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Ref. No. 69102-CA

ABSTRACT
Described herein are examples of weld tracking systems. In some examples, a weld
tracking system include weld tracking sensors configured to allow the weld tracking system to
track a position and/or orientation of a welding-type tool, and/or an arc generated by the welding-
type tool. In some examples, the weld tracking system evaluates certain welding technique and/or
welding operation parameters based on the tracked position(s) and/or orientation(s), and/or offers
corrective feedback. In some examples, one or more calibrations may be performed to aid in

evaluation of the welding technique and/or welding operation parameters.
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WELD TRACKING SYSTEMS

CROSS REFERENCE TO RELATED APPLICATIONS
[0001] The present application claims the benefit of, and priority to, U.S. Provisional
Patent Application No. 63/149,563, entitled “WELD TRACKING SYSTEMS,” filed
February 15,2021, and U.S. Non-Provisional Utility Patent Application No. 17/581,029, filed
January 21, 2022, and entitled the same.

TECHNICAL FIELD
[0002] The present disclosure generally relates to weld tracking systems.

BACKGROUND
[0003] Weld tracking refers to the practice of tracking how, when, and where a welding-
type operation occurs. Weld tracking systems are used to automate as much of the practice as
possible. The data captured by weld tracking systems can be used for quality assurance,

operator training, and/or analytics.

[0004] Limitations and disadvantages of conventional and traditional approaches will
become apparent to one of skill in the art, through comparison of such systems with the
present disclosure as set forth in the remainder of the present application with reference to the

drawings.

BRIEF SUMMARY
[0005] The present disclosure is directed to helmet based weld tracking systems,
substantially as illustrated by and/or described in connection with at least one of the figures,

and as set forth more completely in the claims.

[0005a] In a broad aspect, disclosed is a weld tracking system having a sensor system and
control circuitry. The sensor system is configured to capture sensor data pertaining to a
welding environment, and the control circuitry is configured to track a torch position of a
welding-type torch based on the sensor data, track a tool position of a calibration tool based

on the sensor data, identify a first endpoint based on the tool position when the calibration
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tool is activated, identify a second endpoint based on the torch position when welding is
initiated via the welding-type torch, and identify a weld path based on the first endpoint and

the second endpoint.

[0005b] In another aspect, disclosed is a weld tracking system having a sensor system,
memory circuitry, and processing circuitry. The sensor system is configured to capture sensor
data pertaining to a welding environment. The memory circuitry has machine readable
instructions which, when executed by the processing circuitry, cause the processing circuitry
to track a torch position of a welding-type torch based on the sensor data, track a tool position
of a calibration tool based on the sensor data, identify a first endpoint based on the tool
position when the calibration tool is activated, identify a second endpoint based on the torch
position when welding is initiated via the welding-type torch, and identify a weld path based

on the first endpoint and the second endpoint.

[0006] These and other advantages, aspects and novel features of the present disclosure,
as well as details of an illustrated example thereof, will be more fully understood from the

following description and drawings.

BRIEF DESCRIPTION OF THE DRAWINGS
[0007] FIG. 1 shows an example of a weld tracking system, in accordance with aspects of

this disclosure.

[0008] FIGS. 2a-2b show example front and side views of a welding helmet that may be

used in the weld tracking system of FIG. 1, in accordance with aspects of this disclosure.

[0009] FIG. 3 is a block diagram showing example components and connections of the

weld tracking system, in accordance with aspects of this disclosure.

[0010] FIG. 4 is a flow diagram illustrating an example operation of a weld tracking

process, in accordance with aspects of this disclosure.

[0011] FIGS. 5a-5d show an example joint calibration process, as well as examples of how
the joint may be highlighted on a display screen following the joint calibration process, in

accordance with aspects of this disclosure.
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[0012] FIG. 6 shows an example of feedback presented to an operator on a display screen,

in accordance with aspects of this disclosure.

[0013] FIG. 7 shows example relationships between a reference point, a welding-type tool,

and the welding helmet of FIG. 2a, in accordance with aspects of this disclosure.

[0014] The figures are not necessarily to scale. Where appropriate, the same or similar

reference numerals are used in the figures to refer to similar or identical elements.

DETAILED DESCRIPTION
[0015] Some examples of the present disclosure relate to weld tracking systems that may
be implemented entirely in (and/or on) a welding helmet. In some examples, having such a
helmet based weld tracking system may provide a convenient, compact, and portable means

of weld tracking, that is not restricted to the confines of a fixed weld tracking system.

[0016] In some examples, a helmet based weld tracking system may track its own position
and/or orientation relative to a reference point in a welding environment, as well as the
position and/or orientation of a welding-type tool and/or arc relative to the helmet. In this
way, the helmet based weld tracking system can differentiate between movement of the
helmet and movement of the tool and/or arc. By tracking movement of the tool and/or arc the
weld tracking system can analyze the welding technique of an operator, the location(s) of the
welding operation(s), and/or the sequence of welding operations. In cases where the weld
tracking data, welding technique, welding location, and/or weld sequence deviates from what
is expected, the helmet based weld tracking systems may offer corrective feedback, change
welding parameters to compensate, and/or disable welding entirely. In some examples, the
weld tracking system may be calibrated using the welding-type tool (and/or other tool) to

provide more robust performance.

[0017] Some examples of the present disclosure relate to a weld tracking system,
comprising: a sensor system configured to capture sensor data pertaining to a welding
environment; and control circuitry configured to: track a torch position of a welding-type
torch based on the sensor data, track a tool position of a calibration tool based on the sensor
data, identify a first endpoint based on the tool position when the calibration tool is activated,

identify a second endpoint based on the torch position when welding is initiated via the
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welding-type torch, and identify a weld path based on the first endpoint and the second

endpoint.

[0018] In some examples, the control circuitry is configured to identify the weld path as
comprising a path between the first endpoint and the second endpoint. In some examples, the
control circuitry is configured to identify the weld path as comprising the shortest path
between the first endpoint and the second endpoint. In some examples, the control circuitry is
configured to identify the weld path as comprising a line between the first endpoint and the

second endpoint.

[0019] In some examples, the calibration tool comprises the welding-type torch. In some
examples, welding is initiated via the welding-type torch when the welding-type torch
performs a tack weld. In some examples, the control circuitry is configured to identify the
second welding point based on the torch position when welding is initiated via the welding-

type torch for less than one second.

[0020] In some examples, the control circuitry is configured to: identify an intermediate
point based on the tool position when the calibration tool is activated or the torch position
when welding is initiated via the welding-type torch, and identify the weld path based on the
first endpoint, the intermediate point, and the second endpoint. In some examples, the control
circuitry is configured to identify the weld path as comprising a path between the first
endpoint and the second endpoint that also intersects the intermediate point. In some
examples, the weld tracking system further comprises a display screen configured to display

a representation of the weld path.

[0021] Some examples of the present disclosure relate to a weld tracking system,
comprising: a sensor system configured to capture sensor data pertaining to a welding
environment; and processing circuitry; and memory circuitry comprising machine readable
instructions which, when executed by the processing circuitry, cause the processing circuitry
to: track a torch position of a welding-type torch based on the sensor data, track a tool position
of a calibration tool based on the sensor data, identify a first endpoint based on the tool
position when the calibration tool is activated, identify a second endpoint based on the torch
position when welding is initiated via the welding-type torch, and identify a weld path based

on the first endpoint and the second endpoint.
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[0022] In some examples, the memory circuitry comprises machine readable instructions
which, when executed by the processing circuitry, cause the processing circuitry to identify
the weld path as comprising a path between the first endpoint and the second endpoint. In
some examples, the memory circuitry comprises machine readable instructions which, when
executed by the processing circuitry, cause the processing circuitry to identify the weld path
as comprising the shortest path between the first endpoint and the second endpoint. In some
examples, the memory circuitry comprises machine readable instructions which, when
executed by the processing circuitry, cause the processing circuitry to identify the weld path

as comprising a line between the first endpoint and the second endpoint.

[0023] In some examples, the calibration tool comprises the welding-type torch. In some
examples, welding is initiated via the welding-type torch when the welding-type torch
performs a tack weld. In some examples, the memory circuitry comprises machine readable
instructions which, when executed by the processing circuitry, cause the processing circuitry
to identify the second welding point based on the torch position when welding is initiated via

the welding-type torch for less than one second.

[0024] In some examples, the memory circuitry comprises machine readable instructions
which, when executed by the processing circuitry, cause the processing circuitry to: identify
an intermediate point based on the tool position when the calibration tool is activated or the
torch position when welding is initiated via the welding-type torch, and identify the weld path
based on the first endpoint, the intermediate point, and the second endpoint. In some
examples, the memory circuitry comprises machine readable instructions which, when
executed by the processing circuitry, cause the processing circuitry to identify the weld path
as comprising a path between the first endpoint and the second endpoint that also intersects
the intermediate point. In some examples, the weld tracking system further comprises a

display screen configured to display a representation of the weld path.

[0025] FIG. 1 shows an example of a weld tracking system 100. As shown, the weld
tracking system 100 includes weld tracking sensors 102 fixed within a welding environment.
In some examples, the environment fixed weld tracking sensors 102 may be used to
supplement and/or replace helmet based weld tracking sensors. In some examples, the weld

tracking sensors 102 are configured to track a welding-type operation performed within the
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welding environment, such as, for example, the welding-type operation being performed by
the welding operator 104 on a workpiece 106 sitting on a welding bench 108 in the example

of FIG. 1.

[0026] In the example of FIG. 1, the weld tracking sensors 102 are stationary and/or
mounted to fixtures (e.g., wall(s), pillar(s), ceiling, etc.). In some examples, the weld tracking
sensors 102 may comprise camera sensors, optical sensors, infra-red (IR) sensors, thermal
sensors, acoustic sensors, ultrasonic sensors, electromagnetic sensors, and/or other
appropriate types of sensors. While two environment fixed weld tracking sensors 102 are
shown in the example of FIG. 1, in some examples, more or fewer weld tracking sensors 102
may be used. In some examples, at least four environment fixed weld tracking sensors 102
may be used, placed around the environment in such a way to ensure line of sight visibility to
the welding-type operation. In some examples, the weld tracking sensors 102 may include
processing circuitry configured to process data captured by the weld tracking sensors 102,
and/or communication circuitry configured to transmit the captured data to other components

of the weld tracking system 100.

[0027] In some examples, the weld tracking sensors 102 may be configured to track the
welding-type operation by tracking (and/or capturing data relating to) the position and/or
orientation of a welding-type tool 110 and/or an arc 112 generated by the welding-type tool
110. In some examples, the welding-type tool 110 may be considered part of the weld tracking
system 100. In the example of FIG. 1, the operator 104 is using the welding-type tool 110 to
perform a welding-type operation on a workpiece 106, via the arc 112. While not shown in
the example of FIG. 1 for the sake of simplicity, in some examples, the workpiece(s) 106 may
be secured and/or fixed in place (e.g., relative to the welding bench 108) by a clamp and/or
other welding fixture(s). In some examples, the weld tracking sensors 102 may be further

configured to track (and/or capture data relating to) the workpiece(s) 106.

[0028] While depicted in FIG. 1 as a welding torch or gun configured for gas metal arc
welding (GMAW), in some examples, the welding-type tool 110 may instead be a different
welding-type tool 110. For example, the welding-type tool 110 may be an electrode holder
(i.e., stinger) configured for shielded metal arc welding (SMAW), a torch and/or filler rod
configured for gas tungsten arc welding (GTAW), a welding gun configured for flux-cored
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arc welding (FCAW), and/or a plasma cutter. In some examples, the welding-type tool 110
may be a mock welding-type tool, and/or be configured for mock (as opposed to live) welding-

type operations, such as for (e.g., virtual/augmented reality) weld training.

[0029] In the example of FIG. 1, the welding-type tool 110 includes markers 114 attached
to a handle, neck, and nozzle of the welding-type tool 110. In some examples, the markers
114 may assist the weld tracking sensors 102 and/or weld tracking system 100 in tracking the
position and/or orientation of the welding-type tool 110. For example, the markers 114 may
be easily recognizable by the weld tracking system 100 in (e.g., image) data captured by the
weld tracking sensors 102. Thus, the markers 114 may assist in identifying and/or recognizing

the welding-type tool 110.

[0030] In some examples, the markers 114 may assist in identifying and/or recognizing
particular portions of the welding-type tool 110. For example, the markers 114 may define
(and/or may be calibrated to define) a recognizable and/or unique geometric configuration
(and/or rigid body). In some examples, this geometric configuration (and/or rigid body) can
be correlated (e.g., in memory) with a known (e.g., stored in memory) structural configuration
and/or model of the welding-type tool 110. Thus, by identifying and/or tracking the particular
geometric configuration of markers 114, the weld tracking system 100 may be able to identify
and/or track the structural configuration of the welding-type tool 110; including particular

portions (e.g., nozzle, neck, handle, etc.) of the structural configuration.

[0031] In some examples, the welding-type tool 110 may include no markers 114. In such
examples, the weld tracking system 100 may instead use object recognition, computer vision,
and/or other image processing techniques to identify, recognize, and/or track the welding-type

tool 110.

