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AUTOMATIC LACING SYSTEM

BACKGROUND OF THE INVENTION
1. Field of the Invention

[0001] The present invention relates generally to footwear, and in
particular the present invention relates to an automatic lacing system for an

article of footwear.

2. Description of Related Art

[0002] Devices for automatically tightening an article of footwear have
been previously proposed. Liu (U.S. patent number 6,691,433) teaches an
automated tightening shoe. The tightening mechanism of Liu includes a first
fastener mounted on the upper, and a second fastener connected to the closure
member and capable of removable engagement with the first fastener so as to
retain releasably the closure member at a tightened state. Liu teaches a drive
unit mounted in the heel portion of the sole. The drive unit includes a housing, a
spool rotatably mounted in the housing, a pair of pull strings and a motor unit.
Each string has a first end connected to the spool and a second end
corresponding to a string hole in the second fastener. The motor unit is coupled
to the spool. Liu teaches that the motor unit is operable so as to drive rotation of
the spool in the housing to wind the pull strings on the spool for pulling the
second fastener towards the first fastener. Liu also teaches a guide tube unit

that the pull strings can extend through.
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SUMMARY OF THE INVENTION

[0003] The invention discloses an article of footwear including an
automatic lacing system. In one aspect, the invention provides an automatic
lacing system for an article of footwear, comprising: a sole including a cavity; a
motor disposed in the cavity; the motor including a driveshaft; the driveshaft
including at least one gear; at least one belt engaged with the at least one gear
at an intermediate portion of the belt; a yoke member connected to the at least
one belt at an attachment portion of the at least one belt; a plurality of straps
attached to the yoke member, the plurality of straps being configured to adjust an
upper of the article of footwear; and where the straps can be automatically
moved between a closed position and a loosened position by activating the
motor.

[0004] In another aspect, the yoke member is a rod.

[0005] In another aspect, the yoke member allows the plurality of
straps to move substantially in unison.

[0006] In another aspect, the yoke member is disposed adjacent to a
lower hole set of a rigid hollow plate when the straps are in the closed position.

[0007] In another aspect, the yoke member is disposed away from the
lower hole set of the rigid hollow plate when the straps are in the closed position.

[0008] In another aspect, the driveshaft includes two gears.

[0009] In another aspect, the driveshaft includes two belts that are
configured to engage the two gears.

[0010] In another aspect, the invention provides an automatic lacing
system for an article of footwear, comprising: a strap moving mechanism; at least
one strap attached to the strap moving mechanism, the at least one strap being
configured to adjust an upper of the article of footwear; a rigid hollow plate
associated with a sidewall portion of an upper; the rigid hollow plate configured to
receive an intermediate portion of the at least one strap; and where the
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intermediate portion is contracted within the rigid hollow plate when the at least
one strap is closed and wherein the intermediate portion is extended outside of
the rigid hollow plate when the at least one strap is open.

[0011] In another aspect, the rigid hollow plate includes at least one
strap receiving channel disposed within the rigid hollow plate.

[0012] In another aspect, the at least one strap receiving channel is
configured to receive a portion of the at least one strap.

[0013] In another aspect, the strap receiving channel is configured to
guide the portion of the at least one strap between a lower hole and an upper
hole in the rigid hollow plate.

[0014] In another aspect, the rigid hollow plate includes a central
hollow cavity.

[0015] In another aspect, the rigid hollow plate is disposed against an
inner surface of the sidewall portion.

[0016] In another aspect, the rigid hollow plate is disposed against an
outer surface of the sidewall portion.

[0017] In another aspect, the rigid hollow plate is disposed between an
outer lining of the sidewall portion and an inner lining of the sidewall portion.

[0018] In another aspect, the strap moving mechanism further
comprises: a motor including a driveshaft; the driveshaft including a gear; a belt
configured to engage the gear; and where the belt is configured to supply power
to the at least one strap.

[0019] In another aspect, the invention provides an automatic lacing
system for an article of footwear, comprising: a first strap and a second strap
configured to adjust an upper of an article of footwear, the first strap being
disposed adjacent to the second strap; a strap moving mechanism connected to
the first strap and the second strap, the strap moving mechanism being
configured to automatically move the first strap and the second strap; and where
the first strap and the second strap are configured to move substantially in unison
when the strap moving mechanism is operated to automatically adjust the upper.

3
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[0020] In another aspect, the spacing between adjacent portions of the
first strap and the second strap is substantially constant.

[0021] In another aspect, the first strap and the second strap are
attached to a yoke member that is configured to apply a force to the first strap
and the second strap.

[0022] In another aspect, the first strap and the second strap are
disposed beneath a lacing gap of the upper.

[0023] In another aspect, the first strap and the second strap oriented
along a lateral direction of the upper.

[0024] In another aspect, the invention provides an automatic lacing
system for an article of footwear, comprising: a strap moving mechanism; a strap
including a first end portion attached to the strap moving mechanism and a
second end portion attached to a sidewall portion of an upper of the article of
footwear; and where the strap moving mechanism is configured to move the first
end portion from a first position to a second position and thereby loosen the
upper.

[0025] In another aspect, the strap moving mechanism is in
communication with a sensor.

[0026] In another aspect, the sensor is a weight sensor.

[0027] In another aspect, the strap moving mechanism is configured to
move the strap according to information received from the sensor.

[0028] In another aspect, the strap moving mechanism is in
communication with a user controlled device.

[0029] In another aspect, the strap moving mechanism is configured to
move the strap according to information received from the user controlled device.

[0030] In another aspect, the invention provides an automatic ankle
cinching system for an article of footwear, comprising: an upper including an
ankle portion; a housing disposed on a rear portion of the ankle portion; an ankle
strap associated with a front portion of the ankle portion; an strap moving
mechanism disposed within the housing; the strap including a first end portion

4
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attached to the strap moving mechanism and a second end portion fixedly
attached to the housing; and where the strap moving mechanism is configured to
automatically move the strap between an open position and a closed position
and thereby adjust the ankle portion.

[0031] In another aspect, the strap moving mechanism includes a coil
spring.

[0032] In another aspect, the coil spring provides tension to the first
end portion.

[0033] In another aspect, the coil spring applies tension to the first end
portion in a direction to automatically close the ankle strap.

[0034] In another aspect, the automatic ankle cinching system includes
a locking mechanism that is configured to lock the ankle strap in an open
position.

[0035] In another aspect, the locking mechanism is configured to
receive information related to a weight sensor.

[0036] In another aspect, the locking mechanism is configured to
release the ankle strap according to the information related to the weight sensor
and thereby allow the ankle strap to move to a closed position and tighten around
an ankle.

[0037] An automatic ankle cinching system for an article of footwear,
comprising: an upper including an ankle portion; a housing disposed on a rear
portion of the ankle portion; an ankle strap associated with a front portion of the
ankle portion; the strap including a first end portion attached to the strap moving
mechanism and a second end portion fixedly attached to the housing; the strap
moving mechanism including a coil spring that is configured to wind within the
housing, the coil spring being configured to wind around a shaft; where the shaft
is oriented in a direction running from a top portion of the upper to a lower portion
of the upper.

[0038] In another aspect, the first end portion of the ankle strap is
attached to the coil spring.
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[0039] In another aspect, the ankle strap is associated with a locking
mechanism configured to restrict the movement of the ankle strap.

[0040] In another aspect, the housing includes a channel that is
configured to receive the first end portion of the strap.

[0041] In another aspect, the housing includes a cavity configured to
receive the coil spring.

[0042] In another aspect, the invention provides a method of adjusting
an automatic lacing system of an article of footwear, comprising the steps of:
receiving information from a user controlled device; and automatically opening an
upper of the article of footwear using the automatic lacing system according to
information received from the user controlled device.

[0043] In another aspect, the user controlled device is a button.

[0044] In another aspect, the user controlled device is a switch.

[0045] In another aspect, the step of receiving information from a user
controlled device is followed by a step of receiving information from at least one
sensor.

[0046] In another aspect, the automatic lacing system is controlled to
close the upper according to information received from the at least one sensor.

[0047] In another aspect, the automatic lacing system is controlled to
close the upper according to information received from the user controlled
device.

[0048] Other systems, methods, features and advantages of the
invention will be, or will become apparent to one with skill in the art upon
examination of the following figures and detailed description. It is intended that
all such additional systems, methods, features and advantages be included
within this description, be within the scope of the invention, and be protected by

the following claims.
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BRIEF DESCRIPTION OF THE DRAWINGS

[0049] The invention can be better understood with reference to the
following drawings and description. The components in the figures are not
necessarily to scale, emphasis instead being placed upon illustrating the
principles of the invention. Moreover, in the figures, like reference numerals
designate corresponding parts throughout the different views.

