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SOLDERING MACHINE

[0001] The subject matter herein relates generally to soldering

machines and methods of soldering,

[0002] Many electrical components are manufactured by soldering
various components together., For example, wires may be soldered to conductive
traces on a circuit board. The soldering is performed by a soldering mechanism that
joins the wire and conductive traces by melting and flowing solder into the joint
therebetween. Soldering may be performed manually or by an automated process.
Manual application is time consuming and increases the expense of the electrical
component. Soldering quality is a problem with manual soldering. Automated
processes also have disadvantages. For example, the automated process uses a
preprogrammed control that does not take into account for the actual positions of the
components. Also, because the automated process does not have feedback during the
application, the preprogrammed application has strict requirements on tolerances of
soldering fixture dimensions. Because of the tolerances on the dimensions of the
soldering fixture, the soldering accuracy is limited, leading to rework of the part fo

pass quality checks.

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

soldering without human operator intervention,

[0004] In one embodiment, a soldering machine is provided
including a frame and a fixture held by the frame. The fixture is configured to
support a substrate and a cable with individual wires configured to be soldered to
conductive traces of the substrate. A guidance system is supported by the frame, The
guidance system has a camera viewing the fixture that is movable relative to the
fixture. A positioning system is supported by the frame. The positioning system has
a camera positioner and a soldering mechanism positioner. The camera is coupled to

and movable by the camera positioner relative to the fixture. A soldering mechanism
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is coupled to the soldering mechanism positioner and is moved by the soldering
mechanism positioner relative to the fixture. The soldering mechanism is configured
to solder the wires to the conductive traces of the substrate. A controller
communicates with the positioning system and the guidance system. The controller
operates the positing system to control a position of the camera and a position of the
soldering mechanism relative fo the fixture based on an image obtained by the

camcra.

[0005] In another embodiment, a method of soldering a wire to a
conductive trace of a substrate includes holding the substrate on a fixture, holding the
wire relative to the substrate, capturing an image of the wire and the substrate using a
camera, developing a motion profile based on the position of the wire and the
substrate from the image using a controller, and moving a soldering mechanism to

solder the wire to the conductive trace on the substrate 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 soldering machine formed in accordance

with an exemplary embodiment.

[0008] Figure 2 is an enlarged view of a soldering mechanism and

soldering mechanism positioner of the soldering machine.

[0009] Figure 3 is an enlarged view of a solder wire delivery

mechanism of the soldering machine.

[0010] Figure 4 is an enlarged view of a camera, a portion of a

camera positioner, a holder and a holder positioner all of the soldering machine.

[0011] Figure 5 illustrates a fixture of the soldering machine.
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[0012] Figure 6 is an enlarged view of a portion of the soldering
machine showing the soldering mechanism soldering a wires to a corresponding

substrate.

[0013] Figure 7 illustrates a method of soldering a wire to a

substrate.

[0014] Figure 1 illustrates a soldering machine 100 formed in
accordance with an exemplary embodiment. The soldering machine 100 is used for
soldering wires 103 onto corresponding conductive traces of a substratc 104. The
substrate 104 may be a circuit board or other type of electrical component having
conductive traces thereon. The soldering machine 100 automatically solders the wires

103 to the substrates 104 by an automated process using computer control.

[0015] The soldering machine 100 provides vision guidance using an
optical image sensor, referred to herein as a camera 102, to collect images and data
relating to the wires 103, to the substrates 104, to any components of the substrate 104
(e.g. conductive traces), to any dispensed fluid on the substrate 104, to the location of
the soldering mechanism, and the like. The soldering machine 100 dynamically
changes parameters and control of the components of the soldering machine 100
based on the images. For example, the parameters and control may be based on
geometrical characteristic data obtained based upon the image captured by the camera
102. Any wire 103 or substrate 104 presented to the soldering machine 100 may have
different characteristics, such as a different position of the wire relative to the
conductive trace, a different layout of conductive fraces, different positioning relative
to the soldering mechanism, or other characteristics that may be identified and
accommodated for using vision guidance. The soldering machine 100 identifies
specific characteristics of the wires 103 and the substrate 104 and properly positions
the soldering mechanism rclative to the wires 103 and the substrate 104 for

performing the soldering operation.