[0032] In some examples, the welding-type tool 110 may include at least three markers
114 fixed to the welding-type tool 110 relative to one another in a single plane, and a fourth
marker 114 fixed to the welding-type tool 110 in a different (e.g., adjacent) plane, to define a
rigid body. While a certain number of markers 114 are shown in the example of FIG. 1
attached to the handle, neck, and nozzle of the welding-type tool 110 for the purposes of
illustration, in some examples more or fewer markers 114 may be attached to the handle, neck,

nozzle, and/or other portions of the welding-type tool 110.
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[0033] In some examples, one or more of the markers 114 may be permanently affixed to
the welding-type tool 110 (e.g., via welding, molding, screws, etc.). In some examples, one
or more of the markers 114 may be removably attached to the welding-type tool 110 in such
a way to allow relatively easy removal and/or reattachment without the use of tools, such as,
for example, through the use of adhesives, straps, hook and loop fasteners, magnets, clamps,
and/or other appropriate mechanisms. In some examples, the welding-type tool 110 may
include attachment features (e.g., adhesives, straps, hook and loop fasteners, magnets, etc.)
configured to mate with complementary attachment features of the markers 114, to removably

attach the markers 114 to the welding-type tool 110.

[0034] In some examples, one or more of the markers 114 may be passive markers 114
that require no electrical power to operate, such as, for example, reflective markers 114 and/or
pattern markers 114. In some examples, one or more of the markers 114 may be active markers
114 that are electrically powered, such as, for example, IR light emitting diodes (LEDs),
and/or fiducial markers (e.g., IR light sources partially covered by light blocking patterns). In
some examples where the markers 114 are active markers 114, the attachment features

discussed above may help to conduct electrical power to the markers 114.

[0035] In some examples where the markers 114 are active markers 114, the markers 114
may be continuously powered on, or only powered on at certain times. For example, welding-
type tool 110 may include one or more sensors (e.g., inertial sensor(s), accelerometer(s),
gyroscope(s), magnetic sensor(s), optical sensor(s), current/voltage sensor(s), etc.) and/or
control circuitry configured to power on/off the markers 114 based on the
detection(s)/measurement(s) of the sensor(s). For example, the control circuitry may be
configured to turn on the markers 114 when the sensor(s) detect movement, and turn off the
markers 114 after a certain period of time with no motion detected. As another example, the
control circuitry may be configured to turn on the markers 114 when the sensor(s) detect a
threshold amount of light (e.g., from the arc 112), a threshold amount of current/voltage being
supplied to the welding-type tool 110, and/or when a welding-type operation is initiated by
the welding-type tool 110 (e.g., via activation of a trigger of the welding-type tool 110). In
some examples, the welding-type tool 110 may be in communication with one or more other
devices of the weld tracking system 100, and may turn on/off the markers 114 based on the

communication signal(s).
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[0036] In some examples where one or more of the markers 114 are active markers 114,
the welding-type tool 110 may include a separate power source (e.g., battery) to provide
power to the marker(s) 114. In some examples, the separate power source may include one or
more solar panels configured to capture light from the arc 112. In some examples where one
or more of the markers 114 are active markers 114, power may be provided from mains power,
and a separate power cord (not shown) may be used to route the power. In some examples
where one or more of the markers 114 are active markers 114, power may be inductively
supplied via welding current flowing through the welding-type tool 110. In some examples
where one or more of the markers 114 are active markers 114, welding-type power supplied

to the welding-type tool 110 may be used to power the markers 114.

[0037] In the example of FIG. 1, the welding-type tool 110 is connected to welding-type
equipment 116 configured to provide welding-type power and/or consumables to the welding-
type tool 110. In some examples, the welding-type tool 110 may transmit one or more signals
to the welding-type equipment 116 (and/or other components of the weld tracking system
100) when activated, so that the welding-type equipment knows to provide welding-type
power and/or consumables to the welding-type tool 110. In some examples, the welding-type
equipment 116 may be considered part of the weld tracking system 100. In some examples,
the welding-type equipment 116 may be omitted, or may be mock and/or simulated welding-
type equipment 116, such as may be used for training, simulated, and/or mock welding-type

operations.

[0038] In the example of FIG. 1, the welding-type equipment 106 comprises a welding-
type power supply 118, wire feeder 120, and gas supply 122. In some examples, the wire
feeder 120 may be configured to feed wire to the welding-type tool 110. In some examples,

the gas supply 122 may be configured to route shielding gas to the welding-type tool 110.

[0039] In the example of FIG. 1, the power supply 118 includes power communication
circuitry 124, power control circuitry 126, and power conversion circuitry 128 interconnected
with one another. In some examples, the power conversion circuitry 128 may be configured
to receive input power (e.g., from a generator, a battery, mains power, etc.) and convert the
input power to welding-type output power, such as might be suitable for use by the welding-

type tool 110 for welding-type operations. In some examples, the power control circuitry 126
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may be configured to control operation of the communication circuitry 124, power conversion
circuitry 128, wire feeder 120, and/or gas supply 122 (e.g. via one or more control signals) in

accordance with one or more welding parameters.

[0040] In the example of FIG. 1, the welding-type equipment 116 further includes an
operator interface 130. In some examples, the operator interface 130 may comprise one or
more display screens, touch screens, knobs, buttons, levers, switches, microphones, speakers,
lights, and/or other mechanisms through which an operator 104 may provide input to, and/or
receive output from, the welding-type equipment. For example, an operator 104 may use the
operator interface 130 to input one or more welding parameters (e.g., target voltage, current,
wire feed speed, wire/filler type, wire/filler diameter, gas type, gas flow rate, welding-type
process, material type of workpiece 106, position of welding-type process, etc.). As another
example, the operator 104 may use the operator interface 130 to view and/or otherwise

understand the current welding parameters of the welding-type equipment 116.

[0041] While shown as part of the power supply 118 in FIG. 1, in some examples, the
operator interface 130, power control circuitry 126, and/or power communication circuitry
124 (and/or some other control/communication circuitry) may be part of the wire feeder 120
and/or gas supply 122. In some examples, the power communication circuitry 124 may be
configured to facilitate communication with the welding-type tool 110 and/or a welding
helmet 200 worn by the operator. In some examples, the power communication circuitry 124
may be configured to facilitate communication with a computing system 150 and/or one or

more other computing systems (e.g., remote server(s)).

[0042] In the example of FIG. 1, the weld tracking system 100 further includes a
computing system 150. While shown as a desktop computer in the example of FIG. 1, in some
examples, the computing system 150 may instead be some other appropriate computational
apparatus, such as, for example, a laptop computer, a tablet computer, and/or a web server.
Though shown as being physically connected to the welding-type equipment 116 via a wire
cable, in some examples, the computing system 150 may instead be in wireless
communication with the welding-type equipment 116 (and/or welding helmet 200). In some
examples, the computing system 150 may be implemented via the welding-type equipment

116 and/or welding helmet 200.

10
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[0043] In some examples, the computing system 150 may implement a weld monitoring
system configured to monitor, record, and/or analyze data captured and/or generated by the
weld tracking system 100 and/or other weld tracking systems. For example, the computing
system 150 may monitor, record, and/or analyze welding parameters of the welding-type
equipment 116 during welding-type operations. As another example, the computing system
150 may monitor, record, and/or analyze information about the welding technique of the
welding operator 104, location(s) of welds, and/or sequence(s) of welds during welding-type
operations. In some examples, the computing system 150 may monitor, record, and/or analyze
welding-type operation data for multiple welding-type operations and/or welding operators
104 when implementing the weld monitoring system. In some examples, the computing
system 150 may additionally store and/or output data relating to the planned, expected, target,
and/or exemplary job, work instructions, welding-type operation, welding parameters,
welding location(s), weld sequence(s), and/or welding technique parameters when
implementing the weld monitoring system. In some examples, the computing system 150 may
be in communication with one or more other computing systems, which may additionally, or

alternatively, implement the weld monitoring system.

[0044] In some examples, the computing system 150 may be configured to receive,
process, and/or analyze data captured by the weld tracking sensors 102 to perform weld
tracking operations. For example, the computing system 150 may analyze data received from
the weld tracking sensors 102 to track the position and/or location of the welding-type tool
110, arc 112, and/or workpiece 106 in six degrees of freedom (DOF) (e.g., X, y, z coordinates

and yaw, pitch, roll angles).

[0045] In some examples, the computing system 150 may determine welding technique
parameters (e.g., contact to work distance, travel speed, travel angle, work angle, etc.) based
on the tracked positions and/or locations of the welding-type tool 110, arc 112, and/or
workpiece 106. For example, the computing system 150 may identify a position of (e.g., a
nozzle of) the welding-type tool 110 and visible positions of the arc 112 closest and farthest
from the (e.g., nozzle of the) welding-type tool 110, and estimate the contact to work distance
as being approximately equal to the distance between the two positions (e.g., the visible length
of the arc 112). As another example, the computing system 150 may identify a position of

(e.g., anozzle of) the welding-type tool 110 and a position of the workpiece 116, and estimate

11
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the contact to work distance as being approximately equal to the distance between the two

positions.

[0046] In some examples, the computing system 150 may additionally, or alternatively,
determine one or more welding operation parameter based on the tracked positions and/or
locations of the welding-type tool 110, arc 112, and/or workpiece 106. In some examples,
welding operation parameters may include welding location information (e.g., location of
weld produced by arc 112 and/or welding-type operation) and/or weld sequence information
(e.g., present welding location relative to ordered sequence of one or more prior welding
locations). For example, the computing system 150 may identify a position of (e.g., a nozzle
of) the welding-type tool 110 and positions of the arc 112 closest and farthest from the (e.g.,
nozzle of the) welding-type tool 110, and estimate the welding location(s) to be at the point
of the arc 112 farthest from the (e.g., nozzle of the) welding-type tool 110. As another
example, the computing system 150 may identify where the arc 112 intersects the workpiece
106, and estimate the welding location(s) to be at the point(s) of intersection. As another
example, the computing system 150 may use both the intersection point and the farthest point
from the (e.g., nozzle of the) welding-type tool 110 together to estimate the welding

location(s).

[0047] In some examples, the computing system 150 may additionally, or alternatively,
determine one or more welding sequences based on the determined welding location(s) and
an ordered sequence of one or more prior welding locations. For example, the computing
system 150 may identify the welding location of the current weld using the tracked positions
and/or locations of the welding-type tool 110, arc 112, and/or workpiece 106 (as discussed
above). The computing system 150 may thereafter identify the current welding location(s) as
being the latest iteration in a sequence of welds that previously included an ordered sequence
of one or more previous welds at one or more previously recorded welding locations. In some
examples, the computing system 150 may identify an order of the sequence of welds based
on timestamps associated with the one or more previously (and/or currently) recorded welding

locations.

[0048] In some examples, the computing system 150 may provide feedback to a welding

operator 104. For example, the computing system 150 may provide feedback as to whether

12
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their welding technique is within a threshold range of what is expected, and/or whether their
technique needs to be adjusted. As another example, the computing system 150 may provide
feedback as to whether the welding location is within a threshold range of what is expected,
and/or needs to be adjusted. As another example, the computing system 150 may provide
feedback as to whether the welding sequence is the same as what is expected, and/or needs to
be adjusted. In some examples, the feedback may be provided to the operator 104 via a user
interface (UI) 151 of the computing system 150 and/or the helmet I/O device(s) 208 of the
welding helmet 200 (discussed further below with respect to FIGS. 2a-2b).

[0049] In the example of FIG. 1, the UI 151 of the computing system 150 includes input
devices (e.g., a keyboard and mouse) as well as output devices (e.g., a display screen and
speakers). In some examples, the input devices may include, for example, one or more
keyboards, mice, touch screens, remote controls, and/or other suitable input devices. In some
examples, the output devices may include, for example, one or more display screens, speakers,
and/or other suitable output devices. In some examples, the UI 151 may include one or more
(e.g.,CD, DVD) drives, (e.g., USB) ports, and/or other devices through which the computing
system 150 may interface with local storage devices. While not shown for the sake of
simplicity and clarity, in some examples, the UI 151 is electrically connected and/or in
electrical communication with the computing system 150. In some examples, the UI 151 may

be considered part of the weld tracking system 100.

[0050] In the example of FIG. 1, the weld tracking system 100 further includes a
calibration tool 132. In some examples, the calibration tool 132 may be used to help calibrate
the weld tracking system 100 via a calibration procedure. For example, the calibration tool
132 may be used to help the weld tracking system 100 understand the 6 DOF position and/or
orientation of the workpiece(s) 106 (which are typically stationary). As shown, the calibration
tool 132 is a pen style pointer. In some examples, the calibration tool 132 may be differently

configured. In some examples, the welding-type tool 110 may be used as the calibration tool

132.

[0051] FIG. 5a shows an enlarged view of the calibration tool 132. As shown, the
calibration tool 132 includes pattern markers 114 to help the weld tracking sensors 102 and/or

tracking system 100 identify, recognize, and/or track the position of the calibration tool 132,
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(e.g., similar to that described above with respect to the welding-type tool 110). In some
examples, the markers 114 may be active or passive markers 114, and/or may be powered
on/off (e.g., similar to that which is described above with respect to the welding-type tool
110). In some examples, the calibration tool 132 may include no markers 114, and the weld
tracking system 100 may instead use object recognition, computer vision, and/or other image

processing techniques to identify, recognize, and/or track the calibration tool 132.

[0052] In the example of FIG. 5a, the calibration tool 132 further includes inputs 134. In
some examples, the inputs 134 may be buttons, switches, dials, keys, knobs, and/or other
appropriate user interface input mechanisms. While two inputs 134 are shown in the example
of FIG. 5a, in some examples, the calibration tool 132 may include more or fewer inputs 134.
In some examples, the calibration tool 132 may include communication circuitry configured
to send one or more signals to the weld tracking sensors 102, welding-type equipment 116,
computing system 150, welding helmet 200, and/or other components of the weld tracking

system 100 when an input 134 is activated.

