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(54) TIRE BUILDING APPARATUS AND METHOD

(67) A method is disclosed comprising placing a tire
building drum of a tire building machine in a position rel-
ative to a machine vision system, the machine vision sys-
tem being configured to generate a three dimensional
image of the tire building drum as a breaker or a green
rubber tread is applied to the tire building drum. In a first
aspect, the method comprises: setting a radius of the tire
building drum to a known radius; and attaching a calibra-
tion fixture to the tire building drum, where a position of
a plurality of surfaces of the calibration fixture are known
relative to a bottom surface of the calibration fixture; ob-
taining an axial image trace across the calibration fixture
attached to the tire building drum; and mapping, from the
axial image trace, a position in an array column of indi-
vidual ones of a plurality of pixels to corresponding radius
values relative to a center of the tire building drum for the
machine vision system to be used to generate a subse-
quent three dimensional image. In a second aspect, the
method comprises: identifying at least one edge of the
tire building drum in the three dimensional image, where-
in a location of the at least one edge comprises a corre-
sponding at least one calibrated edge position; and stor-
ing the at least one calibrated edge position of the tire
building drum for verification of a position of the tire build-
ing drum. Furthermore, an apparatus for practicing this

method is disclosed.
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Description
BACKGROUND

[0001] In the manufacture of a pneumaitic tire, the tire
is typically built on the drum of a tire-building machine,
which is known in the art as a tire building drum. Numer-
ous tire components are wrapped about and/or applied
to the drum in sequence, forming a cylindrical-shaped
tire carcass. The tire carcass is then expanded into a
toroidal shape for receipt of the remaining components
of the tire, such as a belt package and a rubber tread.
The completed toroidally-shaped un-vulcanized tire car-
cass, which is known in the art at that stage as a green
tire, is then inserted into a mold or press for forming of
the tread pattern and curing or vulcanization.

SUMMARY OF THE INVENTION

[0002] Theinventionrelatestoan apparatusin accord-
ance with claim 1 and to a method in accordance with
claim 10.

[0003] Dependent claims refer to preferred embodi-
ments of the invention.

[0004] In one embodiment, an apparatus is provided
that includes a tire building drum and a machine vision
system directed at the tire building drum, the machine
vision system producing a three dimensional image of a
green rubber tread applied to the tire building drum. The
apparatus further comprises at least one processor cir-
cuit with a memory comprising instructions, that when
executed by the processor circuit, causes the at least
one processor circuit to at least identify a center of the
green rubber tread in the three dimensional image by
performing at least one convolution with at least one pro-
file trace of the green rubber tread and a predefined tread
profile, identify a difference between the center of the
greenrubbertread and a target position of the tire building
drum, and use the difference as a tread position feedback
error to position an application of a next green rubber
tread onto the tire building drum from a tread conveyor.
[0005] In a further embodiment, a method is provided
that comprises the steps of directing a machine vision
system to a tire building drum in a tire building machine,
the machine vision system producing a three dimensional
image of a green rubber tread applied to the tire building
drum. A center of the green rubber tread is identified in
the three dimensional image by performing at least one
convolution with at least one profile trace of the green
rubber tread and a predefined tread profile. A difference
betweenthe center of the greenrubber tread and a center
of the tire building drum is identified. Then, the difference
is used as a tread position feedback error to position an
application of a nextgreen rubber tread onto the tire build-
ing drum from a tread conveyor.

[0006] Other systems, methods, features, and advan-
tages of the present disclosure will be or become appar-
ent to one with skill in the art upon examination of the
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following drawings and detailed description. Itis intended
that all such additional systems, methods, features, and
advantages be included within this description, be within
the scope of the present disclosure, and be protected by
the accompanying claims. In addition, all optional and
preferred features and modifications ofthe described em-
bodiments are usable in all aspects of the disclosure
taught herein. Furthermore, the individual features of the
dependent claims, as well as all optional and preferred
features and modifications of the described embodi-
ments are combinable and interchangeable with one an-
other.

BRIEF DESCRIPTION OF THE DRAWINGS

[0007] Many aspects of the present disclosure can be
better understood with reference to the following draw-
ings. The componentsin the drawings are not necessarily
to scale, with emphasis instead being placed upon clearly
illustrating the principles of the disclosure. Moreover, in
the drawings, like reference numerals designate corre-
sponding parts throughout the several views.

FIG. 1 is a drawing of a tire building machine accord-
ing to various embodiments of the present disclo-
sure.

FIG. 2 is a drawing of a tire building drum employed
in the tire building machine of FIG. 1 according to
various embodiments of the present disclosure.
FIG. 3 depicts an example of a three dimensional
image generated by a machine vision system em-
ployed with the tire building machine of FIG. 1 ac-
cording to various embodiments of the present dis-
closure.

FIGS. 4A and 4B are flow charts that depict portions
of an imaging controller executed to determine a po-
sition of a center of the tire building drum of FIG. 2
according to various embodiments of the present dis-
closure.

FIG. 5 is a flow chart that depicts a further portion of
the operation of the imaging controller of the tire
building machine of FIG. 1 according to various em-
bodiments of the present disclosure.

FIG. 6 depicts an example of another three dimen-
sional image generated by a machine vision system
employed with the tire building machine of FIG. 1
according to various embodiments of the present dis-
closure.

FIG.7is aflow chartthat depicts an additional portion
of the operation of the imaging controller of the tire
building machine of FIG. 1 according to various em-
bodiments of the present disclosure.

FIG. 8 depicts an image of a laser falling incident
upon a green rubber tread along with a correspond-
ing profile trace taken across the green rubber tread
according to various embodiments of the present dis-
closure.

FIG. 9 depicts a profile trace taken across a green
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rubber tread depicted in the three dimensional image
of FIG. 6 according to various embodiments of the
present disclosure.

FIG. 10 is a flow chart that depicts an additional por-
tion of the operation of the imaging controller in de-
termining a tread center of a green rubber tread used
in the building of a tire by the tire building machine
of FIG. 1 according to various embodiments of the
present disclosure.

FIG. 11 depicts an image illustrating a convolution
method to identify a tread center of a green rubber
tread depicted in the three dimensional image of FIG.
6 according to various embodiments of the present
disclosure.

FIG. 12 is a flow chart that depicts an additional por-
tion of the operation of the imaging controller in de-
termining a tread center of a green rubber tread used
in the building of a tire by the tire building machine
of FIG. 1 according to various embodiments of the
present disclosure.

FIG. 13 is a block diagram depicting a feedback loop
that is employed in the tire building machine of FIG.
1 according to various embodiments of the present
disclosure.

FIG. 14 is adrawing of a tire building drum employed
in the tire building machine of FIG. 1 according to
various embodiments of the present disclosure.
FIG. 15 depicts a three dimensional image illustrat-
ing a portion of a tire building drum of FIG. 14 ac-
cording to various embodiments of the present dis-
closure.

FIG. 16 is a flow chart that depicts an additional por-
tion of the operation of the imaging controller in cal-
ibrating the machine vision system that is part of the
tire building machine of FIG. 1 according to various
embodiments of the present disclosure.

FIG. 17 is a flow chart that depicts an additional por-
tion of the operation of the imaging controller in ver-
ifying a position of a tire building drum during a build
of a tire with the tire building machine of FIG. 1 ac-
cording to various embodiments of the present dis-
closure.

FIG. 18 is a schematic diagram that depicts an ex-
ample of an imaging controller used in the tire build-
ing machine of FIG. 1 according to various embod-
iments of the present disclosure.

DETAILED DESCRIPTION OF PREFERRED EMBOD-
IMENTS OF THE INVENTION

[0008] With reference to FIG. 1, shown are various
components of a tire building machine 100 according to
various embodiments of the present disclosure. In the
following discussion, first the components of the tire
building machine 100 are discussed followed by a dis-
cussion of the operation of the same.

[0009] Tobegin, the tire building machine 100 includes
a tire building drum 103 that rotates and moves axially
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in two directions. The tire building machine 100 also in-
cludes a first application conveyor 106a and a second
application conveyor 106b. A first feed conveyor 109a is
positioned adjacent to the first application conveyor
106a, and a second feed conveyor 109b is positioned
adjacent to the second application conveyor 106b.
[0010] The tire building machine 100 further includes
atread application conveyor 113 that is positioned above
the second application conveyor 106b and second feed
conveyor 109b.

[0011] The tire building drum 103 is moved axially be-
tween various positions during the process of building a
tire (not shown). During the build process, the tire building
drum 103 may be moved to position A to engage with
the first application conveyor 106a as will be described.
Thereafter, the tire building drum 103 is typically moved
to position B to engage with the second application con-
veyor 106b and the tread application conveyor 113 as
will be described.

[0012] The first application conveyor 106a and the first
feed conveyor 109a convey a first breaker 114a to the
tire building drum 103 when the tire building drum 103 is
in position A as will be described. The second application
conveyor 106b and the second feed conveyor 109b con-
vey a second breaker 114b to the tire building drum 103
when the tire building drum 103 is in position B as will be
described. The feed conveyors 109 a/b are placed end
to end relative to the application conveyors 106a/b such
that a breaker 114a/b that is conveyed by a respective
feed conveyor 109a/b is transferred to a respective ap-
plication conveyor 106a/b. Also, the tread application
conveyor 113 conveys a green rubber tread 115 to the
tire building drum 103 when the tire building drum 103 is
in position B as will be described.

[0013] Lateral movement and positioning of each of
the first and second feed conveyors 109a and 109b can
be adjusted by various actuators and positioning infra-
structure such as can be appreciated. Afirstbreaker guid-
ing system 116ais associated with the first feed conveyor
109a and controls the lateral movement and positioning
of the first feed conveyor 109a. Also, a second breaker
guiding system 116b is associated with the second feed
conveyor 109b and controls the lateral movement and
positioning of the second feed conveyor 109b. A tread
application shifter 117 is configured to shift the green
rubber tread 115 laterally as the green rubber tread 115
is applied to the tire building drum 103 when the tire build-
ing drum 103 is in position B.

[0014] The tire building machine 100 further includes
a machine vision system 123 according to various em-
bodiments. The machine vision system 123 may employ
three dimensional (3D) triangulation or other type of ma-
chine vision technology to generate an image of the tire
building drum 103 in each of positions A and B where
the tire building drum 103 is positioned during the tire
build process as will be described.

[0015] A machine vision system 123 includes lasers
126 that illuminate a laser trace 129 in an axial direction
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on the surface of the tire building drum 103. The machine
vision system 123 also includes 3D cameras 133 that
generate a 3D image 136 of the tire building drum 103
as breakers 114a/b or a green rubber tread 115 are ap-
plied to the tire building drum 103. The position or direc-
tion of the lasers 126 and the 3D cameras 133 may be
configured to change depending on the size of a given
tire under construction. In this respect, the structure upon
with the lasers 126 and 3D cameras 133 are mounted
provides for the rotation or other movement of the lasers
126 or 3D cameras 133 in order to properly direct the
lasers 126 to the tire building drum 103 or to position the
3D cameras 133 so that the tire building drum 103 is
properly positioned in the field of view of the camera 133.
By virtue of the positioning of the lasers 126 and the 3D
cameras 133, the machine vision system 123 is directed
to the tire building drum 103.

[0016] The 3D cameras 133 are controlled by an im-
aging controller 143. To this end, the imaging controller
143 causes one of the respective 3D cameras 133 to
acquire a 3D image 136 of the tire building drum 103 as
the tire building drum 103 rotates and a breaker 114a/b
or a green rubber tread 115 is applied thereto. Any 3D
image 136 generated by a respective 3D camera 133 is
stored inamemory associated with the imaging controller
143 to be processed for purposes of quality control and
potentially other purposes.

[0017] Theimaging controller 143 generates feedback
signals 146a, 146b, or 146¢ that are used to adjust the
operational set point for each one of the breaker guiding
systems 116a/b and the tread application shifter 117 as
shown.

