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(57) Abstract: A wire sorting machine (100) includes a frame (110) and a fixture (106) held by the frame. The fixture is configured
to support a cable (104) having a plurality of wires (220). A positioning system (120) is supported by the frame and a guidance sys-
tem (160) is supported by the positioning system. The guidance system has a camera (102) viewing the fixture that is movable relat -
ive to the fixture. A wire manipulator (122) is supported by the positioning system and is moved by the positioning system relative
to the fixture. The wire manipulator is configured to engage the wires of the cable to position the wires relative to the fixture. A con-
troller (170) communicates with the positioning system and the guidance system. The controller operates the positing system to con-
trol a position of the wire manipulator relative to the fixture based on an image obtained by the camera.
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WIRE SORTING MACHINE AND METHOD OF SORTING WIRES

[0001] The subject matter herein relates generally to wire sorting

machines and methods of sorting wires.

[0002] Many electrical components are mounted to ends of cables,
The cables have individual wires that are terminated to the various components of the
electrical component. For example, the wires may be soldered to circuit boards or
terminated to contacts or terminals. Assembly of the electrical components and
connection of the electrical components to the cables is time consuming, Typically,
the wires are positioned manually, such as by an operator lacing the wires into a wire
organizer for holding the wires in position for terminating to the circuit board or

contacts, Such manual lacing is time consuming,

[0003] There is a need for a cost effective automated process of

sorting wires of a cable without human operator intervention.

[0004] In one embodiment, a wire sorting machine is provided
including a frame and a fixture held by the frame. The fixture is configured to
support a cable having a plurality of wires. A positioning system is supported by the
frame. A guidance system is supported by the positioning system. The guidance
system has a camera viewing the fixture that is movable relative to the fixture. A wire
manipulator is supported by the positioning system and is moved by the positioning
system relative to the fixture. The wire manipulator is configured to engage the wires
of the cable to position the wires relative to the fixture. A controller communicates
with the positioning system and the guidance system. The controller operates the
positing system to control a position of the wire manipulator relative to the fixture

based on an image obtained by the camera.

f0005] In another embodiment, a method of sorting wires of a cable
is provided including holding the cable on a fixfure, capturing an image of the wires

using a camera, developing a motion profile based on the arrangement of the wires
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from the image using a wire recognition algorithm of a controller, and moving a wire
manipulator to change positions of the wires relative to the fixture based on the

motion profile.

[0006] The invention will now be described by way of example with

reference to the accompanying drawings wherein:

[0007] Figure 1 illustrates a wire sorting machine formed in

accordance with an exemplary embodiment.

[0008] Figure 2 illustrates a camera and wire manipulator for the

wire sorting machine.

[0009] Figure 3 is a top view of a fixture of the wire sorting machine

with cables loaded therein.

[0010] Figure 4 is an enlarged view of a portion of the fixture

showing wires held by wire holders of the fixture.
[0011] Figure 5 illustrates a method of sorting wires of a cable.

[0012] Figure 1 illustrates a wire sorting machine 100 formed in
accordance with an exemplary embodiment. The wire sorting machine 100 is used for
separating individual wires of a cable and positioning the wires in proper position,
such as for attachment to a circuit board or for attachment to a contact or terminal.
The wire sorting machine 100 automatically sorts the wires using an automated

process.

[0013] The wire sorting machine 100 provides vision guidance using
a camera 102 to collect images and data relating to the wires and dynamically change
parameters and control of the components of the wire sorting machine 100. Each
cable presented to the wire sorting machine 100 may have a different layout of the
wires (e.g. the wires exit the cable in a random orientation) and the wire sorting

machine 100 identifies specific wires and properly positions the wire, such as for




WO 2014/046920 PCT/US2013/059107

soldering to a circuit board. In an exemplary embodiment, the wires are color coded
and each wire requires a predetermined position for termination to the circuit board.
Such a layout may be generally defined as a footprint. The wire sorting machine 100

uses images from the camera 102 to identify characteristics of the wires, such as the

layout, shape, positional data, color and the like, to distinguish which wire is which -

and to develop a motion profile for properly placing each of the wires. For example,
the wire sorting machine 100 may determine which wires are overlapping wires and
which wires are overlapped wires. The wire sorting machine 100 may first move the
overlapping wires into position, thus exposing and allowing the overlapped wires to
be accessible for moving such wires. The parameters and control of the wire sorting
machine 100 may be based on geometrical characteristic data obtained based upon the