[0053] In the example of FIG. 1, the weld tracking system 100 further includes a welding
helmet 200 worn by the welding operator 104. In some examples, the welding helmet 200
may implement portions of the weld tracking system 100, such as, for example, the weld
tracking sensors 102 and/or the computing system 150. In some examples, the welding helmet
200 may comprise a convenient, compact, portable, self-contained, and/or independently
operable weld tracking system unto itself. In some examples, the independence, portability,
and/or capabilities of the welding helmet 200 may allow for weld tracking both without the
other components of the weld tracking system 100 and/or outside of the relatively small

footprint and/or range of the fixed weld tracking sensors 102.

[0054] While a welding helmet 200 may be used as a self-contained, portable, weld
tracking system, in some examples, other wearable items may be also used in place of, or in
addition to, a welding helmet 200. For example, a hat, vest, goggles, sleeve, wristband, collar,
pendant, and/or other wearable item may be used in place of, or in addition to, a welding
helmet 200 as a self-contained, portable, weld tracking system. That said, there are obvious
advantages to using the welding helmet 200 as the wearable item (e.g., familiarity of operator

114, likelihood of welding-type tool 110 and/or welding-operation being visible, etc.).
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[0055] FIGS. 2a-2b show enlarged front and side view of an example welding helmet 200.
As shown, the smart welding helmet 200 comprises a helmet shell 202 attached to a
suspension 204. As shown, the suspension 204 comprises several straps and/or bands
configured to wrap around the head of an operator 102. The straps are connected to one
another and to the helmet shell 202 at least at two side attachment points on either side of the
head of the operator 102. In some examples, the smart helmet 200 may be configured to rotate
and/or pivot about the side attachment points to transition between raised and lowered
positions. In some examples where other wearable items are used instead of, or in addition to,
the welding helmet 200, the wearable items may have a retention mechanism (e.g., similar to
the suspension 204) to keep the wearable securely attached to the operator 102 when worn

(e.g., one or more clips, sleeves, chains, bands, pins/holders, etc.).

[0056] In the examples of FIGS. 2a-2b, the welding helmet 200 also includes a lens
assembly 206 fixed to (and/or integrated into) a front portion of the helmet shell 202 at
approximately eye level. In some examples, the lens assembly 206 may include a cover lens,
an auto-darkening filter (ADF), and/or a display screen. In some examples, the cover lens may
be (e.g., partially or fully) transparent and/or configured to allow an operator 104 to see

through the cover lens and/or view the surrounding environment.

[0057] In some examples, the ADF comprises a lens (and/or lens cartridge) with a
transparency that varies based on one or more signals provided by a photodiode sensor (and/or
other sensor(s)). In some examples, the photodiode sensor (and/or other sensor(s)) may be
configured to detect light in front of and/or around the welding helmet 200 and send one or
more signals to the ADF when the detected light is above a threshold intensity (e.g., indicating
the light is from the arc 112). In some examples, the signal(s) to the ADF may instead be
provided by the helmet circuitry 300 (e.g., after interpreting data from the photodiode sensor
and/or other sensor(s)). In this manner, when an arc 112 is present, the lens assembly 206
(and/or cover lens) may be darkened to protect the eyes of the operator 104, and when the arc
112 is not present the lens assembly 206 (and/or cover lens) may be lightened so that the
operator 104 can see the surrounding welding environment. In some examples, the photodiode
sensor (and/or other sensor(s)) may also be part of the welding helmet 200, lens assembly

206, and/or ADF.
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[0058] In some examples, the lens assembly 206 may further include one or more display
screens. In some examples, a display screen may be a near-eye display. In some examples,
the display screen(s) may be semi-transparent and/or configured to overlay information (e.g.,
virtual/simulated/holographic objects, guidance, technique feedback, technique parameters,
welding location feedback, welding location(s), welding sequence feedback, welding
sequence(s), welding parameters, messages, etc.) onto at least part of cover lens (and/or lens
assembly 206). In some examples, the display screen may be integrated into safety glasses

attached to (and/or in communication with) the welding helmet 200.

[0059] In some examples, a display screen may cover the entire cover lens (and/or lens
assembly 206). In some examples where the display screen covers the entire cover lens (and/or
lens assembly 206), the ADF may be omitted. In some examples, a display screen may cover
only a portion of the cover lens (and/or lens assembly 206), so as to be visible on only one
side (e.g., to only one eye). In some examples, providing the display screen over both sides
of the lens assembly 206 (and/or eyes) may make stereoscopic display possible, which may
make it possible to display images that appear to have more depth. In some examples, a
display screen may be positioned at and/or over a periphery of the lens assembly 206, so as

to be less distracting.

[0060] In some examples the display screen(s) may be configured to display information
about certain aspects of the welding helmet 200. For example, the display screen(s) may
display settings of the ADF, tracked welding technique/operation/quality parameters, welding
technique/operation/quality parameters as compared to expected parameters, welding
technique/quality/operation feedback, work instructions, welding procedure specification
(WPS) information, parameters of the welding equipment 116, messages, manuals, training
videos/images, information about the workpiece 106, the joint about to be welded, the location
of the next weld, location of the joints already welded, a virtual representation of the
completed product being welded, walking directions to various locations, and/or other
information. In some examples, some of this information may be received from the computing
system(s) 150 and/or a weld monitoring system. In some examples, this information may be

output via other helmet I/O devices 208.
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[0061] In the examples of FIGS. 2a-2b, the welding helmet 200 includes helmet
input/output (I/O) devices 208. In some examples, the helmet I/O devices 208 are devices
through which an operator 104 may provide input to, and/or receive output from, the welding
helmet 200. In some examples, the I/O devices 208 may include knobs, buttons, levers,
switches, touch screens, microphones, speakers, haptic devices, lights (e.g., LEDs), and/or
other appropriate I/O devices 208. In some examples, the display screen(s) may be considered
part of the helmet I/O devices 208. In some examples, settings of the ADF 220 may be
controlled and/or presented to the operator 102 via the helmet I/O devices 208. While shown
as being retained on an external surface of the helmet shell 202 in the examples of FIGS. 2a-
2b for the purposes of illustration, in some examples, some I/O devices 208 may also be

retained on an internal surface of the helmet shell 202.

[0062] In the examples of FIGS. 2a-2b, the welding helmet 200 also includes weld tracking
sensors 102. While four weld tracking sensors 102 are shown, in some examples, the welding
helmet 200 may include more or fewer weld tracking sensors 102. In some examples, the
welding helmet 200 may include at least two weld tracking sensors 102. In some examples,
the weld tracking sensors 102 of the welding helmet 200 may be attached to the helmet shell
202. In some examples, the weld tracking sensors 102 of the welding helmet 200 may be part
of the lens assembly 206 and/or ADF. In some examples, the weld tracking sensors 102 of the
welding helmet 200 may be positioned behind and/or covered by portions of the lens assembly
206 (e.g., the cover lens) in order to protect the weld tracking sensors 102 from spatter, debris,
and/or other particulates. In some examples, the weld tracking sensors 102 of the welding
helmet 200 may be positioned behind the ADF, so that light from the arc 112 will be filtered
through the ADF and reduced before impinging on the weld tracking sensors 102.

[0063] In some examples, the weld tracking sensors 102 of the welding helmet 200 may
be fixed relative to each other and/or the helmet shell 202. In some examples, the relative
positions of the weld tracking sensors 102 of the welding helmet 200 may be known, stored,
entered manually, and/or automatically detected and/or derived during a calibration
procedure. As with the weld tracking sensors 102 of FIG. 1, in some examples, the weld
tracking sensors 102 of the welding helmet 200 shown in FIGS. 2a-2b may comprise camera
sensors, optical sensors, infra-red (IR) sensors, thermal sensors, acoustic sensors, ultrasonic

sensors, and/or other appropriate types of sensors. As with the weld tracking sensors 102 of
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FIG. 1, in some examples, the weld tracking sensors 102 of the welding helmet 200 shown in
FIGS. 2a-2b may be configured to track a welding-type operation by tracking the 6 DOF

positions and/or orientations of the welding-type tool 110, arc 112, and/or workpiece(s) 106.

[0064] In the example of FIG. 2b, the welding helmet 200 additionally includes a helmet
tracking system 210. In some examples, the helmet tracking system 210 may be configured
to track the 6 DOF position and/or orientation of the welding helmet 200 (and/or helmet
tracking system 210). In some examples, the helmet tracking system 210 may include its own
control circuitry to assist in the tracking, or the helmet circuitry 300 may assist with the
tracking. In some examples, it may be necessary to keep track of the position and/or
orientation of the welding helmet 200 in order for the welding helmet 200 to operate as an
independent weld tracking system. In the absence of the helmet tracking system 210, the
welding helmet 200 might have difficulty distinguishing between movement of the welding
helmet 200 and movement of the welding-type tool 110 and/or arc 112.

[0065] In some examples, the helmet tracking system 210 may be configured to track a 6
DOF position and/or orientation of the welding helmet 200 (and/or helmet tracking system
210) relative to some reference point in/of the welding environment. In some examples, the
reference point may be some (e.g., stationary) object, point in space, point in a moving
reference frame, and/or point in space occupied by the welding helmet 200. In some examples,
one or more stationary markers 114 may be positioned at (and/or attached to) various locations
around the welding environment (e.g., on the ceiling, floor, wall(s), pillar(s), furniture,

fixture(s), etc.) for the helmet tracking system 210 to use as reference points.

[0066] In some examples, the reference point may be chosen at initiation, startup, and/or
reset of the helmet tracking system 210. In some examples, the helmet tracking system 210
(and/or the welding helmet 200) may be configured to use a simultaneous localization and
mapping (SLAM) algorithm to determine the 6 DOF position and/or orientation of the
welding helmet 200 relative to the reference point. In some examples, other algorithms (e.g.,

time of flight) may be used.

[0067] In some examples, the helmet tracking system 210 may provide relatively reliable
data during welding-type operations. However, movement of the operator 104 tends to be

much less dynamic during welding-type operations. In some examples, the helmet tracking
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system 210 may lose track of the reference point and/or provide erroneous data if/when there
is rapid movement of the welding helmet 200. In situations where there is too rapid and/or

highly dynamic movement, the helmet tracking system 210 may automatically reset.

[0068] In some examples, the helmet tracking system 210 may automatically reset when a
new welding-type operation begins (e.g., after some threshold period of inactivity) to ensure
reliable data is gathered. In such examples, the welding helmet 200 may receive one or more
signals from the welding-type tool 110 and/or welding-type equipment 116 representative of
an initiation of a welding-type operation by (e.g., activation of) the welding-type tool 110. In
some examples, the operator 104 may manually reset the helmet tracking system 210 (e.g.,
via I/O device(s) 208). In some examples, the helmet tracking system 210 (and/or welding
helmet 200) may detect and/or determine the degree of movement of the welding helmet 200
and/or the corresponding reliability of the helmet tracking system 210, and inform the operator
104 (e.g., via I/O device(s) 208) so that the operator can make a decision as to whether to reset

the helmet tracking system 210.

[0069] In some examples, the helmet tracking system 210 may be fixed relative to the
helmet shell 202 and/or the weld tracking sensors 102 of the welding helmet 200. In some
examples, the helmet tracking system 210 may be permanently affixed to the helmet shell 202
(e.g., via welding, molding, screws, etc.). In some examples, the helmet tracking system 210
removably attached to the helmet shell 202 in such a way to allow relatively easy removal
and/or reattachment without the use of tools, such as, for example, through the use of
adhesives, straps, hook and loop fasteners, magnets, clamps, and/or other appropriate
mechanisms. In some examples, allowing for easy removability of the helmet tracking system
210 may facilitate maintenance of the helmet tracking system 210. In some examples, the
helmet shell 202 may include attachment features (e.g., adhesives, straps, hook and loop
fasteners, magnets, etc.) configured to mate with complementary attachment features of the
helmet tracking system 210, to removably attach the helmet tracking system 210 to the helmet
shell 202. In some examples, the attachment features may help to conduct electrical power

from a power source 216 of the welding helmet 200 to the helmet tracking system 210.

[0070] In the example of FIG 2b, the helmet tracking system 210 is affixed and/or attached

to a rear portion of the helmet shell 202. In some examples, this may help to increase the
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likelihood that the reference point used by the helmet tracking system 210 is a relatively
stationary point in the environment. Were the helmet tracking system 210 instead positioned
on the front portion of the helmet shell 202, there would be a nontrivial risk that a dynamic
and/or moving point might be referenced (e.g., like the welding-type tool 110). In some
examples, the helmet tracking system 210 may instead be positioned on a side portion of the
helmet shell 202, which may also increase the likelihood that the reference point used by the
helmet tracking system 210 is a stationary point in the welding environment. Additionally,
rear and/or side placement of the helmet tracking system 210 may help to limit interference

due to the intense light, heat, and/or electromagnetic radiation given off by the arc 112.