[0018] Next a description of the operation of the tire
building machine 100 is described. When building a tire,
the tire building drum 103 is moved to position A just
above an end roller of the first application conveyor 106a.
Initially, the first breaker 114a, second breaker 114b, and
the green rubber tread 115 are all stored as a single con-
tinuous strip on a spool that unravels as the breaker 114
a/b or green rubber tread 115 progress onto the feed
conveyors 109 a/b or the tread application conveyor 113
as is appropriate. At some pointin the process the single
continuous strip of the breaker 114a/b or the greenrubber
tread 115 on a spool is cut into tire-sized segments that
move along the feed conveyors 109a/b or the tread ap-
plication conveyor 113.

[0019] The breakers 114a/b move along the first and
second feed conveyors 109a/b, the breaker guiding sys-
tems 116a/b adjust the lateral position of the first and
second feed conveyors 109a/b, respectively, so that
when the breakers 114a/b transfer to their respective ap-
plication conveyors 106a/b, they are properly positioned
on the respective application conveyors 106a/b to be ap-
plied to the tire building drum 103. In applying the break-
ers 114a/b to the tire building drum 103, the breakers
114a/b are pinched between the tire building drum 103
and an applicationroller of the respective application con-
veyor 106a/b, thereby causing the breaker 114a/b to stick
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to the tire building drum 103 as it rotates about its axis.
In one embodiment, the distance between the tire build-
ing drum 103 and the final roller of the first and second
application conveyors 106a/b is approximately equal to
the thickness of a given breaker 114a/b.

[0020] Note that the first breaker 114a progresses
along the first application conveyor 106a and is applied
to the tire building drum 103 when the tire building drum
103 is in position A. The second breaker 114b or the
green rubber tread 115 progress along the second ap-
plication conveyor 106b or the tread application conveyor
113 to be applied to the tire building drum 103 when the
tire building drum 103 is position B.

[0021] Whenagreenrubbertread 115reachestheend
of the tread application conveyor 113, the tread applica-
tion shifter 117 positions the application of the green rub-
ber tread 115 onto the tire building drum 103 from the
tread application conveyor 113. In this manner, a green
rubber tread 115 is positioned on the tire building drum
103 as it is transferred from the tread application con-
veyor 113 to the tire building drum 103.

[0022] When the tire building drum 103 is in position A
or position B to receive a first breaker 114a, a second
breaker 114b, or the green rubber tread 115, the tire
building drum 103 begins to rotate such that the respec-
tive breaker 114a/b or green rubber tread 115 is applied
thereto. At such time, the image controller 143 causes a
respective laser 126 to illuminate the laser trace 129
across the tire building drum 103. Also, the image con-
troller 143 further causes the respective 3D camera 133
to generate the laser traces 129 from which the 3D image
136 of the tire building drum 103 is generated. The 3D
image 136 is stored in a memory associated with the
image controller 143.

[0023] The imaging controller 143 then accesses the
3D image 136 to perform specific analysis. In the case
where the 3D image 136 depicts a breaker 114a/b as it
has been applied to the tire building drum 103, the im-
aging controller 143 identifies a center of the breaker in
the 3D image 136. Also, the imaging controller 143 iden-
tifies a target position on the tire building drum 103 that
is where the breaker 114a/b is to be centered. In one
embodiment, such a target position is the center of the
tire building drum 103. Although the center may be ref-
erenced herein, it is understood that the target position
may be at some location on the tire building drum 103
other than the center, where the center of the tire building
drum 103 is cited herein as an example.

[0024] Next, a difference between the center of the
breaker 114a/b and the center of the tire building drum
103 isdiscussed. Ideally, the center ofthe breaker 114a/b
should be aligned with the center of the tire building drum
103. However, in reality such alignment is difficult to
achieve where a difference is often experienced between
the respective centers. According to various embodi-
ments, this difference expressed in terms of units of
length such as millimeters is applied to corresponding
breaker guiding system 116a/b as a breaker position
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feedback error to determine a position of a subsequent
breaker 114a/b that is transferred from the respective
feed conveyor 109a/b to the respective application con-
veyor 106a/b. Specifically, in one embodiment, in apply-
ing the difference to the breaker guiding system 116a/b,
a control setpoint of the breaker guiding system 116a/b
is adjusted by the difference to control the lateral position
of a subsequent breaker as applied to the tire building
drum.

[0025] Inresponse thereto, the breaker guiding system
116a/b will adjust the lateral position of the respective
feed conveyor 109a/b so that the next breaker 114a/b is
positioned on the respective application conveyor 106a/b
such that the difference between the center of the breaker
114a/b and the center of the tire building drum 103 is
minimized. In this manner, any difference between a
center of given breaker 114a/b applied to the tire building
drum 103 and a center of the tire building drum 103 is
minimized over time and closer alignment between the
center of the breaker 114a/b and the center of the tire
building drum 103 is achieved.

[0026] After the breakers 114a/b have been applied
and the tire building drum 103 is in position B, the green
rubber tread 115 is applied to the tire building drum 103.
As described above, 3D image 136 is generated of the
tire building drum 103 as the green rubber tread 115 is
applied to the tire building drum 103. The imaging con-
troller 143 analyzes the 3D image 136 and identifies a
center of the green rubber tread 115 in the 3D image
136. Various approaches for identifying the center of the
green rubber tread 115 are further described with refer-
ence to later figures. A difference is identified between
the center of the green rubber tread 115 and the center
(or other target position) of the tire building drum 103.
This difference is expressedin term of millimeters or other
appropriate unites and it applied as a tread position feed-
back error to the tread application shifter 117 to guide
the lateral position of a subsequent green rubber tread
115 as it is applied to the tire building drum 103. In one
embodiment, in applying the difference as a tread posi-
tion feedback error to the tread application shifter 117, a
control setpoint of the tread application shifter 117 is ad-
justed to control a lateral position of a subsequent green
rubber tread 115 as applied to the tire building drum 103
based on the difference. That is to say, adjusting the con-
trol setpoint causes a corresponding shift of the lateral
position of a subsequent green rubber tread 115 as it is
applied to the tire building drum 103.

[0027] Referring FIG. 2, shown is an example of a tire
building drum 103 according to various embodiments.
The tire building drum 103 includes several drum seg-
ments 153 with interleaving fingers 156. The interleaving
fingers 156 comprise a feature of the tire building drum
103 that may be used to locate target positions such as
the center of the tire building drum 103. In addition, other
such features may comprise bolt holes, edge lines of
components, and other features. Also, a marker 173 may
also be engraved or otherwise disposed on a surface of
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the tire building drum 103. A target position such as the
center of the tire building drum 103 may be determined
relative to a given feature or marker of the tire building
drum 103. In addition, the tire building drum 103 includes
a centerline 169 that may be engraved or otherwise dis-
posed on the surface of the drum segments 153. In one
embodiment, the marker 173 is positioned on the tire
building drum 103 at a location toward a side edge 163
or 166 of the tire building drum 103 where it will not be
covered by a breaker 114a/b or green rubber tread 115.
[0028] With reference to FIG. 3, shown is an example
of a 3D image 136, denoted herein as 3D image 136a,
according to one embodiment of the present disclosure.
As shown, the 3D image 136a depicts a first edge 183
and a second edge 186 of the tire building drum 103 (FIG.
1). The imaging controller 143 (FIG. 1) is configured to
detect the first edge 183 and the second edge 186 in the
3D image 136a. A given target position on the tire building
drum 103 may be determined relative to the first edge
183 and the second edge 186. For example, the center
189 of the tire building drum 103 can be determined as
the midpoint between the first and second edges 183 and
186 in the 3D image 136a.

[0029] Theimaging controller 143 is further configured
to detect a first edge 193 and a second edge 196 of the
breaker 114a/b in the 3D image 136a. The center 199 of
the breaker 114a/b can be determined as the midpoint
between the first and second edges 183 and 186 of the
breaker 114a/b.

[0030] In addition, the imaging controller 143 is further
configured to verify a radius of the tire building drum 103.
To do so, an uncovered one of the segments 153 (FIG.
2) of the tire building drum 103 that is uncovered by a
breaker 114a/b (FIG. 3) oragreenrubbertread 115 (FIG.
1) is identified in the 3D image 136a and the radius of
the segment 153 is determined along an axis across the
uncovered segment 153 of the tire building drum 103.
Given that there will be many radius readings that might
vary along the axis measured, in one embodiment the
values for the radius along the axis measured are aver-
aged to provide an average radius to be used to verify
that the radius of the tire building drum 103 is within a
predefined tolerance of a radius specified in a given tire
recipe.

[0031] With reference nextto FIGS. 4A and 4B, shown
are flowcharts that provide examples of the operation of
functionality of the image controller 143, denoted herein
as image controller 143a and 143b, according to various
embodiments. It is understood that the flowcharts of
FIGS. 4A and 4B provide merely examples of the many
different types of functional arrangements that may be
employed to implement the operations depicted therein.
As an alternative, the flowcharts of FIGS. 4A and 4B may
be viewed as depicting an example of elements of a meth-
od implemented in the image controller 143 according to
various embodiments.

[0032] As depicted in FIGS. 4A and 4B, there are var-
ious approaches for determining the center 189 (FIG. 3)
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of the tire building drum 103 (FIG.3) according to various
embodiments. With reference to FIG. 4A, in box 203 a
first edge 183 (FIG. 3) of the tire building drum 103 is
identified in the 3D image 136a (FIG. 3). Thereafter, in
box 206, a second edge 186 (FIG. 3) of the tire building
drum 103 is identified in the 3D image 136a. In box 209,
the location of the center 189 of the tire building drum
103 is calculated as the midpoint between the first and
second edges 183 and 186. Thereafter, the function ends
as shown.

[0033] Referring to FIG. 4B, in box 213 a feature of the
tire building drum 103 such as a finger 156 (FIG. 2), cen-
terline 169 (FIG. 2), bolt hole, or other feature is identified
in the 3D image 136a. Alternatively, a marker 173 (FIG.
2) of predefined design is identified on a segment 153
(FIG. 2) of the tire building drum 103, where the marker
173 is located at a predefined distance from the center
189 of the tire building drum 103. As an additional alter-
native, a feature of a structure may be located in the 3D
image 136 (FIG. 1), where the tire building drum 103 is
attached to the structure. The location of the center 189
of the tire building drum 103 may be determined relative
to the position of the feature on the structure. Then, in
box 216 the center 189 of the tire building drum 103 is
determined relative to the feature or marker 173 identified
on the tire building drum 103. Specifically, the center 189
of the tire building drum 103 is identified as being a pre-
defined distance from the feature or marker 173. There-
after, the function ends as shown.

[0034] In an additional alternative, the center 189 of
the tire building drum 103 may be determined using a
retractable guide attached to a structure that moves with
the tire building drum 103. Such a retractable guide may
be configured to move between a first position to a sec-
ond position. In one embodiment, the retractable guide
is stored in the first position and the retractable guide
indicate the center 189 of the tire building drum 103 in a
field of view of a camera 133 the machine vision system
123 when in the second position. The center 189 of the
tire building drum 103 is thus determined based on a
three dimensional image of retractable guide in the sec-
ond position.

[0035] Referring next to FIG. 5, shown is a flowchart
that provides one example of the operation of a portion
of the image controller 143, denoted herein as image
controller 143c, according to various embodiments. It is
understood that the flowchart of FIG. 5 provides merely
an example of the many different types of functional ar-
rangements that may be employed to implement the op-
erations described herein. As an alternative, the flow-
chart of FIG. 5 may be viewed as depicting an example
of elements of a method implemented in the image con-
troller 143 according to one or more embodiments.
[0036] To begin, in box 233 the image controller 143c
waits until a time that a 3D image 136a (FIG. 3) is to be
acquired as a breaker 114a/b (FIG. 3) is applied to the
tire building drum 103 (FIG. 3). In box 236, the 3D image
136a is acquired as a breaker 114a/b is applied thereto
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and the 3D image 136ais stored inamemory. Thereafter,
in box 239, a center 189 (FIG. 3) of the tire building drum
103 is identified in the 3D image 136a as was described
above, for example, with reference to FIGS. 3, 4A, and/or
4B above.