image captured by the camera 102,

[0014] In the iHustrated embodiment, the wire sorting machine 100
processes a plurality of cables 104 (each having individual wires). The cables 104 are
held on a fixture 106. Any number of cables 104 may be held by the fixture 106.
- Aliernatively, the cables 104 may be individually presented to the wire sorting
machine 100 rather than being presented as a batch as part of the fixture 106. In an
exemplary embodiment, both ends of the cables 104 may be processed by the wire
sorting machine 100 to sort the wires extending from both ends of the cables 104,
Alternatively, the wires extending from only one end of the cables 104 may be sorted.
In other alternative embodiments, the system may include two or more wire sorting
machines 100 for sorting different cables 104 or different ends of the cables 104 held
by the same fixture 106. The control of the wire sorting machines 100 may be

synchronized or managed to ensure the components do not impact one another.

[0015] The wire sorting machine 100 includes a frame 110 that
supports the various components of the wire sorting machine 100. The frame 110
may be stationary. The frame 110 may be part of a larger machine, such as positioned
at a station before or after other stations. In an exemplary embodiment, the frame 110
includes a track 112, The fixture 106 may be conveyed along the track 112.

Optionally, once the fixture 106 is positioned in a working zone 114 of the wire
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sorting machine 100, the fixture 106 may be held in place and restricted from moving

along the track 112.

[0016] The wire sorting machine 100 includes a positioning system
120 supported by the frame 110. The positioning system 120 is used to position the
camera 104 relative to the fixture 106 during operation of the wire sorting machine
100. The positioning system 120 is used to position a wire manipulator 122 relative
to the fixture 106 during operation of the wire sorting machine 100. The wire
manipulator 122 is used to physically move the wires. The wire manipulator 122 is
movable in three dimensions to move the wires according to a particular motion
profile determined by the wire sorting machine 100 based on the particular
arrangement of the wires. In the illustrated embodiment, the positioning system 120
is a Cartesian motion robot with rotary axis. Other types of systems may be used in
other embodiments, such as a selective compliance assembly robot arm (SCARA) or

other robotic motion system.

[0017]) In an exemplary embodiment, the positioning system 120
includes an X positioner 130, a Y positioner 132, a Z positioner 134 and at least one
angular positioner 136 to allow movement of components of the wire sorting machine
100 in three dimensional space. A coordinate system is illustrated in Figure 1
showing mutually perpendicular X, Y and Z axes. The X positioner 130 allows
movement along the X axis. Optionally, the X axis may be parallel to the track 112.
The Y positioner 130 allows movement along the Y axis. The Z positioner 130
allows movement along the 7Z axis. The angular positioner 136 allows movement
along at least one angular path. In an exemplary embodiment, the positioners 130,
132, 134, 136 include motors 140 that drive shafis 142. The motors 140 may be
electric motors, pneumatic motors, or other types of motors, The motors 140 may be

Servo motors.

[0018] In an exemplary embodiment, the X positioner 130 includes a
pod 150. The Y positioner 132 may be coupled to the pod 150, such as by a clamp on
the pod 150. The Y positioner 132 may be movable in the X direction as the X
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positioner 130 is operated. The Y positioner 132 includes a pod 152. The Z
positioner 134 may be coupled to the pod 152, such as by a clamp on the pod 152.
The Z positioner 134 may be movable in the X direction as the X positioner 130 is
operated and in the Y direction as the Y positioner 132 is operated. The Z positioner
134 includes a pod 154. The anguiar positioner 136 may be coupled to the pod 154,
such as by a clamp on the pod 154. The angular positioner 136 may be movable in
the X direction as the X positioner 130 is operated, in the Y direction as the Y
positoiner 132 is operated, and in the Z direction as the Z positioner 134 is operated.

Other configurations are possible in alterpative embodiments.

[0019] The camera 102 may be coupled to the angular positioner
136. For example, the camera 102 may be coupled to the angular positioner 136
using a bracket 156. Alternatively, the camera 102 may be coupled to the pod 154.
The camera 102 may be coupled to other components in alternative embodiments
while being movable with the positioning system 120. The wire manipulator 122 may
be coupled to an arm 158 of the angular positioner 136. The wire manipulator 122 is
movable with the positioners 130, 132, 134, 136. Optionally, multiple cameras 102
may be provided that view the wire sorting area at different angles. Alternatively, a

stereoscope may be used.