[0050] FIG. 1 is an isometric view of a preferred embodiment of an
article of footwear in an open position;

[0051] FIG. 2 is an isometric view of a preferred embodiment of an
article of footwear with a foot inserted;

[0052] FIG. 3 is an isometric view of a preferred embodiment of an
article of footwear in a closed position;

[0053] FIG. 4 is an enlarged view of a preferred embodiment of an
automatic ankle cinching system in an open position;

[0054] FIG. 5is an enlarged view of a preferred embodiment of an
automatic ankle cinching system closing around an ankle;

[0055] FIG. 6 is an enlarged view of a preferred embodiment of an
automatic ankle cinching system in a closed position;

[0056] FIG. 7 is an enlarged view of a preferred embodiment of an
automatic lacing system in an open position;

[0057] FIG. 8 is an enlarged view of a preferred embodiment of an
automatic lacing system closing around a foot;

[0058] FIG. 9is an enlarged view of a preferred embodiment of an
automatic lacing system in a closed position;

[0059] FIG. 10 is an isometric view of a preferred embodiment of an
article of footwear automatically opening;

[0060] FIG. 11 is an isometric view of a preferred embodiment of an

article of footwear in an open position;
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[0061] FIG. 12 is a side cross sectional view of a preferred
embodiment of an article of footwear including an automatic lacing system;

[0062] FIG. 13 is an exploded isometric view of a preferred
embodiment of an automatic lacing system;

[0063] FIG. 14 is a cross sectional view of a preferred embodiment of a
rigid hollow plate;

[0064] FIG. 15 is a cross sectional view of an alternative embodiment
of a rigid hollow plate;

[0065] FIG. 16 is a schematic view of a preferred embodiment of
optional inputs to a strap moving mechanism;

[0066] FIG. 17 is an isometric view of a preferred embodiment of an
automatic lacing system in an open position;

[0067] FIG. 18 is an isometric view of a preferred embodiment of an
automatic lacing system tightening;

[0068] FIG. 19 is an isometric view of a preferred embodiment of an
automatic lacing system in a closed position;

[0069] FIG. 20 is an isometric view of a preferred embodiment of an
automatic lacing system loosening;

[0070] FIG. 21 is an isometric view of a preferred embodiment of an
automatic lacing system loosening;

[0071] FIG. 22 is an exploded isometric view of a preferred
embodiment of an automatic ankle cinching system;

[0072] FIG. 23 is an isometric view of a preferred embodiment of an
automatic ankle cinching system;

[0073] FIG. 24 is a top down view of a preferred embodiment of an
automatic ankle cinching system in an open position;

[0074] FIG. 25 is a top down view of a preferred embodiment of an
automatic ankle cinching system in a closed position; and

[0075] FIG. 26 is a top down view of a preferred embodiment of an

automatic ankle cinching system in an open position.
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DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

[0076] FIG. 1 is a preferred embodiment of article of footwear 100, also
referred to simply as article 100, in the form of an athletic shoe. For clarity, the
following detailed description discusses a preferred embodiment, however, it
should be kept in mind that the present invention could also take the form of any
other kind of footwear, including, for example, skates, boots, ski boots,
snowboarding boots, cycling shoes, formal shoes, slippers or any other kind of
footwear.

[0077] Article 100 preferably includes upper 102. Upper 102 includes
entry hole 105 that allows foot 106 to enter upper 102. Preferably, upper 102
also includes an interior cavity that is configured to receive foot 106. In
particular, entry hole 105 preferably provides access to the interior cavity.

[0078] Preferably, upper 102 may be associated with sole 104. In a
preferred embodiment, upper 102 is attached to sole 104. In some cases, upper
102 is connected to sole 104 by stitching or an adhesive. In other cases, upper
102 could be integrally formed with sole 104.

[0079] Preferably, sole 104 comprises a midsole. In some
embodiments, sole 104 could also include an insole that is configured to contact
a foot. In other embodiments, sole 104 could include an outsole that is
configured to contact a ground surface. In a preferred embodiment, sole 104
may comprise a midsole as well as an outsole and an insole.

[0080] Generally, sole 104 may be provided with provisions for
increasing traction depending on the intended application of article of footwear
100. In some embodiments, sole 104 may include a variety of tread patterns. In
other embodiments, sole 104 may include one or more cleats. In still other
embodiments, sole 104 could include both a tread pattern as well as a plurality of
cleats. It should be understood that these provisions are optional. For example,
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in still another embodiment, sole 104 could have a generally smooth lower
ground contacting surface.

[0081] Upper 102 may have any design. In some embodiments, upper
102 may have the appearance of a low top sneaker. In other embodiments,
upper 102 may have the appearance of a high top sneaker. In this preferred
embodiment, upper 102 may include a high ankle portion 132. In particular,
upper 102 may include first extended portion 181 and second extended portion
182. In this embodiment, first extended portion 181 and second extended portion
182 have generally triangular shapes. In other embodiments, first extended
portion 181 and second extended portion 182 could have another shape.
Examples of other shapes include, but are not limited to, rounded shapes,
rectangular shapes, polygonal shapes, regular shapes as well as irregular
shapes. Using this configuration for ankle portion 132 may help provide upper
102 with additional support for an ankle.

[0082] Article 100 may include provisions for tightening upper 102
around foot 106. In some embodiments, article 100 may be associated with
laces, straps and/or fasteners for tightening upper 102 once foot 106 has been
inserted into upper 102. In some cases, article 100 may include laces, straps
and/or fasteners that can be manually adjusted by a user. In a preferred
embodiment, article 100 may include provisions for automatically adjusting laces,
straps and/or other fasteners associated with upper 102. By using automatically
adjusting laces, straps and/or other fasteners, upper 102 may be tightened
around a foot with a minimal amount of effort from a user.

[0083] In some embodiments, upper 102 may include individual
tightening systems associated with different portions of upper 102. In this
exemplary embodiment, upper 102 may include automatic lacing system 122 that
is associated with arch portion 130 of upper 102. Likewise, upper 102 may
include automatic ankle cinching system 124 that is associated with ankle portion
132 of upper 102. Preferably, automatic lacing system 122 and automatic ankle

10
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cinching system 124 may be configured to automatically tighten and/or loosen
upper 102 around foot 106 and ankle 108.

[0084] Automatic lacing system 122 preferably includes a plurality of
straps. The term strap as used throughout this detailed description and in the
claims refers to any device that can be used for tightening a portion of an article
of footwear to a foot. Generally, a strap could have any shape. In some
embodiments, a strap could have a rectangular or ribbon-like shape. However, it
should be understood that the term strap is not intended to be restricted to
tightening devices with ribbon-like shapes. In other embodiments, for example, a
strap could have a lace-like shape. In still other embodiments, automatic lacing
system 122 could be associated with other types of fasteners. Examples of other
fasteners that could be used with automatic lacing system 122 include, but are
not limited to laces, cords and strings.

[0085] Additionally, a strap could be made of any material. Examples
of materials that could be used include, but are not limited to, leather, natural
fabric, synthetic fabric, metal, rubber, as well as other materials. In some
embodiments, a strap could be any type of woven strap as well. In particular, a
strap could be woven from any material known in the art for producing woven
straps.

[0086] Generally, automatic lacing system 122 can include any number
of straps. In some embodiments, only a single strap may be provided. In other
embodiments, multiple straps may be provided. In this embodiment, lacing
system 122 includes four straps, including first strap 111, second strap 112, third
strap 113 and fourth strap 114. For clarity, first strap 111, second strap 112, third
strap 113 and fourth strap 114 may be referred to collectively as strap set 115.

[0087] In this embodiment, strap set 115 is disposed beneath lacing
gap 107 of upper 102. Preferably, strap set 115 may be configured to adjust the
size of lacing gap 107. As the size of lacing gap 107 is adjusted, the sidewall
portions of upper 102 may move closer together or further apart. With this

11
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arrangement, as strap set 115 is adjusted, upper 102 can be opened and/or
closed around the arch of foot 106.

[0088] Generally, strap set 115 may be arranged in any direction on
upper 102. In some embodiments, strap set 115 could extend in a generally
longitudinal direction. Preferably, strap set 115 may be arranged in a lateral
direction with respect to upper 102. The term “lateral direction” as used in this
detailed description and in the claims refers to a direction extending from a
medial side of upper 102 to a lateral side of upper 102. In other words, the
lateral direction preferably extends along the width of upper 102.

[0089] Furthermore, strap set 115 may include any type of spacing
between adjacent straps. In some embodiments, the spacing between adjacent
straps could vary. In other embodiments, one or more straps may cross over, or
intersect with, one another. In a preferred embodiment, the straps of strap set
115 may be substantially evenly spaced. In particular, the width between
adjacent portions of two straps remains substantially constant. In other words,
the straps may be approximately parallel at adjacent portions.

[0090] Although automatic lacing system 122 is configured to tighten
and/or loosen upper 102 at arch portion 130 in the current embodiment, in other
embodiments, automatic lacing system 122 could be associated with another
portion of upper 102. For example, in another embodiment, automatic lacing
system 122 could be configured to tighten upper 102 at a side portion of upper
102. Additionally, automatic lacing system 122 could be associated with a toe
portion of upper 102. In still another embodiment, automatic lacing system 122
could be associated with a heel portion of upper 102.

[0091] Automatic ankle cinching system 124 preferably includes at
least one ankle strap. In some embodiments, automatic ankle cinching system
124 may include multiple ankle straps. In this preferred embodiment, automatic
ankle cinching system 124 includes ankle strap 150. Ankle strap 150 could be
any type of strap, including any type of strap previously discussed with respect to
the straps of automatic lacing system 122. In some embodiments, ankle strap

12
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150 could be a similar type of strap to the straps of strap set 115. In other
embodiments, ankle strap 150 could be a different type of strap from the straps
of strap set 115.