[0016] In the illustrated embodiment, the soldering machine 100
processes a plurality of substrates 104, The substrates 104 are held on a fixture 106
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and the wires 103 are held on a tray 108 of the fixture 106. The tray 108 may be
removable from the fixture 106. For example, the cables and wires 103 may be
positioned on the tray 108 during a separate manufacturing process, .such as at a
different station using a different machine, such as a wire sorting machine that
automatically positions the wires in proper positions for soldering to the substrates
104 without further human intervention. The tray 108 is then coupled to the fixture
106 to position the wires 103 relative to the substrates 104. Optionally, the substrates
104 may be preprocessed during a separate manufacturing process, such as at a
different station using a different machine, such as a fluid dispensing machine where
engineering fluid (e.g. solder) is dispensed on the conductive traces so the substrates
104 are ready for soldering. Any number of wires 103 and substrates 104 may be
held by the fixture 106 and presented to the soldering machine 100 as a batch.
Alternatively, the substrates 104 and corresponding wires 103 may be individually
presented to the soldering machine 100 rather than being presented as a batch as part

of the fixture 106.

[0017] The soldering machine 100 includes a frame 110 that supports
the various components of the soldering 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 soldering
machine 100, the fixture 106 may be held in place and restricted from moving along

the track 112,

[0018] The soldering machine 100 includes a positioning system 120
supported by the frame 110. The positioning system 120 is used to position the
camera 102 relative to the fixture 106 during operation of the soldering machine 100.
The positioning system 120 is used to position a soldering mechanism 122 relative to
the fixture 106 during operation of the soldering machine 100. In an exemplary

embodiment, the positioning system 120 is a Cartesian motion robot with rotary axis.
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Other types of systems may be used in other embodiments, such as a selective

compliance assembly robot arm (SCARA) or other robotic mofion system.

[0019] The soldering mechanism 122 is used to reflow solder
between the subsirate 104 and the corresponding wire 103. The soldering mechanism
122 is movable in three dimensions according to a particular motion profile and
process parameters determined by the soldering machine 100 based on the particular
arrangement of the wires 103 and the substrates 104. Optionally, a tip 124 of the
soldering mechanism 122 is moved in proximity to the wires 103 and the substrates
104 to reflow the solder therebetween. Optionally, the soldering mechanism 122 may
dispense solder between the wires 103 and substrates 104 during the soldering
process. In an exemplary embodiment, a sensor may be provided on or in the
soldering mechanism 122 for measuring force, such as when the soldering mechanism
122 is pressed into the solder, the substrate and/or the wire. The force measurement
may be used to verify positioning of the soldering mechanism, The positioning
system 120 may use the force measurement to control positioning of the soldering
mechanism 122. For example, the heating may be controlled based on the force
measurement (e.g. more force may coirespond to better heat conduction and more
heat being transferred to the solder, the substrate and/or the wire), The force sensor
may be a strain gauge or other type of force sensor. The force sensor may be internal
or external mounted. The force sensor may be provided proximate to the tip 124 or

remote from the tip 124.

[0020] Optionally, the soldering mechanism 122 may be positioned
on the frame 110 independently of the camera 102, such as using different positioners.
The camera 102 may be movable independent of the soldering mechanism 122
according to a particular motion profile determined by the soldering machine 100
based on the particular arrangement of the wires 103 and the substrates 104,
Optionally, the camera 102 may be movable in two dimensions, such as along a
horizontal plane. Alternatively, the camera 102 may be movable in three dimensions.

Optionally, multiple cameras may be provided for viewing the soldering region from



WO 2014/046922 PCT/US2013/059126

different angles. For example, one camera may view the region from vertically above

while another camera may view the region from the side,

[0021] A coordinate system is illustrated in Figure 1 showing
mutually perpendicular X, Y and 7 axes. In an exemplary embodiment, the
positioning system 120 includes a soldering mechanism positioner 130 that controls
an X position, a Y position and a Z position of the soldering mechanism 122. In the
illustrated embodiment, the soldering mechanism positioner 130 includes a rotary arm
132 that controls the X and Y positions of the soldering mechanism 122 ;nd a’z
positioner 134 that controls the Z position of the soldering mechanism 122. Other
types of positioners may be used in other embadiments. Optionally, the soldering
mechanism positioner 130 may include at least one angular positioner to allow
angular movement of components of the soldering machine 100 in three dimensional

space.

