement arrangement, the control
device 500 is configured to determine the position of the pins 21 and 22 of the optical
connector 20 by evaluating the image 10 of the front face of the fixture 100. Accordingly, the
position of the pins 21 and 22 of the optical connector 20 may be determined in method step
S5 by evaluating the image 10 of the front face ofthe fixture 100. Thus, the correct position
of the optical fibers 11, 12, 13 and 14 within the optical connector 10 can be verified.

[0044] According to a possible embodiment of the measurement arrangement, the control
device 500 is configured to determine an origin of a reference coordinate system CS shown in
Figure 6 in relation to the position of the pins 21 and 22 of the optical connector 20.
According to step S5 of the method to determine the quality of the optical cable 10 and the
optical connector 20 in the assembled condition, an origin of the reference coordinate system
CS is determined in relation to the position of the pins 21 and 22 of the optical connector 20.
[0045] As soon as the presence of the optical connector 20 within the fixture 100 is verified
in the step S5 a reference feature of the optical connector is acquired. According to a possible
embodiment, the pins 21 and 22 of the optical connector were used as a reference feature to
define the coordinate system CS. The origin of the coordinate CS may be set in the center
between the positions determined for the detected pins 21 and 22 of the optical connector.
Two other arbitrary marks of the optical connector can also be used as reference features to
define the origin of coordinate system CS. In dependence on the material of the pins 21 and
22 and the material of the fixture, the acquisition of the pins 21 and 22 can become
complicated. An appropriate image filtering technique may be chosen in dependence on the
material of the pins 21, 22 and the material of the fixture 100, since light is reflected and
acknowledged differently by the camera device 200.
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[0046] According to a subsequent step S7 of the method to determine the quality of the
optical cable 10 and the optical connector 20 in the assembled condition, light may be
coupled in the optical cable 10 by means of the light source 400. The light source 400 may be
configured as an LED light source or a laser source. As illustrated in the embodiment of the
measurement arrangement 1 of Figure 1, the light emitted by the light source 400 may be
coupled into a waveguide 31 which is terminated by an optical connector 40. The light of the
light source 400 may be coupled via the optical connector 40 and a subsequent waveguide 32
to a mode conditioner 600. The mode conditioner 600 has an input side 1600 to couple light
into the mode conditioner and an output side O600 to couple light out of the mode
conditioner 600. The mode conditioner 600 is configured to IEC 61280-4-1 and TIA-568-14-
B EF requirements.

[0047] The output side 0600 is coupled to a waveguide 33 which is connected to a
subsequent waveguide 34 by an optical connector 50. The optical arrangement further
comprises a multimode coupler 700 having an input side 1700 to couple light into the
multimode coupler and an output side 0700 to couple light out of the multimode coupler and
into the optical fibers 11, 12, 13 and 14 of the optical cable 10.

[0048] The light source 400 is arranged to couple light via the optical waveguides 31 and 32
to the input side 1600 of the mode conditioner 600. The output side 0600 of the mode
conditioner 600 is coupled via the waveguides 33 and 34 to the input side 1700 of the
multimode coupler 700 which conditions the output field pattern. This is important to ensure
the correct operation of the 1 to N multimode fiber coupler 700 and can be omitted, if an
optical connector holding many single mode fibers is used. The light coupled out at the
output side O700 of the multimode coupler accesses the optical cable 10 and the optical
connector 20 under test by connecting an access jumper 60 between the N outputs of the
multimode coupler 700 and the optical cable 10 under test.