[0037] Then, in box 243 the axial position of the tire
building drum 103 is verified to ensure that it is properly
in position A (FIG. 1) or position B (FIG. 1). To verify the
position of the tire building drum 103, the position of the
center 189 of the tire building drum 103 is compared with
a calibration center stored in memory to determine
whether the center 189 is within a predefined tolerance
of the calibration center, where the calibration center was
identified when the machine vision system 123 (FIG. 1)
was last calibrated as will be described. Alternatively, a
location of one or both of the side edges 183 (FIG. 3) and
186 (FIG. 3) of the tire building drum 103, locations of
features of the tire building drum 103, or a location of a
marker 173 (FIG. 2) on the tire building drum 103 can be
compared with a similar calibration counterpart to verify
that the tire building drum 103 is within a predefined tol-
erance of position A or B (FIG. 1) as determined during
initial calibration of the machine vision system 123.
[0038] If the axial position of the tire building drum 103
is not within acceptable tolerances, then in box 249 a flag
is set in the image controller 143 that causes a warning
to be issued that the tire building drum 103 is out of po-
sition. An appropriate alarm may be generated to warn
operators that the tire building drum 103 is out of position
so that appropriate corrective action can be taken. Such
a warning may be, for example, a warning light, warning
sound, an element on a graphical user interface, or other
type of warning indication. Thereafter, the image control-
ler 143c proceeds to box 253. Assuming that the axial
position of the tire building drum 103 is within acceptable
tolerances of position A or position B, then execution pro-
ceeds directly to box 253.

[0039] In box 253, the image controller 143c verifies
that the radius of the tire building drum is within accept-
able tolerance of a desired radius obtained from a specific
tire recipe. As was discussed above, the radius of the
tire building drum 103 is determined across an uncovered
one of the segments 153 of the tire building drum 103 in
the 3D image 136a. Given that the radius may vary from
point to point along an axis across the uncovered seg-
ment 153, an average radius may be calculated from all
of the individual radius measurements to compare
against the radius identified in a recipe for a given tire in
production.

[0040] If the radius as determined in box 256 is not
within an acceptable tolerance, then in box 259 a flag is
set that indicates that a drum radius is outside of accept-
able tolerance. An appropriate alarm may be generated
to warn operators that the radius of the tire building drum
103 is outside of acceptable tolerance so that appropriate
corrective action can be taken. Such a warning may be,
for example, a warning light, warning sound, an element
on a graphical user interface, or other type of warning
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indication. Thereafter, the execution proceeds to box
263. If it is determined in box 256 that the radius of the
tire building drum 103 is within acceptable tolerances,
then the execution proceeds directly to box 263.

[0041] In box 263 the first side edge 193 and second
side edge 196 of the breaker 114a/b are identified in the
3D image 136a. In identifying a location of each of the
side edges 193 and 196, multiple values for the location
of the side edges 193 and 196 may be identified along
the breaker 114a/b, where variation in the location of the
side edges 193 and 196 may occur due to normal process
variation. As such, values for the location of the side edg-
es 193 and 196 may be calculated as an average of mul-
tiple values for the side edges 193 and 196. According
to one embodiment, average values for the location of
the side edges 193 and 196 can be calculated from mul-
tiple values for individual side edges 193 and 196.
[0042] Thereafter, in box 266 a center 199 (FIG. 3) of
the breaker 114a/b in the 3D image 136a is determined
as the midpoint between the first and second edges 193
and 196. Next, in box 269, a difference between the cent-
er 189 of the tire building drum 103 and the center 199
of the breaker 114a/b is identified. This difference may
first be identified as a number of pixels between the cent-
er 189 and the center 199. The pixels may then be con-
verted to a unit of length such as millimeters. Then, in
box 273 the difference expressed in terms of units of
length such as millimeters is provided as a breaker po-
sition feedback error to a respective one of the breaker
guiding systems 116a/b to guide the lateral position of a
subsequent breaker 114a/b on a respective application
conveyor 106a/b. Thereafter, the execution ends as
shown.

[0043] Referring next to FIG. 6, shown is a further ex-
ample of a 3D image 136 (FIG. 1), denoted herein as 3D
image 136b, according to various embodiments. The 3D
image 136b depicts an example of a green rubber tread
115 scanned during an application of the green rubber
tread 115 to the tire building drum 103 (FIG. 1). As de-
picted in the 3D image 136b, the green rubber tread 115
includes peaks 293 and valleys 296 that are formed when
the green rubber tread 115 is first extruded. Generally,
the shape of the green rubber tread 115 depends upon
the design of the tire that is to be created therefrom.
[0044] Asnoted, the center 189 of the tire building drum
103 (not shown) is identified, for example, as was dis-
cussedwithrespectto FIGS. 3,4A,and4B. The 3D image
136b further provides for multiple profile traces 306 which
comprise a line of pixels that represent the height or ra-
dius across a single trace of the green rubber tread 115.
As contemplated herein, such a radius is the radius from
the center of the tire building drum 103 to the surface of
the green rubber tread 115 or the breaker 114a/b. A pro-
file trace 306 thus provides a height or radius of the profile
of the green rubber tread 115 along the trace across the
green rubber tread 115.

[0045] According to various embodiments, a tread
center 303 is ultimately identified in the 3D image 136b
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using one of the approaches described in greater detail
with reference to later figures. Such approaches may in-
volve, forexample, determining the tread center 303 from
a die line in the green rubber tread 115 or performing a
convolution between a profile trace 306 and a predefined
tread profile as will be described. According to one em-
bodiment, each of these approaches involves determin-
ing a value in terms of a pixel location in the 3D image
136b for the tread center 303 from a profile trace 306.
[0046] As will be described, multiple values for the
tread center 303 may be obtained by examining multiple
profile traces 306 across various locations of the green
rubber tread 115. Depending on the resolution of the 3D
image 136b, the values for the tread center 303 may vary
from one profile trace 306 to another. Inone embodiment,
the ultimate location of the tread center 303 in the 3D
image 136b may be determined by averaging the loca-
tions of multiple different values for the tread center 303
from multiple different profile traces 306.

[0047] Referring next to FIG. 7, shown is a flowchart
that provides one example of the operation of a portion
of the image controller 143, denoted herein as image
controller 143d, according to various embodiments. It is
understood that the flowchart of FIG. 7 provides merely
an example of the many different types of functional ar-
rangements that may be employed to implement the op-
erations described herein. As an alternative, the flow-
chart of FIG. 7 may be viewed as depicting an example
of elements of a method implemented in the image con-
troller 143 according to one or more embodiments.
[0048] To begin, in box 313 the image controller 143d
waits until a time that a 3D image 136b (FIG. 6) is to be
acquired as a green rubber tread 115 (FIG. 6) is applied
to the tire building drum 103 (FIG. 1). In box 316, the 3D
image 136b is acquired as a green rubber tread 115 is
applied thereto and the 3D image 136b is stored in a
memory. Thereafter, in box 319, a center 189 (FIG. 3) of
the tire building drum 103 is identified in the 3D image
136b as was described above, for example, with refer-
ence to FIGS. 3, 4A, and/or 4B. Then, in box 323 the
axial position of the tire building drum 103 is verified to
ensure that it is properly in position A (FIG. 1) or position
B (FIG. 1). To verify the position of the tire building drum
103, the position of the center 189 of the tire building
drum 103 in the 3D image 136b is compared with a cal-
ibration center stored in memory to determine whether
the center 189 is within a predefined tolerance of the
calibration center, where the calibration center was iden-
tified when the machine vision system 123 (FIG. 1) was
last calibrated as will be described. Alternatively, a loca-
tion of one or both of the side edges 183 (FIG. 3) and
186 (FIG. 3) of the tire building drum 103, locations of
features of the tire building drum 103, or a location of a
marker 173 (FIG. 2) on the tire building drum 103, can
be compared with a similar calibration counterpart to ver-
ify that the tire building drum 103 is within a predefined
tolerance of position A or B (FIG. 1) as determined during
initial calibration of the machine vision system 123.
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[0049] If the axial position of the tire building drum 103
is not within acceptable tolerances, then in box 329 a flag
is set in the image controller 143 that causes a warning
to be issued that the tire building drum 103 is out of po-
sition. Such a warning may be, for example, a warning
light, warning sound, an element on a graphical user in-
terface, or other type of warning indication. Thereafter,
the image controller 143d proceeds to box 333. Assum-
ing that the axial position of the tire building drum 103 is
within acceptable tolerances of position A or position B,
then execution proceeds directly to box 333.

[0050] In box 333, the image controller 143d verifies
that the radius of the tire building drum is within accept-
able tolerance of adesired radius obtained from a specific
tire recipe. As was discussed above, the radius of the
tire buildingdrum 103 is determined across an uncovered
one of the segments 153 (FIG. 3) of the tire building drum
103 in the 3D image 136b. Given that the radius may
vary from point to point along an axis across the uncov-
ered segment 153, an average radius may be calculated
from all of the individual radius measurements to com-
pare against the radius identified in a recipe for a given
tire in production. The radius of the tire building drum 103
is set equal to the average radius. In box 336, if the radius
of the tire building drum 103 is not within an acceptable
tolerance, then in box 339 a flag is set that indicates that
the radius of the tire building drum 103 is outside of ac-
ceptable tolerance. An appropriate alarm may be gener-
ated to warn operators that the radius of the tire building
drum 103 is outside of acceptable tolerance so that ap-
propriate corrective action can be taken. Such a warning
may be, for example, a warning light, a warning sound,
an element on a graphical user interface, or other type
of warning indication. Thereafter, the execution proceeds
to box 343. If it is determined in box 336 that the radius
of the tire building drum 103 is within acceptable toler-
ances, then the execution proceeds directly to box 343.
[0051] In box 343, the tread center 303 (FIG. 6) is de-
termined using one of multiple approaches. According to
various embodiments, such approaches may involve, for
example, determining the tread center 303 from a die line
in the green rubber tread 115, performing a convolution
between a profile trace 306 and a predefined tread profile,
or some other approach. The approaches involving the
die line and the convolution will be described in further
detail with reference to later figures.

[0052] Once the tread center 303 is identified, then a
distance between the center 189 of the tire building drum
103 and the tread center 303 is determined in box 346.
This difference may be determined by identifying a
number of pixels between the center 189 of the tire build-
ing drum 103 and the tread center 303 and converting
the number of pixels determined to an actual length in
terms of millimeters or other units. Similarly, other dis-
tances identified in terms of pixels in the 3D image 136
may be converted to a length in terms of millimeters or
other units.

[0053] In box 349, the difference between the tread
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center 303 and the center 189 of the tire building drum
103 is applied to the tread application shifter 117 (FIG.
1) as a tread position feedback error to correct the appli-
cation of a subsequent green rubber tread 115 onto the
tire building drum 103 from the tread application conveyor
113 (FIG. 1). Thereafter, the execution ends as shown.
[0054] With reference to FIG. 8, shown is an example
of an image of a laser trace 129 that falls incident on a
green rubber tread 115. A respective one of the 3D cam-
eras 133 take multiple images of the laser trace 129 as
the tire building drum 103 rotates as was described
above. Ultimately, the image controller (143) generates
a profile trace 306. To do so, the height values of the
pixels in an image of the laser trace 129 taken by a re-
spective 3D camera 133 are translated into the actual
height or radius values of the profile trace 306. This trans-
lation may be performed, for example, using a lookup
table or by way of some other approach to account for
the angle of view and other parameters so that the height
or radius of the profile trace 306 accurately reflects the
actual height or radius of the green rubber tread 115 at
a given instant. The translated values are determined
during a calibration process as will be described. Also
shown is an example of a predefined tread profile 353
aligned with the profile trace 306 of the green rubber
tread. The predefined tread profile 353 is a profile of a
green rubber tread 115 that is the same or similar to the
dimensions of the mold from which the green rubber tread
115 is extruded.