[0071] In the example of FIG. 2b, the helmet tracking system 210 comprises a combination
of sensors, including one or more inertial measurement units (IMUs) 212 (e.g., comprising
one or more accelerometers, gyroscopes, and/or magnetometers) and several camera sensors
214. As shown, the camera sensors 214 are facing outward from the helmet shell 202. While
three camera sensors 214 are shown in the example of FIG. 2b, in some examples, more or
fewer camera sensors 214 may be used. In some examples, additional or alternative sensors
may be used, such as, for example, acoustic sensors, ultrasonic sensors, IR sensors, infrared
projectors/detectors, near field communication (NFC) sensors, radio frequency identification
(RFID) sensors, thermal sensors, and/or other appropriate sensors. In some examples, the
IMU 212, camera sensors 214, and/or other sensors may be positioned behind a casing,

housing, and/or other covering to protect against spatter, debris, and/or other particulates.

[0072] In some examples, the IMU 212, camera sensors 214, and/or other sensors of the
helmet tracking system 210 may capture (e.g., image and/or inertial) data relating to the
position and/or orientation of the welding helmet 200 (and/or helmet tracking system 210). In
some examples, this data may be analyzed to determine the position and/or orientation of the
welding helmet 200 (and/or helmet tracking system 210) relative to a reference point. In some
examples, the helmet tracking system 210 (and/or the welding helmet 200) may be configured
to use a simultaneous localization and mapping (SLAM) algorithm to determine the 6 DOF
position and/or orientation of the welding helmet 200 relative to the reference point. In some
examples, the helmet tracking system 210 may include its own control circuitry to assist in
the determinations. In some examples, the helmet circuitry 300 may assist with the

determinations.
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[0073] In some examples, the welding helmet 200 may be calibrated in order to assist with
tracking the 6 DOF position and/or location of the welding helmet 200, welding-type tool
110, arc 112, and/or workpiece(s) 106. For example, the welding helmet 200 may be
calibrated so that a direction of gravity is known. As another example, the welding helmet
200 may be calibrated to derive and/or determine a positional, rotational, and/or frame of
reference relationship between the weld tracking sensors 102 and helmet tracking system 210
of the welding helmet 200. In some examples, the calibration may be performed
automatically. In some examples, there may be a calibration procedure that may be performed
atinitiation and/or reset. In some examples, the welding helmet 200 may be placed in a known

orientation (e.g., on a flat surface) before calibrating.

[0074] In some examples, calibration may assist the welding helmet 200 in accurately
determining certain technique parameters (e.g., work angle). For example, knowing the
direction of gravity may allow the welding helmet 200 to determine a plane of the welding
bench 108 (e.g., perpendicular to the direction of gravity, assuming a flat bench 108), which
may help to fully define an orientation of a workpiece 106 (assuming it is placed on the
welding bench 108 or similar surface). In some examples, many of the technique parameters

may still be accurately determined, even without the calibration.

[0075] In the examples of FIGS. 2a-2b, the welding helmet 200 further includes helmet
circuitry 300 and a helmet power source 216. In some examples, the helmet circuitry 300 and
helmet power source 216 may be internal to the helmet shell 202. In some examples, the
helmet power source 216 may provide electrical power to the components of the welding
helmet 200. In some examples, the power source 216 may comprise one or more batteries,
solar panels, and/or energy harvesting devices. In some examples, one or more components
of the welding helmet 200 (e.g., the helmet tracking system 210, ADF, etc.) may have a
separate power source from which to draw power. In some examples, the helmet circuitry 300

may support, drive, and/or facilitate operation of the welding helmet 200.

[0076] FIG. 3 is a block diagram showing components and interconnections of the weld
tracking system 100. In particular, FIG. 3 shows more detailed components of the computing
system 150 and helmet circuitry 300. While not shown, the computing system 150 may further

include a power source configured to provide electrical power to the computing system 150.
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[0077] Inthe example of FIG. 3, the helmet circuitry 300 includes helmet memory circuitry
302, helmet processing circuitry 304, helmet communication circuitry 306, and helmet /O
circuitry 308 interconnected with one another via a common electrical bus. The helmet
circuitry 300 is also in electrical communication with the I/O devices 208, the lens assembly
206, the weld tracking sensors 102 of the welding helmet 200, and the helmet tracking system
210.

[0078] In the example of FIG. 3, the computing system 150 includes computing memory
circuitry 152, computing processing circuitry 154, computing communication circuitry 156,
and computing Ul circuitry 158 interconnected with one another via a common electrical bus.
The computing system is also in electrical communication with the UI 151 of the computing
system 150. In the example of FIG. 3, both the computing system 150 and the welding helmet
200 are in communication with the welding-type tool 110, the welding equipment 116, the

fixed weld tracking sensors 102 positioned around the welding environment, and each other.

[0079] In some examples, the Ul circuitry 158 and/or I/O circuitry 308 may comprise one
or more drivers for the UI 151 and/or I/O devices 208, respectively. In some examples, the Ul
circuitry 158 and/or I/O circuitry 308 may be configured to generate one or more signals
representative of input received via the Ul 151 and/or I/O devices 208, respectively, and
provide the signal(s) to the bus. In some examples, the UI circuitry 158 and/or I/O circuitry
308 may also be configured to control the UI 151 and/or I/O devices 208, respectively, to

generate one or more outputs in response to one or more signals (e.g., received via the bus).

[0080] In some examples, the helmet communication circuitry 306 and/or computing
communication circuitry 156 may include one or more wireless adapters, wireless cards, cable
adapters, wire adapters, dongles, radio frequency (RF) devices, wireless communication
devices, Bluetooth devices, IEEE 802.11-compliant devices, WiFi devices, cellular devices,
GPS devices, Ethernet ports, network ports, lightning cable ports, cable ports, etc. In some
examples, the helmet communication circuitry 306 and/or computing communication
circuitry 156 may be configured to facilitate communication via one or more wired media
and/or protocols (e.g., Ethernet cable(s), universal serial bus cable(s), etc.) and/or wireless
mediums and/or protocols (e.g., cellular communication, general packet radio service

(GPRS), near field communication (NFC), ultra high frequency radio waves (commonly
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known as Bluetooth), IEEE 802.11x, Zigbee, HART, LTE, Z-Wave, WirelessHD, WiGig,
etc.). In some examples, the helmet communication circuitry 306 and/or computing
communication circuitry 156 may be coupled to one or more antennas to facilitate wireless

communication.

[0081] In some examples, the helmet communication circuitry 306 and/or computing
communication circuitry 156 may be configured to facilitate communications of the
computing system 150 and the welding helmet 200. In some examples, the helmet
communication circuitry 306 and/or computing communication circuitry 156 may receive one
or more signals (e.g., from the fixed weld tracking sensors 102, welding-type tool 110,
welding-type equipment 116, etc.) decode the signal(s), and provide the decoded data to the
electrical bus. As another example, the helmet communication circuitry 306 and/or computing
communication circuitry 156 may receive one or more signals from the electrical bus (e.g.,
representative of one or more inputs received via the Ul circuitry 158 and/or I/O circuitry 308)
encode the signal(s), and transmit the encoded signal(s) to an external device (e.g., the weld

tracking sensors 102, welding-type tool 110, welding-type equipment 116, etc.).

[0082] In some examples, the computing processing circuitry 154 and/or helmet
processing circuitry 304 may comprise one or more processors, controllers, and/or graphical
processing units (GPUs). In some examples, the helmet processing circuitry 304 may
comprise one or more drivers for the weld tracking sensors 102 and/or helmet tracking system
210 of the welding helmet 200. In some examples, the computing processing circuitry 154
and/or helmet processing circuitry 304 may comprise counter circuitry and/or clock circuitry.
In some examples, the computing processing circuitry 154 and/or helmet processing circuitry
304 may be configured to execute machine readable instructions stored in the computing

memory circuitry 152 and/or helmet memory circuitry 302.

[0083] In the example of FIG. 3, the computing memory circuitry 152 and helmet memory
circuitry 302 includes (and/or stores) a weld tracking process 400. The weld tracking process
400 is shown as being part of (and/or stored in) both the computing memory circuitry 152 and
helmet memory circuitry 302 to show that, in some examples, either or both the computing

system 150 and welding helmet 200 may perform the weld tracking process 400. In the
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discussion below, the general term memory is sometimes used to refer to computing memory

circuitry 152 and/or helmet memory circuitry 302.

[0084] In some examples, the weld tracking process 400 may comprise machine readable
instructions stored in memory and/or configured for execution by the computing processing
circuitry 154 and/or helmet processing circuitry 304. In some examples, the weld tracking
process 400 may be implemented via discrete circuitry (e.g., of the computing processing
circuitry 154 and/or helmet processing circuitry 304) rather than, or in addition to, being part
of (and/or stored in) the computing memory circuitry 152 and/or helmet memory circuitry

302.

[0085] While not shown in the example of FIG. 3, in some examples, the computing
memory circuitry 152 and/or helmet memory circuitry 302 may also include (and/or store)
machine readable instructions comprising counter and/or clock programs. In some examples,
the computing memory circuitry 152 and/or helmet memory circuitry 302 may also include
(and/or store) one or more determined, target, present, and/or past parameters (e.g., welding,
welding technique, weld quality, and/or welding operation parameters). In some examples,
one or more parameters may be associated with timestamp, job, project, WPS, work order,
equipment, and/or other information. In some examples, the weld tracking process 400 may

use and/or update one or more of the stored parameters during operation.

[0086] In some examples, the weld tracking process 400 may process data captured by
weld tracking sensors 102 and track, from the captured data, the 6 DOF position and/or
orientation of the welding-type tool 110, arc 112, and/or workpiece(s) 106. The weld tracking
process 400 may further analyze the 6 DOF position and/or orientation of the welding-type
tool 110, arc 112, and/or workpiece(s) 106, and determine certain welding technique, weld
quality, and/or welding operation parameters based on the position and/or orientation data. In
some examples, the weld tracking process 400 may provide feedback to an operator 104
regarding the determined welding technique, weld quality, and/or welding operation
parameters, in view of one or more target and/or expected welding technique, weld quality,

and/or welding operation parameters.

[0087] FIG. 4 is a flowchart illustrating operation of an example weld tracking process
400. In the example of FIG. 4, the weld tracking process 400 begins at block 402. At block
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402, the weld tracking process 400 initializes components of the weld tracking system 100
and/or the welding helmet 200. In some examples, this may include initializing the weld
tracking sensors 102 fixed in the welding environment and/or secured to the welding helmet
200. In some examples, at block 402, the weld tracking process 400 may initialize the helmet

tracking system 210 to select a reference point.

[0088] In some examples, at block 402, the weld tracking process 400 may receive one or
more inputs from the operator 104. In some examples, the input(s) may be used to configure
the weld tracking system 100 and/or weld tracking process 400. For example, the operator
104 may enter welding parameters into the welding-type equipment (e.g., via the operator
interface 130). In some examples, the welding parameter(s) may be communicated to the

welding helmet 200 and/or computing system 150 at block 402.

[0089] As another example, the operator 104 may enter information (e.g., via UI 151, I/O
device(s) 208, etc.) relating to an upcoming welding-type operation. Information relating to
the upcoming welding-type operation may include, for example, the related job, project, WPS,
work order, welding location(s), welding path(s), sequenced order of welds, expected welding
parameters for each weld, expected welding technique parameters for each weld, expected
weld quality for each weld, and/or other pertinent information. In some examples, this
information may alternatively, or additionally, be automatically loaded from memory based
on some selection (e.g., of a job, project, WPS, work order, etc.), detection (e.g., a barcode,
NFC device, etc.), and/or other data. In some examples, the information may be

communicated to the welding helmet 200 and/or computing system 150 at block 402.

[0090] In some examples, the weld tracking process 400 may perform and/or undergo
certain calibrations at block 402. For example, the weld tracking process 400 may be
calibrated to recognize the markers 114 on the welding-type tool 110, and/or correctly
correlate them with a structural configuration and/or model in memory. As another example,
the weld tracking process 400 may calibrate the direction of gravity for the welding helmet
200 (and/or helmet tracking system 210). As another example, the weld tracking process 400
may be calibrated with the relative locations of the weld tracking sensors 102 within the

welding environment and/or on the welding helmet 200. As another example, the weld
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tracking process 400 may be calibrated with the relative locations of the weld tracking sensors

102 on the welding helmet 200 with respect to the helmet tracking system 210.

[0091] As another example, the weld tracking process 400 may be calibrated with the
relative locations of the weld tracking sensors 102 on the welding helmet 200 with respect to
the display screen(s). For example, the weld tracking process 400 may prompt the operator
104 to “touch” (e.g., with the calibration tool 132) points displayed at comers (and/or other
portions) of the display screen(s). By understanding the spatial relationship(s) between the
display screen(s) (e.g., showing the point(s) that are “touched”) and the weld tracking sensors
102 (e.g., capturing data relating to the position/orientation of the calibration tool 132
“touching” the point(s)) the weld tracking process 400 can better display virtual feedback

and/or other information relative (and/or anchored) to items in the real world.

[0092] As another example, the weld tracking process 400 may be calibrated to recognize
one or more joints of a workpiece 106. This would allow the weld tracking process 400 to
know the location and/or path geometry of the joint before welding begins, which may have
several benefits. For example, the joint to be worked may be highlighted (e.g., via the UI 151
and/or I/O devices 208) before the welding-type operation begins. Additionally, knowledge
of the joint and/or path geometry may aid in determining welding technique parameters. For
example, the aim welding technique parameter may be more accurately measured with this
information. Further, accurate aim technique during welding-type operations may ensure that

a weld is placed in the center of the joint rather than offset to one side or the other.