[0022] In an exemplary embodiment, the positioning system 120
includes a camera positioner 136 that controls an X position and a Y position of the
camera 102, In the illustrated embodiment, the camera positioner 136 includes a
rotary arm 132 that controls the X and Y positions of the camera 102. Other types of
positioners may be used in alternative embodiments. For example, a Z positioner or
an angular positioner may be used to change a Z position or an angular position of the

camera 102,

[0023] In an exemplary embodiment, the soldering machine 100
includes a holder 140 that is used to hold the wires 103 during soldering. The holder
140 may be independently movable relative to the soldering mechanism 122 and/or
the camera 102, The positioning system 120 includes a holder positioner 142 that
controls an X position, a Y position and/or a Z position of the soldering mechanism
122. In the illustrated embodiment, the holder positioner 142 is coupled to the camera
positioner 136. The holder 140 is movable with the camera 102 using the camera
positioner 136. The holder positioner 142 is a Z-positioner that allows independent

vertical movement of the holder 140 relative to the camera 102. Other configurations
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are possible in alternative embodiments. The holder 140 includes a finger 144 that
may be positioned vertically below the camera 102 at a posifion to engage and hold a
corresponding wire 103 that is in view of the camera 102. The holder 140 holds the

wire 103 during the soldering process.

[0024] In an exemplary embodiment, the soldering machine 100
includes a solder wire delivery mechanism 150, The solder wire delivery mechanism
150 delivers solder wire to the soldering mechanism 122. The solder wire delivery
mechanism 150 includes integrated sensors to control the delivery amount of
soldering material. The solder wire delivery mechanism 150 includes an anti-oxidant
mechanism to maintain the cleanness of the solder iron tip. The solder wire delivery
mechanism 150 includes an integrated temperatwe sensor for providing temperature
feedback to the soldering machine 100. A force sensor may be provided for measure
forces, such as when the soldering mechanism 122 touches the solder, the substrate

and/or the wire.

[0025]) The soldering machine 100 includes a guidance system 160
that provides visual guidance for the soldering process. 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 103, the substrate 104 and/or the soldering mechanism 122.
Optionally, the camera 102 may take continuous images and the soldering 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 substrate
location prior to soldering, at various stages of the soldering process (e.g. after each
wire is soldered), at predetermined times intervals (e.g. 1 image per second), and the
like. The guidance system 160 may include, or receive input from, a foice sensor or

another type of sensor.

[0026] In an exemplary embodiment, the guidance system 160
includes an optical component 162 for controlling optical characteristics of the
soldering machine 100. For example, the optical component 162 may include an

illumination source for illuminating the work zone 114, soldering mechanism 122,
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wire 103 and/or the substrate 104, The illumination source may emit lights at
different wavelengths on the work zone 114 to facilitate identification of
characteristics of the solder joint, the wire 103, the substrate 104, the boundary
between the wire 103 and the substrate 104, the solder at the boundary, and the like.
The different light wavelengths may be used to distinguish the wire 103 from the
substrate 104.

[0027] The soldering machine 100 includes a controller 170 that
controls operation of the soldering machine 100. The controller 170 communicates
with the solder wire delivery mechanism 150 and receives inputs from the sensors of
the solder wire delivery mechanism 150 that may be used to control operation of the
soldering 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 may
provide motion planning for the soldering mechanism 122, the camera 102 and/or the
holder 140. For example, the controller 170 may include a soldering mechanism
motion planning algorithm that formulates a motion profile that controls operation of
the positioning system 120 to control motion of the soldering mechanism 122. The
controller 170 may include a camera motion planning algorithm that formulates a
motion profile that controls operation of the positioning system 120 to control motion
of the camera 102. The coniroller 170 may include a holder motion planning
algorithm that formulates a motion profile that controls operation of the positioning
system 120 to control motion of the holder 140. The controller 170 may define
process parameters, such as the amount of energy to use at the soldering mechanism,
the rate of soldering, the zoom or focus of the camera, the action of the holder, and the
like. The controller 170 may have other inputs other than the images from the camera

102, such as temperature inputs from the tip of the soldering mechanism 122.