[0055] Referring next to FIG. 9, shown is an example
of a profile trace 306 taken at various locations along the
green rubber tread 115 (FIG. 6) of the 3D image 136b
(FIG. 6) according to various embodiments. As shown,
a die line in a given green rubber tread 115 is identified
by a relatively sharp die line peak 363 in the middle of
the green rubber tread 115. The die line peak 363 forms
a linear projection along the length of the green rubber
tread 115. The die line peak 363 is formed in the green
rubber tread 115 when it is extruded from a mold. The
die line peak 363 may be detected by identifying the
slopes of the die line peak 363 that are generally steeper
than other slopes of the green rubber tread 115. Accord-
ing to one embodiment, a highest point on the peak is
taken as the tread center 303 (FIG. 6) for a given profile
trace 306. Alternatively, a location of the base of the die
line peak 363 on either side of the die line peak 363 may
be identified and the tread center 303 may be determined
as the midpoint between the locations of the bases on
either side of the die line peak 363. The location where
the base of a die line peak 363 meets the rest of the green
rubber tread 115 may be determined by detecting a point
where the slope of the die line peak 363 transitions sharp-
ly to some other slope.

[0056] If the die line peak 363 is deformed such that
the attempt to locate a tread center 303 is inconclusive,
the profile trace 306 may be discarded and further profile
traces 306 may be identified and examined. Such an oc-
currence is possible given normal process variation in



15 EP 4 360 864 A1 16

extruding the green rubber tread 115 as can be appreci-
ated.

[0057] Referring next to FIG. 10, shown is a flowchart
that provides one example of how the tread center 303
(FIG. 6)is determined in box 343 (FIG. 9), denoted herein
as tread center determination process 343a. As de-
scribed below, the die line tread center determination
process 343a involves determining the tread center 303
from the die line in a green rubber tread 115 (FIG. 6). It
is understood that the flowchart of FIG. 10 provides mere-
ly an example of the many different types of functional
arrangements that may be employed to implement the
operations described herein. As an alternative, the flow-
chart of FIG. 10 may be viewed as depicting an example
of elements of a method implemented in the image con-
troller 143 (FIG. 1) according to one or more embodi-
ments.

[0058] Beginning at box 373, a first profile trace 306 is
identified in the green rubber tread 115 depicted in the
3D image 136b (FIG. 6). The first profile trace 306 may
be one of several that are selected at predefined intervals
along the green rubber tread 115 or the selection of the
first profile trace 306 may be performed in some other
manner.

[0059] Next, in box 376, a location of the die line peak
363 (FIG. 9) is identified in the current profile trace 306
under consideration. This may be done, for example, by
examining the profile trace 306 for the slope of the die
line peak 363 which may be a slope greater than a pre-
defined slope or some other approach may be used.
[0060] In box 379, an instance of a tread center value
of the green rubber tread 115 is identified in the profile
trace 306 based on the position of the die line peak 363.
In this respect, a center of the die line peak 363 may be
taken as the tread center value. Alternatively, a location
of the highest point of the die line peak 363 on the profile
trace 306 may be taken as the tread center value. In
addition, the tread center value may be determined from
the die line peak 363 in some other manner.

[0061] Next,inbox 383, theinstance of the tread center
303 determined in box 379 is stored in memory. Then,
in box 386 it is determined whether the last profile trace
306 has been considered. The total number of profile
traces 306 to be considered may vary where a greater
number of profile traces 306 considered may provide for
greater accuracy in locating the tread center 303. A max-
imum number of profile traces 306 that can be considered
would be the maximum number of profile traces 306 that
exist in the 3D image of the green rubber tread 115.
[0062] If there are further profile traces 306 to be con-
sidered as determined in box 386, then in box 389 a next
profile trace 306 is identified from the green rubber tread
115 as depicted in the 3D image 136a. Thereafter, the
process reverts back to box 376 to consider the next pro-
file trace 306 in amanner as described above. Otherwise,
the process proceeds to box 393. In view of the above,
the die line of the green rubber tread 115 is identified by
identifying the instances of the die line peaks 363 as de-
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scribed above.

[0063] In box 393, the tread center 303 is calculated
as an average of the instances of tread center values
obtained from the various profile traces 306 considered
as described above. In this manner, a determination of
the location of the tread center 303 of the green rubber
tread 115 may be made based on the location of the die
line of the green rubber tread 115. Thereafter, the proc-
ess ends as shown. In this manner, the center of the
green rubber tread 115 is determined based on the lo-
cation of the die line of the green rubber tread 115.
[0064] Turningnextto FIG. 11, shown is an image that
depicts a maximum overlap 396 of a given profile trace
306 (FIG. 6) and a predefined tread profile 353 according
to various embodiments. The predefined tread profile 353
is a profile of a green rubber tread 115 that is the same
or similar to the dimensions of the mold from which the
green rubber tread 115 is extruded. Given process var-
iation, a given profile trace 306 ends up looking a bit
different, but loosely follows the predefined tread profile
353 as can be appreciated.

[0065] According to one embodiment, to find the tread
center 303 (FIG. 6), a mathematical functionis performed
in which the predefined tread profile 353 is convoluted
with the profile trace 306 to identify a tread center value
for the respective profile trace 306. The convolution func-
tion is expressed as follows:

F+9)® =" fF@glt-1)dr

[0066] According to one embodiment, the tread center
303 is determined based on a convolution of one or more
profile traces 306 and the predefined tread profile 353,
where each profile trace 306 is taken as the function f(z)
and the predefined tread profile 353 is taken as the func-
tion g(t- 7). During the convolution of a given profile trace
306 and the predefined tread profile 353, a maximum of
the convolution function is identified. This maximum can
be viewed as indicating a point at which a maximum over-
lap exists between a given profile trace 306 and the pre-
defined tread profile 353. Note that the actual convolution
of a profile trace 306 and the predefined tread profile 353
is performed using discreet values that represent a given
profile trace 306 and the predefined tread profile 353.
[0067] When the maximum is identified, the tread cent-
er value of the profile trace 306 is deemed to be the pixel
location that corresponds to the maximum. Multiple tread
center values may be obtained by performing multiple
instances of convolution between a number of profile
traces 306 and the predefined tread profile 353. The tread
center 303 is then calculated as an average of the tread
center values obtained from the multiple convolution in-
stances.

[0068] Referring next to FIG. 12, shown is a flowchart
that provides one example of how the tread center 303
(FIG. 6)is determined in box 343 (FIG. 7), denoted herein
as tread center determination process 343b. As de-
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scribed below, the die line tread center determination
process 343b involves performing a convolution between
one or more profile traces 306 (FIG. 11) and the prede-
fined tread profile 353 (FIG. 11) for a given green rubber
tread 115 (FIG. 6). It is understood that the flowchart of
FIG. 12 provides merely an example of the many different
types of functional arrangements that may be employed
to implement the operations described herein. As an al-
ternative, the flowchart of FIG. 12 may be viewed as de-
picting an example of elements of a method implemented
in the image controller 143 (FIG. 1) according to one or
more embodiments.

[0069] Beginning at box 423, the tread center determi-
nation process 343b identifies a first profile trace 306 in
the 3D image 136b (FIG. 6) for consideration. Thereafter,
in box 426 a convolution is performed between the cur-
rent profile trace 306 and the predefined tread profile
353. Next, in box 429 a tread center value is identified
for the current profile trace 306 based on a position of
the convolution maximum.

[0070] Then, in box 433 the tread center value identi-
fied in box 429 is stored in a memory. Thereafter, in box
436 it is determined if the last profile trace 306 has been
processed to generate a tread center value. If not, then
in box 439 a next profile trace 306 is identified in the 3D
image 136b for consideration. Thereafter, the process
reverts to box 426 to repeat the process with the next
profile trace 306. Otherwise, the process proceeds to box
443.

[0071] Inbox 443 the tread center 303 is calculated as
an average of the respective tread center values identi-
fied from each instance of convolution between a respec-
tive profile trace 306 and the predefined tread profile 353.
Thereafter, the process ends as shown.

[0072] Asdescribed above, aloop is repeated for each
profile trace 306 considered from the green rubber tread
115 as depicted in the 3D image 136b to obtain multiple
tread center values from which an average may be cal-
culated. However, as an additional alternative, a single
convolution may be performed between a profile trace
306 and the predefined tread profile 353, and the tread
center value resulting therefrom may be taken as the
tread center 303.

[0073] Referring next to FIG. 13, shown is a block di-
agram of a feedback loop 450 that generates a difference
between the center of a tire building drum 103 (FIG. 1)
and either the center 199 (FIG. 3) of a breaker 114a/b
(FIG. 1) or a tread center 303 (FIG. 6). This difference is
then used as a position feedback error that is used to
control the breaker guiding systems 116a/b (FIG. 1) or
the tread application shifter 117 (FIG. 1).

[0074] To begin, a target position input 453 that indi-
cates a desired position on the tire building drum 103 is
input to a summing junction 456. According to one em-
bodiment, the target position indicated by the target po-
sition input 453 is zero, which indicates a center of the
tire building drum 103.

[0075] The summing junction 456 generates an error
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signal 459 based on the feedback received as will be
described. The error signal is applied to a proportional-
integral-derivative (PID) filter 463 that generates a set-
point adjustment 466. The setpoint adjustment is then
used to adjust a setpoint of a respective one of the break-
er guiding systems 116a/b (FIG. 1) or the tread applica-
tion shifter 117. In response to the setpoint adjustment,
a physical response 473 occurs in the form of a lateral
adjustment by a respective one of the feed conveyors
109 a/b or the tread application shifter 117 in an attempt
to minimize the error.

[0076] An operation 476 of the tire building machine
100 (FIG. 1) proceeds to cause the next breaker 114a/b
or green rubber tread 115 to be applied to the tire building
drum 103. This results in a view 479 of a breaker 114a/b
orgreenrubbertread 115 being applied to the tire building
drum 103. The machine vision system 483 generates the
3D image 136 (FIG. 1) and generates the difference 486
between the center 189 (FIG. 3) of the tire building drum
103 and the center 199 of a respective breaker 114a/b
or the tread center 303 as described above. The differ-
ence 486 is then applied to the summing junction 456 to
close the loop, thereby generating the error signal 459.
[0077] ReferringnexttoFIG. 14, shownisatire building
drum 103 that includes a calibration fixture 503 attached
thereto. To calibrate the machine vision system 123, the
radius of the tire building drum 103 is set at a known
radius. The calibration fixture 503 is attached to one of
the segments 153 of the tire building drum 103. The cal-
ibration fixture 503 may vary in height from one end to
the next, although such variation is not shown in FIG. 14,
where the flat calibration fixture 503 is provided for pur-
poses of illustration. Given that the tire building drum 103
is set to a known radius, the radius of all surfaces of the
calibration fixture 503 relative to the center of the tire
building drum 103 may be determined given that the po-
sition of the surfaces of the calibration fixture 503 are
known relative to the bottom of the calibration fixture 503
that contacts the tire building drum 103. In this respect,
the known radius of the tire building drum 103 comprises
a calibration radius.

[0078] To calibrate the machine vision systems 123,
the tire building drum 103 is placed in position A (FIG. 1)
and position B (FIG. 1) to calibrate the input from both
3D cameras 133 (FIG. 1). After the tire building drum 103
is positioned in one of the positions A or B, then the cal-
ibration fixture 503 is attached thereto. The calibration
procedure described herein is completed in both posi-
tions A and B as can be appreciated.