[0093] In some examples, the calibration tool 132 and/or welding-type tool 110 may be
used to calibrate the weld tracking process 400 to recognize the geometry of a joint of the
workpiece 106. For example, the operator 104 may use the calibration tool 132 and/or
welding-type tool 110 to identify endpoints (and/or intermediate points) of a joint (and/or
weld path) by pointing the calibration tool 132 and/or welding-type tool 110 at the point and
then activating. In some examples, there may be a particular way of activating the calibration
tool 132 and/or welding-type tool 110 to indicate identification of an endpoint and/or
intermediate point. For example, two or three quick, less than one or two second, activations

in quick succession.
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[0094] Insome examples, the weld tracking process 400 may be put into a calibration mode
(e.g., via input(s) 134, UI 151, operator interface 130, I/O device(s) 208, etc.) before some or
all of the calibrations. This may ensure activation of the calibration tool 132 and/or welding-
type tool 110 is correctly interpreted. However, in some examples, the calibration may be

done in an operational mode.

[0095] In examples where calibration may be done in an operational mode, the
identification of the endpoint (and/or intermediate point) may be through a short, less than
one or two second, welding-type operation (e.g., a tack weld). This may be convenient, as
some welding-type operations call for tack welds along and/or on opposite ends of a joint
and/or weld path prior to the primary welding-type operation anyway. Further, the calibration
prior to the primary welding-type operation may allow the weld tracking process 400 to
highlight the joint and/or weld path to the operator 104 (e.g., via the Ul 151 and/or I/O
device(s) 208), which may assist the operator 104 during the welding-type operation.

[0096] In some examples, the operator 104 may calibrate the weld tracking process 400
during performance of the welding-type operation. For example, the operator 104 may
identify one endpoint (e.g., using the above discussed process), and then start the welding-
type operation at the opposite endpoint. In such an example, the weld tracking process 400
may conclude that the welding-type process started at the opposite endpoint, and determine
the joint and/or weld path as being a line and/or the shortest path between the two endpoints
(where shortest path may be a curve instead of a straight line for pipe welds and/or other

curved welds).

[0097] FIGS. 5a-5d illustrate the joint and/or weld path recognition calibration of the weld
tracking process 400 using the calibration tool 132 and/or welding-type tool 110. FIG. Sa
shows an example of the calibration tool 132 being used to identify a first endpoint 502a of
the joint and/or weld path. In some examples, the weld tracking process 400 may capture data
relating to the calibration tool 132 (e.g., via the weld tracking sensors 102), identify the
position/orientation of the calibration tool 132 using the captured data, and identify the
position of endpoint 502a from this data (and/or known/detected position/orientation data
relating to the workpiece 106) when the calibration tool 132 is activated (e.g., via input(s)
134). FIG. 5b shows an example of how the endpoint 502a might be depicted to the operator
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104 on a display screen 504 (e.g., of the UI 151, lens assembly 206, and/or I/O device(s) 208)
after the calibration tool 132 is activated to perform the calibration. While the calibration tool
132 is shown being used in FIG. 5a, in some examples, the welding-type tool 110 may be

used instead.

[0098] FIG. 5c shows an example of the welding-type tool 110 being used to identify a
second endpoint 502 of the joint and/or weld path. As shown, the welding-type tool 110 is
performing a welding-type operation (e.g., starting tack or primary welding-type operation),
which generates an arc 112 and a molten pool. In some examples, the weld tracking process
400 may capture data relating to the welding-type tool 110 and/or arc 112 (e.g., via the weld
tracking sensors 102), identify the position/orientation of the welding-type tool 110 and/or arc
112 based on the captured data, and identify the position of the second endpoint 502b from
this data (and/or known/detected position/orientation data relating to the workpiece 106) when
the welding-type operation is initiated via the welding-type tool 110 (e.g., via activation of
the trigger 111). While the welding-type tool 110 is shown being used in FIG. 5c, in some

examples, the calibration tool 132 may be used instead.

[0099] FIG. 5d shows an example of how the endpoints 502 and the highlight 506
connecting the endpoints 502 might be depicted to the operator 104 on the display screen 504
after both endpoints 502 are identified. In some examples, an estimated distance between
endpoints 502 (e.g., as determined by the weld tracking process 400 using data captured by
the weld tracking sensors 102) may also be depicted on the display screen and/or otherwise
output (e.g., via I/O device(s) 208, UI 151, etc.). For example, the depiction of the distance
between endpoints 502 may be shown on or adjacent the highlight 506 and/or endpoint(s)

502, or at a perimeter of the display screen.

[0100] In some examples, feedback as to whether the distance is within a threshold range
of an expected distance (e.g., provided by the monitoring system) may also be provided, as
well as how to correct if necessary. In some examples, feedback as to whether the position(s)
of the endpoints(s) 502 (and/or connected path) are within a threshold distance of an expected
position (e.g., provided by the monitoring system) may also be provided, as well as how to

correct if necessary.
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[0101] In some examples, the highlight 506 may be shown prior to identification of the
second endpoint 502b. For example, the welding-type tool 110 (or calibration tool 132) may
be used to identify the first endpoint 502a (as discussed above). Thereafter, the highlight 506
may be shown extending from the first endpoint 502a to the (e.g., nozzle) tip of the welding-
type tool 110 (or calibration tool 132). Thus, as the welding-type tool 110 (or calibration tool
132) is moved away from the first endpoint 502a, the highlight 506 may be depicted as
lengthening to extend between the first endpoint 502a and the moving welding-type tool 110
(or calibration tool 132).

[0102] In some examples, the second endpoint 502b may also be depicted as moving with
the welding-type tool 110 (or calibration tool 132). For example, the second endpoint 502b
may be shown continually positioned at (and/or anchored to) the (e.g., nozzle) tip of the
welding-type tool 110 (or calibration tool 132), until the final position of the second endpoint
502b is identified. In such examples, the highlight 506 would always be depicted as extending
between the endpoints 502. In some examples, an estimated distance between endpoints 502
(and/or feedback regarding the distance/position(s)) may be shown and/or continually updated

as the welding-type tool 110 (or calibration tool 132) moves.

[0103] While depictions of the calibration tool 132 and welding-type tool 110 are omitted
in the examples of FIGS. 5b and 5d for the sake of space and simplicity, in some examples,
the calibration tool 132 and/or welding-type tool 110 may also be shown in the display screen
504. In some examples, the endpoints 502, highlight 506, and/or other feedback may be
graphics overlayed on a transparent cover lens such that the operator 104 sees the endpoints
502, highlight 506, and/or other feedback superimposed on the real life workpiece 106

through the cover lens.

[0104] In some examples, the weld tracking process 400 may be calibrated to recognize
the complete geometry of the workpiece(s) 106. This may allow the weld tracking process
400 to automatically identify the joints of the workpiece(s) 106 and/or intended weld paths,
such as, for example, based on one or more work instructions, WPS, and/or models of the
workpiece 106 stored in memory. In some examples, the calibration tool 132 and/or welding-
type tool 110 may be used to identify (and/or the operator 104 may manually input) the
geometry of the workpiece(s) 106. For example, the calibration tool 132 and/or welding-type
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tool 110 may be used to identify (and/or the operator 104 may manually input) particular
points on the perimeter(s) of workpiece(s) 106, distanced from one another as much as
possible. In some examples, these points may be used by the weld tracking process 400 to
automatically determine a geometry of the workpiece(s) 106. In some examples, at least three

points may be identified. In some examples, the points may be in different planes.

[0105] In the example of FIG. 4, the weld tracking process 400 proceeds to block 404 after
block 402. At block 404, the weld tracking process 400 tracks a 6 DOF position and/or
orientation of the welding helmet 200 relative to a reference point, via the helmet tracking
system 210. In some examples, this may involve capturing data via the camera sensors 214
and/or IMU(s) 212 of the helmet tracking system 210, and/or analyzing the captured data

determine what changes have occurred since initialization and/or reset.

[0106] In some examples, the SLAM algorithm may be used to determine the changes in
position and/or orientation based on the captured data. In some examples, the SLAM
algorithm may implement a continuous leamning and/or training operation, whereby
differences in data captured by the camera sensors 214 may be analyzed in conjunction with
data captured by the IMU 212 to determine accurate movement information relative to the

reference point, without the need for prior knowledge of the welding environment.

[0107] In some examples, the helmet tracking system 210 may perform all or some of the
data interpretation and/or analytics, and the weld tracking process 400 may simply use the
results. In some examples, the weld tracking process 400 may be involved in the data
interpretation and/or analytics to determine the resulting position and/or orientation of the
welding helmet 200. In some examples, the fixed weld tracking sensors 102 may also be used
to help track the welding helmet 200 (e.g., via markers 114 attached to the welding helmet
200), though this may negate one of the benefits of using the welding helmet 200 as an

independent mobile tracking system.

[0108] In the example of FIG. 4, the weld tracking process 400 proceeds to block 406 after
block 404. At block 406, the weld tracking process 400 tracks the 6 DOF position and/or
orientation of the welding-type tool 110 and/or arc 112 relative to the weld tracking sensors
102, using data captured by the weld tracking sensors 102, as discussed above. In some

examples, the weld tracking process 400 may analyze the data captured by the weld tracking
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sensors 102 to identify the positions and/or orientations of the welding-type tool 110 and/or
arc 112. In some examples, the markers 114 on the welding-type tool 110 may assist in
identification, recognition, and/or tracking of the welding-type tool 110 via the captured data.
In some examples, data measured by sensors of the welding-type tool 110 and/or
communicated to the computing system 150 and/or welding helmet 200 may also assist
tracking the welding-type tool 110. In some examples, the 6 DOF position/orientation of the
workpiece(s) 106 may also be tracked at block 404.

[0109] In the example of FIG. 4, the weld tracking process 400 proceeds to block 408 after
block 406. At block 408, the weld tracking process 400 determines the three dimensional
position and/or orientation of the welding-type tool 110 and/or arc 112 in the welding
environment (and/or world space). In some examples, the three dimensional position and/or
orientation of the workpiece(s) 106 may also be determined. In some examples, these
determinations may be based on the prior determinations made at blocks 404 and 406. In
examples where only the environment fixed weld tracking sensors 102 are used, these

determinations may be relatively simple.

[0110] However, in examples where the weld tracking sensors 102 of the welding helmet
200 are used, the weld tracking process 400 may have to factor in movement and/or changes
in position/orientation of the welding helmet 200 when determining the position and/or
orientation of the welding-type tool 110 and/or arc 112. In such examples, the determination
at block 408 may involve one or more reference frame transformations to determine the
position and/or orientation of the welding-type tool 110 and/or arc 112. Such reference frame
transformations may use both the position and/or orientation of the welding helmet 200
relative to the reference point, and the positions and/or orientations of the welding-type tool
110 and/or arc 112 relative to the welding helmet 200 (and/or its weld tracking sensors 102).
The reference frame transformations may result in a determination of a three dimensional
position and/or orientation of the welding-type tool 110 and/or arc 112 relative to the reference

point (and/or in world space).

[0111] FIG. 7 is a diagram depicting example position, orientation, and/or reference frame
relationships between the welding helmet 200, reference point 702, welding-type tool 110,

and/or arc 112. In some examples, the relationships are depicted and/or interpreted using
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vectors, matrices, vector mathematics, and/or matrix mathematics. In some examples, the
depicted relationships may be useful in understanding how the weld tracking process 400
determines a three dimensional position and/or orientation of the welding-type tool 110 and/or

arc 112 relative to a reference point (and/or in world space).

[0112] In the example of FIG. 7, a reference point 702 is shown remote from both the
welding helmet 200 and welding-type tool 110. In some examples, the reference point 702
may have been selected as part of block 402 of the weld tracking process 400. In some
examples, a world space frame of reference is imposed using the reference point 702, with the
reference point 702 acting as an origin of a coordinate system centered about the reference

point 702.

[0113] In the example of FIG. 7, a position vector 704RH is shown connecting the
reference point 702 to the helmet tracking system 210 of the helmet 200. In some examples,
the position vector 704RH represents a position of the helmet 200 and/or helmet tracking

system 210 relative to the reference point 702.

[0114] In the example of FIG. 7, position vectors 704HWa and 704HWb are depicted
connecting the helmet tracking system 210 to two weld tracking sensors 102 of the helmet
200. In some examples, the position vectors 704HW represent the position(s) of the weld
tracking sensor(s) 102 relative to the helmet tracking system 210. As shown, a position vector
704WT connects a first weld tracking sensor 102a to the welding-type tool 110, and a position
vector 704WA connects a second weld tracking sensor 102b to the arc 112 produced by the
welding-type tool 110. In some examples, the position vector 704WT and position vector
704W A represent a position of the welding-type tool 110 and arc 112, respectively, relative
to the weld tracking sensor(s) 102.

[0115] In the example of FIG. 7, an orientation vector 706 is also depicted for each of the
helmet tracking system 210, weld tracking sensors 102, welding-type tool 110, and arc 112.
In some examples, each orientation vector 706 is representative of an orientation (and/or
rotation/angle) of an object (and/or the object’s reference frame) relative to another object
(and/or that object’s reference frame). For example, the orientation vector 7060rnu is
representative of the orientation of the helmet tracking system 210 (and/or the reference frame

of the helmet tracking system 210) relative to the reference point 702 (and/or the reference
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frame of the reference point 702). As another example, the orientation vector 7060nw is
representative of the orientation of the weld tracking sensors 102 relative to the helmet
tracking system 210. As another example, the orientation vector 7060wr is representative of
the orientation of the welding-type tool 110 relative to the weld tracking sensors 102. As
another example, the orientation vector 7060wa is representative of the orientation of the arc

112 relative to the weld tracking sensors 102.