[0049] According to an embodiment of the measurement arrangement 1, the control device
500 is configured to control the camera device 200 such that the camera device 200 captures
a first image 11 of light beams L11, L12, L13, L14 of the light coupled out of the end faces of
the optical fibers 11, 12, 13, 14 in a first plane NP, for example a near field plane. The control
device 500 may be further configured to control the camera device 200 such that the camera
device 200 captures a second image 12 of the light beams L11, L12, L13, L14 of light
coupled out of the end faces of the optical fibers 11, 12, 13, 14 in a second plane FP, for

example a far field plane.
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[0050] Figure 7 shows the end faces of the optical fibers 11, 12, 13, 14 from which the light
beams L11, L12, 113 and L14 of the optical fibers 11, 12, 13 and 14 are emitted. Figure 7
further shows the first plane NP and the second plane FP. The first plane NP is located closer
to the end faces of the optical fibers 11, 12, 13 and 14 than the second plane FP.
Consequently, the light beams L11, L12, L13 and L.14 emitted from the optical fibers 11, 12,
13 and 14 expand from the first plane NP in the direction towards the second plane FP.
[0051] Figure 8A shows the captured first image 1 of the light beams L11, L12, L13, L14 of
the light coupled out of the end faces of the optical fibers 11, 12, 13 and 14 in the first plane
NP. Figure 8B shows the captured second image 12 of the light beams L11, L12, 113 and L14
of'the light coupled out of the end faces of the optical fibers 11, 12, 13 and 14 in the second
plane FP. The comparison of Figures 8A and 8B shows that the perimeter of the light beams
L11,L12, L13 and L14 is expanded in the second plane FP in relation to the perimeter of the
light beams L11, L12, L13 and L14 in the first plane NP.

[0052] According to a method step S8 of the method to determine the quality of the optical
cable 10 and the optical connector 20 in the assembled condition, the first image 11 ofthe
light beams L11, L12, 13 and L14 of the light coupled out of the end faces of the optical
fibers 11, 12, 13 and 14 is captured in the first plane NP. According to a subsequent method
step S8, the captured first image 11 is evaluated by the control device 500 to determine the
position of the end faces of the optical fibers 11, 12, 13 and 14. Thus, the correct position of
the optical fibers within the optical connector 20 can be verified.

[0053] According to a possible embodiment of step S8 of the method, the position of the end
faces of the optical fibers 11, 12, 13, and 14 is determined in relation to the origin of the
reference coordinate system CS by means of the control device 500 to evaluate the position
of the optical fibers 11, 12, 13 and 14 within the optical connector 20 by evaluating the first
image 11 in the first plane NP. The position of the end faces of the optical fibers 11, 12, 13
and 14 may be determined by measuring the respective spot size of the light beams in the
image 11 and determining the respective center mass of the spots for each optical fiber 11, 12,
13 and 14. The center mass values may then be used to establish the position of the respective
optical fibers within the optical connector 20 to make sure that the optical connector 20 is
assembled properly.

[0054] Figure 9A shows a portion of the measurement arrangement 1 to determine the quality
of the optical cable 10 and the optical connector 20 in the assembled condition. The

measurement arrangement comprises the image capturing system with the camera device 200
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and the magnifying optics 800. The fixture 100 with the inserted optical connector 20 is
positioned in front of the image capturing system. According to a possible embodiment of
step S7 of the method to determine the quality of the optical cable 10 and the optical
connector 20, the first image 11 is captured in the first plane NP at a first location z1 between
the fixture 100 and the camera device 200 by setting a focus of the camera device 200 to the
first plane NP, when the camera device 200 is placed at the first position Z1.

[0055] According to a subsequent step S9 of the method to determine the quality of the
optical cable 10 and the optical connector 20 in the assembled condition, the second image 12
of the light beams L11, L12, L13 and L14 of the light coupled out of the end faces of the
optical fibers 11, 12, 13 and 14 is captured in the second plane FP by means of the camera
device 200 controlled by the control device 500. Figure 9B shows a portion of the
measurement arrangement 1 comprising the image capturing system with the camera device
200 and the magnifying optics 800. The fixture 100 with the optical connector 20 inserted in
the fixture 100 is placed in front of image capturing system.