[0092] Preferably, automatic ankle cinching system 124 also includes
provisions for receiving a portion of ankle strap 150. In this embodiment,
automatic ankle cinching system 124 includes housing 160 that is configured to
receive a portion of ankle strap 150. Housing 160 could be located anywhere on
ankle portion 132 of upper 102. In some cases, housing 160 could be disposed
on a side of ankle portion 132. In other cases, housing 160 could be disposed on
at the front of ankle portion 132. In this preferred embodiment, housing 160 may
be disposed on rear portion 161 of ankle portion 132.

[0093] FIGS. 1-3 illustrate a preferred embodiment of the operation of
automatic lacing system 122 and automatic ankle cinching system 124 of article
100. Initially, as seen in FIG. 1, article 100 may be configured to receive foot
106. In particular, automatic lacing system 122 and automatic ankle cinching
system 124 may be each configured in an open position. In this open position,
entry hole 105 may be wide open. Additionally, in this open position, lacing gap
107 may also be wide open. Preferably, this open position of automatic lacing
system 122 and automatic ankle cinching system 124 may be associated with an
open, or loosened, position of upper 102.

[0094] Referring to FIG. 2, foot 106 has been fully inserted into article
100. At this point, automatic lacing system 122 and automatic ankle cinching
system 124 have not been activated. Therefore, upper 102 is not tightened
around foot 106. Preferably, immediately following the insertion of foot 106 into
upper 102, automatic lacing system 122 and automatic ankle cinching system
124 may be activated. In some cases, automatic lacing system 122 and
automatic ankle cinching system 124 could be activated using one or more
sensors to detect the presence of a foot. In other cases, automatic lacing system
122 and automatic ankle cinching system 124 could be activated using one or

13
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more user controlled devices, such as a button. Details of such provisions are
discussed in further detail below.

[0095] Referring to FIG. 3, automatic lacing system 122 and automatic
ankle cinching system 124 have been activated. In this closed position of
automatic lacing system 122, arch portion 130 of upper 102 is preferably
tightened around foot 106 (see FIG. 1). Likewise, in this closed position of
automatic ankle cinching system 124, ankle portion 132 of upper 102 is
preferably tightened around ankle 108 (see FIG. 1).

[0096] FIGS. 4-9 further illustrate the fastening of automatic lacing
system 122 and automatic ankle cinching system 124. Referring to FIG. 4,
automatic ankle cinching system 124 is initially configured in an open position. In
this open position, ankle strap 150 is generally loose. In particular, first ankle
side wall portion 404 is separated from second ankle side wall portion 406 by a
distance D1 that is much wider than the width of ankle 108. This arrangement
preferably allows for easy insertion and/or removal of foot 106.

[0097] Referring to FIG. 5, as automatic ankle cinching system 124
begins to tighten around ankle 108, ankle strap 150 is partially contracted within
housing 160. At this point, ankle strap 150 has partially constricted the
movement of ankle 108 within upper 102. Furthermore, first ankle sidewall
portion 404 is separated from second ankle side wall portion 406 by a distance
D2 that is smaller than distance D1. In other words, first ankle sidewall portion
404 and second ankle sidewall portion 406 are slightly contracted against ankle
108 to partially restrict any movement of ankle 108.

[0098] Referring to FIG. 6, automatic ankle cinching system 124 is in a
closed position. In particular, ankle strap 150 has been fully tightened around
ankle 108. At this point, ankle strap 150 is configured to prevent ankle 108 from
moving laterally, as well as into or out of upper 102. First ankle sidewall portion
404 may be separated from second ankle sidewall portion 406 by a distance D3
that is substantially smaller than distance D2. Preferably, distance D3 is small
enough to substantially restrict the motion of ankle 108. With this arrangement,

14
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ankle portion 132 of upper 102 may be tightened around ankle 108 to provide
support to ankle 108 and to substantially contract the size of entry hole 105 to
prevent removal of the foot.

[0099] In some embodiments, automatic ankle cinching system 124
could be provided with a logo or other type of indicia. In some cases, ankle strap
150 could be provided with a logo or other indicia. In other cases, another
portion of automatic ankle cinching system 124 could include a logo or indicia. In
this preferred embodiment, ankle strap 150 includes logo 410. As seen in FIGS.
4 through 6, as ankle strap 150 moves to tighten around ankle 108, logo 410 may
move with ankle strap 150. With this preferred arrangement, when ankle strap
150 is disposed in a fully closed, or tightened, position, logo 410 may be oriented
towards a front portion of the article of footwear.

[00100] Referring to FIG. 7, automatic lacing system 122 is initially
configured in an unfastened, or open, position. In this open position, strap set
115 is generally loose. In particular, first sidewall periphery 802 and second
sidewall periphery 804 of lacing gap 107 may be spaced widely apart. At this
point, lacing gap 107 has an average width W1. Preferably, average width W1 is
wide enough to provide for easy insertion and/or removal of a foot.

[00101] It should be understood that the width of lacing gap 107 may be
different along the length of arch portion 130. In some embodiments, lacing gap
107 may be generally widest at first portion 720 that is adjacent to entry hole 105
of upper 102. Likewise, lacing gap 107 may be narrowest at second portion 722
that is adjacent to toe portion 724 of upper 102. Therefore, the term “average
width” as used throughout this detailed description and in the claims should be
understood to mean an average of the width of lacing gap 107 over different
portions and does not necessarily refer to the width of lacing gap 107 at a
particular portion.

[00102] Referring to FIG. 8, as automatic lacing system 122 begins to
tighten, lacing gap 107 may contract. In particular, strap set 115 may provide
tension between first sidewall periphery 802 and second sidewall periphery 804
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in order to partially close lacing gap 107. At this point, lacing gap 107 has an
average width W2 that is substantially smaller than average width W1.
Preferably, width W2 is small enough to partially restrict the movement of the foot
within upper 102.

[00103] Referring to FIG. 9, automatic lacing system 122 has been fully
closed around the foot. At this point, strap set 115 is configured to prevent
substantial movement of the foot within upper 102. In particular, lacing gap 107
has contracted to an average width W3 that is substantially smaller than average
width W2. With this arrangement, upper 102 may be fully tightened around the
foot and may provide increased support to the foot.

[00104] In some embodiments, upper 102 may be automatically
loosened. In other embodiments, upper 102 may be loosened manually. In still
other embodiments, a first portion of upper 102 may be automatically loosened
and a second portion of upper 102 may be manually loosened. In a preferred
embodiment, automatic lacing system 122 may be configured to be automatically
loosened. Likewise, automatic ankle cinching system 124 may be manually
loosened.

[00105] Preferably, article 100 may include provisions for automatically
opening automatic lacing system 122, once a user is ready to remove article of
footwear 100. In some cases, automatic lacing system 122 may automatically
loosen following a signal received from a user. For example, in one embodiment,
the user could press a button that causes automatic lacing system 122 to move
to an open position, so that upper 102 is loosened around a foot. In other
embodiments, automatic lacing system 122 may automatically move to an open
position without user input.

[00106] FIG. 10 illustrates an exemplary embodiment of automatic
lacing system 122 and automatic ankle cinching system 124 moving to an open
position. In the current embodiment, user 1002 may depress button 1004 to
indicate that upper 102 should be loosened. It should be understood that this

embodiment is only intended to be exemplary, and in other embodiments another
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type of button, lever, as well as other input mechanisms may be used to open
automatic lacing system 122 and automatic ankle cinching system 124.

[00107] As seen in FIG. 10, automatic lacing system 122 has been
controlled to loosen strap set 115 at arch portion 130. In some embodiments,
automatic ankle cinching system 124 may also be configured to automatically
loosen ankle strap 150 at ankle portion 132. In a preferred embodiment, ankle
strap 150 may be manually loosened by a wearer. For example, in some cases,
a wearer may pull on ankle strap 150 to adjust ankle strap to an open, or
loosened, position. With this arrangement, upper 102 may be loosened around a
foot and an ankle to allow a user to easily remove article of footwear 100.

[00108] FIG. 11 illustrates an exemplary embodiment of article 100 in a
fully loosened, or open, position. In particular, automatic lacing system 122 is in
a fully open position that provides for a widened lacing gap 107. Likewise,
automatic ankle cinching system 124 is in a fully open position that provides for a
widened entry hole 105. With upper 102 fully loosened, foot 106 and ankle 108
can be completely removed from upper 102.

[00109] In the current embodiment, automatic lacing system 122 and
automatic ankle cinching system 124 are configured to open and close
approximately simultaneously. However, it should be understood that in other
embodiments, automatic lacing system 122 and automatic ankle cinching system
124 could be operated independently. For example, in one alternative
embodiment, automatic lacing system 122 could be opened and/or closed prior
to the opening and/or closing of automatic ankle cinching system 124.

[00110] FIGS. 12-26 are intended to illustrate in detail the individual
components and operation of both automatic lacing system 122 and automatic
ankle cinching system 124. It should be understood that the following detailed
description discusses a preferred embodiment for automatic lacing system 122
and automatic ankle cinching system 124. In other embodiments, some

provisions or components of these systems could be optional. Furthermore, in
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other embodiments, additional provisions or components could be provided to
these systems.