[0079] Once the tire building drum 103 is located in a
respective position A or B, the laser is directed to the tire
building drum 103 and the tire building drum 103 is po-
sitioned so that the laser 126 creates a trace across the
calibration fixture 503 attached to the tire building drum
103. The 3D camera 126 then generates an axial image
trace across the calibration fixture 503. Thereafter, the
axial image trace is processed to calibrate the machine
vision system 123 as will be described.
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[0080] With reference nextto FIG. 15, shown is a por-
tion of a 3D image 136, denoted herein as 3D image
136¢. Once the machine vision system 123 is calibrated,
the calibration fixture 503 (FIG. 14) is removed and the
3D image 136¢ is generated by the machine vision sys-
tem 123. The 3D image 136¢ is generated while the tire
building drum 103 is rotated. A portion of a 3D image
136¢ is shown in FIG. 15.

[0081] According to one embodiment, at least one, or
both, of the edges 506 of the tire building drum 103 are
identified in the 3D image 136c¢. The location of the edges
506 are stored in a memory as calibrated edge positions
for the tire building drum 103. The calibrated edge posi-
tions of the tire building drum 103 are stored to be used
to verify a position of the tire building drum 103 in posi-
tions A and B during a tire build.

[0082] In one embodiment, a calibration center 509 of
the tire building drum 103 is determined as a midpoint
between the first calibration edge position and the second
calibration edge position of the tire building drum. The
calibration center 509 may be stored in memory for use
in verifying a position of the tire building drum 103 in
positions A and B during a tire build.

[0083] Referring next to FIG. 16, shown is a flowchart
that provides one example of a portion of the operation
of the image controller 143 (FIG. 1), denoted herein as
image controller 143e, that is executed to calibrate the
machine vision system 123 to use during the building of
tires. It is understood that the flowchart of FIG. 16 pro-
vides merely an example of the many different types of
functional arrangements that may be employed to imple-
ment the operations described herein. As an alternative,
the flowchart of FIG. 16 may be viewed as depicting an
example of elements of a method implemented in the
image controller 143 according to one or more embodi-
ments.

[0084] To begin, at box 513 an axial image trace is
obtained across the calibration fixture 503 (FIG. 14). The
3D cameras 126 includes a photo sensor array with hor-
izontal rows and vertical columns of pixels. Given the
angles at which the lasers 126 and 3D cameras 133 are
disposed relative to the calibration fixture 503, the loca-
tions of the pixels in the array columns are translated to
actual radius values based on the known radius or height
of all surfaces of the calibration fixture. Thus, in box 516
the positions of pixels in array columns on the photo sen-
sor array of the respective 3D cameras 122 are mapped
to corresponding actual radius values relative to the cent-
er of the tire building drum 103 in a lookup table depend-
ing on the known radius of all surfaces of the calibration
fixture 503. The lookup table can then be used by the
image controller 143 to generate the 3D images 136.
Thus, a position of each pixel in the axial image trace
relative to the center of the tire building drum 130 is known
based on a known position of each surface of the cali-
bration fixture 503 relative to the reference radius of the
tire building drum 103.

[0085] In one embodiment, the calibration fixture 503
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may establish a reference radius relative to the calibra-
tion radius of the tire building drum 103. In such case,
the actual radius values in the lookup table may be ex-
pressed in terms of a value representing a portion of a
radius added or subtracted from the reference radius.
[0086] Thus, the radius of the tire building drum 103
may be determined based on the reference radius deter-
mined from the axial image trace. The reference radius
may be determined from a predefined surface of the cal-
ibration fixture 503. To this end, the reference radius may
be determined by calculating an average of a plurality of
values from a portion of the axial image trace along the
predefined surface of the calibration fixture 503. This is
done so that the machine vision system 123 can reliably
generate further 3D images 136 (FIG. 1).

[0087] In addition, in calibrating the machine vision
system 123, the lasers 126 are directed to the calibration
fixture 503, where the tire building drum 103 is rotated
to a position such that the calibration fixture 503 is in the
location where the laser 126 is ultimately fall incident up-
on the green rubber tread 115. Also, the 3D cameras 133
are each focused to acquire the axial image trace as the
laser 126 falling incident to the calibration fixture 503.
[0088] Referring nextto FIG. 17, shown is a flowchart
that provides one example of a further portion of the op-
eration of theimage controller 143 (FIG. 1), denoted here-
in as image controller 143f, that is executed to verify a
position of the tire building drum 103 (FIG. 1) when is it
moved into position A or B (FIG. 1). It is understood that
the flowchart of FIG. 15 provides merely an example of
the many different types of functional arrangements that
may be employed to implement the operations described
herein. As an alternative, the flowchart of FIG. 15 may
be viewed as depicting an example of elements of a meth-
od implemented in the image controller 143 according to
one or more embodiments.

[0089] As was mentioned with respect to FIG. 15, the
edges 506 (FIG. 15) of the tire building drum 103 are
identified and stored in memory as calibrated edge po-
sitions to be used to verify the position of the tire building
drum 103 during future tire builds when the tire building
drum 103 is moved into positions A or B. To determine
the edges 506 of the tire building drum 103, the same
procedure is employed as was discussed with reference
to FIG. 4A above.

[0090] Beginning with box 533, the tire building drum
103 is moved from a first position to either position A or
B. Thatis to say, the tire building drum 103 may be moved
from some position other than positions A or B to one of
positions A or B, or the tire building drum 103 may be
moved between positions A and B. In any event, when
the tire building drum 103 stops in position A or B, in box
536 a 3D image 136 is generated of the tire building drum
103 while a breaker 114a/b or a green rubber tread 115
is applied to the tire building drum 103.

[0091] Next, in box 539 a position of one or both of
edges 193 and 196 (FIG. 3) of the tire building drum are
identified as was described with reference to FIG. 4A.
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Also, a position of the center 189 (FIG. 3) of the tire build-
ing drum 103 may be determined as the midpoint of the
edges 193 and 196 if the positioning of the tire building
drum 103 is to be determined based on the center 189
of the tire building drum 103. However, in one embodi-
ment, the verification of the positioning of the tire building
drum 103 may be performed with the edges 193 and 196
without determining the center 189 of the tire building
drum 103.

[0092] In box 543 the accurate positioning of the tire
building drum 103 in position A or B is verified by deter-
mining whether one or both of the edges 193 and 196 of
the tire building drum 103 is/are within a predefined tol-
erance from the calibration edge positions 506. Alterna-
tively, accurate verification that the tire building drum 103
is in position A or B by verifying that the center 189 of
the tire building drum 103 is located within a predefined
tolerance from the calibration center 509.

[0093] If the tire building drum 103 is positioned such
that it is outside of position tolerances associated with
positions A or B, then an alarm is generated to alert op-
erators so that corrective action can be taken. Such an
alarm may be, for example, a warning light, warning
sound, an element on a graphical user interface, or other
type of warning indication.

[0094] Next, in box 546 the radius of the tire building
drum 103 is verified to be within a predefined tolerance
of the radius of the tire currently being built by the tire
building machine 100 (FIG. 1) as was discussed with
reference to FIGS. 5 and 7 above.

[0095] If the radius of the tire building drum 103 is out-
side of a predefined tolerance associated with the recipe
of the current tire being made by way of the tire building
drum 103, then an alarm is generated to alert operators
so that corrective action can be taken. Such an alarm
may be, for example, a warning light, warning sound, an
element on a graphical user interface, or other type of
warning indication.

[0096] Thereafter, the process ends as shown.
[0097] Withreferenceto FIG. 18, shownis a schematic
block diagram of one example of the imaging controller
143 according to an embodiment of the present disclo-
sure. The imaging controller 143 comprises a computing
device that includes at least one processor circuit, for
example, having a processor 553 and a memory 556,
both of which are coupled to a local interface 559. The
local interface 559 may comprise, for example, a data
bus with an accompanying address/control bus or other
bus structure as can be appreciated.

[0098] Stored in the memory 556 are both data and
several components that are executable by the processor
553. In particular, stored in the memory 556 and execut-
able by the processor 553 is image controller logic 563,
and potentially other applications. Also stored in the
memory 556 is one or more 3D images 136 of the tire
building drum 103 (FIG. 1) is depicted with breakers
114a/b (FIG. 1) and or a greed rubber tread 115 (FIG. 1)
applied. Other data may be stored in the memory and
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accessible to the image controller logic 563. In addition,
an operating system may be stored in the memory 556
and executable by the processor 553.

[0099] It is understood that there may be other appli-
cations that are stored in the memory 556 and are exe-
cutable by the processor 553 as can be appreciated.
Where any component discussed herein is implemented
in the form of software, any one of a number of program-
ming languages may be employed such as, for example,
C, C++, C#, Objective C, Java’, JavaScript®, Perl, PHP,
Visual Basic®, Python®, Ruby, Flash®, or other program-
ming languages.

[0100] The image controller logic 563 is stored in the
memory 556 and is executable by the processor 553. In
this respect, the term "executable" means a program file
thatis in a form that can ultimately be run by the processor
553. Examples of executable programs may be, for ex-
ample, a compiled program that can be translated into
machine code in a format that can be loaded into a ran-
dom access portion of the memory 556 and run by the
processor 553, source code that may be expressed in
proper format such as object code that is capable of being
loaded into a random access portion of the memory 556
and executed by the processor 553, or source code that
may be interpreted by another executable program to
generate instructions in a random access portion of the
memory 556 to be executed by the processor 553, efc.
An executable program may be stored in any portion or
component of the memory 556 including, for example,
random access memory (RAM), read-only memory
(ROM), hard drive, solid-state drive, USB flash drive,
memory card, optical disc such as compact disc (CD) or
digital versatile disc (DVD), floppy disk, magnetic tape,
or other memory components.

[0101] The memory 556 is defined herein as including
both volatile and nonvolatile memory and data storage
components. Volatile components are those that do not
retain data values upon loss of power. Nonvolatile com-
ponents are those that retain data upon a loss of power.
Thus, the memory 556 may comprise, for example, ran-
dom access memory (RAM), read-only memory (ROM),
hard disk drives, solid-state drives, USB flash drives,
memory cards accessed via a memory card reader, flop-
py disks accessed via an associated floppy disk drive,
optical discs accessed via an optical disc drive, magnetic
tapes accessed via an appropriate tape drive, and/or oth-
er memory components, or a combination of any two or
more of these memory components. In addition, the RAM
may comprise, for example, static random access mem-
ory (SRAM), dynamic random access memory (DRAM),
or magnetic random access memory (MRAM) and other
such devices. The ROM may comprise, for example, a
programmable read-only memory (PROM), an erasable
programmable read-only memory (EPROM), an electri-
cally erasable programmable read-only memory (EEP-
ROM), or other like memory device.

[0102] Also, the processor 553 may represent multiple
processors 553 and/or multiple processor cores and the



23 EP 4 360 864 A1 24

memory 556 may represent multiple memories 556 that
operate in parallel processing circuits, respectively. In
such a case, the local interface 559 may be an appropri-
ate network that facilitates communication between any
two of the multiple processors 553, between any proc-
essor 553 and any of the memories 556, or between any
two of the memories 556, etc. The local interface 559
may comprise additional systems designed to coordinate
this communication, including, for example, performing
load balancing. The processor 553 may be of electrical
or of some other available construction.

[0103] Although the image controller logic 563 and po-
tentially other systems may be embodied in software or
code executed by general purpose hardware as dis-
cussed above, as an alternative the same may also be
fully or partially embodied in dedicated hardware or a
combination of software/general purpose hardware and
dedicated hardware. If embodied in dedicated hardware,
each can be implemented as a circuit or state machine
that employs any one of or a combination of a number
oftechnologies. These technologies may include, butare
not limited to, discrete logic circuits having logic gates
for implementing various logic functions upon an appli-
cation of one or more data signals, application specific
integrated circuits (ASICs) having appropriate logic
gates, field-programmable gate arrays (FPGAs), or other
components, efc. Such technologies are generally well
known by those skilled in the art and, consequently, are
not described in detail herein.