[0116] While only one orientation vector 7060nw is depicted for multiple weld tracking
sensors 102, in some examples, each weld tracking sensor 102 may be associated with its own
orientation vector 706. Likewise, in some examples, there may be separate orientation vectors
7060wa and/or orientation vectors 7060wt for each weld tracking sensor 102. In some

examples, all the weld tracking sensors 102 may share the same orientation vectors 706.

[0117] While only two weld tracking sensors 102 and two position vectors 704HW are
shown in the example of FIG. 7, in some examples, more may be used and/or applicable.
Though one position vector 704WT and one position vector 704WA are each shown
extending from one weld tracking sensor 102 for the sake of simplicity and clarity, in some
examples a position vector 704WT and/or position vector 704WA may be considered to

extend from each weld tracking sensor 102.

[0118] While the position vector 704RH and position vector 704HW are shown connecting
to separate portions of the helmet tracking system 210 for the sake of clarity, in some
examples, the position vectors 704 may be constructed to extend from the same point(s) (e.g.,
a midpoint). Though one position vector 704RH is shown for the entire helmet tracking
system 210 in the example of FIG. 7, in some examples, a separate position vector 704RH
may be considered to exist for each particular sensor of the helmet tracking system 210.
Likewise, in some examples, separate position vectors 704HW may be considered to exist for

each particular sensor of the helmet tracking system 210.

[0119] While the position vector 704WT and position vector 704RT are each shown
extending to an approximate midpoint of a handle of the welding-type tool 110, in some
examples the endpoint for the position vectors 704 may be considered to be at some other
point of the welding-type tool 110 (e.g., at a midpoint/endpoint of the neck, nozzle, or
electrode). Likewise, though the position vector 704WA is depicted extending to an
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approximate midpoint of the arc 112, in some examples, the position vector 704 may instead

terminate at some other point along the arc 112.

[0120] In the example of FIG. 7, an orientation equation 708 is depicted. In some
examples, the orientation equation 708 represents a relationship between the various
orientation vectors 706 shown in FIG. 7. In particular, the orientation equation 708 indicates
that the orientation vector 70601r (representative of the orientation of the welding-type tool
110 relative to the reference point 702) is equal to the orientation vector 7060rp multiplied
by the orientation vector 7060nw and the orientation vector 7060wr. In other words, the
orientation of the welding-type tool 110 relative to the reference point 702 (70601r) is equal
to the combined orientations of the helmet tracking system 210 (relative to the reference point
702), weld tracking sensor(s) 102 (relative to the helmet tracking system 210), and welding-
type tool 110 (relative to the weld tracking sensor(s) 102).

[0121] In some examples, the orientation equation 708 may be modified to apply to the
orientation of the arc 112 rather than the orientation of the welding-type tool 110. In particular,
the orientation equation 708 may be made to apply to the arc 112 by replacing the orientation
vector 706 OTr with the orientation vector 70604r (representative of the orientation of the
arc 112 relative to the reference point 702), and replacing the orientation vector 7060wt
(representative of the orientation of the welding-type tool 110 relative to the weld tracking
sensor(s) 102) with the orientation vector 706 Owa (representative of the orientation of the

arc 112 relative to the weld tracking sensor(s) 102).

[0122] In the example of FIG. 7, a position equation 710 is also depicted. In some
examples, the position equation 710 represents a relationship between the various position

vectors 704 and orientation vectors 706 shown in FIG. 7.

[0123] In particular, the position equation 710 indicates that the position vector 704RT
(representative of the position of the welding-type tool 110 relative to the reference point 702)
is equal to position vector 704RH (representative of the position of the helmet tracking system
210 relative to the reference point 702) plus two parenthetical vectors. The first parenthetical
vector is equal to the position vector 704HW multiplied by the orientation vector 7060rm.
The second parenthetical vector is equal to the position vector 704WT multiplied by the

orientation vector 7060rn and the orientation vector 7060nw. In other words, the position of
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the welding-type tool 110 relative to the reference point 702 is equal to the position of the
welding-type tool 110 relative to the weld tracking sensor(s) 102, plus the position of the weld
tracking sensor(s) 102 relative to the helmet tracking system 210, plus the position of the
helmet tracking system 210 relative to the reference point 702 (taking into account the relative

orientations of the helmet tracking system 210 and weld tracking sensor(s) 102).

[0124] In some examples, the position equation 710 may be modified to apply to the
position of the arc 112 rather than the position of the welding-type tool 110. In particular, the
position equation 710 may be modified to apply to the position of the arc 112 by replacing the
position vector 704RT with the position vector 704RA (not shown, but representative of the
position of the arc 112 relative to the reference point 702), and replacing the position vector

704WT with the position vector 704WA.

[0125] In some examples where there are considered to be different position vectors 704
and/or orientation vectors 706 for different weld tracking sensors 102 (and/or different sensors
of the helmet tracking system 210), the orientation equation 708 and/or position equation 710
may still hold true as long as the orientation vectors 706 are consistent (e.g., where orientation
vector 7060nw and orientation vector 7060wt are relative to the same weld tracking sensor(s)
102), and/or the path of the position vectors 704 are interconnecting and/or continuous (e.g.,
where position vector 704HW and position vector 704WT both connect to the same weld
tracking sensor 102). In some such examples, different implementations of the orientation
equation 708 and/or position equation 710 (using different weld tracking sensors 102 and/or
different sensors of the helmet tracking system 210) may yield slightly different results. In
some such examples, the different results may be averaged together (and/or otherwise

statistically analyzed and/or manipulated) to get a single (and/or more accurate) result.

[0126] In some examples, the weld tracking process 400 may use the position equation 710
and/or orientation equation 708 to determine a three dimensional position and/or orientation
of the welding-type tool 110 and/or arc 112 relative to the reference point 702. In some
examples, the weld tracking process 400 may use one or more matrices to represent and/or
implement one or more orientation vectors 702 and/or position vectors 704. In some
examples, the weld tracking process 400 may use one or more quaternions and/or Euler angles

to represent and/or implement one or more of the orientation vectors 702 and/or position
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vectors 704. In some examples, the weld tracking process 400 may apply appropriate matrix

mathematics to the orientation equation 708 and/or position equation 710 at block 408.

[0127] In the example of FIG 4, the weld tracking process 400 proceeds to block 410 after
block 408. At block 410, the weld tracking process 400 determines one or more welding
technique and/or welding operation parameters based on the position(s) and/or orientation(s)
of the welding-type tool 110 and/or arc 112 determined at block 408. In some examples, the
weld tracking process 400 may also use position/orientation information about the
workpiece(s) 106 and/or calibration information provided at block 402 to determine the

welding technique and/or welding operation parameter(s).

[0128] In some examples, the welding technique parameters may include
position/orientation, travel speed, travel direction, travel angle, work angle, contact to work
distance, and/or aim of the welding-type tool 110. In some examples, the welding technique
parameters may include one or more weld bead/path characteristics, such as, for example, a
length, straightness, weave, whip, and/or position of the weld bead/path, and/or a distance
between weld beads/paths. In some examples, data relating to the movement of the welding-
type tool 110 and/or arc 112 along the entire weld path and/or joint may be evaluated to
determine the weld bead/path characteristics. In some examples, other information may also
be determined, such as, for example, a duration of the welding-type operation and/or a number

of performed welding-type operations.

[0129] In some examples, the welding technique parameters determined by the weld
tracking process 400 may depend upon certain aspects of the weld tracking process 400 and/or
the weld tracking system 100. For example, the weld tracking process 400 may be able to
determine more welding technique parameters when tracking just the welding-type tool 110
than when tracking just the arc 112. For instance, while it may still be possible to determine
travel speed when tracking just the arc 112, it may be more difficult to track other welding
technique parameters (e.g., work angle, travel angle, contact to work distance, etc.). On the
other hand, it may be simpler and/or easier to track just the arc 112, while tracking the

welding-type tool 110 may be a more complicated matter.

[0130] As another example, the weld tracking process 400 may be able to determine more

welding technique parameters when calibrated to recognize the geometry of the workpiece(s)
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106 and/or joint(s)/weld path(s) than when otherwise. In some examples, the calibration may
allow the weld tracking process 400 to determine the spatial relationship(s) between the
workpiece(s) 106 (and/or its joint(s)/weld path(s)) and the welding-type tool 110 and/or arc
112. In some examples, the spatial relationship(s) can be important for determining some
welding technique parameters (e.g., work angle, aim, etc.). On the other hand, it may be

simpler and/or easier for an operator 104 if no calibration is required.

[0131] In some examples, the contact tip to work distance welding technique parameter
may be determined without calibration when tracking both the welding-type tool 110 and arc
112. For example, the weld tracking process 400 may identify the position and/or orientation
of several points in space that comprise the (e.g., detectable/visible portions of) arc 112, then
identify the point of the (e.g., detectable/visible) arc 112 that is farthest from the welding-type
tool 110 (and/or a nozzle of the welding-type tool 110). Thereafter, the weld tracking process
400 may estimate the distance between the far point of the (e.g., detectable/visible) arc 112
and the welding-type tool 110 (and/or a nozzle of the welding-type tool 110) as being the

contact tip to work distance.

[0132] Asanother example, the weld tracking process 400 may identify the position and/or
orientation of several points in space that comprise the (e.g., detectable/visible) arc 112, then
identify the points of the (e.g., detectable/visible) arc 112 that are closest to and farthest from
the welding-type tool 110 (and/or a nozzle of the welding-type tool 110). Thereafter, the weld
tracking process 400 may estimate the distance between the two points as being the contact
tip to work distance and/or (e.g., detectable/visible) arc length. Though, in some examples,
this may be a coarse and/or approximate estimate, it may still be useful. In some examples,
the weld tracking system 100 may also determine contact to work distance when tracking just
the welding-type tool 110, if the weld tracking system 100 has been calibrated with the
geometry of the workpiece 106 and/or joint(s), by determining the distance between the
welding-type tool 110 (and/or the nozzle of the welding-type tool 110) and the workpiece 106

and/or joint.

[0133] In some examples, the welding operation parameters may include welding location
information and/or weld sequence information. In some examples, welding location

information may include one or more (e.g., coordinate) locations of a weld produced by the
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arc 112 and/or the current welding-type operation. In some examples, weld sequence
information may include information relating to an ordered sequence of welds produced by
the operator 104 and/or welding-type tool 110 for a particular job, work order, WPS, and/or
project, and/or within a threshold range of time. In some examples, the ordered sequence of
welds may include the current weld produced by the arc 112 and/or the current welding-type
operation. In some examples, the weld sequence information may include, for example, the

relative welding locations of the current weld and/or one or more previously produced welds.

[0134] In some examples, the weld tracking process 400 may identify a position of (e.g., a
nozzle of) the welding-type tool 110 and positions of the arc 112 closest and farthest from the
(e.g., nozzle of the) welding-type tool 110, and estimate the welding location(s) to be at the
point of the arc 112 farthest from the (e.g., nozzle of the) welding-type tool 110. In some
examples, the weld tracking process 400 may identify where the arc 112 intersects the
workpiece 106, and estimate the welding location(s) to be at the point(s) of intersection. As
another example, the computing system 150 may use both the intersection point and the
farthest point from the (e.g., nozzle of the) welding-type tool 110 together to estimate the

welding location(s).

[0135] In some examples, the weld tracking process 400 may additionally, or alternatively,
determine one or more weld quality parameters and/or weld defects at block 410. In some
examples, the weld quality parameter and/or weld defect determination(s) may be based on
the position(s) and/or orientation(s) of the welding-type tool 110 and/or arc 112 determined
at block 408. In some examples, the weld quality parameter and/or weld defect
determination(s) may be further based on position/orientation information about the
workpiece(s) 106 and/or calibration information provided at block 402. Examples of weld
quality parameters may include penetration depth, weld length, and porosity. Examples of
weld defects may include cracks, undercut, excessive porosity, excessively deep/shallow
penetration, burn through, lack of fusion, voids, spatter, irregular weld shape, spatter and

whiskers.

[0136] In the example of FIG. 4, the weld tracking process 400 proceeds to block 412 after
block 410. At block 412, the weld tracking process 400 determines feedback for, and/or

provides feedback to, the operator 104. In some examples, the determination at block 412 may
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be based on the welding technique parameters, welding operation parameters, weld quality
parameters, and/or weld defects determined at block 410, as well as certain expected weld
technique parameters, welding operation parameters, weld quality parameters, and/or other
target criteria. In some examples, the weld tracking process 400 may also determine and/or
output other information, such as, for example, a score (e.g., numerical, grade, pass/fail, etc.),
based on the determined/expected welding technique parameters, welding operation
parameters, weld quality parameters, weld defects, and/or other target criteria. In some
examples, the weld tracking process 400 may also output the determined/expected welding
technique parameters, welding operation parameters, weld quality parameters, weld defects,

and/or other target criteria.

[0137] In some examples, the expected weld technique parameters (and/or weld quality
parameters) may be optimal/target values (and/or ranges of values) of the weld technique
parameters (and/or weld quality parameters) in general, or for each joint, weld, and/or
welding-type operation. In some examples, the target criteria may be additional optimal/target
values and/or ranges of values related to the welding-type operation (e.g., location of the
welding-type operation(s), duration of the welding-type operation(s), order of welding-type

operations, etc.).