[00111] FIGS. 12 and 13 illustrate an assembled isometric view and an
exploded isometric view, respectively, of automatic lacing system 122. For
purposes of clarity, a portion of upper 102 has been cut away in FIG. 12.

[00112] As previously discussed, automatic lacing system 122
preferably includes strap set 115. Preferably, automatic lacing system 122 also
includes provisions for moving strap set 115. In this embodiment, automatic
lacing system 122 preferably includes strap moving mechanism 1202. The term
“strap moving mechanism” as used throughout this detailed description and in
the claims refers to any mechanism capable of providing motion to one or more
straps without requiring work to be performed by the user.

[00113] Preferably, strap moving mechanism 1202 includes provisions
for powering automatic lacing system 122. Generally, any type of power source
can be utilized. Various types of power sources include, but are not limited to,
electrical power sources, mechanical power sources, chemical power sources,
as well as other types of power sources. In some embodiments, strap moving
mechanism 1202 includes motor 1230. Motor 1230 could be any type of motor,
including, but not limited to, an electric motor, an electrostatic motor, a pneumatic
motor, a hydraulic motor, a fuel powered motor or any other type of motor. In this
preferred embodiment, motor 1230 is an electric motor that transforms electrical
energy into mechanical energy.

[00114] Generally, motor 1230 may be associated with an electrical
power source of some kind. In some cases, motor 1230 could be associated
with an external battery. In still other cases, motor 1230 could include an internal
battery. In this preferred embodiment, motor 1230 may be configured to receive
power from internal battery 1299. Battery 1299 could be any type of battery. In
some embodiments, battery 1299 could be a disposable battery. Examples of
different types of disposable batteries include, but are not limited to, zinc-carbon,
zinc-chloride, alkaline, silver-oxide, lithium disulfide, lithium-thionyl chloride,
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mercury, zinc-air, thermal, water-activated, nickel oxyhydroxide, and paper
batteries. In a preferred embodiment, battery 1299 could be a rechargeable
battery of some kind. Examples of rechargeable batteries include, but are not
limited to nickel-cadmium, nickel-metal hydride and rechargeable alkaline
batteries.

[00115] Generally, battery 1299 could be disposed in any portion of
article 100. In some embodiments, battery 1299 could be associated with an
ankle cuff of article 100. In other embodiments, battery 1299 could be disposed
in another portion of upper 102. In a preferred embodiment, battery 1299 may be
disposed in a portion of sole 104. This arrangement preferably helps to protect
battery 1299 from the elements and direct contact with a foot of the wearer.

[00116] Generally, the size of battery 1299 may vary. In some
embodiments, battery 1299 could have a length in the range of 10 mm to 50 mm.
Furthermore, battery 1299 could have a width in the range of 10 mm to 50 mm.
In a preferred embodiment, battery 1299 has a width of about 30 mm.
Furthermore, battery 1299 preferably has a length of about 40 mm.

[00117] In some embodiments, article 100 may include provisions for
recharging battery. In some cases, an inductive charger may be used. In other
cases, a USB-based charger may be used. In still other cases, other types of
charging provisions can be used. In this preferred embodiment, sole 104
includes charging port 1297. In this embodiment, charging port 1297 may be a
mini-USB type charging port. Furthermore, charging port 1297 may be
electrically connected with battery 1299 via an electrical circuit of some kind.
Preferably, charging port 1297 can be coupled to a battery charger of some kind.
With this arrangement, power can be transferred to battery 1299 from an external
power source in order to recharge battery 1299.

[00118] Motor 1230 may be connected to driveshaft 1232. In particular,
motor 1230 is preferably configured to provide torque to driveshaft 1232 to rotate
driveshaft 1232. Furthermore, driveshaft 1232 may include one or more gears
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for transferring power to strap set 115. In this preferred embodiment, driveshaft
1232 may include first gear 1240 and second gear 1242.

[00119] In some embodiments, strap moving mechanism 1202 may
include one or more belts for transferring power to strap set 115. In this
embodiment, strap moving mechanism 1202 may include first belt 1250 and
second belt 1252. Preferably, first belt 1250 and second belt 1252 are
configured to engage with first gear 1240 and second gear 1242, respectively. In
a preferred embodiment, first belt 1250 and second belt 1252 are serpentine
belts that move laterally with respect to sole 104 as first gear 1240 and second
gear 1242 are rotated.

[00120] In some embodiments, first belt 1250 and second belt 1252 may
be attached to a yoke member that is associated with strap set 115. In this
embodiment, first attachment portion 1260 of first belt 1250 may be attached
directly to yoke member 1270. Also, second attachment portion 1262 of second
belt 1252 may be attached directly to yoke member 1270.

[00121] Preferably, each strap of strap set 115 is also directly attached
to yoke member 1270. In this embodiment, first end portion 1281 of first strap
111 is attached to yoke member 1270. Likewise second strap 112, third strap
113 and fourth strap 114 are preferably attached to yoke member 1270 at similar
end portions. This arrangement provides for a yoking configuration of first strap
111, second strap 112, third strap 113 and fourth strap 114. With this
arrangement, first strap 111, second strap 112, third strap 113 and fourth strap
114 may move substantially in unison at first end portion 1290 of strap set 115.
This preferably allows the tightening and loosening of upper 102 to be applied
evenly over arch portion 130 of upper 102.

[00122] Generally, yoke member 1270 could be any type of yoke. In
some embodiments, yoke member 1270 could be a curved yoke. For example,
in some cases yoke member 1270 could be a bow yoke. In other embodiments,
yoke member 1270 may be substantially straight. In this preferred embodiment,
yoke member 1270 has an approximately cylindrical bar or rod shape. With this
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arrangement, multiple straps may be connected along the entirety of the length of
yoke member 1270 in a generally parallel manner.

[00123] Preferably, article 100 includes provisions for receiving one or
more components of strap moving mechanism 1202. In some embodiments, one
or more components of strap moving mechanism 1202 may be disposed within
upper 102. In other embodiments, one or more components of strap moving
mechanism 1202 may be disposed within sole 104. In this preferred
embodiment, sole 104 may include an interior cavity that is configured to receive
multiple components of strap moving mechanism 1202.

[00124] Referring to FIGS. 12 and 13, sole 104 preferably includes
interior cavity 1285. Generally, interior cavity 1285 may have any shape.
Examples of different shapes include, but are not limited to, circular shapes, oval
shapes, square shapes, rectangular shapes, polygonal shapes, regular shapes,
irregular shapes as well as other kinds of shapes. In this exemplary
embodiment, interior cavity 1285 has a generally rectangular shape.

[00125] Interior cavity 1285 is preferably configured to receive motor
1230. Additionally, interior cavity 1285 may be configured to receive driveshaft
1232, including first gear 1240 and second gear 1242. In particular, interior
cavity 1285 may provide room for rotation of driveshaft 1232, first gear 1240 and
second gear 1242.

[00126] In some embodiments, interior cavity 1285 may be disposed
internally within sole 104. In other words, interior cavity 1285 may be disposed
below an upper surface of sole 104. In other embodiments, interior cavity 1285
may be open at the upper surface of sole 104. In other words, interior cavity
1285 may be in fluid communication with an interior portion of upper 102.

[00127] In the current embodiment, interior cavity 1285 includes upper
opening 1287 that is disposed on upper surface 1289 of sole 104. In other
words, interior cavity 1285 is a recessed portion of upper surface 1289. In some
embodiments, upper surface 1289 of sole 104 may be covered by an insole to
separate interior cavity 1285 from foot receiving cavity 1291 of upper 102. With
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this arrangement, a foot may be prevented from contacting, and potentially
interfering with, one or more components of strap moving mechanism 1202 that
may be disposed within interior cavity 1285.

[00128] Preferably, automatic lacing system 122 also includes
provisions for guiding strap set 115 within upper 102. In this embodiment,
automatic lacing system 122 may include rigid hollow plate 1300. In this
embodiment, rigid hollow plate 1300 may be associated with first sidewall portion
1302 of upper 102. In some embodiments, rigid hollow plate 1300 may be
disposed against an inner surface of first sidewall portion 1302. In other
embodiments, rigid hollow plate 1300 may be disposed against an outer surface
of first sidewall portion 1302. In a preferred embodiment, rigid hollow plate 1300
may be integral with first sidewall portion 1302. In other words, rigid hollow plate
1300 may be disposed between an inner lining and an outer lining of upper 102
to provide rigid support at first sidewall portion 1302.

[00129] Referring to FIG. 13, rigid hollow plate 1300 may include holes
for receiving straps into, and releasing straps from, a hollow cavity of rigid hollow
plate 1300. In this embodiment, rigid hollow plate 1300 includes first lower hole
1311, second lower hole 1312, third lower hole 1313 and fourth lower hole 1314,
referred to collectively as lower hole set 1315. Additionally, rigid hollow plate
1300 may include first upper hole 1321, second upper hole 1322, third upper
hole 1323 and fourth upper hole 1324, referred to collectively as upper hole set
1325.