[0056] The second image 12 is captured in the second plane FP at a second location z2
between the fixture 100 and the camera device 200. The second location z2 is farther away
from the front face of the fixture 100 than the first location z1. In order to capture the second
image 12, the camera device 200 is moved from the first position Z1 to a second position Z2
being farther away from the front face of the fixture 100 than the first position Z1. The focus
of the camera device 200 is kept unchanged in comparison to the set focus for capturing the
first image 11. The moving of the camera device 200 between the first position Z1 and the
second output Z2 is controlled by the control device 500.

[0057] According to a step S10 of the method to determine the quality of the optical cable 10
and the optical connector 20 in the assembled condition, an angular misplacement of each of
the optical fibers 11, 12, 13 and 14 within the optical connector 20 and/or an expansion of the
respective light beam L11, L12, L13 and L14 coupled out of the end face of the respective
optical fiber 11, 12, 13 and 14 is determined by evaluating the first and second images 11 and
12.

[0058] According to a possible embodiment to determine the angular misplacement of each
of the optical fibers 11, 12, 13 and 14 within the optical connector 10, the first image 11 is
evaluated to determine a respective center of mass of the light beams .11, .12, L13 and L14
of'the light coupled out at the respective end face of the optical fibers 11, 12, 13 and 14 in the

first plane NP. The second image 12 is evaluated to determine a respective center of mass of
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the light beams L11, L12, L13 and L14 of the light coupled out at the respective end face of
the optical fibers 11, 12, 13 and 14 in the second plane FP.

[0059] The angular misplacement is determined for each of the optical fibers 11, 12, 13 and
14 within the optical connector 10 by comparing the respective center of mass of the light
beams L11, L12, L13 and L14 of the light coupled out of the respective optical fiber 11, 12,
13 and 14 in the first plane NP with the respective center of mass of the light beams L11,
L12, L13 and L14 of the light coupled out of the respective optical fiber 11, 12, 13 and 14 in
the second plane FP.

[0060] Once the respective centers of mass of the light beams of the optical fibers in the first
plane NP and the second plane FP are measured, the angle of propagation of the light emitted
from each of the optical fibers can be estimated using simple maths. This value can then be
used to determine the position of the optical fibers in the optical connector, as well as to
define a fail/pass criterion. 1f the value is to be used as fail/pass criteria, it has to be correlated
to a pre-calculated/pre-measured mating loss value.

[0061] According to a further embodiment of the method to determine the quality of the
optical cable 10 and the optical connector 20 in the assembled condition, a respective
perimeter of the light beams L11, L12, .13 and L14 is determined in the first image 11 and
the second image 12. The expansion of the light beams L11, L12, .13 and L14 is determined
in dependence on the determined respective perimeters of the light beams L11, L12, L13 and
L14 in the first and second image 11, 12 and a distance D between the first and second
locations z1 and z2 of the first plane NP and the second plane FP.

[0062] In order to determine the beam propagation direction of the respective light beams
L11,L12, L13 and L14, the light source 400 may be configured as an LED source emitting
light, for example, at A = 850 nm directly into the optical fibers 11, 12, 13 and 14. The choice
of a wavelength of % = 850 nm rather than a predefined wavelength for which the optical
fibers have been conceived, for example a wavelength of A = 1300 nm, may be used since
CCD cameras usually have a better resolution for this wavelength. This choice should not
affect the measurement system though. An LED light source is used to reduce the effect of
multimode interference in multimode fibers and hence reduce the speckle pattern. In a single
mode fiber connector system, a laser source can alternatively be used, since no speckle
pattern is present.

[0063] According to a subsequent step S11 of the method, an insertion loss value of the

optical cable 10 is determined by determining a first intensity distribution over the light
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coupled out at the end faces of the optical fibers 11, 12, 13 and 14 in the first image 11. The
insertion loss value of the optical cable may be determined by integrating the respective
mtensity values of the first intensity distribution. That means that according to the present
vention, the intensity distribution of the light coupled out of the optical fibers is measured
with the camera device 200 and the individual intensity values are then integrated, rather than
taking a pattern matching approach. The intensity distribution of each of the optical fibers
may be integrated in the first plane.