[0138] In some examples, the expected weld technique parameters, expected welding
operation parameters, expected weld quality parameters, and/or target criteria may be
determined and/or provided by a weld monitoring system. In some examples, the expected
weld technique parameters, expected welding operation parameters, expected weld quality
parameters, and/or target criteria may be adjusted by the operator 104 (e.g., via the UI 151
and/or I/O device(s) 208). In some examples, the expected weld technique parameters,
expected welding operation parameters, expected weld quality parameters, and/or target
criteria may be determined dynamically based on welding parameters of (and/or

communicated from) the welding-type equipment 116.

[0139] In some examples, the expected weld technique parameters, expected welding
operation parameters, expected weld quality parameters, and/or target criteria may be
determined dynamically based on the position/location of the weld relative to previous

weld(s) and/or within the welding environment. In some examples, other (e.g., job, work
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order, WPS, project, etc.) information may be determined dynamically based on the
position/location of the weld relative to previous weld(s) and/or within the welding
environment (i.e., the welding operation parameter(s)). In some examples, the expected weld
technique parameters, expected welding operation parameters, expected weld quality
parameters, and/or target criteria may be determined using sample data from expert welders.
In some examples, the expected weld technique parameters, expected welding operation
parameters, expected weld quality parameters, and/or target criteria may be determined based

on machine learning algorithms.

[0140] In some examples, the feedback output at block 412 may be provided via the UI
151, operator interface 130, lens assembly 206, and/or I/O device(s) 208. In some examples,
the feedback may be audio, visual, and/or haptic. In some examples, the weld tracking process
400 may provide feedback via the welding-type tool 110 (e.g., via one or more signals
commanding a device in the welding-type tool 110 to provide visual, audio, and/or haptic
output). In some examples where the feedback is visual, the feedback may be in the form of
guides, arrows, lines, text, pictures, graphics, animations, videos, shapes, and/or other
appropriate imagery. In some examples, feedback may be formatted with different colors,
patterns, presentation styles (e.g., static, blinking, scrolling, etc.) to express different
meanings. In some examples, the feedback may be displayed to one eye (monoscopic), both
eyes (stereoscopic), and/or shown in peripheral portions of a display screen 504 to avoid
distracting the operator 104. In some examples, the joint/weld path highlight 506 discussed
above may be considered feedback. In some examples, even without the aforementioned
calibration, the weld tracking process 400 may predict the joint/weld path after a welding-
type operation has begun, and show a similar highlight 506 as feedback.

[0141] FIG. 6 shows an example of how visual feedback 602 might be depicted to the
operator 104 on a display screen 504 (e.g., of the UI 151, lens assembly 206, operator
interface, and/or I/O device(s) 208). As shown, some of the feedback 602 is provided overlaid
on a portion of the welding-type tool 110. In some examples, the welding-type tool 110 shown
may be the actual welding-type tool seen through a cover lens, or a displayed representation
of the real welding-type tool 110. In some examples, the feedback 602 may be shown separate
from the welding-type tool 110.
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[0142] In the example of FIG. 6, the feedback 602 is presented in the form of arrow
feedback 602a, slider feedback 602b, arch feedback 602c, reticle feedback 602d, and marker
feedback 602e. In some examples, the arrow feedback 602a may be used to provide feedback
to the operator 104 regarding the travel speed of the welding-type tool 110 and/or other
welding technique parameters. In some examples, the slider feedback 602b may be used to
provide feedback to the operator 104 regarding the contact to tip distance of the welding-type
tool 110 and/or other welding technique parameters. In some examples, the arch feedback
602¢ may be used to provide feedback to the operator 104 regarding the work angle and/or

travel angle of the welding-type tool 110, and/or other welding technique parameters.

[0143] In some examples, the reticle feedback 602d may be used to provide feedback to
the operator 104 regarding welding location(s). In the example of FIG. 6, two feedback
reticles 602d are shown, indicating two different welding locations (e.g., corresponding to
two different welds in an expected weld sequence). In some examples, the marker feedback
602e may be used to provide feedback to the operator 104 regarding which welding location
is next in the expected weld sequence. While only one feedback marker 602e is shown in the
example of FIG. 6, in some examples, multiple markers 602e may be used with different
effects (e.g., colors, transparency, numbering, text etc.) to indicate whether a welding location
corresponds to the next weld, a past weld, a particular number weld, and/or other information.
In some examples, reticle feedback 602d may be combined with arrow feedback 602a to
indicate a direction in which the operator 104 should move the welding-type tool 110 to reach

the target welding location of the next weld.

[0144] In some examples, more or fewer feedback 602 may be presented. In some
examples, the color, effects, and/or presentation style of the feedback may be altered to
emphasize certain feedback 602 (e.g., to indicate substantial deviation of the corresponding

welding technique, location, and/or sequence parameter(s) from what is expected).

[0145] In the example of FIG. 4, the weld tracking process 400 proceeds to block 414 after
block 412. At block 414, the weld tracking process 400 determines whether the difference
between one or more of the determined parameters and one or more of the corresponding
expected parameters exceed one or more thresholds. In some examples, the thresholds may

be stored in memory, received from the monitoring system, automatically determined by the
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weld tracking process 400 (e.g., based on the target criteria), and/or entered by the operator
104 (e.g., via the UI 151, operator interface 130, and/or I/O device(s) 208).

[0146] In the example of FIG. 4, the weld tracking process 400 ends (or, in some examples,
returns to block 402 or 404) if the difference(s) are less than the threshold(s) (e.g., for all or
at least a threshold number of parameters). If the difference(s) are less than the threshold(s)
(e.g., for all or at least a threshold number of parameters), the weld tracking process 400
proceeds to block 416. In some examples, the weld tracking process 400 may skip block 414
and proceed to block 416 regardless.

[0147] Atblock 416, the weld tracking process 400 sets and/or adjusts one or more welding
parameters of the welding-type equipment 116 to compensate for deviations between the
expected and determined parameters. In some examples, the weld tracking process 400 may
determine what settings/adjustments are appropriate (if any) and send one or more signals to
the welding-type equipment 116 representative of one or more commands to adjust the
welding parameter(s) to a commanded degree. Thereafter, the welding-type equipment 116

may implement the commanded settings/adjustments.

[0148] In some examples, the weld tracking process 400 may send one or more signals to
the welding-type equipment 116 representative of the target criteria, determined welding
technique/operation/quality parameters, expected welding technique/ operation /quality
parameters, and/or differences therebetween. Thereafter, the welding-type equipment 116
may itself determine what settings/adjustments (if any) are appropriate, and implement those
settings/adjustments. In some examples, the welding parameters and/or values to use in the
settings/adjustments may be determined based on, for example, the position/orientation of the
welding-type tool 110 and/or arc 112, target criteria, determined welding technique/
operation/quality parameters, expected welding technique/operation/quality parameters,

and/or differences therebetween.

[0149] In some examples, the welding-type equipment 116 (and/or welding-type tool 110)
may be disabled entirely if a threshold number of the parameters are above some threshold
deviation. In some examples, the welding-type equipment 116 (and/or welding-type tool 110)
may also be disabled if the position/orientation of the welding-type tool 110 and/or arc 112

has a position/orientation that is more than a threshold distance away from an expected
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welding position. In some examples, the welding-type equipment 116 (and/or welding-type
tool 110) may be re-enabled if the welding-type tool 110 and/or arc 112 moves back within a
threshold distance away from the expected welding position. As shown, the weld tracking
process 400 ends after block 416 (though, in some examples, the weld tracking process 400
may instead return to block 402 or block 404).

[0150] In some examples, the disclosed welding helmet 200 may provide a compact,
independent, and/or mobile weld tracking system. This mobile weld tracking system may
allow for weld tracking outside of the normally fixed bounds of the weld tracking system 100.
In some examples, the welding helmet 200 may track its own position and/or orientation
relative to a reference point in a welding environment, as well as the position and/or
orientation of a welding-type tool 110 and/or arc 112 relative to the helmet. In this way, the
welding helmet 200 can differentiate between movement of the welding helmet 200 and
movement of the tool 110 and/or arc 112. By tracking movement of the tool 110 and/or arc
112 the weld tracking system can analyze the welding technique of an operator 104, as well
as weld quality, welding location, and/or weld sequence. In cases where the weld tracking
data, welding technique, weld quality, welding location, and/or weld sequence deviates from
what is expected, the welding helmet 200 may offer corrective feedback, change welding
parameters to compensate, and/or disable welding-type operations entirely. In some examples,
the weld tracking system 100 and/or welding helmet 200 may be calibrated using the welding-

type tool 110 (and/or calibration tool 132) to provide more robust performance.

[0151] The present methods and/or systems may be realized in hardware, software, or a
combination of hardware and software. The present methods and/or systems may be realized
in a centralized fashion in at least one computing system, or in a distributed fashion where
different elements are spread across several interconnected computing or cloud systems. Any
kind of computing system or other apparatus adapted for carrying out the methods described
herein is suited. A typical combination of hardware and software may be a general-purpose
computing system with a program or other code that, when being loaded and executed,
controls the computing system such that it carries out the methods described herein. Another
typical implementation may comprise an application specific integrated circuit or chip. Some
implementations may comprise a non-transitory machine-readable (e.g., computer readable)

medium (e.g., FLASH drive, optical disk, magnetic storage disk, or the like) having stored
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thereon one or more lines of code executable by a machine, thereby causing the machine to

perform processes as described herein.

[0152] While the present method and/or system has been described with reference to
certain implementations, it will be understood by those skilled in the art that various changes
may be made and equivalents may be substituted without departing from the scope of the
present method and/or system. In addition, many modifications may be made to adapt a
particular situation or material to the teachings of the present disclosure without departing
from its scope. Therefore, it is intended that the present method and/or system not be limited
to the particular implementations disclosed, but that the present method and/or system will

include all implementations falling within the scope of the appended claims.

[0153] As used herein, “and/or” means any one or more of the items in the list joined by
“and/or”. As an example, “x and/or y” means any element of the three-element set {(x), (y),
(x,y)}. In other words, “x and/or y” means “one or both of x and y”. As another example, “x,
y, and/or z” means any element of the seven-element set {(x), (y), (z), (X, ), (X, 2), (v, 2), (X,

y, z)}. In other words, “x, y and/or z” means “one or more of x, y and z”.

[0154]  As utilized herein, the terms “e.g.,” and “for example” set off lists of one or more

non-limiting examples, instances, or illustrations.

[0155] As used herein, the terms “coupled,” “coupled to,” and “coupled with,” each mean
a structural and/or electrical connection, whether attached, affixed, connected, joined,
fastened, linked, and/or otherwise secured. As used herein, the term “attach” means to affix,
couple, connect, join, fasten, link, and/or otherwise secure. As used herein, the term “connect”

means to attach, affix, couple, join, fasten, link, and/or otherwise secure.

[0156] As used herein the terms “circuits” and “circuitry” refer to physical electronic
components (i.e., hardware) and any software and/or firmware (“code”) which may configure
the hardware, be executed by the hardware, and or otherwise be associated with the hardware.
As used herein, for example, a particular processor and memory may comprise a first “circuit”
when executing a first one or more lines of code and may comprise a second “circuit” when
executing a second one or more lines of code. As utilized herein, circuitry is “operable” and/or

“configured” to perform a function whenever the circuitry comprises the necessary hardware
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and/or code (if any is necessary) to perform the function, regardless of whether performance

of the function is disabled or enabled (e.g., by a user-configurable setting, factory trim, etc.).

[0157] Asused herein, a control circuit may include digital and/or analog circuitry, discrete
and/or integrated circuitry, microprocessors, DSPs, etc., software, hardware and/or firmware,
located on one or more boards, that form part or all of a controller, and/or are used to control

a welding process, and/or a device such as a power source or wire feeder.

[0158] As used herein, the term “processor” means processing devices, apparatus,
programs, circuits, components, systems, and subsystems, whether implemented in hardware,
tangibly embodied software, or both, and whether or not it is programmable. The term
“processor” as used herein includes, but is not limited to, one or more computing devices,
hardwired circuits, signal-modifying devices and systems, devices and machines for
controlling systems, central processing units, programmable devices and systems, field-
programmable gate arrays, application-specific integrated circuits, systems on a chip, systems
comprising discrete elements and/or circuits, state machines, virtual machines, data
processors, processing facilities, and combinations of any of the foregoing. The processor
may be, for example, any type of general purpose microprocessor or microcontroller, a digital
signal processing (DSP) processor, an application-specific integrated circuit (ASIC), a
graphic processing unit (GPU), a reduced instruction set computer (RISC) processor with an
advanced RISC machine (ARM) core, etc. The processor may be coupled to, and/or integrated

with a memory device.