[0028} The motion planning algorithms aré based on the images
provided by the camera 102. The controller 170 identifies each location where

soldering is to occur, including the shape and location of the wire 103 relative to the
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conductive trace. The controller 170 determines a plan for moving the soldering
mechanism 122 to the necessary locations. The controller 170 calculates a series of
movements for the positioning system 120 to efficiently move the soldering
mechanism 122 to the necessary locations. The controller 170 determines a plan for
moving the camera 102 to the necessary locations. The camera 102 position may
change during the soldering process. The confroller 170 calculates a series of
movements for the positioning system 120 to efficiently move the camera 102 to the
necessary locations. The controller 170 determines a plan for moving the holder 140
to the necessary locations. The location of the holder 140 may be dependent on the
location of the wire 103, which may vary from station to station. The controller 170
calculates a series of movements for the positioning system 120 to efficiently move

the holder 140 to the necessary locations,

[0029] In an exemplary embodiment, the illumination source emits
the lights onto the wires 103 and the substrate 104 to assist the controller 170 in
identifying the characteristics of the substrate 104. The identification process may be
based on the intensity of the data points in the image. For example, different
materials (e.g. plastic, metal, solder) may have different intensity levels in the image,
which aids the controller 170 in identifying boundaries between the different

materials.

[0030] The controller 170 controls the X, Y, Z andfor angular
position of the soldering mechanism 122 during operation of the soldering machine
100. The controller 170 controls the X, Y, Z and/or angular position of the camera
102 during operation of the soldering machine 100. The controller 170 controls the
X, Y, 7 and/or angular position of the holder 140 during operation of the soldering
machine 100. The controller 170 uses the motion planning algorithm to develop a
motion profile for positioning the soldering mechanism 122 relative to the wire 103
and the substrate 104. In operation, the controller 170 positions the camera 102 and
soldering mechanism 122 at a seriecs of stations, where a substrate 104 and
corresponding wires 103 are provided at each station. At each station, the camera 102

images the characteristics of the substrate 104 and at least one solder joint or
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boundary between the wire 103 and the substrate 104. The controller 170 determines
a series of steps to efficiently solder the wire 103 to the substrate 104. Once the
solder joint is cbrnplete, the controller 170 moves the holder 140 and soldering
mechanism 122 to the next wire 103. Once all of the wires 103 are soldered fo the
substrate 104, the controller 170 moves the camera 102, holder 140 and soldering
mechanism 122 to the next station. The controller 170 may plan a different motion
profile and fluid dispensing pattern at each station because the positioning of the

wires 103 relative to the substrates 104 at each station may be different.

[0031] Figure 2 is an enlarged view of the soldering mechanism 122
and soldering mechanism positioner 130, Figure 3 is an enlarged view of the solder

wire delivery mechanism 150.

[0032] Figure 4 is an enlarged view of the camera 102, a portion of
the camera positioner 136, the holder 140 and the holder positioner 142. The camera
102 provides visual feedback for control of the machine. The camera 102 is
positioned directly above an opening 164 in the optical component 162 and aimed
through the opening 164, The opening 164 defines the field of view for the images
taken by the camera 102. The holder 140 is positioned below the optical component
162. In an exemplary embodiment, the camera 102 is positioned directly above the
finger 144 of the holder 140. The finger 144 may be configured to pinch the wire 103
(shown in Figure 1} to hold the wire 103,

[0033] Figwe 5 illustrates the fixture 106 with a portion of the tray
108 (shown in Figure 1) removed for clarity. The substrates 104 are held in place by
holders 170. The tray 108 holds the wires 103 in position for soldering to the
substrates 104, In an exemplary embodiment, the holder 140 is configured to grab
one of the wires 103 and hold the wire 103 is position relative to the substrate 104
during the soldering process. In the illustrated embodiment, the substrates 104 each
include conductive traces 180 on a surface of the substrate body. Engineering fluid,