[00130] As illustrated in FIG. 13, second end portion 1330 of first strap
111 may be inserted into rigid hollow plate 1300 at first lower hole 1311 and may
exit from rigid hollow plate 1300 at first upper hole 1321. Preferably, second
portions of second strap 112, third strap 113 and fourth strap 114 may be
similarly inserted into second lower hole 1312, third lower hole 1313 and fourth
lower hole 1314, respectively. Likewise, second end portions of second strap
112, third strap 113 and fourth strap 114 may exit from rigid hollow plate 1300 at
second upper hole 1322, third upper hole 1323 and fourth upper hole 1324,
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respectively. With this arrangement, rigid hollow plate 1300 may serve as a
guide for strap set 115. Preferably, rigid hollow plate 1300 helps reduce friction
between the straps of strap set 115 and upper 102 that might otherwise inhibit
motion of the straps.

[00131] Generally, rigid hollow plate 1300 could have any shape. In
some embodiments, rigid hollow plate 1300 may be generally flat. In other
embodiments, rigid hollow plate 1300 could be curved. In a preferred
embodiment, rigid hollow plate 1300 could have a curved shape that substantially
matches the contours of first sidewall portion 1302. Furthermore, rigid hollow
plate 1300 preferably extends from sole 104 to the top of first sidewall portion
1302. With this arrangement, rigid hollow plate 1300 may help guide strap set
115 through the interior of upper 102.

[00132] Generally, rigid hollow plate 1300 could have any thickness. In
some embodiments, rigid hollow plate 1300 could have a thickness much greater
than the lining of upper 102. In other embodiments, rigid hollow plate 1300 could
have a thickness that is substantially less than the lining of upper 102. In this
preferred embodiment, rigid hollow plate 1300 has a thickness that is
substantially similar to the thickness of the lining of upper 102. With this
arrangement, rigid hollow plate 1300 preferably does not substantially interfere
with the motion and flexibility of upper 102 at first sidewall portion 1302.

[00133] Arigid hollow plate may be made of any substantially rigid
material. Preferably, a rigid hollow plate is made of a material that is
substantially more rigid than the upper. Examples of various materials that could
be used to make a rigid hollow plate include, but are not limited to, plastic, rigid
rubber, metal and wood, as well as other materials. In the preferred
embodiment, rigid hollow plate 1300 is made of a substantially rigid plastic.

[00134] FIG. 14 is a cross sectional view of a preferred embodiment of
the interior of rigid hollow plate 1300. Referring to FIG. 14, rigid hollow plate
1300 may include individual channels for receiving each strap of strap set 115.

In this embodiment, rigid hollow plate 1300 includes first strap receiving channel
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1341, second strap receiving channel 1342, third strap receiving channel 1343
and fourth strap receiving channel 1344 that are configured to receive first strap
111, second strap 112, third strap 113 and fourth strap 114, respectively.

[00135] In some embodiments, the strap receiving channels could be
much larger than the straps of strap set 115. In a preferred embodiment, the
dimensions of first strap receiving channel 1341, second strap receiving channel
1342, third strap receiving channel 1343 and fourth strap receiving channel 1344
are substantially similar to the dimensions of the straps of strap set 115. With
this arrangement, first strap receiving channel 1341, second strap receiving
channel 1342, third strap receiving channel 1343 and fourth strap receiving
channel 1344 may be configured as guides that allow for a smooth sliding
movement of each strap through rigid hollow plate 1300 without allowing for
unwanted bending, twisting or other modes of motion that may inhibit this smooth
sliding movement. For example, if the strap receiving channels are too large, the
strap may bunch or fold within the strap receiving channel rather than slide
through the strap receiving channel smoothly.

[00136] Generally, rigid hollow plate 1300 could have channels of any
shape. In the current embodiment, first strap receiving channel 1341, second
strap receiving channel 1342, third strap receiving channel 1343 and fourth strap
receiving channel 1344 have a slightly curved shape since rigid hollow plate
1300 has an approximately curved shape. However, in other embodiments, the
channels of a rigid hollow plate could also be approximately straight.

[00137] FIG. 15 illustrates an alternative embodiment of rigid hollow
plate 1300. In this alternative embodiment, rigid hollow plate 1300 includes
central hollow cavity 1502 for receiving each of the straps within strap set 115.
Preferably, central hollow cavity 1502 has a thickness that is substantially equal
to the thicknesses of each of the straps in strap set 115. This arrangement
preferably allows movement of each strap in strap set 115 through central hollow
cavity 1502 without allowing for folding, bunching or twisting of each strap in
strap set 115.
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[00138] Although the current embodiment includes a rigid hollow plate to
help guide the straps of an automatic lacing system, in other embodiments,
different provisions could be provided. Generally, any provision for reducing
friction between a set of straps and a sidewall portion could be used. In another
embodiment, for example, the lining of an upper could be rigid enough to
substantially reduce friction between a set of straps and a sidewall portion.
Furthermore, the lining of an upper could include channels that are configured to
receive a set of straps and help guide the straps. In still another embodiment,
the lining of an upper could be coated to present a substantially low friction
surface to a set of straps. In still another embodiment, a low friction fabric could
be used to make the lining of an upper. In still another embodiment, one or more
flexible tubes could be configured to receive a set of straps from within the upper
and help guide the set of straps through the upper.

[00139] Referring to FIG. 16, automatic lacing system 122 may include
one or more provisions for controlling strap moving mechanism 1202. In
particular, automatic lacing system 122 could be associated with one or more
control systems, sensors, user operated devices or other provisions. It should be
understood that each of the following provisions are intended to be exemplary
and in some embodiments some provisions could be optional.

[00140] As previously discussed, automatic lacing system 122
preferably includes provisions for activating a strap moving mechanism to open
or close a set of straps. In some embodiments, strap moving mechanism 1202
may be provided with a control system of some kind. The term “control system”
as used throughout this detailed description and in the claims refers to any type
of device for determining an operating state of a strap moving mechanism. For
example, in some embodiments, a control system could be a central processing
unit (CPU) of some kind. In other embodiments, a control system could be a
simple circuit of some kind for receiving electrical inputs and providing an

electrical output according to the inputs. In this preferred embodiment, automatic
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lacing system 122 preferably includes control system 1650 that is connected to
strap moving mechanism 1202 via first connection 1611.

[00141] Generally, control system 1650 may be disposed in any portion
of article 100. In some embodiments, control system 1650 could be disposed in
a portion of upper 102. In a preferred embodiment, control system 1650 could be
disposed in sole 104. Referring to FIG. 17, control system 1650 may be
associated with sole 104. In particular, control system 1650 may be disposed
within a heel portion of sole 104.

[00142] Generally, control system 1650 may have any size. In some
embodiments, control system 1650 may have a length in the range between 10
mm and 50 mm. Likewise, control system 1650 may have a length in the range
between 10 mm and 50 mm. In a preferred embodiment, control system 1650
may have a length of about 40 mm. Also, control system 1650 may have a width
of about 30 mm. In still another embodiment, control system 1650 could have a
length of about 25 mm. Also, control system 1650 could have a width of about
25 mm.

[00143] Referring back to FIG. 16, automatic lacing system 122 may
include one or more sensors that can be used to determine when automatic
lacing system 122 should tighten or loosen upper 102. Examples of different
types of sensors that may be used include, but are not limited to, weight sensors,
light sensors, audio sensors, heat sensors, as well as other types of sensors. In
this embodiment, automatic lacing system 122 may be provided with weight
sensor 1606. In some cases, weight sensor 1606 may be connected directly to
strap moving mechanism 1202. In a preferred embodiment, weight sensor 1606
may be connected to control system 1650 via second connection 1612. With this
arrangement, control system 1650 may receive signals from weight sensor 1606
to determine if strap moving mechanism 1202 should be activated.

[00144] Generally, weight sensor 1606 could be located in any portion of
article 100. In some embodiments, weight sensor 1606 could be located in a
portion of sole 104. In a preferred embodiment, weight sensor 1606 could be
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located in an insole or sock liner of article 100. In still other embodiments, weight
sensor 1606 could be located in other portions of article 100.

[00145] Referring to FIG. 17, article 100 may include sock liner 1799 in
some embodiments. Generally, sock liner 1799 could be any type of insole or
liner. In some cases, sock liner 1799 could be a removable liner. In other
embodiments, sock liner 1799 could be permanently attached to sole 104.

[00146] Preferably, weight sensor 1606 may be disposed in heel portion
1797 of sock liner 1799. With this arrangement, as a foot is inserted into upper
102 and pressed against heel portion 1797, a signal may be sent to control
system 1650 to activate strap moving mechanism 1202. At this point, control
system 1650 may send a signal to activate strap moving mechanism 1202 in
order to tighten upper 102 by moving strap set 115.

[00147] In some embodiments, control system 1650 can be configured
to automatically activate strap moving mechanism 1202 following a signal from
weight sensor 1606. In other embodiments, however, control system 1650 can
be configured with a time delay upon receiving a signal from weight sensor 1606.
With this arrangement, strap moving mechanism 1202 may not be activated until
some time has passed in order to allow a user to completely insert his or her foot.

[00148] It should be understood that additional sensors can be used in
addition to a weight sensor. In some embodiments, a sensor may be used to
provide information related to the tightness of a strap set. In some cases, the
sensor can be applied to a portion of the strap set to determine if the strap set is
tightened properly. In other cases, the sensor can be applied at the motor. By
measuring the torque or force needed by the motor to continue moving the straps
of the strap set, the proper degree of tightness can be determined.