[0064] The integrated intensity distribution is then compared to the integrated intensity
distribution of a “golden” connector and the relative loss value of the optical connector is
computed. To compute the relative loss value, the integrated intensity value needs to be
measured at the same camera gain value or recomputed to compensate for the different
camera gain value. To re-compute the integrated intensity value, a gain intensity curve can be
measured and the curve fitted using, for example, an exponential fit. The curve fitting values
are used to re-evaluate the integrated intensity value and to estimate the relative loss value.
The absolute insertion loss value is then obtained by measuring the insertion loss value of the
“golden” connector and adding the relative loss value of the connector of interest. The
msertion loss values of the “golden” connector is evaluated by measuring the intensity
distribution at locations z1 and z2 as shown in Figures 9A and 9B, integrating its values and
evaluating the loss value.

[0065] According to a subsequent step S12 of the method to determine the quality of the
optical cable 10 and the optical connector 20 in the assembled condition, a mating loss of the
optical connector 20 is determined by evaluating the first intensity distribution of the light
coupled out at the end faces of the optical fibers 11, 12, 13, 14 in the first image and by
evaluating a second intensity distribution of the light coupled out at the end faces of the
optical fibers 11, 12, 13, 14 in the second image 12. The mating loss of the optical connector
20 may be determined by respectively integrating the respective intensity values of the first
and the second intensity distribution over a predefined region emulating a mating connector
of'the optical connector 20. The predefined region may be defined using the reference
coordinate system CS.

[0066] With reference to Figure 1, the measured insertion loss is defined as the loss that
occurs between the optical connector 60 and the optical connector 20 terminating the optical
cable 10. The measured mating loss occurs between the optical connector 20 and a virtual

connector optically coupled to the optical connector 20. The mating loss may be calculated
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by an overlap integral with the virtual connector by using the values of the intensity
distributions of the light coupled out of the optical fibers in the near and far field plane.
[0067] The measurement arrangement 1 is configured to determine the metrology of the
optical connector 20. In particular, the measurement arrangement 1 allows to recognize the
presence of an optical connector 20 inside the fixture 100 and to verify the correct assembly
of the optical connector 20. The measurement arrangement further allows to determine the
position of the optical fibers 11, 12, 13, 14 in the optical connector 20 and the beam
propagation direction. The measurement arrangement 1 allows a contactless insertion loss
measurement and a mating loss estimation.

[0068] The measurement arrangement and the method to determine the quality of the optical
cable 10 and the optical connector 20 allow an optical connector to be assessed against a set
of measurement criteria independent of a second connector it is mated to. The method is
flexible in that it can be used with physical contact or expanded beam connectors. In the case
of physical contact connectors, the measurement arrangement allows a non-contact method of
measuring performance. It enables rapid measurement of multi-channel optical connectors.

[0069] List of reference signs

1 measurement arrangement
10 optical cable

11,..., 14 optical fibers

20 optical connector

21,22 pins of optical connector
31,...,34 optical waveguides

40, 50 connector

60 access jumper

100 fixture

200 camera device

300 first light source

400 second light source

500 control device

600 mode conditioner

700 multimode coupler

800 magnifying optics

900 rotational stage
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Claims

1. A measurement arrangement to determine a quality of an optical cable and an optical
connector in an assembled condition, comprising:

- a fixture (100) to insert the optical connector (20), wherein the fixture (100) comprises at
least a first and a second hole (110, 120) to respectively receive a first and a second pin (21,
22) of the optical connector (20) protruding from a front face (23) of the optical connector
and an opening (130) to receive an area (24) of the optical connector (20) comprising end
faces of the optical fibers (11, 12, 13, 14),

- a camera device (200),

- a first light source (300) to illuminate the front face of the fixture (100),

- a second light source (400) to couple light in the optical cable (10),

- a control device (500) to control a measurement procedure of the measurement arrangement
(1),

- wherein the control device (500) is configured to control the camera device (200) such that
the camera device (200) captures an image (10) of the front face of the fixture (100),