[0020] The wire sorting machine 100 includes a guidance system 160
that provides visual guidance for guiding movement of the wires. The camera 102
forms part of the guidance system 160. The camera 102 is aimed at the work zone
114 and takes images of the wire manipulator 122 and/or the wires. Optionally, the
camera 102 may take confinuous images and the wire sorting machine 100 may
continuously update operation based on such images. Alternatively, the camera 102
may take images at predetermined times, such as at each new cable end location prior
to sorting the wires, at various stages of the wire sorting (e.g. after each wire is

positioned), at predetermined times intervals (e.g. 1 image per second), and the like,

[002]1] In an exemplary embodiment, the guidance system 160

includes an optical component 162 for controiling optical'characteristics of the wire
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sorting machine 100. For example, the optical component 162 may include an
illumination source for illuminating the work zone 114, wire manipulator 122 and/or
the wires. The illumination source may emit lights at different wavelengths on the
wires to facilitate identification of the corresponding wires. The different light
wavelengths may be used to distinguish different color wires from one another. The

lights may provide shadows to identify overlapping of certain wires.

[0022] The optical component 162 may include an opening 164
therethrough. The imaging of the camera 102 may be focused through the opening
164. The optical component 162 limits the viewing area to limit the data processed by
the wire sorting machine 100 for faster operation of the wire sorting machine 100.
For example, portions of the wires outside of the visible boundary defined by the
opening 164 may be hidden from view, and therefore not processed by the wire

sorting machine 100 in determine the motion profile.

[0023] The wire sorting machine 100 includes a controller 170 that
controls operation of the wire sorting machine 100. The controller 170 communicates
with the positioning system 120 and the guidance system 160. For example, the
images generated by the camera 102 are processed by the controller 170. The
controller 170 includes a motion planning and process parameter calculation
algorithm. The controller 170 includes a wire sorting algorithm that formulates a
motion profile for the wire sorting machine 100. The wire sorting algorithm is based
on the images provided by the camera 102. The wire sorting algorithm identifies each
individual wire, including the shape and location of the wire and identifics the proper
final position of the wire based on the particular wire identified. The wire sorting
algorithm determines a plan for sorting the wires. The wire sorting algorithm
calculates a series of movements for the positioning system 120 to efficiently move
one or more of the wires. The wire sorting algorithm may determine an efficient
motion profile for sorting the wires. For example, the wire sorting algorithm may
determine a sorting order for the wires based on the observed positions of the wires.
Because the wires randomly exit the cable (e.g. different cables may have different

arrangements of wires), different color wires may be on top and different color wires
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may be on bottom of different cables. For one cable, a red wire may be sorted first
but for another cable, the red wire may be sorted second, third, last, etc. The motion
profile is specific to the particular cable, is based upon the in situ orientation of the

wires and is automatically generated and updated by the controller on the fly.

[0024] In an exemplary embodiment, the illumination source emits
the lights onto the wires to assist the wire sorting algorithm in identifying the
individual wires. The identification process may be based on the intensity of the wire
in the image. For example, different color wires have different intensity levels in the

image, which aids the wire sorting algorithm in identifying the wires.

[0025] The controller 170 controls the X, Y, Z and angular position
of the wire manipulator 122 during operation of the wire sorting machine 100. The
controller 170 controls the X, Y, Z and angular position of the camera 102 during
operation of the wire sorting machine 100. The controller 170 uses the wire sorting
algorithm to develop a motion profile for sorting each of the wires of the cables 104.
In operation, the controller 170 positions the camera 102 and wire manipulator 122 at
a series of stations, where an end of a cable 104 is provided at each station. At each
station, the camera 102 images the arrangement of the wires and the controller 170
determines a series of steps to efficiently sort the wires based on the particular
arrangement of the wires. The wire sorting algorithm develops a motion profile,
which includes a series of movements of the wire manipulator 122, for sorting the
individual wires. Once all the wires are sotted, the controller 170 moves the camera
102 and wire manipulator 122 to the next station and sorts the next set of wires. The
controller 170 may plan a different motion profile at each station because the

arrangement of the wires a t each station may be different.

[0026] Figure 2 illustrates the camera 102 and wire manipulator 122
mounted to the bracket 156. The camera 102 provides visual feedback for control of
the machine. The position of the camera 102 and optical component 162 relative to
the bracket 156 may be adjustable. The positions may be manually adjustable or

automatically adjustable. The camera 102 is positioned directly above the opening
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164 and aimed through the opening 164. The opening 164 defines the field of view
for the images taken by the camera 102. The wire manipulator 122 is positioned
below the optical component 162. The wire manipulator 122 may be viewable by the
camera 102 through the opening 164. Alternatively, if not viewable, the position of
the wire manipulator 122 relative to the image may be known and used by the

controller 170 (shown in Figure 1) to control movements of the wire manipulator 122.