[0104] The flowcharts of FIGS. 4A, 4B, 5, 7, 10, 12,
16, and 17 show the functionality and operation of an
implementation of portions of the image controller logic
563 executed by the image controller 143. If embodied
in software, each block may represent a module, seg-
ment, or portion of code that comprises program instruc-
tions to implement the specified logical function(s). The
program instructions may be embodied in the form of
source code that comprises human-readable statements
written in a programming language or machine code that
comprises numerical instructions recognizable by a suit-
able execution system such as a processor 553 in a com-
puter system or other system. The machine code may
be converted from the source code, etc. If embodied in
hardware, each block may represent a circuitoranumber
of interconnected circuits to implement the specified log-
ical function(s).

[0105] Although the flowcharts of 4A, 4B, 5, 7, 10, 12,
16, and 17 a specific order of execution, it is understood
that the order of execution may differ from that which is
depicted. For example, the order of execution of two or
more blocks may be scrambled relative to the order
shown. Also, two or more blocks shown in succession in
FIGS. 4A, 4B, 5,7, 10, 12, 16, and 17 may be executed
concurrently or with partial concurrence. Further, in some
embodiments, one or more of the blocks shown in FIGS.
4A,4B,5,7,10,12,16,and 17 may be skipped or omitted.
In addition, any number of counters, state variables,
warning semaphores, or messages might be added to
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the logical flow described herein, for purposes of en-
hanced utility, accounting, performance measurement,
or providing troubleshooting aids, efc. It is understood
that all such variations are within the scope of the present
disclosure.

[0106] Also, any logic or application described herein,
including the image controller logic 563, that comprises
software or code can be embodied in any non-transitory
computer-readable medium for use by or in connection
with an instruction execution system such as, for exam-
ple, a processor 553 in a computer system or other sys-
tem. In this sense, the logic may comprise, for example,
statements including instructions and declarations that
can be fetched from the computer-readable medium and
executed by the instruction execution system. In the con-
text of the present disclosure, a "computer-readable me-
dium" can be any medium that can contain, store, or
maintain the logic or application described herein for use
by or in connection with the instruction execution system.
[0107] The computer-readable medium can comprise
any one of many physical media such as, for example,
magnetic, optical, or semiconductor media. More specific
examples of a suitable computer-readable medium
would include, but are not limited to, magnetic tapes,
magnetic floppy diskettes, magnetic hard drives, memory
cards, solid-state drives, USB flash drives, or optical
discs. Also, the computer-readable medium may be a
random access memory (RAM) including, for example,
static random access memory (SRAM) and dynamic ran-
dom access memory (DRAM), or magnetic random ac-
cess memory (MRAM). In addition, the computer-read-
able medium may be a read-only memory (ROM), a pro-
grammable read-only memory (PROM), an erasable pro-
grammable read-only memory (EPROM), an electrically
erasable programmable read-only memory (EEPROM),
or other type of memory device.

[0108] Inviewofthe abovediscussion, below is alisting
of several clauses that express various embodiments of
the present disclosure.

[0109] Clause 1. An apparatus, comprising a tire build-
ing drum; a machine vision system directed at the tire
building drum, the machine vision system producing a
three dimensional image of a green rubber tread applied
to the tire building drum; at least one processor circuit
with @ memory comprising instructions, that when exe-
cuted by the processor circuit, causes the at least one
processor circuit to at least: identify a center of the green
rubber tread in the three dimensional image by perform-
ing at least one convolution with at least one profile trace
of the green rubber tread and a predefined tread profile;
identify a difference between the center of the green rub-
ber tread and a target position of the tire building drum;
and using the difference as a tread position feedback
error to position an application of a next green rubber
tread onto the tire building drum from a tread conveyor.
[0110] Clause 2. The apparatus of clause 1, further
comprising a tread guiding system that controls a lateral
position of the tread onto the tire building drum, where
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the difference is applied as the tread position feedback
error to the tread guiding system.

[0111] Clause 3. The apparatus of clause 1, wherein
the center of the green rubber tread corresponds to a
position of a maximum of the at least one convolution.
[0112] Clause 4. The apparatus of clause 1, wherein
in identifying of the center of the green rubber tread, the
instructions, that when executed by the processor circuit,
further cause the atleast one processor circuit to at least:
perform a plurality of convolutions between a corre-
sponding plurality of profile traces of the green rubber
tread and the predefined tread profile; identify a plurality
of tread center values of the green rubber tread from
corresponding ones of the convolutions; and generate a
tread center of the green rubber tread as an average of
the tread center values of the green rubber tread.
[0113] Clause 5. The apparatus of clause 1, wherein
the instructions, when executed by the processor circuit,
further cause the at least one processor circuit to deter-
mine the target position of the tire building drum.
[0114] Clause 6. The apparatus of clause 5, wherein
the target position further comprises a center of the tire
building drum is determined by identifying a first edge
and a second edge of the tire building drum, and deter-
mining a midpoint between the first and second edges
as the center of the tire building drum.

[0115] Clause 7. The apparatus of clause 5, wherein
the center of the tire building drum is determined relative
to a mark on the tire building drum.

[0116] Clause 8. The apparatus of clause 5, wherein
the center of the tire building drum is determined relative
to a physical feature of the tire building drum.

[0117] Clause 9. The apparatus of clause 1, wherein
the difference further comprises afirst difference, the ma-
chine vision system produces a three dimensional image
of abreaker applied to the tire building drum from a break-
er application conveyor; and the instructions, when exe-
cuted by the processor circuit, further cause the at least
one processor circuit to: identify a center of the breaker
in the three dimensional image; identify a second differ-
ence between the center of the breaker and the target
position of the tire building drum; and use the second
difference as a feedback error to position a next breaker
on the application conveyor.

[0118] Clause 10. The apparatus of clause 9, further
comprising a breaker guiding system that controls a lat-
eral position of the breaker onto the application conveyor,
where the second difference is applied as the tread po-
sition feedback error to the breaker guiding system.
[0119] Clause 11. A tire building machine, comprising:
a tire building drum; an application conveyor that applies
a breaker to the tire building drum when the tire building
drum is positioned adjacent to the application conveyor;
a tread conveyor that applies a green rubber tread to the
tire building drum when the tire building drum is posi-
tioned adjacent to the tread conveyor; a first machine
vision system directed to the tire building drum when ad-
jacent to the application conveyor; a second machine
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vision system directed to the tire building drum when ad-
jacentto the tread conveyor; atleast one processor circuit
with a memory comprising instructions, that when exe-
cuted by the processor circuit, causes the at least one
processor circuit to at least: identify a center of the break-
er in a first three dimensional image generated by the
first machine vision system; identify a first difference in
the first three dimensional image between the center of
the breaker and a center of the tire building drum; use
the first difference as a first feedback error to position a
subsequent breaker on the application conveyor; identify
a center of the green rubber tread in a second three di-
mensional image generated by the second machine vi-
sion system by performing at least one convolution with
at least one profile trace of the green rubber tread and a
predefined profile; identify a second difference between
the center of the green rubber tread and the center of the
tire building drum; and apply the second difference as a
tread position feedback error to position an application
of a subsequent green rubber tread onto the tire building
drum from the tread conveyor.

[0120] Clause 12. The tire building machine of clause
11, wherein individual ones of the first and second ma-
chine vision systems generate the first and second three
dimensional images by way of three dimensional trian-
gulation.

[0121] Clause 13. The tire building machine of clause
11, wherein the center of the green rubber tread is de-
termined from a position of a maximum of the at least
one convolution.

[0122] Clause 14. The tire building machine of clause
11, wherein the application conveyor comprises a first
application conveyor and the breaker comprises a first
breaker, the tire building machine further comprises: a
second application conveyor that applies a second
breaker to the tire building drum when the tire building
drum is positioned adjacent to the tread conveyor; and
the instructions, when executed by the processor circuit,
further cause the atleast one processor circuit to: identify
a center of the second breaker in a third three dimen-
sional image generated by the second machine vision
system; identify a third difference in the third three di-
mensional image between the center of the second
breaker and the center of the tire building drum; and use
the third difference as a second feedback error to position
a subsequent breaker on the application conveyor.
[0123] Clause 15. The tire building machine of clause
11, wherein the instructions, when executed by the proc-
essor circuit, further cause the at least one processor
circuit to determine the center of the tire building drum.
[0124] Clause 16. The tire building machine of clause
15, wherein the center of the tire building drum is deter-
mined by identifying a first edge and a second edge of
the tire building drum, and determining a midpoint be-
tween the first and second edges as the center of the tire
building drum.

[0125] Clause 17. A method, comprising: directing a
machine vision system to a tire building drum in a tire
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building machine, the machine vision system producing
a three dimensional image of a green rubber tread ap-
plied to the tire building drum; identifying a center of the
green rubber tread in the three dimensional image by
performing at least one convolution with at least one pro-
file trace of the green rubber tread and a predefined tread
profile; identifying a difference between the center of the
green rubber tread and a center of the tire building drum;
and using the difference as a tread position feedback
error to position an application of a next green rubber
tread onto the tire building drum from a tread conveyor.
[0126] Clause 18. The method of clause 17, wherein
a tread guiding system controls a lateral position of the
tread onto the tire building drum, the method further com-
prising applying the difference as the tread position feed-
back error to the tread guiding system.

[0127] Clause 19. The method of clause 17, wherein
the center of the green rubber tread corresponds to a
position of a maximum of the at least one convolution.
[0128] Clause 20. The method of clause 17, wherein
the identifying of the center of the green rubber tread
further comprises: performing a plurality of convolutions
between a corresponding plurality of profile traces of the
green rubber tread and the predefined profile; identifying
aplurality of tread center values of the green rubber tread
from corresponding ones of the convolutions; and gen-
erating the tread center of the green rubber tread as an
average of the tread center values of the green rubber
tread.

[0129] Clause 21. An apparatus, comprising: a tire
building drum; an application conveyor that applies a
breaker to the tire building drum; a machine vision system
generating a three dimensional image of the tire building
drum as the breaker is applied to the tire building drum;
a breaker guiding system that determines a lateral posi-
tion of the breaker on the application conveyor; at least
one processor circuit with a memory comprising instruc-
tions, that when executed by the processor circuit, caus-
es the at least one processor circuit to at least: identify
a center of the breaker in the three dimensional image;
identify a difference between the center of the breaker
and a target position of the tire building drum in the three
dimensional image; apply the difference as a breaker po-
sition feedback error to the breaker guiding system that
determines a position of a subsequent breaker trans-
ferred onto the application conveyor.

[0130] Clause 22. The apparatus of clause 21, wherein
the center of the breaker is identified in the three dimen-
sional image by: identifying a first edge and a second
edge of the breaker in the three dimensional image; de-
termining the center of the breaker in the three dimen-
sional image as a midpoint between the first edge and
the second edge.

[0131] Clause 23. The apparatus of clause 21, wherein
the target position of the tire building drum further com-
prises center of the tire building drum.

[0132] Clause 24. The apparatus of clause 23, wherein
the center of the tire building drum is determined from
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the three dimensional image.

[0133] Clause 25. The apparatus of clause 24, wherein
the center of the tire building drum is determined by: iden-
tifying a first edge and a second edge of the tire building
drum in the three dimensional image, and determining a
midpoint between the first and second edges as the cent-
er of the tire building drum.

[0134] Clause 26. The apparatus of clause 24, wherein
the center of the tire building drum is determined relative
to a mark on the tire building drum depicted in the three
dimensional image.

[0135] Clause 27. The apparatus of clause 24, wherein
the center of the tire building drum is determined relative
to a physical feature of the tire building drum.