[0159] As used, herein, the term “memory” and/or “memory device” means computer
hardware or circuitry to store information for use by a processor and/or other digital device.
The memory and/or memory device can be any suitable type of computer memory or any
other type of electronic storage medium, such as, for example, read-only memory (ROM),
random access memory (RAM), cache memory, compact disc read-only memory (CDROM),
electro-optical memory, magneto-optical memory, programmable read-only memory
(PROM), erasable programmable read-only memory (EPROM), -electrically-erasable
programmable read-only memory (EEPROM), a computer-readable medium, or the like.
Memory can include, for example, a non-transitory memory, a non-transitory processor

readable medium, a non-transitory computer readable medium, non-volatile memory,
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dynamic RAM (DRAM), volatile memory, ferroelectric RAM (FRAM), first-in-first-out
(FIFO) memory, last-in-first-out (LIFO) memory, stack memory, non-volatile RAM
(NVRAM), static RAM (SRAM), a cache, a buffer, a semiconductor memory, a magnetic
memory, an optical memory, a flash memory, a flash card, a compact flash card, memory
cards, secure digital memory cards, a microcard, a minicard, an expansion card, a smart card,
a memory stick, a multimedia card, a picture card, flash storage, a subscriber identity module
(SIM) card, a hard drive (HDD), a solid state drive (SSD), etc. The memory can be configured
to store code, instructions, applications, software, firmware and/or data, and may be external,

internal, or both with respect to the processor.

[0160] The term “power” is used throughout this specification for convenience, but also
includes related measures such as energy, current, voltage, and enthalpy. For example,
controlling “power” may involve controlling voltage, current, energy, and/or enthalpy, and/or
controlling based on “power” may involve controlling based on voltage, current, energy,

and/or enthalpy.

[0161] As used herein, welding-type refers to welding (including laser welding and/or hot
wire welding), cladding (including laser cladding), brazing, plasma cutting, induction heating,

carbon arc cutting or gouging, hot wire preheating, and/or resistive preheating.

[0162] As used herein, a welding-type tool refers to a tool suitable for and/or capable of
welding (including laser welding and/or hot wire welding), cladding (including laser
cladding), brazing, plasma cutting, induction heating, carbon arc cutting or gouging, hot wire

preheating, and/or resistive preheating.

[0163] As used herein, welding-type power refers to power suitable for welding (including
laser welding and/or hot wire welding), cladding (including laser cladding), brazing, plasma
cutting, induction heating, carbon arc cutting or gouging, hot wire preheating, and/or resistive

preheating.

[0164] As used herein, a welding-type power supply and/or welding-type power source
refers to a device capable of, when input power is applied thereto, supplying output power
suitable for welding (including laser welding and/or hot wire welding), cladding (including
laser cladding), brazing, plasma cutting, induction heating, carbon arc cutting or gouging, hot

wire preheating, and/or resistive preheating; including but not limited to transformer-
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rectifiers, inverters, converters, resonant power supplies, quasi-resonant power supplies,
switch-mode power supplies, etc., as well as control circuitry and other ancillary circuitry

associated therewith.

[0165] As used herein, disable may mean deactivate, incapacitate, and/or make

inoperative. As used herein, enable may mean activate and/or make operational.

[0166] Disabling of circuitry, actuators, and/or other hardware may be done via hardware,
software (including firmware), or a combination of hardware and software, and may include
physical disconnection, de-energization, and/or a software control that restricts commands
from being implemented to activate the circuitry, actuators, and/or other hardware. Similarly,
enabling of circuitry, actuators, and/or other hardware may be done via hardware, software
(including firmware), or a combination of hardware and software, using the same mechanisms

used for disabling.
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What is claimed is:

1. A weld tracking system, comprising:
a sensor system configured to capture sensor data pertaining to a welding environment; and
control circuitry configured to:
track a torch position of a welding-type torch based on the sensor data,
track a tool position of a calibration tool based on the sensor data,
identify a first endpoint based on the tool position when the calibration tool
is activated,
identify a second endpoint based on the torch position when welding is
initiated via the welding-type torch, and
identify a weld path based on the first endpoint and the second endpoint.

2. The weld tracking system of claim 1, wherein the control circuitry is configured to identify

the weld path as comprising a path between the first endpoint and the second endpoint.

3. The weld tracking system of claim 1, wherein the control circuitry is configured to identify

the weld path as comprising the shortest path between the first endpoint and the second endpoint.

4. The weld tracking system of claim 1, wherein the control circuitry is configured to identify

the weld path as comprising a line between the first endpoint and the second endpoint.

5. The weld tracking system of claim 1, wherein the calibration tool comprises the welding-
type torch.
6. The weld tracking system of claim 1, wherein welding is initiated via the welding-type

torch when the welding-type torch performs a tack weld.

7. The weld tracking system of claim 1, wherein the control circuitry is configured to identify
the second welding point based on the torch position when welding is initiated via the welding-

type torch for less than one second.
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8. The weld tracking system of claim 1, wherein the control circuitry is configured to:
identify an intermediate point based on the tool position when the calibration tool is
activated or the torch position when welding is initiated via the welding-type torch, and
identify the weld path based on the first endpoint, the intermediate point, and the second

endpoint.

9. The weld tracking system of claim 8, wherein the control circuitry is configured to identify
the weld path as comprising a path between the first endpoint and the second endpoint that also

intersects the intermediate point.

10.  The weld tracking system of claim 1, further comprising a display screen configured to

display a representation of the weld path.

11. A weld tracking system, comprising:
a sensor system configured to capture sensor data pertaining to a welding environment; and
processing circuitry; and
memory circuitry comprising machine readable instructions which, when executed by the
processing circuitry, cause the processing circuitry to:
track a torch position of a welding-type torch based on the sensor data,
track a tool position of a calibration tool based on the sensor data,
identify a first endpoint based on the tool position when the calibration tool
is activated,
identify a second endpoint based on the torch position when welding is
initiated via the welding-type torch, and
identify a weld path based on the first endpoint and the second endpoint.

12.  The weld tracking system of claim 11, wherein the memory circuitry comprises machine
readable instructions which, when executed by the processing circuitry, cause the processing
circuitry to identify the weld path as comprising a path between the first endpoint and the second

endpoint.
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13.  The weld tracking system of claim 11, wherein the memory circuitry comprises machine
readable instructions which, when executed by the processing circuitry, cause the processing
circuitry to identify the weld path as comprising the shortest path between the first endpoint and

the second endpoint.

14.  The weld tracking system of claim 11, wherein the memory circuitry comprises machine
readable instructions which, when executed by the processing circuitry, cause the processing
circuitry to identify the weld path as comprising a line between the first endpoint and the second

endpoint.

15.  The weld tracking system of claim 11, wherein the calibration tool comprises the welding-

type torch.

16.  The weld tracking system of claim 11, wherein welding is initiated via the welding-type

torch when the welding-type torch performs a tack weld.

17.  The weld tracking system of claim 11, wherein the memory circuitry comprises machine
readable instructions which, when executed by the processing circuitry, cause the processing
circuitry to identify the second welding point based on the torch position when welding is initiated

via the welding-type torch for less than one second.

18.  The weld tracking system of claim 11, wherein the memory circuitry comprises machine
readable instructions which, when executed by the processing circuitry, cause the processing
circuitry to:

identify an intermediate point based on the tool position when the calibration tool is
activated or the torch position when welding is initiated via the welding-type torch, and

identify the weld path based on the first endpoint, the intermediate point, and the second

endpoint.
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19.  The weld tracking system of claim 18, wherein the memory circuitry comprises machine
readable instructions which, when executed by the processing circuitry, cause the processing
circuitry to identify the weld path as comprising a path between the first endpoint and the second

endpoint that also intersects the intermediate point.

20.  The weld tracking system of claim 11, further comprising a display screen configured to

display a representation of the weld path.

51

Date Recgue/Date Received 2022-02-03



151
NS

200

104
>

114

“~
102

J

100

Date Regue/Date Received 2022-02-03

128

o
o
i
00
o X0) :W,Wﬁ
1
1! I
i "
1! :
1! I
N — -
g Iy 1
Iy
— 4 N...,...,JN\
1! 1
1
X
@ /g
— <
o
i
<« S
i
A\
-
o)
S
i
w|
o
i
g
i
o
)
i

FIG. 1



FIG. 2b

202

104
e

208

102
102

200

202

FIG. 2a

216

300

102

Date Regue/Date Received 2022-02-03



sa01nag “ 4 v v — ! walsAs
o/l ! v0€ 90€ 80€ ! 00 ot SuppelL
A1inauan A1inauan Asyinoury ||| ss@204d Supjoes plam ! 1oW|aH
90¢ ! "20.d "wwo) o/l Z0€ Aunou) Aowsy |! 201
Alquiassy ! —— ! slosuas
sua ! 00€ A1unauid 13WI3H ! Sunyoed|
00¢ 12W|3H 3ulp|aM
H H A H
91T 01T 70T
wuswdinby e |00 SIoSuas
adAL-3uipjam adA|-3uIp|am Suppes)
_-H. .................. H-------.:. .............. H. ............. _
m A A A A m
“ v \ 4 \ 4 - ---------- “
T ! vST 9GT 84T ! oov A
HmH ! Ly
In A|v_“ Allnaain Allnaain Anoay (|1 mm.m.umh.n_.m.:._w_u.m.hm PlPM i
! '204d ‘wwo) IN ZST Ainoa) Adowsiy | «
m 0ST wa1sAs Sunndwo) m 00T

Date Regue/Date Received 2022-02-03



[4%7
elIau) 198.e] J0/puUe sialaweled

pajoadx3 pue (s)Jaloweled
Anjenp/uonesadg/anbiuydsl
3uip|ap uo pasegd

}oBqPa34 ApINCI{ JO/pue aulwIdlRQ

¥ 'Ol

otV
uollejualiQ/uoinlisod

A

3uip|an uo paseg (s)4a1oweled
Anjenp/uonesadg/anbiuydsl
uipam duiwiRlaQ

viv
é(s)pjoysausyl ueyy Joyealn

(s)a919Weled paulwialag
pue paldadx3 usamiag
(ESIVEIETT

9Ty
wawdinb3j

pu3

adAL-3uiplam 2|qesia
Jo/pue siaijaweled
suipjam 1snlpy

807
uollejualiQ/uoilisod 24y/|0o] pue
uol1e1uUa1IO,/UoIISOd 12W|3H uo
paseg Jul0d 92Ua19)9Y 01 dAIle|9Y
2Jy/|00] Jo uoieualiQ/uonisod
uipam duiwiRlaQ

+

90V
SJ0Suds 3upell pleM

0} 2A11E|9Y UolleIUBLIQ/UOINSOd
2231dJ0MN /24y/|00] oed]

%

vov
walsAs uppdes] 1IBwWBH
BIA JUIOd 90U3.D)9Y 0} 9AIle[9Y
uOoI1eIUBLIQ /UOIISOd 19W|aH Yoel|

A

wor
(s)uonesqiied % (s)uonesndiyuo)
‘(s)ainduj ‘(s)uonezijeniu

“~

0[0}7

Date Regue/Date Received 2022-02-03



504

Date Regue/Date Received 2022-02-03

FIG. 5b

FIG. 5a



504

114

Date Regue/Date Received 2022-02-03

106

112

111

110

FIG. 5d

FIG. 5¢



504
01/

602c

602c
602b
Yy ¢

602a

o
N
o
O

602d

Date Regue/Date Received 2022-02-03

FIG. 6



L 9Old

A..Eth /(

(119 1g: L) + ("1

LM vor

N 80L

0TL
\l

*MH) + HY = 14

4L
9

Date Regue/Date Received 2022-02-03



100

130




	Page 1 - COVER_PAGE
	Page 2 - ABSTRACT
	Page 3 - DESCRIPTION
	Page 4 - DESCRIPTION
	Page 5 - DESCRIPTION
	Page 6 - DESCRIPTION
	Page 7 - DESCRIPTION
	Page 8 - DESCRIPTION
	Page 9 - DESCRIPTION
	Page 10 - DESCRIPTION
	Page 11 - DESCRIPTION
	Page 12 - DESCRIPTION
	Page 13 - DESCRIPTION
	Page 14 - DESCRIPTION
	Page 15 - DESCRIPTION
	Page 16 - DESCRIPTION
	Page 17 - DESCRIPTION
	Page 18 - DESCRIPTION
	Page 19 - DESCRIPTION
	Page 20 - DESCRIPTION
	Page 21 - DESCRIPTION
	Page 22 - DESCRIPTION
	Page 23 - DESCRIPTION
	Page 24 - DESCRIPTION
	Page 25 - DESCRIPTION
	Page 26 - DESCRIPTION
	Page 27 - DESCRIPTION
	Page 28 - DESCRIPTION
	Page 29 - DESCRIPTION
	Page 30 - DESCRIPTION
	Page 31 - DESCRIPTION
	Page 32 - DESCRIPTION
	Page 33 - DESCRIPTION
	Page 34 - DESCRIPTION
	Page 35 - DESCRIPTION
	Page 36 - DESCRIPTION
	Page 37 - DESCRIPTION
	Page 38 - DESCRIPTION
	Page 39 - DESCRIPTION
	Page 40 - DESCRIPTION
	Page 41 - DESCRIPTION
	Page 42 - DESCRIPTION
	Page 43 - DESCRIPTION
	Page 44 - DESCRIPTION
	Page 45 - DESCRIPTION
	Page 46 - DESCRIPTION
	Page 47 - DESCRIPTION
	Page 48 - DESCRIPTION
	Page 49 - DESCRIPTION
	Page 50 - CLAIMS
	Page 51 - CLAIMS
	Page 52 - CLAIMS
	Page 53 - CLAIMS
	Page 54 - DRAWINGS
	Page 55 - DRAWINGS
	Page 56 - DRAWINGS
	Page 57 - DRAWINGS
	Page 58 - DRAWINGS
	Page 59 - DRAWINGS
	Page 60 - DRAWINGS
	Page 61 - DRAWINGS
	Page 62 - REPRESENTATIVE_DRAWING