[0027] The wire manipulator 122 is configured to manipulate the
wires of the cables 104 (shown in Figure 1), In an exemplary embodiment, the wire
manipulator 122 is configured to grasp or pinch the wires to move the wires with the
wire manipulator 122. For example, the wire manipulator 122 may include one or
more fingers 180 that hold the wire to move the wire during operation of the wire
sorting machine 100 (shown in Figure 1). In alternative embodiments, the wire
manipulator 122 may move the wires by other means, such as by pushing the wires or

pulling the wires in a certain direction as the wire manipulator is moved.

[0028] Optionally, the fixture may include a ﬂaﬁening plate in the
area of the wires. The flattening plate limits the position of the wires generally in a
plane for manipulation by the wire manipulator. The wire manipulator 122 may
capture the wires between the tip of the wire manipulator 122 and the flattening plate

for positioning the wires.

[0029] Figure 3 is a top view of the fixture 106 with the cables 104
loaded therein. The fixture 106 may hold any number of cables 104. The fixture 106
includes a plate 200 having an upper surface 202. The cables 104 extend along and
are held against the upper surface 202. In an exemplary embodiment, the plate 200
includes a cavity 204 with an opening through the upper surface 202. Excess lengths
of the cables 104 may be coiled or confained in the cavity 204 with ends 206, 208 of
the cables 104 positioned along the upper surface 202. In an exemplary embodiment,
both ends 206, 208 are positioned along the upper surface 202 for sorting of the wires
at both ends 206, 208. Alternatively, the wires of only one end 206 may be sorted.
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[0030] The fixture 106 includes cable clamps 210 to hold the cables
104 in place along the upper surface 202. The cable clamps 210 hold the ends 206,
208 in place such that the wires, extending from the ends 206, may be sorted. The
cable clamps 210 may be pneumatically operated. The cable clamps 210 may be
spring biased. The cables 104 may be positioned relative to the cable clamps 210 by

an automated process, or alternatively may be manually positioned.

[0031] The fixture 106 includes a plurality of wire holders 212 to
hold the individual wires of each cable 104 in place along the upper surface 202.
Optionally, the upper surface 202 may have cradles that receive the wires and control
the relative positions of the wires. The wiie holder 212 may hold the wires in the
cradles. The wire holders 212 hold the ends of the wires once the wires are sorted. In
operation, the wire sorting machine 100 (shown in Figure 1) places the appropriate
wire at the corresponding wire holder 212 and the wire holder 212 then holds the end
of the wire in place, such as for soldering to a circuit board, for terminating a contact
or terminal thereto, or for other processing, such as plating, coating, or other
processing. Optionally, the wire holders 212 may be spring biased. In an alternative
embodiment, a single wire holder 212 may hold all of the wires of a corresponding

cable or all of the wires from multiple cables.

[0032] Figure 4 is an enlarged view of a portion of the fixture 106
showing wires 220 held by the wire holders 212, The wires 212 extend from the end
206 of the cable 104 beyond a jacket 222 of the cable 104, In an exemplary
embodiment, the wires 220 need to be positioned in a particular arrangement (e.g.
each wire 220 needs to be at a particular location or position), such as for soldering to
a circuit board. The arrangement of the wires 220 exiting the jacket 222 may be
random and may vary from cable to cable. The wire sorting machine 100 (shown in
Figure 1) is able to visually identify each individual wire 220, such as by using color
recognition of the wires 220, to properly position the wires 220 at the correct location,
The wire sorting machine 100 positions the wires 220 under the wire holders 212 and

the wire holders 212 hold the wires 220 in position.
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[0033] In an exemplary embodiment, the fixture 106 includes a step
230, The wires 220 are held between the step 230 and the wire holders 212, The
wires 220 may extend beyond an edge 232 of the step 230, where the wires 220 may
be terminated to the circuit board. For example, the circuit board may be positioned
in the area beyond the edge 232, and the wires 220, while being held by the wire
holders 212, may be soldered to the circuit board.

[0034] Figure 5 illustrates a method 300 of sorting wires of a cable.
At 302, the method includes holding a cable on a fixture. For example, the cable may
be held by cable clamps. Optionally, both ends of the cable may be held on the
fixture. The cable is held such that individual wires of the cable extend from an end

of a jacket of the cable for sorting.