- wherein the control device (500) is configured to evaluate the image (10) of the front face of
the fixture (100) to determine whether the first and the second pin (21, 22) of the optical
connector (20) are inserted in the first and second pin hole (110, 120) of the fixture (100) to
assert whether the optical connector (20) is inserted in the fixture (100),

- wherein the control device (500) is configured to control the camera device (200) such that
the camera device (200) captures a first image (I11) of light beams (L11, L12, L13, L14) of the
light coupled out of the end faces of the optical fibers (11, 12, 13, 14) in a first plane (NP)
and a second image (12) of the light beams (L11, L12, L13, L14) of the light coupled out of
the end faces of the optical fibers (11, 12, 13, 14) in a second plane (FP), the first plane (NP)
being located closer to the front face of the fixture (100) than the second plane (FP),

- wherein the control device (500) is configured to evaluate the first image (I11) to determine
the position of the end faces of the optical fibers (11, 12, 13, 14),

- wherein the control device (500) is configured to determine an angular misplacement for
each of the optical fibers (11, 12, 13, 14) within the optical connector (20) and/or an
expansion of the respective light beam (L11, L12, L13, L.14) coupled out at the end face of
the respective optical fiber (11, 12, 13, 14) by evaluating the first and second images (11, 12),

-16 -



WO 2017/015250 PCT/US2016/042878

- wherein the control device (500) is configured to determine an insertion loss value of the
optical cable (10) by evaluating a first intensity distribution of the light coupled out at the end
faces of the optical fibers (11, 12, 13, 14) in the first image (11),

- wherein the control device (500) is configured to determine a mating loss value of the
optical connector (20) by evaluating the first intensity distribution of the light coupled out at
the end faces of the optical fibers (11, 12, 13, 14) in the first image (11) and evaluating a
second intensity distribution of the light coupled out at the end faces of the optical fibers (11,
12, 13, 14) in the second image (12).

2. The measurement arrangement as claimed in claim 1,

wherein the control device (500) is configured to determine the position of the first and
second pin (21, 22) of the optical connector (20) by evaluating the image (10) of the front face
of the fixture (100).

3. The measurement arrangement as claimed in claims 1 or 2,

- wherein the control device (500) is configured to determine an origin of a reference
coordinate system (CS) in relation to the position of the first and second pin (21, 22) of the
optical connector (20),

- wherein the control device (500) is configured to determine the position of the end faces of
the optical fibers (11, 12, 13, 14) in relation to the origin of the reference coordinate system
(CS) to evaluate the position of the optical fibers (11, 12, 13, 14) within the optical connector
(20) by evaluating the first image (11) in the first plane (NP).

4. The measurement arrangement as claimed in any of the claims 1 to 3,

- wherein the control device (500) is configured to evaluate the first image (11) to determine a
respective center of mass of the respective light beam (L11, L12, L13, L14) of the light
coupled out at the respective end face of the respective optical fiber (11, 12, 13, 14) in the
first plane (NP),

- wherein the control device (500) is configured to evaluate the second image (12) to
determine a respective center of mass of the respective light beam (L11, L12, L13, L14) of
the light coupled out at the respective end face of the respective optical fiber (11, 12, 13, 14)
in the second plane (FP),
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- wherein the control device (500) is configured to determine the angular misplacement for
each of the optical fibers (11, 12, 13, 14) within the optical connector (10) by comparing the
respective center of mass of the respective light beam (L11, L12, L13, L14) of the light
coupled out of the respective optical fiber (11, 12, 13, 14) in the first plane (NP) with the
respective center of mass of the respective light beam (L11, L12, L13, L14) of the light
coupled out of the respective optical fiber (11, 12, 13, 14) in the second plane (FP).