such as solder, may be applied to the conductive iraces 180

-10-
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[0034] Figure 6 is an enlarged view of a portion of the soldering
machine 100 showing the soldering mechanism 122 soldering one of the wires to the
corresponding substrate 104. The motion of the soldering mechanism 122, holder 140
and camera 102 is controlled by the controller 170 {shown in Figure 1) based on the
images taken by the camera 102 and/or other inputs from other cameras or sensors.
For example, the camera 102 may be positioned directly vertically above the
soldering mechanism 122 such that the camera 102 is capable of sensing and imaging
the X and Y position of the soldering mechanism 122, but may have limited or no
input regarding the 7 (e.g. vertical) position. Another camera could provide
information regarding the Z position, or alternatively, another sensor, such as a force
sensor may provide input regarding the Z position, such as by sensing that the
soldering mechanism 122 engages the solder, the substrate and/or the wire. The
motion may be updated throughout the dispensing process. The motion of the
soldering mechanism 122 is independent of the motion of the holder 140 and the

camera 102,

[0035] Figure 7 illustrates a method 300 of soldering a wire to a
substrate. At 302, the method includes holding a substrate on a fixture. For example,
the substrate may be held by a spring loaded holder. The substrate is held such that
portions of the substrate are exposed for processing. For example, conductive traces
of the substrate may be exposed for applying engineering fluid (e.g. epoxy, adhesive,
solder, plating, and the like) thereto. The conductive traces are exposed for soldering

a wire thereto.

[0036] At 304, the method includes holding a wire on a fixture. For
example, the wire may be held by a tray. The tray may be held by the fixture. A
plurality of wires may be held in relative proximity to the substrate for soldering

thereto,

[0037] At 306, the method includes capturing an image of a substrate
and wire, such as at a solder joint. The image may be captured by a camera aimed at

the soldering zone. The camera views the characteristics of the wire, the substrate,

-11-
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the solder, and the solder joint. The camera may capture more than one image.
Multiple cameras may be provided to view different portions or angles of the
soldering zone. Optionally, the soldering zone may be illuminated by an illumination
source. The substrate and wire may be illuminated by lights of different wavelengths.
Different poitions of the substrate may be affected differently by the different

wavelength lights, such as to distingnish boundaries.

[0038] At 308, the method includes developing a soldering
mechanism motion profile for the soldering machine. The soldering mechanism
motion profile controls movement of a soldering mechanism used during the
soldering process. The soldering mechanism motion profile includes a set of
instructions executable by a computer to control operation of the soldering machine.
In an exemplary embodiment, the soldering machine includes a controller for
controlling operation of the soldering machine. The controller includes a motion
planning algorithm that determines how the soldering mechanism should be moved
relative to the substrate and wire for performing the soldering operation. The
controller may distinguish between the different boundaries. For example, when the
substrate is illuminated by lights of different wavelength, the controller may
determine boundaries between the different materials using recognition software. In
an exemplary embodiment, the controller determines the shape and arrangement of
the wires relative to the conductive traces. Data from the image is used to generate
the soldering mechanism motion profile and the soldering machine is operated
according to the motion profite. Optionally, the soldering mechanism motion profile

may be updated and corrected for after or during soldering.

[0039] At 310, the method includes developing a camera motion
profile for the soldering machine. The camera motion profile controls movement of a
camera used to visualize the soldering mechanism, wire and substratec during the
soldering process. The camera motion profile includes a set of instructions executable
by a computer to control operation of the soldering machine. In an exemplary
embodiment, the soldering machine includes a controller for controlling operation of

the soldering machine. The controller includes a motion planning algorithm that

-12-
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determines how the camera should be moved relative to the substirate and wire for
visualizing the soldering operation, The controller may determine the location of the

next station to move the camera to after a soldering operation.

[0040] At 312, the method includes developing a holder motion
profite for the soldering machine. The holder motion profile controls movement of a
holder used for holding the wire during the soldering process. The holder motion
profile includes a set of instructions executable by a computer to control operation of
the soldering machine, In an exemplary embodiment, the soldering machine includes
a controller for controlling operation of the soldering machine. The controller
includes a motion planning algorithm that determines how the holder should be
moved relative fo the substrate to position and hold the wire during the soldering
operation. The holder may move the position of the wire during the soldering
operation based on images captured by the camera during the soldering operation.
Data from the image is used to generate the holder motion profile and the soldering
machine is operated according to the motion profile. Optionally, the holder motion

profile may be updated and corrected for after or during soldering.