[0035] At 304, the method includes capturing an image of a cable.
The image may be captured by a camera aimed at the end of the cable, The camera
views the arrangement of the wii'es exposed at the end of the cable. The camera may
capture more than one image. Multiple cameras may be provided to view different
portions or angles of the wires and cable. Optionally, the image zone may be
illuminated by an illumination source. The wires may be illuminated by lights of
different wavelengths. The wires may be different color wires and may be affected

differently by the different wavelength lights.

[0036] At 306, the method includes developing a motion profile for
the wire sorting machine. The motion profile controls movement of a wire
manipulator that moves the wires. The motion profile includes a set of instructions
executable by a computer to control operation of the wire soiting machine, In an
exemplary embodiment, the wire sorting machine includes a controller for controlling
operation of the wire sorting machine. The controller includes a wire recognition
algorithm that determines the arrangement of the wires based on the captured image.
The wire recognition algorithm distinguishes between the different wires, such as
based on the color of the wires. For example, when the wires are illuminated by lights

of different wavelength, the controller may determine which wire is which using

10
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recognition software and the wire recognition algorithm, The controller determines
the shape and arrangement of the wires. The controller determines an overlapping
scheme to identify which wires are overlapping wites and which wires are overlapped
wires. The controller determines which wire is on top, and the controller may
determine that such wire should be moved first, however other wircs may be moved
first in other situatic_ms. Data from the image is used to generate the motion profile
and the wire sorting hlachine is operated according to the motion profile. Optionally,
the motion profile may be updated and corrected for after one or more of the wires are

moved.

[0037] At 308, the method includes moving the wire manipulator
based on the motion profile. For example, the wire sorting machine may include
positioners that move the wire manipulator relative to the fixture. The wire
manipulator may grasp or otherwise engage the wire to move the wire to a proper
location with respect to the fixture. For example, the wires inifially exit the cable
with the wires being twisted, nested, intertwined and/or overlapping one another. The
wires are positioned by the wire manipulator in a predefined arrangement, such as
parallel and spaced apart in a coplanar manner. The wire manipulator moves the

wires one at a time to the proper positions.

[0038] At 310, in some embodiments, the method may include
capturing a second image of the wires. At 312, the motion profile may be updated,
such as based on the second image, The second image may be captured after one or
more wires have been moved. Updating of the motion profile ensures accurate

placement of the wires.

11
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CLAIMS:
1. A wire sorting machine (100) comprising:
a frame (110);

a fixture (106) held by the frame, the fixture being configured to
support a cable (104) having a plurality of wires (220);

a positioning system (120) supported by the frame;

a guidance system (160) supported by the positioning system, the
guidance system having a camera (102) viewing the fixture, the camera being

movable relative to the fixture;

a wire manipulator (122) supported by the positioning system and
moved by the positioning system relative to the fixture, the wire manipulator being
configured to engage the wires of the cable to position the wires relative to the fixture;

and

a controller (170) communicating with the positioning system and the
guidance system, the controller operating the positing system to control a position of

the wire manipulator relative to the fixture based on an image obtained by the camera.

2. The wire sorting machine (100) of claim 1, wherein the camera
(102) is configured to differentiate the wires (220) based on a color of the wires, the
controlier (170) operating the positioning system (120) to control a position of the

wire manipulator (122) based on the color of the wire.

3. The wire sorting machine (100) of claim 1, wherein the
~controller (170) develops a motion profile for the positioning system (120) to move

the wire manipulator (122).

4. The wire sorting machine (100) of claim 1, wherein the

controller (170) develops a motion profile for the positioning system (120) to move

12
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the wire manipulator (122), the motion profile having movements for sequentially

positioning more than one wire (220).

5. The wire sorting machine (100) of claim 1, wherein the fixture
(106) includes wire holders (212), the wire manipulator (122) moving the wites (220)

into position relative to the wire holder, the wire holders holding the wires.

6. The wire sorting machine of claim 1, wherein the wire

manipulator (122) grips individual wires (220) to manipulate the wires into position.

7. The wire sorting machine of claim 1, wherein the camera (102)
images the position of the wires (220) after at least one wire is positioned by the wire

manipulator (122).

8. The wire sorting machine of claim 7, wherein the controller
(170) updates operation of the positioning system (120) based on the new image of
the wires (220).

9. The wire sorting machine of claim 1, wherein the positioning
system (120) includes an X positioner (130), a Y positioner (132), and a Z positioner

(134) to control a position of the wire manipulator (122) in 3D space.

10.  The wire sorting machine of claim 9, wherein the positioning
system (120) includes an angular positioner (136) to control an angle of the wire

manipulator (122) relative to the fixture (106).

13
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