5. The measurement arrangement as claimed in any of claims 1 to 4,

- wherein the control device (500) is configured to determine the insertion loss of the optical
connector (20) by integrating the respective intensity values of the first intensity distribution
detected by the camera device (200),

- wherein the control device (500) is configured to determine the mating loss value of the
optical connector (20) by respectively integrating the intensity values of the first and the
second intensity distribution captured by the camera device (200) over a predefined region

emulating a mating connector of the optical connector (20).

6. The measurement arrangement as claimed in any of the claims 1 to 5,

- wherein the control device (500) is configured to control the camera device (200) to capture
the first image (I11) in the first plane (NP) at a first location (z1) between the fixture (100) and
the camera device (200) by setting a focus of the camera device (200) to the first plane (NP),
when the camera device (200) is placed at a first position (Z1),

- wherein the control device (500) is configured to control the camera device (200) to capture
the second image (12) in the second plane (FP) at a second location (z2) between the fixture
(100) and the camera device (200), the second location (z2) being farther away from the
fixture (100) than the first location (z1), by moving the camera device (200) from the first
position (Z1) to a second position (Z22) being farther away from the front face of the fixture
(100) than the first position (Z1), wherein the focus of the camera device (200) is kept

unchanged.

7. The measurement arrangement as claimed in claim 6,

- wherein the control device (500) is configured to determine a respective perimeter of the
light beams (L11, L12, L13, L14) coupled out at the end face of the respective optical fiber
(11, 12, 13, 14) in the first image (11) and the second image (12),
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- wherein the control device (500) is configured to determine the expansion of the respective
light beam (L11, L12, L13, L14) coupled out at the end face ofthe respective optical fiber
(11, 12, 13, 14) in dependence on the determined respective perimeters of the respective light
beam (L11, L12, 113, L14) coupled out at the end face of the respective optical fiber (11, 12,
13, 14) and a distance (D) between the first and second location (z1, z2) of the camera device
(200).

8. The measurement arrangement as claimed in any of the claims 1 to 7, comprising:

- a mode conditioner (600) having an input side (1600) to couple light into the mode
conditioner and an output side (0600) to couple light out of the mode conditioner,

- a multimode coupler (700) having an input side (1700) to couple light into the multimode
coupler and an output side (O700) to couple light out of the multimode coupler and into the
optical fibers (11, 12, 13, 14) of the optical cable (10),

- wherein the second light source (400) is arranged to couple light to the input side (1600) of
the mode conditioner (600),

- wherein the output side (0600) of the mode conditioner (600) is coupled to the input side
(1700) of the multimode coupler (700).

9. A method to determine a quality of an optical cable and an optical connector in an
assembled condition, comprising:

- providing a fixture (100) to insert the optical connector (20), wherein the fixture (100)
comprises at least a first and a second hole (110, 120) to respectively receive a first and a
second pin (21, 22) of the optical connector (20) protruding from a front face (23) of the
optical connector (20) and an opening (130) to receive an area (24) of the optical connector
(20) comprising end faces of the optical fibers (11, 12, 13, 14),

- inserting the optical connector (20) into the fixture (100),

- illuminating the front face of the fixture (100),

- capturing an image (10) of the front face of the fixture (100),

- evaluating the image (10) of the front face of the fixture (100) to determine whether the first
and the second pin (21, 22) of the optical connector (20) are mserted in the first and second
pin hole (110, 120) of the fixture (100) to assert whether the optical connector (20) is inserted
in the fixture (100),

- coupling light in the optical cable (10),
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- capturing a first image (11) of the light beams (L11, L12, L.13, L14) of the light coupled out
of the end faces of the optical fibers (11, 12, 13, 14) in a first plane (NP),

- evaluating the first image (11) to determine the position of the end faces of the optical fibers
(11, 12, 13, 14),

- capturing a second image (12) of the light beams (L11, L12, L13, L14) of the light coupled
out of the end faces of the optical fibers (11, 12, 13, 14) in a second plane (FP), the first plane
(NP) being located closer to the front face of the fixture (100) than the second plane (FP),