[0136] Clause 28. The apparatus of clause 21, wherein
the machine vision system generates the three dimen-
sional image by way of three dimensional triangulation.
[0137] Clause 29. An apparatus, comprising: a tire
building drum; an application conveyor that applies a
green rubber tread to the tire building drum; a machine
vision system configured to generate a three dimensional
image of the tire building drum as the green rubber tread
is applied to the tire building drum; a tread guiding system
that controls a lateral position of the green rubber tread
as applied to the tire building drum; atleast one processor
circuit with a memory comprising instructions, that when
executed by the processor circuit, causes the at least
one processor circuit to: identify a center of the green
rubber tread in the three dimensional image; identify a
difference between the center of the green rubber tread
and a target position of the tire building drum in the three
dimensional image; apply the difference as a tread posi-
tion feedback error to the tread guiding system to guide
the lateral position of a subsequent green rubber tread
as applied to the tire building drum.

[0138] Clause 30. The apparatus of clause 29, wherein
the machine vision system generates the three dimen-
sional image by way of three dimensional triangulation.
[0139] Clause 31. The apparatus of clause 29, wherein
the target position comprises a center of the tire building
drum.

[0140] Clause 32. The apparatus of clause 31, wherein
the center of the tire building drum is determined by: iden-
tifying a first edge and a second edge of the tire building
drum in the three dimensional image; and determining a
midpoint between the firstand second edges as the cent-
er of the tire building drum.

[0141] Clause 33. The apparatus of clause 31, wherein
the center of the tire building drum is determined relative
to a mark on the tire building drum depicted in the three
dimensional image.

[0142] Clause 34. The apparatus of clause 31, wherein
the center of the tire building drum is determined relative
to a physical feature of the tire building drum depicted in
the three dimensional image.

[0143] Clause 35. The apparatus of clause 29, wherein
when identifying the center of the green rubber tread in
the three dimensional image, the instructions, when ex-
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ecuted by the processor circuit, further cause the at least
one processor circuit to: identify a die line of the green
rubber tread in the three dimensional image; and deter-
mine the center of the green rubber tread based on a
location of the die line.

[0144] Clause 36. The apparatus of clause 35, wherein
the die line comprises a linear projection on the green
rubber tread, and the center of the green rubber tread is
determined by: identifying a plurality of tread center val-
ues of the die line, where individual ones of the tread
center values are taken at a corresponding one of a plu-
rality of positions on the green rubber tread; and calcu-
lating the center of the green rubber tread as an average
of the tread center values.

[0145] Clause 37. A method, comprising: applying a
breaker to a tire building drum from an application con-
veyor; generating a three dimensional image of the tire
building drum as the breaker is applied to the tire building
drum; identifying a center of the breaker in the three di-
mensional image; identifying a difference between the
center of the breaker and a center of the tire building
drum in the three dimensional image; and adjusting a
control setpoint for a control of a lateral position of a sub-
sequent breaker on the application conveyor based on
the difference.

[0146] Clause 38. The method of clause 37, wherein
the generating of the three dimensional image of the tire
building drum as the breaker is applied further comprises
generating the three dimensional image by way of three
dimensional triangulation using a machine vision system.
[0147] Clause 39. The method of clause 37, wherein
the adjusting of the control setpoint for the control of the
lateral position of the subsequent breaker as applied to
the tire building drum based on the difference further
comprises adjusting a control setpoint by the difference
for a breaker guiding system, the breaker guiding system
being configured to determine the lateral position of the
subsequent breaker on the application conveyor by con-
trolling a lateral position of a feed conveyor, where the
subsequent breaker is transferred from the feed convey-
or to the application conveyor.

[0148] Clause 40. A method, comprising: applying a
green rubber tread to a tire building drum from an appli-
cation conveyor; generating a three dimensional image
of the tire building drum as the green rubber tread is ap-
plied to the tire building drum; identifying a center of the
green rubber tread in the three dimensional image; iden-
tify a difference between the center of the green rubber
tread and a center of the tire building drum in the three
dimensional image; and adjusting a control setpoint for
a control of a lateral position of a subsequent green rub-
ber tread as applied to the tire building drum based on
the difference.

[0149] Clause 41. The method of clause 40, wherein
the adjusting of the control setpoint for the control of the
lateral position of the subsequent green rubber tread as
applied to the tire building drum based on the difference
further comprises adjusting a control setpoint of a tread
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guiding system by the difference, the tread guiding sys-
tem being configured to shift the lateral position of the
subsequent green rubber tread as it is applied to the tire
building drum.

[0150] Clause 42. An apparatus, comprising: a tire
building machine including a tire building drum; a ma-
chine vision system generating a three dimensional im-
age of the tire building drum as a breaker or a green
rubber tread is applied to the tire building drum; and at
least one processor circuit with a memory comprising
instructions, that when executed by the processor circuit,
causes the at least one processor circuit to identify a
target position on the tire building drum.

[0151] Clause 43. The apparatus of clause 42, wherein
the target position of the tire building drum further com-
prises center of the tire building drum.

[0152] Clause 44. The apparatus of clause 43, wherein
the instructions, when executed by the processor circuit,
further cause the at least one processor circuit to identify
the center of the tire building drum by: locating a first
edge of the tire building drum in the three dimensional
image; identifying a second edge of the tire building drum
in the three dimensional image; and determining a loca-
tion of the center of the tire building drum in the three
dimensional image as a midpoint between the first and
second edges.

[0153] Clause 45. The apparatus of clause 43, wherein
the center of the tire building drum is determined by: lo-
cating a centerline on the tire building drum, wherein the
centerline indicates the center of the tire building drum.
[0154] Clause 46. The apparatus of clause 43, wherein
the center of the tire building drum is determined by: lo-
cating amarker onthe tire building drum; and determining
a location of the center of the tire building drum relative
to a position of the marker on the tire building drum.
[0155] Clause 47. The apparatus of clause 46, wherein
the marker is positioned outside of an area of the tire
building drum that is subject to being covered by the
breaker.

[0156] Clause 48. The apparatus of clause 43, wherein
the center of the tire building drum is determined by: lo-
cating a predefined feature on the tire building drum; and
determining a location of the center of the tire building
drum relative to a position of the predefined feature on
the tire building drum.

[0157] Clause 49. The apparatus of clause 43, wherein
the center of the tire building drum is determined by: lo-
cating a predefined feature of a structure, the tire building
drum being attached to the structure; and determining a
location of the center of the tire building drum relative to
a position of a predefined feature on the structure.
[0158] Clause 50. The apparatus of clause 43, further
comprising: a retractable guide attached to a structure
that moves with the tire building drum, the retractable
guide moving between a first position to a second posi-
tion; the retractable guide being stored in the first position;
the retractable guide indicating a center of the tire building
drum in a field of view of the machine vision system when
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in the second position; and wherein the center of the tire
building drum is determined based on a three dimension-
al image of retractable guide in the second position.
[0159] Clause 51. The apparatus of clause 42, wherein
the target position of the tire building drum is determined
relative to an edge of the tire building drum.

[0160] Clause 52. The apparatus of clause 42, where
the instructions, when executed by the processor circuit,
further causes the at least one processor circuit to: iden-
tify alocation of at least one edge of the tire building drum
in the three dimensional image; determining if the loca-
tion of the at least one edge of the tire building drum is
within a predefined tolerance of a predefined position for
the at least one edge, wherein the predefined position
for the at least one edge is obtained during a calibration
of a position of the tire building drum adjacent to the ap-
plication conveyor; and generating an alarm if the loca-
tion of the at least one edge of the tire building drum is
outside of the predefined tolerance of the predefined po-
sition.

[0161] Clause 53. A method, comprising: applying a
breaker from an application conveyor to a tire building
drum in a tire building machine; generating a three di-
mensional image of the tire building drum as the breaker
is applied to the tire building drum; and identify a target
position on the tire building drum from the three dimen-
sional image.

[0162] Clause 54. The method of clause 53, wherein
the target position further comprises a center of the tire
building drum.

[0163] Clause 55. The method of clause 54, wherein
the center of the tire building drum is determined by: lo-
cating a first edge of the tire building drum in the three
dimensional image; identifying a second edge of the tire
building drum in the three dimensional image; and deter-
mining a location of the center of the tire building drum
in the three dimensional image as a midpoint between
the first and second edges.

[0164] Clause 56. The method of clause 54, wherein
the center of the tire building drum is determined by lo-
cating a centerline on the tire building drum, wherein the
centerline indicates the center of the tire building drum.
[0165] Clause 57. The method of clause 54, wherein
the center of the tire building drum is determined by: lo-
cating a marker on the tire building drum; and determining
a location of the center of the tire building drum relative
to a position of the marker on the tire building drum.
[0166] Clause 58. A method, comprising: applying a
green rubber tread to a tire building drum by way of an
application conveyor in a tire building machine; generat-
ing a three dimensional image of the tire building drum
as the green rubber tread is applied to the tire building
drum; and identify a center of the tire building drum from
the three dimensional image.

[0167] Clause 59. The method of clause 58, wherein
the center of the tire building drum is identified from the
three dimensional image by: locating a first edge of the
tire building drum in the three dimensional image; iden-
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tifying a second edge of the tire building drum in the three
dimensional image; and determining a location of the
center of the tire building drum in the three dimensional
image as a midpoint between the first and second edges.
[0168] Clause 60. The method of clause 58, wherein
the center of the tire building drum is identified from the
three dimensional image by: locating a marker on the tire
building drum in the three dimensional image; and deter-
mining a location of the center of the tire building drum
relative to the position of the marker on the tire building
drum.

[0169] Clause 61. The method of clause 58, wherein
the center of the tire building drum is identified from the
three dimensional image by: locating a predefined fea-
ture of a structure in the three dimensional image, the
tire building drum being attached to the structure; and
determining a location of the center of the tire building
drum relative to a position of a predefined feature on the
structure.

[0170] Clause 62. A method, comprising: placing a tire
building drum of a tire building machine in a position rel-
ative to a machine vision system, the machine vision sys-
tem being configured to generate a three dimensional
image of the tire building drum as a breaker or a green
rubber tread is applied to the tire building drum; setting
a radius of the tire building drum to a known radius; and
attaching a calibration fixture to the tire building drum,
where a position of a plurality of surfaces of the calibration
fixture are known relative to a bottom surface of the cal-
ibration fixture; obtaining an axial image trace across the
calibration fixture attached to the tire building drum; and
mapping, from the axialimage trace, a position inan array
column of individual ones of a plurality of pixels to corre-
sponding radius values relative to a center of the tire
building drum for the machine vision system to be used
to generate a subsequent three dimensional image.
[0171] Clause 63. The method of clause 62, further
comprising: directing a laser of the machine vision sys-
tem to the calibration fixture; and focusing a 3D camera
of the machine vision system.

[0172] Clause 64. The method of clause 62, further
comprising determining a reference radius from the axial
image trace.

[0173] Clause 65. The method of clause 64, further
comprising determining an instance of a radius of the tire
building drum based on a reference radius determined
from the axial image trace.

[0174] Clause 66. The method of clause 64, wherein
the reference radius is determined from an average of a
plurality of radius values from at least a portion of the
axial image trace.

[0175] Clause 67. A method, comprising: placing a tire
building drum of a tire building machine in a position rel-
ative to a machine vision system, the machine vision sys-
tem being configured to generate a three dimensional
image of the tire building drum as a breaker or a green
rubber tread is applied to the tire building drum; identify-
ing at least one edge of the tire building drum in the three
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dimensional image, wherein a location of the at least one
edge comprises a corresponding at least one calibrated
edge position; and storing the atleast one calibrated edge
position of the tire building drum for verification of a po-
sition of the tire building drum.

[0176] Clause 68. The method of clause 67, wherein
the position comprises a second position, and the three
dimensional image comprises a first three dimensional
image, the method further comprising: moving the tire
building drum from a first position to the second position;
generating a second three dimensional image of the tire
building drum while the breaker or the green rubber tread
is applied to the tire building drum; identifying a position
of atleast one edge of the tire building drum in the second
three dimensional image; and determining whether the
position of the at least one edge is within a predefined
tolerance from the at least one calibration edge position.
[0177] Clause 69. The method of clause 68, further
comprising generating an alarm when the position of the
atleastone edge is outside the predefined tolerance from
the at least one calibration edge position.