[00149] Referring back to FIG. 16, strap moving mechanism 1202 may
be provided with a user controlled device of some kind. The term “user
controlled device” refers to any device that is configured to receive input directly
from a user. In this embodiment, control system 1650 is preferably connected to
user control device 1608 via third connection 1613. Upon receiving a signal from
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user control device 1608, control system 1650 may then activate strap moving
mechanism 1202. An example of a user controlled device includes a button that
can be pushed to activate strap moving mechanism 1202, as illustrated in FIG.
10. However, in other embodiments, any type of user controlled device could be
used, including, but not limited to, levers, switches, dials, consoles or other user
controlled devices.

[00150] Generally, first connection 1611, second connection 1612 and
third connection 1613 may be any type of connection that is configured to
transfer information and/or energy. In some embodiments, wired connections
may be used. In other embodiments, wireless connections may be used.

[00151] FIGS. 17 through 21 illustrate a preferred embodiment of the
operation of automatic lacing system 122. For purposes of clarity, upper 102 and
sole 104 are indicated here in phantom. Referring to FIG. 17, automatic lacing
system 122 is in an open or loosened condition. As previously discussed, first
strap 111 preferably includes first end portion 1281 that is attached to yoke
member 1270 near first sidewall portion 1302. Likewise, first strap 111 includes
second end portion 1330 that is attached to second sidewall portion 1702 of
upper 102. Also, first strap 111 may include intermediate portion 1711 that is
disposed between first end portion 1281 and second end portion 1330.

[00152] Preferably, second strap 112, third strap 113 and fourth strap
114 are arranged in a similar manner to first strap 111. In particular, each strap
of strap set 115 preferably includes a first portion attached to yoke member 1270
and a second portion attached to second sidewall portion 1702. Additionally,
each strap set 115 preferably includes an intermediate portion that is disposed
between the first end portion and the second end portion of each strap.

[00153] With automatic lacing system 122 in this open position, yoke
member 1270 is preferably disposed adjacent to lower hole set 1315. In other
words, strap set 115 is maximally extended from upper hole set 1325. Also,
intermediate portion 1711 may be disposed outside of rigid hollow plate 1300. In
this open position, further extension, or loosening, of strap set 115 cannot be
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achieved because yoke member 1270 prevents further extension of strap set 115
from upper hole set 1325.

[00154] Referring to FIG. 18, automatic lacing system 122 has been
activated. In the current embodiment, motor 1230 may receive a signal from
control system 1650 disposed within sole 104 (see FIG. 17). In particular, motor
1230 could receive a signal from control system 1650 that weight sensor 1606
has been activated. At this point, motor 1230 is activated and begins to rotate
driveshaft 1232 in a counterclockwise direction with respect to longitudinal axis
1804. As driveshaft 1232 rotates, first gear 1240 and second gear 1242 also
rotate in the counterclockwise direction. Preferably, first gear 1240 and second
gear 1242 are engaged with first belt 1250 and second belt 1252, respectively.
In particular, first gear 1240 and second gear 1242 preferably include teeth that
mesh with teeth on first belt 1250 and second belt 1252. With this arrangement,
as first gear 1240 and second gear 1242 rotate counterclockwise, first belt 1250
and second belt 1252 are moved laterally, with respect to sole 104, towards
second sidewall portion 1702.

[00155] Since first belt 1250 and second belt 1252 are fastened to yoke
member 1270, this lateral movement places tension on yoke member 1270 and
pulls yoke member 1270 away from lower hole set 1315 of rigid hollow plate
1300 by a distance D5. Furthermore, as yoke member 1270 is pulled away from
lower hole set 1315, strap set 115 is pulled down through rigid hollow plate 1300.
This motion preferably tightens strap set 115 and pulls second sidewall portion
1702 towards first sidewall portion 1302 of upper 102.

[00156] Referring to FIG. 19, automatic lacing system 122 is in a fully
closed, or tightened, position. In this closed position, yoke member 1270 has
extended further away from lower hole set 1315 by a distance D6 that is
substantially larger than distance D5. Furthermore, strap set 115 has been
pulled taut over lacing gap 107 of upper 102. Preferably, in this closed position,
upper 102 is fully tightened around a foot.
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[00157] Referring to FIGS. 20 and 21, automatic lacing system 122 may
be returned to an open position when a user is ready to remove article 100. In
this embodiment, as previously discussed, a user may depress a button to open
automatic lacing system 122 (see FIG. 10). Preferably, once the button is
depressed, a signal is received at motor 1230 to open automatic lacing system
122.

[00158] To open automatic lacing system 122, motor 1230 may be
operated in a reverse direction. In other words, in the current embodiment, motor
1230 may be configured to rotate in a clockwise direction with respect to
longitudinal axis 1804. The clockwise rotation of motor 1230 causes driveshaft
1232, first gear 1240 and second gear 1242 to rotate in a clockwise direction as
well. The clockwise rotation of first gear 1240 and second gear 1242 further
moves first belt 1250 and second belt 1252, respectively, in a lateral direction
towards first sidewall portion 1302. As first belt 1250 and second belt 1252 move
towards first sidewall portion 1302, yoke member 1270 is pushed closer to lower
hole set 1315 of rigid hollow plate 1300. Furthermore, strap set 115 is pushed
through rigid hollow plate 1300 so that strap set 115 extends further out of upper
hole set 1325. This motion generally loosens strap set 115 and allows for some
increase in the spacing between first sidewall portion 1302 and second sidewall
portion 1702.

[00159] As seenin FIGS. 20 and 21, the distance between yoke
member 1270 and lower hole set 1315 decreases as automatic lacing system
122 is opened. At one point, seen in FIG. 20, yoke member 1270 and lower hole
set 1315 are separated by a distance D7. Following this, at a later point in time
seen in FIG. 21, yoke member 1270 and lower hole set 1315 are separated by a
distance D8 that is substantially smaller than distance D7. Eventually, automatic
lacing system 122 may be disposed in a fully opened position, as seen in FIG.
17. At this point, a foot may be removed from upper 102.

[00160] FIGS. 22 and 23 illustrate an exploded isometric view and an
assembled view, respectively, of automatic ankle cinching system 124. As
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previously discussed, automatic ankle cinching system 124 includes ankle strap
150. Ankle strap cinching system 124 also preferably includes housing 160 that
is configured to receive a portion of ankle strap 150. In some embodiments,
housing 160 may include hollow channel 2206. Furthermore, housing 160 may
include slot 2202 that provides an opening for hollow channel 2206 on an outer
surface of housing 160. In a preferred embodiment, hollow channel 2206 and
slot 2202 may be configured to receive first end portion 2203 of ankle strap 150.
With this arrangement, first end portion 2203 of ankle strap 150 may be
configured to slide within slot 2202 and hollow channel 2206.

[00161] Preferably, automatic ankle cinching system 124 also includes
provisions for moving ankle strap 150. In this embodiment, automatic ankle
cinching system 124 preferably includes strap moving mechanism 2222. As
previously discussed, the term “strap moving mechanism” as used throughout
this detailed description and in the claims refers to any mechanism capable of
providing motion to the straps.

[00162] Preferably, strap moving mechanism 2222 includes coil spring
2204. In some embodiments, ankle strap 150 may be associated with coil spring
2204 at first end portion 2203. Preferably, coil spring 2204 is also connected to
shaft 2232. With this arrangement, as coil spring 2204 unwinds around shaft
2232, a tension may be applied to first end portion 2203.

[00163] Preferably, housing 160 includes provisions for receiving the
components of strap moving mechanism 2222. In some embodiments, housing
160 may include housing cavity 2250. In a preferred embodiment, housing cavity
2250 is shaped to receive coil spring 2204 as well as shaft 2232.

[00164] Although strap moving mechanism 2222 comprises coil spring
2204 and shaft 2232 in the current embodiment, in other embodiments strap
moving mechanism 2222 could comprise additional components as well. For
example, in some embodiments, shaft 2232 could be associated with a motor
that is configured to rotate shaft 2232 to provide additional tension to ankle strap
150. Additionally, in other embodiments, shaft 2232 could be associated with
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other gears, belts or provisions for supplying power to, and moving, ankle strap
150.

[00165] Preferably, strap moving mechanism 2222 may be associated
with provisions for locking ankle strap 150 into an open, or extended, position. In
this preferred embodiment, strap moving mechanism 2222 includes locking
mechanism 2299. For purposes of clarity, locking mechanism 2299 is shown
schematically in the Figures.

[00166] Generally, locking mechanism 2299 may be associated with any
portion of automatic ankle cinching system 124. In a preferred embodiment,
locking mechanism may be associated with housing 160. With this arrangement,
locking mechanism 2299 may be configured to interact with portions of ankle
strap 150. In particular, locking mechanism 2299 may be configured to restrict
the motion of ankle strap 150 in some situations.

[00167] Preferably, as ankle strap 150 is fully extended to an open
position, locking mechanism 2299 engages a portion ankle strap 150 and
prevents ankle strap 150 from sliding back into housing 160 under the tension of
coil spring 2204. Generally, locking mechanism 2299 may include any provisions
for engaging a portion of ankle strap 150. In some embodiments, locking
mechanism 2299 may engage a mechanical tab or similar provision on ankle
strap 150 that prevents retraction of ankle strap 150. In other embodiments,
locking mechanism 2299 may include provisions for clamping or pinching first
end portion 2203 when ankle strap 150 is fully extended.