- determining an angular misplacement for each of the optical fibers (11, 12, 13, 14) within
the optical connector (20) and/or an expansion of the respective light beam (L11, L12, L13,
L14) coupled out at the end face of the respective optical fiber (11, 12, 13, 14) by evaluating
the first and second images (11, 12),

- determining an insertion loss value of the optical cable (10) by evaluating a first intensity
distribution of the light coupled out at the end faces of the optical fibers (11, 12, 13, 14) in the
first image (11),

- determining a mating loss value of the optical connector (20) by evaluating the first
intensity distribution of the light coupled out at the end faces of the optical fibers (11, 12, 13,
14) in the first image (11) and by evaluating a second intensity distribution of the light
coupled out at the end faces of the optical fibers (11, 12, 13, 14) in the second image (12).

10. The method as claimed in claim 9, comprising:
determining the position of the first and second pin (21, 22) of the optical connector (20) by
evaluating the image (10) of the front face of the fixture (100).

11. The method as claimed in claims 9 or 10, comprising:

- determining an origin of a reference coordinate system (CS) in relation to the position of the
first and second pin (21, 22) of the optical connector (20),

- determining the position of the end faces of the optical fibers (11, 12, 13, 14) in relation to
the origin of the reference coordinate system (CS) to evaluate the position of the optical
fibers (11, 12, 13, 14) within the optical connector (20) by evaluating the first image (11) in
the first plane (NP).
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12. The method as claimed in any of claims 9 to 11, comprising:

- evaluating the first image (11) to determine a respective center of mass of the respective
light beam (L11, L12, L13, L14) of the light coupled out at the respective end face of the
respective optical fiber (11, 12, 13, 14) in the first plane (NP),

- evaluating the second image (12) to determine a respective center of mass of the respective
light beam (L11, L12, L13, L14) of the light coupled out at the respective end face of the
respective optical fiber (11, 12, 13, 14) in the second plane (FP),

- determining the angular misplacement for each of the optical fibers (11, 12, 13, 14) within
the optical connector (10) by comparing the respective center of mass of the respective light
beam (L11, L12, L13, L14) of the light coupled out of the respective optical fiber (11, 12, 13,
14) in the first plane (NP) with the respective center of mass of the respective light beam
(L11,L12, L13, L14) of the light coupled out of the respective optical fiber (11, 12, 13, 14) in
the second plane (FP).

13. The method as claimed in any of the claims 9 to 12, comprising:

- determining the insertion loss value of the optical cable (10) by integrating the respective
tensity values of the first intensity distribution,

- determining the mating loss value of the optical connector (20) by respectively integrating
the respective intensity values of the first and the second intensity distribution over a

predefined region emulating a mating connector of the optical connector (20).

14. The method as claimed in any of the claims 9 to 13, comprising:

- providing a camera device (200),

- capturing the first image (11) in the first plane (NP) at a first location (z1) between the
fixture (100) and the camera device (200) by setting a focus of the camera device (200) to the
first plane (NP), when the camera device (200) is placed at a first position (Z1),

- capturing the second image (12) in the second plane (FP) at a second location (z2) between
the fixture (100) and the camera device (200), the second location (z2) being farther away
from the fixture (100) than the first location (z1), by moving the camera device (200) from
the first position (Z1) to a second position (Z22) being farther away from the front face of the
fixture (100) than the first position (Z1), wherein the focus of the camera device (200) is kept

unchanged.
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15. The method as claimed in claim 14, comprising:

- determining a respective perimeter of the light beams (L11, L12, L13, L14) coupled out at
the end face of the respective optical fiber (11, 12, 13, 14) in the first image (11) and the
second image (12),

- determining the expansion of the respective light beam (L11, L12, L.13, L14) coupled out at
the end face of the respective optical fiber (11, 12, 13, 14) in dependence on the determined
respective perimeter of the respective light beam (L11, L12, L13, L14) in the first image and
the second image and independence on a distance (D) between the first and second location

(z1, z2) of the first plane (NP) and the second plane (FP).
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