[0178] Clause 70. The method of clause 67, further
comprising: wherein the atleast one edge of the tire build-
ing drum further comprises a first edge and a second
edge, wherein a location of the first edge comprises a
first calibrated edge position and a location of the second
edge comprises a second calibrated edge position; de-
termining a calibration center of the tire building drum as
amidpoint between the first calibrated edge and a second
calibrated edge of the tire building drum; and storing a
position of the calibration center in the memory.

[0179] Clause 71. The method of clause 70, wherein
the position comprises a second position, and the three
dimensional image comprises a first three dimensional
image, the method further comprising: moving the tire
building drum from a first position to the second position;
generating a second three dimensional image of the tire
building drum while the breaker or the green rubber tread
is applied to the tire building drum; identifying a position
of afirst edge and a second edge of the tire building drum
in the second three dimensional image; determining a
position of a center of the tire building drum as a midpoint
of the first and second edges; and determining whether
the position of the center is within a predefined tolerance
of a position of the calibration center.

[0180] Clause 72. The method of clause 71, further
comprising generating an alarm when the position of the
center is outside the predefined tolerance from the posi-
tion of the calibration center.

[0181] Clause 73. An apparatus, comprising: a tire
building drum of a tire building machine in a position rel-
ative to a machine vision system, the machine vision sys-
tem being configured to generate a three dimensional
image of the tire building drum as a breaker or a green
rubber tread is applied to the tire building drum; a radius
of the tire building drum being set to a reference radius;
a calibration fixture attached to the tire building drum;
and at least one processor circuit with a memory com-
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prising instructions, that when executed by the at least
one processor circuit, causes the at least one processor
circuit to at least: obtain an axial image trace across the
calibration fixture attached to the tire building drum; and
mapping, from the axialimage trace, a position inan array
column of individual ones of a plurality of pixels to corre-
sponding radius values relative to a center of the tire
building drum for the machine vision system to be used
to generate a subsequent three dimensional image.
[0182] Clause 74. The apparatus of clause 73, wherein
the instructions, when executed by the at least one proc-
essor circuit, further cause the at least one processor
circuit to determine a reference radius from the axial im-
age trace.

[0183] Clause 75. The apparatus of clause 74, wherein
the instructions, when executed by the at least one proc-
essor circuit, further cause the at least one processor
circuit to determine an instance of a radius of the tire
building drum based on the reference radius determined
from the axial image trace.

[0184] Clause 76. The apparatus of clause 73, wherein
a position of each pixel in the axial image trace relative
to a center of the tire building drum is known based on a
known position of each surface of the calibration fixture
relative to the reference radius of the tire building drum.
[0185] Clause 77. The apparatus of clause 74, wherein
the reference radius is determined from an average of a
plurality of values from atleast a portion of the axial image
trace.

[0186] Clause 78. A apparatus, comprising: a tire build-
ing drum of a tire building machine placed in a position
relative to a machine vision system, the machine vision
system being configured to generate a three dimensional
image of the tire building drum as a breaker or a green
rubber tread is applied to the tire building drum; and at
least one processor circuit with a memory comprising
instructions, that when executed by the atleast one proc-
essor circuit, causes the at least one processor circuit to
atleast: identify at least one edge of the tire building drum
in the three dimensional image, wherein a location of the
atleast one edge comprises a corresponding atleastone
calibrated edge position; and storing the at least one cal-
ibrated edge position of the tire building drum in the mem-
ory for verification of a position of the tire building drum.
[0187] Clause 79. The apparatus of clause 78, wherein
the position comprises a second position, the three di-
mensional image comprises a first three dimensional im-
age, and the tire building drum is moved from the first
position to the second position, wherein the instructions,
when executed by the at least one processor circuit, fur-
ther cause the at least one processor circuit to: generate
a second three dimensional image of the tire building
drum while the breaker or the green rubber tread is ap-
plied to the tire building drum; identify a position of at
least one edge of the tire building drum in the second
three dimensional image; and determine whether the po-
sition of the at least one edge is within a predefined tol-
erance from the at least one calibration edge position.
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[0188] Clause 80. The apparatus of clause 79, wherein
the instructions, when executed by the at least one proc-
essor circuit, further cause the at least one processor
circuit to generate an alarm when the position of the cent-
er is outside the predefined tolerance from the position
of the calibration center.

[0189] Clause81.Aapparatus, comprising: atire build-
ing drum of a tire building machine placed in a position
relative to a machine vision system, the machine vision
system being configured to generate a three dimensional
image of the tire building drum as a breaker or a green
rubber tread is applied to the tire building drum; and at
least one processor circuit with a memory comprising
instructions, that when executed by the at least one proc-
essor circuit, causes the at least one processor circuit to
at least: identify a first calibration edge and a second
calibration edge of the tire building drum in the three di-
mensional image; determine a calibration center of the
tire building drum as a midpoint between the first calibra-
tion edge and a second calibration edge of the tire build-
ing drum; and storing a position of the calibration center
in amemory for verification of a position of the tire building
drum.

[0190] Clause 82. The apparatus of clause 81, wherein
the position comprises a second position, the three di-
mensional image comprises a first three dimensional im-
age, and the tire building drum is moved from the first
position to the second position, wherein the instructions,
when executed by the at least one processor circuit, fur-
ther cause the at least one processor circuit to: generate
a second three dimensional image of the tire building
drum while the breaker or the green rubber tread is ap-
plied to the tire building drum; identify a position of a first
edge and a second edge of the tire building drum in the
second three dimensional image; determine a position
of a center of the tire building drum as a midpoint of the
first and second edges; and determine whether the po-
sition of the center is within a predefined tolerance of a
position of the calibration center.

[0191] Clause 83. The apparatus of clause 82, wherein
the instructions, when executed by the at least one proc-
essor circuit, further cause the at least one processor
circuit to generate an alarm when the position of the cent-
er is outside the predefined tolerance from the position
of the calibration center.

[0192] In the present disclosure, disjunctive language
such as the phrase "at least one of X, Y, or Z," unless
specifically stated otherwise, is otherwise understood
with the context as used in general to present that an
item, term, etc., may be either X, Y, or Z, or any combi-
nation thereof (e.g., X, Y, and/or Z). Thus, such disjunc-
tive language is not generally intended to, and should
not, imply that certain embodiments require at least one
of X, at least one of Y, or at least one of Z to each be
present.

[0193] It should be emphasized that the above-de-
scribed embodiments of the present disclosure are mere-
ly possible examples of implementations set forth for a
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clear understanding of the principles of the disclosure.
Many variations and modifications may be made to the
above-described embodiment(s) without departing sub-
stantially from the spirit and principles of the disclosure.

Claims
1. A method, comprising:

placing a tire building drum of a tire building ma-
chine in a position relative to a machine vision
system, the machine vision system being con-
figured to generate a three dimensional image
of the tire building drum as a breaker or a green
rubber tread is applied to the tire building drum;
setting a radius of the tire building drum to a
known radius; and

attaching a calibration fixture to the tire building
drum, where a position of a plurality of surfaces
of the calibration fixture are known relative to a
bottom surface of the calibration fixture;
obtaining an axial image trace across the cali-
bration fixture attached to the tire building drum;
and

mapping, from the axial image trace, a position
inan array column of individual ones of a plurality
of pixels to corresponding radius values relative
to a center of the tire building drum for the ma-
chine vision system to be used to generate a
subsequent three dimensional image.

2. The method of claim 1, further comprising:

directing a laser of the machine vision system
to the calibration fixture; and

focusing a 3D camera of the machine vision sys-
tem.

3. The method of claim 1 or 2, further comprising de-
termining a reference radius from the axial image
trace.

4. The method of at least one of the previous claims,
further comprising determining an instance of a ra-
dius of the tire building drum based on a reference
radius determined from the axial image trace.

5. The method of at least one of the previous claims,
wherein the reference radius is determined from an
average of a plurality of radius values from at least
a portion of the axial image trace.

6. A method, comprising:
placing a tire building drum of a tire building ma-

chine in a position relative to a machine vision
system, the machine vision system being con-
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figured to generate a three dimensional image
of the tire building drum as a breaker or a green
rubber tread is applied to the tire building drum;
identifying at least one edge of the tire building
drum in the three dimensional image, wherein a
location of the at least one edge comprises a
corresponding at least one calibrated edge po-
sition; and

storing the at least one calibrated edge position
of the tire building drum for verification of a po-
sition of the tire building drum.

The method of claim 6, wherein the position com-
prises a second position, and the three dimensional
image comprises a first three dimensional image,
the method further comprising:

moving the tire building drum from a first position
to the second position;

generating a second three dimensional image
of the tire building drum while the breaker or the
green rubber tread is applied to the tire building
drum;

identifying a position of at least one edge of the
tire building drum in the second three dimen-
sional image; and

determining whether the position of the at least
one edge is within a predefined tolerance from
the at least one calibration edge position.

The method of claim 6 or 7, further comprising gen-
erating an alarm when the position of the atleast one
edge is outside the predefined tolerance from the at
least one calibration edge position.

The method of atleast one of the claims 6 to 8, further
comprising:

wherein the at least one edge of the tire building
drum further comprises a first edge and a sec-
ond edge, wherein a location of the first edge
comprises a first calibrated edge position and a
location of the second edge comprises a second
calibrated edge position;

determining a calibration center of the tire build-
ing drum as a midpoint between the first cali-
brated edge and a second calibrated edge of
the tire building drum; and

storing a position of the calibration center in the
memory.

The method of atleast one of the claims 6 to 9, where-
in the position comprises a second position, and the
three dimensional image comprises a first three di-
mensional image, the method further comprising:

moving the tire building drum from a first position
to the second position;
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generating a second three dimensional image
of the tire building drum while the breaker or the
green rubber tread is applied to the tire building
drum;

identifying a position of a firstedge and a second
edge of the tire building drum in the second three
dimensional image;

determining a position of a center of the tire
building drum as a midpoint of the first and sec-
ond edges; and

determining whether the position of the center
is within a predefined tolerance of a position of
the calibration center.

The method of at least one of the claims 6 to 10,
further comprising generating an alarm when the po-
sition of the center is outside the predefined toler-
ance from the position of the calibration center.

An apparatus, comprising:

a tire building drum of a tire building machine in
a position relative to a machine vision system,
the machine vision system being configured to
generate a three dimensional image of the tire
building drum as a breaker or a green rubber
tread is applied to the tire building drum;

a radius of the tire building drum being set to a
reference radius;

a calibration fixture attached to the tire building
drum; and

at least one processor circuit with a memory
comprising instructions, that when executed by
the at least one processor circuit, causes the at
least one processor circuit to at least:

obtain an axial image trace across the cal-
ibration fixture attached to the tire building
drum; and

mapping, from the axial image trace, a po-
sition in an array column of individual ones
of a plurality of pixels to corresponding ra-
dius values relative to a center of the tire
building drum for the machine vision system
to be used to generate a subsequent three
dimensional image.

The apparatus of claim 12, wherein the instructions,
when executed by the at least one processor circuit,
further cause the at least one processor circuit to
determine a reference radius from the axial image
trace.

The apparatus of claim 12 or 13, wherein the instruc-
tions, when executed by the at least one processor
circuit, further cause the at least one processor cir-
cuit to determine an instance of a radius of the tire
building drum based on the reference radius deter-
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mined from the axial image trace.

The apparatus of at least one of the claims 12 to 14,
wherein a position of each pixel in the axial image
trace relative to a center of the tire building drum is
known based on a known position of each surface
of the calibration fixture relative to the reference ra-
dius of the tire building drum.
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