[00168] Preferably, automatic ankle cinching system 124 includes
provisions for releasing locking mechanism 2299. In some embodiments, locking
mechanism 2299 may be released manually. For example, in some cases, a
portion of locking mechanism 2299 could be depressed to release ankle strap
150. In a preferred embodiment, locking mechanism 2299 may be an electrically
controlled mechanism. In particular, locking mechanism 2299 may be configured
to release ankle strap 150 using an electrical signal of some kind.
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[00169] Preferably, locking mechanism 2299 is in communication with
one or more sensors and/or control systems. In a preferred embodiment, locking
mechanism 2299 is in communication with control system 1650. Using this
arrangement, control system 1650 may send a signal to disengage locking
mechanism 2299 from ankle strap 150 when weight sensor 1606 has been
activated. As locking mechanism 2299 releases, ankle strap 150 may be pulled
tightly around an ankle under the tension of coil spring 2204.

[00170] Generally, second end portion 2207 of ankle strap 150 may be
associated with any portion of ankle portion 132 of upper 102. In some
embodiments, second end portion 2207 may be attached to housing 160. In
other embodiments, second end portion 2207 could be attached directly to ankle
portion 132 of upper 102. In a preferred embodiment, second end portion 2207
is fixedly attached to housing 160 at slot 2240. With this arrangement, second
end portion 2207 may remain fixed in place while first end portion 2204 of ankle
strap 150 may move to provide cinching around ankle portion 132.

[00171] As illustrated in FIG. 23, coil spring 2204 is preferably
configured to wind around shaft 2232. Generally, shaft 2232 may be oriented in
any direction. In some embodiments, shaft 2232 could be oriented in a generally
horizontal direction. In a preferred embodiment, shaft 2232 may be oriented in a
generally vertical direction. In other words, shaft 2232 may be oriented in a
direction that is generally perpendicular with an upper surface of a sole of the
article. With this arrangement, the orientation of ankle strap 150 can be
maintained along the length of ankle strap 150 to prevent twisting.

[00172] As previously discussed, automatic ankle cinching system 124
may be operated simultaneously with automatic lacing system 122. In some
embodiments, automatic ankle cinching system 124 may be in communication
with automatic lacing system 122. As previously discussed, strap moving
mechanism 2222 of automatic ankle cinching system 124 may be configured to
close when strap moving mechanism 1202 of automatic lacing system 122 is
closed. In other embodiments, automatic ankle cinching system 124 could be
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operated independently of automatic lacing system 122. In particular, strap
moving mechanism 2222 of automatic ankle cinching system 124 could be
associated with any of the optional inputs discussed with respect to strap moving
mechanism 1202 of automatic lacing system 122. For example, strap moving
mechanism 2222 could be associated with one or more sensors. Additionally,
strap moving mechanism 2222 could be used with one or more user controlled
devices.

[00173] FIGS. 24 through 26 illustrate a preferred embodiment of the
operation of automatic ankle cinching system 124. For purposes of clarity,
automatic ankle cinching system 124 is shown in isolation in these Figures.
Referring to FIG. 24, automatic ankle cinching system 124 is disposed in an open
position. In this open position, a foot may be easily inserted into entry hole 105.
At this point, entry hole 105 may have an average width WS5.

[00174] Referring to FIG. 25, automatic ankle cinching system 124 may
receive a signal from a sensor that automatic ankle cinching system 124 should
be closed. In particular, locking mechanism 2299 may receive a signal to release
ankle strap 150. Preferably, coil spring 2204 provides tension to ankle strap 150.
At this point, ankle strap 150 may be pulled further into housing 160 and
intermediate portion 2209 of ankle strap 150 may be pulled taut against an ankle.
In this closed position, entry hole 105 preferably has an average width W6 that is
substantially smaller than average width W5.

[00175] Referring to FIG. 26, automatic ankle cinching system 124 may
be manually opened by a user. In some cases, a user can pull outwards on
ankle strap 150 by pulling directly on intermediate portion 2209. In other cases,
a user can pull on a lever or tab to open ankle strap 150. At this point, ankle
strap 150 may extend further out of housing 160 and intermediate portion 2209 of
ankle strap 150 may be loosened around an ankle. Once ankle strap 150 has
been full extended into an open position, locking mechanism 2299 may be
configured to lock ankle strap 150 in place. In this open position, entry hole 105
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preferably has an average width W5 that is substantially larger than average
width W6. With this arrangement, a foot may be removed from entry hole 105.
[00176] While various embodiments of the invention have been
described, the description is intended to be exemplary, rather than limiting and it
will be apparent to those of ordinary skill in the art that many more embodiments
and implementations are possible that are within the scope of the invention.
Accordingly, the invention is not to be restricted except in light of the attached
claims and their equivalents. Also, various modifications and changes may be

made within the scope of the attached claims.
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WHAT IS CLAIMED IS:

We claim:

1. An automatic lacing system for an article of footwear, comprising:

a sole including a cavity;

a motor disposed in the cavity;

the motor including a driveshaft;

the driveshaft including at least one gear;

at least one belt engaged with the at least one gear at an intermediate
portion of the belt;

a yoke member connected to the at least one belt at an attachment portion
of the at least one belt;

a plurality of straps attached to the yoke member, the plurality of straps
being configured to adjust an upper of the article of footwear; and

wherein the straps can be automatically moved between a closed position
and a loosened position by activating the motor.

2. The automatic lacing system according to claim 1, wherein the yoke

member is a rod.

3. The automatic lacing system according to claim 1, wherein the yoke

member allows the plurality of straps to move substantially in unison.
4. The automatic lacing system according to claim 1, wherein the yoke

member is disposed adjacent to a lower hole set of a rigid hollow plate when the
straps are in the closed position.
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5. The automatic lacing system according to claim 4, wherein the yoke
member is disposed away from the lower hole set of the rigid hollow plate when
the straps are in the closed position.

6. The automatic lacing system according to claim 1, wherein the driveshaft

includes two gears.

7. The automatic lacing system according to claim 6, wherein the driveshaft
includes two belts that are configured to engage the two gears.

8. An automatic lacing system for an article of footwear, comprising:

a strap moving mechanism;

at least one strap attached to the strap moving mechanism, the at least
one strap being configured to adjust an upper of the article of footwear;

a rigid hollow plate associated with a sidewall portion of an upper;

the rigid hollow plate configured to receive an intermediate portion of the
at least one strap; and

wherein the intermediate portion is contracted within the rigid hollow plate
when the at least one strap is closed and wherein the intermediate portion is
extended outside of the rigid hollow plate when the at least one strap is open.

9. The automatic lacing system according to claim 8, wherein the rigid hollow
plate includes at least one strap receiving channel disposed within the rigid
hollow plate.

10.  The automatic lacing system according to claim 9, wherein the at least
one strap receiving channel is configured to receive a portion of the at least one

strap.

11.  The automatic lacing system according to claim 10, wherein the strap
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receiving channel is configured to guide the portion of the at least one strap

between a lower hole and an upper hole in the rigid hollow plate.

12.  The automatic lacing system according to claim 8, wherein the rigid hollow
plate includes a central hollow cavity.

13.  The automatic lacing system according to claim 8, wherein the rigid hollow
plate is disposed against an inner surface of the sidewall portion.

14.  The automatic lacing system according to claim 8, wherein the rigid hollow

plate is disposed against an outer surface of the sidewall portion.

15.  The automatic lacing system according to claim 8, wherein the rigid hollow
plate is disposed between an outer lining of the sidewall portion and an inner
lining of the sidewall portion.

16.  The automatic lacing system according to claim 8, wherein the strap
moving mechanism further comprises:

a motor including a driveshaftt;

the driveshaft including a gear;

a belt configured to engage the gear; and

wherein the belt is configured to supply power to the at least one strap.
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17.  An automatic lacing system for an article of footwear, comprising:

a first strap and a second strap configured to adjust an upper of an article
of footwear, the first strap being disposed adjacent to the second strap;

a strap moving mechanism connected to the first strap and the second
strap, the strap moving mechanism being configured to automatically move the
first strap and the second strap; and

wherein the first strap and the second strap are configured to move
substantially in unison when the strap moving mechanism is operated to

automatically adjust the upper.

18.  The automatic lacing system according to claim 17, wherein the spacing
between adjacent portions of the first strap and the second strap is substantially

constant.
19.  The automatic lacing system according to claim 17, wherein the first strap
and the second strap are attached to a yoke member that is configured to apply a

force to the first strap and the second strap.

20. The automatic lacing system according to claim 17, wherein the first strap
and the second strap are disposed beneath a lacing gap of the upper.

21.  The automatic lacing system according to claim 17, wherein the first strap

and the second strap oriented along a lateral direction of the upper.
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22.  An automatic lacing system for an article of footwear, comprising:

a strap moving mechanism;

a strap including a first end portion attached to the strap moving
mechanism and a second end portion attached to a sidewall portion of an upper
of the article of footwear; and

wherein the strap moving mechanism is configured to move the first end

portion from a first position to a second position and thereby loosen the upper.

23. The automatic lacing system according to claim 22, wherein the strap

moving mechanism is in communication with a sensor.