[0041] At 314, the method includes moving the soldering mechanism
based on the motion profile. For example, the soldering machine may include
soldering mechanism positioners that move the soldering mechanism relative to the
fixture. At 316, the method includes moving the camera based on the motion profile.
For example, the soldering machine may include camera positioners that move the
camera relative to the fixture, At 318, the method includes moving the wire holder
based on the motion profile. For example, the wire holder may include holder

positioners that move the holder relative to the fixture.

[0042] At 320, the method includes soldering the wire and the
substrate. As the soldering mechanism is moved along the motion profile, the
controller controls the soldering parameters, such as by adjusting the energy applied
by the soldering mechanism, adjusting the time the soldering mechanism is at a

particular location or the rate at which the soldering mechanism is moved.

13-
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[0043] At 322, in some embodiments, the method may include
capturing a second image of the wire, substrate and solder joint. The second image
may be captured after or during soldering. At 324, the motion profiles may be
updated, such as based on the second image. Updating of the motion profile ensures

high quality soldering.

-14-
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CLAIMS:
1. A soldering machine (100) comprising:
a frame (110);

a fixture (106) held by the frame, the fixture being configured to
support a substrate (104) and a cable with individual wires (103) configured to be

soldered to conductive traces (180} of the substrate;

a guidance system (160) suppoited by the frame, the guidance system
having a camera (102) viewing the fixture, the camera being movable relative to the

fixture;

a positioning system (120) supported by the frame, the positioning
system having a camera positioner (136) and a soldering mechanism positioner (130),
the camera being coupled to and movable by the camera positioner relative to the

fixture;

a soldering mechanism (122) coupled to the soldering mechanism
positioner and moved by the soldering mechanism positioner relative to the fixture,
the soldering mechanism being configured to solder the wires to the conductive traces

of the substrate; and

a controller {170) communicating with the positioning system and the
guidance system, the controller operating the positing system to centrol a position of
the camera and a position of the soldering mechanism relative to the fixture based on

an image obtained by the camera.

2. The soldering machine (100) of claim 1, wherein the camera
(102) is configured to image a solder area where the soldering mechanism (122)
solders the wire (103) to the conductive trace (180), the controller (170) using vision
guidance from images captured by the camera to control a position of the soldering

mechanism.

-15-
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3. The soldering machine (100) of claim 1, wherein the controller
(170) develops a motion profile for the positioning system (120) to move the

soldering mechanism (122).

4. The soldering machine (100} of claim 1, wherein the controller
(170) develops a motion profile for the positioning system (120) to move the
soldering mechanism (122), the motion profile being updated based on images taken

by the camera (102) during soldering,

5. The soldering machine (100) of claim 1, wherein the controller
{170) develops a motion profile for the positioning system (120) to move the camera

positioner (136) independently of the soldering mechanism positioner {130).

6. The soldering machine (100) of claim 1, further comprising a
holder (140) configured to hold at least one of the substrate (104) and the wires (103),
the positioning system (120) comprising a holder positioner (142) for moving the
holder relative to the fixture, the holder being movable relative to the soldering

mechanism (122).

7. The soldering machine (100) of claim 1, wherein the camera
(102) images the substrate (104) and wires (103) in a soldering zone during operation
of the soldering mechanism (122), the controller (170) causing the positioning system
(120) to move the soldering mechanism based on images generated during operation

of the soldering mechanism.

8. The soldering machine (100) of claim 7, wherein the controller
(170) updates operation of the positioning system (130) based on the new image of

the soldering zone.

9. The soldering machine (100) of claim 1, wherein the soldering
mechanism positioner (130) control a position of the soldering mechanism (122) in
3D space, and wherein the camera (134) positioner control a position of the camera

(102) in 2D space along a horizontal plane.
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07 300
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Hold a wire on a fixture _~304

Capture an image of the substrate 306
and the wire
a
Develop a soldering mechanism motion profile 308
using a motion planning algorithm
a
Develop a camera motion profile 310
using a motion planning algorithm
a
Develop a holder motion profile 312
using a motion planning algorithm
a
Move a soldering mechanism based 314
on the motion profile

Move a camera based 316
on the motion profile
a
Move a wire holder based 318
on the motion profile
]
Solder the wire and the substrate 320
]
Capture a second image 322
of the substrate
a
Update the motion profile 324

based on the second image
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