24.  The automatic lacing system according to claim 23, wherein the sensor is
a weight sensor.

25.  The automatic lacing system according to claim 23, wherein the strap
moving mechanism is configured to move the strap according to information

received from the sensor.

26. The automatic lacing system according to claim 22, wherein the strap

moving mechanism is in communication with a user controlled device.
27. The automatic lacing system according to claim 26, wherein the strap

moving mechanism is configured to move the strap according to information

received from the user controlled device.
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28.  An automatic ankle cinching system for an article of footwear, comprising:

an upper including an ankle portion;

a housing disposed on a rear portion of the ankle portion;

an ankle strap associated with a front portion of the ankle portion;

a strap moving mechanism disposed within the housing;

the strap including a first end portion attached to the strap moving
mechanism and a second end portion fixedly attached to the housing; and

wherein the strap moving mechanism is configured to automatically move
the strap between an open position and a closed position and thereby adjust the

ankle portion.

29. The automatic ankle cinching system according to claim 28, wherein the

strap moving mechanism includes a coil spring.

30. The automatic ankle cinching system according to claim 29, wherein the
coil spring provides tension to the first end portion.

31.  The automatic ankle cinching system according to claim 30, wherein the
coil spring applies tension to the first end portion in a direction to automatically
close the ankle strap.

32. The automatic ankle cinching system according to claim 31, wherein the
automatic ankle cinching system includes a locking mechanism that is configured
to lock the ankle strap in an open position.

33. The automatic ankle cinching system according to claim 32, wherein the
locking mechanism is configured to receive information related to a weight

sensor.

34. The automatic ankle cinching system according to claim 33, wherein the
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locking mechanism is configured to release the ankle strap according to the
information related to the weight sensor and thereby allow the ankle strap to
move to a closed position and tighten around an ankle.

35.  An automatic ankle cinching system for an article of footwear, comprising:

an upper including an ankle portion;

a housing disposed on a rear portion of the ankle portion;

an ankle strap associated with a front portion of the ankle portion;

the strap including a first end portion attached to the strap moving
mechanism and a second end portion fixedly attached to the housing;

the strap moving mechanism including a coil spring that is configured to
wind within the housing, the coil spring being configured to wind around a shaft;
and

wherein the shaft is oriented in a direction running from a top portion of the

upper to a lower portion of the upper.

36. The automatic ankle cinching system according to claim 35, wherein the
first end portion of the ankle strap is attached to the coil spring.

37.  The automatic ankle cinching system according to claim 35, wherein the
ankle strap is associated with a locking mechanism configured to restrict the
movement of the ankle strap.

38. The automatic ankle cinching system according to claim 35, wherein the

housing includes a channel that is configured to receive the first end portion of
the strap.
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39. The automatic ankle cinching system according to claim 35, wherein the
housing includes a cavity configured to receive the coil spring.

40. A method of adjusting an automatic lacing system of an article of footwear,
comprising the steps of:

receiving information from a user controlled device; and

automatically opening an upper of the article of footwear using the
automatic lacing system according to information received from the user

controlled device.

41.  The method according to claim 40, wherein the user controlled device is a
button.

42.  The method according to claim 40, wherein the user controlled device is a
switch.

43. The method according to claim 40, wherein the step of receiving
information from a user controlled device is followed by a step of receiving

information from at least one sensor.

44. The method according to claim 43, wherein the automatic lacing system is
controlled to close the upper according to information received from the at least

one sensor.
45. The method according to claim 40, wherein the automatic lacing system is

controlled to close the upper according to information received from the user
controlled device.

43



WO 2009/134858 PCT/US2009/042072
1/16




WO 2009/134858 PCT/US2009/042072




WO 2009/134858 PCT/US2009/042072




WO 2009/134858 PCT/US2009/042072

4/16




WO 2009/134858 PCT/US2009/042072

5/16




WO 2009/134858 PCT/US2009/042072

6/16

1131

I:] 3|j1314

FIG. 13



WO 2009/134858 PCT/US2009/042072

7/16




WO 2009/134858 PCT/US2009/042072

8/16
1202
STRAP MOVING MECHANISM
l/mn
1650
™ CONTROL SYSTEM
1612\T T/‘m
WEIGHT USER ~ | ~1608
CONTROL
/| SENSOR DEVICE
1606

FIG. 16



WO 2009/134858 PCT/US2009/042072

9/16




WO 2009/134858 PCT/US2009/042072

10/16




WO 2009/134858 PCT/US2009/042072

11/16




WO 2009/134858 PCT/US2009/042072

12/16

7 DN
—— / \
/ \\\ / \
! N ; \
! \ / r‘l
| \\ / ,‘l
| N o
| NS
II ~ N /I\|I
I\ / /I|I
| | \\ / ’I|
-4 L_. / !y
T =4
I 1 / [
! | / |
| -/ ,\
| ¥ 7 e
I / g

o0 1302 1 TTeee--- 4=
1




WO 2009/134858 PCT/US2009/042072

13/16




WO 2009/134858 PCT/US2009/042072

14/16

2204
2209 2222 —

' 160
//n 2299 -
2250 2232 ¢
L 2206
P
2240
2202
J
102 |

FIG. 22



15/16

PCT/US2009/042072

WO 2009/134858

FIG. 23



PCT/US2009/042072

16/16

WO 2009/134858

06l

60¢¢

04l

[4%X74




INTERNATIONAL SEARCH REPORT International application No.

PCT/US 09/42072

A. CLASSIFICATION OF SUBJECT MATTER
IPC(8) - A43C 11/00 (2009.01)
USPC - 36/50.1

According to International Patent Classification (IPC) or to both national classification and IPC

B.  FIELDS SEARCHED

Minimum documentation searched (classification system followed by classification symbols)
IPC(8): A43C 11/00 (2009.01)
USPC: 36/50.1

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched
USPC: 36/45, 50.5, 51; 36/

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)

PubWEST (USPT, USOCR, PGPB, EPAB, JPAB); Google/Patents; Google/Web

Search Terms: shoe, sneaker, footwear, boot, automatic, automatic, self, motor, gear, shaft, driveshaft, rod, axle, sole, tread, lace, strap,
tie, buckle, string, sensor, weight, mass, force, button, switch, coil, spring, tension, tighten, pull, etc.

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category* Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.
X US 6,691,433 B2 (LIU) 17 February 2004 (17.02.2004), col 1, Ins 7-8; col 2, Ins 44-48, 66-67; 17,19, 21
- col 3, Ins 1-2; col 4, Ins 59-67; col 5, In 1, Fig. 1,2,4,7, 8
Y 1-16, 18, 20, 22-27, 42
X US 2005/0198867 A1 (LABBE) 15 September 2005 (15.09.2005), para [0017], [0031}, [0035]; 40, 41, 45
Fig. 1,2
Y 22-27, 42-44
Y US 4,426,796 A (SPADEMAN) 24 January 1984 (24.01.1984), col 1, Ins 22-24; col 9, Ins 25-27, | 1-7, 18,20
30-32, 61-63; Fig. 4,5 - -
Y US 2008/0086911 A (LABBE) 17 April 2008 (17.04.2008), para {0017}; Fig. 2-5, 7 8-16
Y US 7,255,468 B2 (CAPRIOLA) 14 August 2007 (14.08.2007), col 1, Ins 13-18; col 5, Ins 30-39 23-25, 33, 34, 43, 44
Y US 4,433,456 A (BAGGIO) 28 February 1984 (28.02.1984), col 1, Ins 7-8; col 2, Ins 36-45; col 28-39
3, Ins 43-57; Fig. 4,6
Y US 2006/0156517 A1 (HAMMERSLAG et al.) 20 July 2006 (20.07.2006), para [01 58], (0169]; 28-39
Fig. 1,5, 27

[l

D Further documents are listed in the continuation of Box C.

the priority date claimed

*  Special categories of cited documents: “T" later document published afier the international filing date or priority
“A" document defining the general state of the art which is not considered date and not in conflict with the apghc_atlon but cited to understand
to be of particular relevance the principle or theory underlying the invention
“E" earlier application or patent but published on or after the inteational X" document of particular relevance; the claimed invention cannot be
filing date considered novel or cannot be considered to involve an inventive
“L™  document which may throw doubts on priority claim(s) or which is step when the document is taken alone
cned_atlo csta?'h(sh ‘hzc?f‘.:bg)ca"o" date of another citation or other .y 4ocument of particular relevance; the claimed invention cannot be
special reason (as sp ¢ . e considered to involve an inventive step when the document is
“0" document referring to an oral disclosure, use, exhibition or other combined with one or more other such documents, such combination
means being obvious to a person skilled in the art
“P"  document published prior to the international filing date but later than  « g+ gocument member of the same patent family

Date of the actual completion of the international search

13 July 2009 (13.07.2009)

Date of mailing of the international search report

27 JUL 2008

Name and mailing address of the ISA/US

Mail Stop PCT, Attn: ISA/US, Commissioner for Patents
P.O. Box 1450, Alexandria, Virginia 22313-1450

Facsimile No. 571-273-3201

Authorized officer:
Lee W. Young

PCT Helpdesk: 571-272-4300
PCT OSP: 571-272-7774

Form PCT/ISA/210 (second sheet) (April 2007)




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

