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Abstract:

A projection system for projecting sewing patterns onto a surface comprises a vertical beam, a
projector, and a cart. The vertical beam includes (a) a floor engaging portion at a bottom end and (b)
a ceiling engaging portion at a top end, the ceiling engaging portion being vertically movable with
respect to the floor engaging portion such that, when in use, the floor engaging portion and the
ceiling engaging portion engage a floor and a ceiling, respectively, to anchor the projection system
adjacent the surface. The projector is configured to receive data representing the sewing patterns and
to project the sewing patterns. The cart is operably attached to the projector and slidably attached to
the vertical beam, wherein sliding the cart vertically adjusts a height of the projector above the
surface.
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IMAGE PROJECTING SYSTEMS AND METHODS

[0001] This patent application claims priority to and benefit of U.S. Provisional
Application No. 63/023,750, filed May 12, 2020, and U.S. Provisional Application No.
63/129,336, filed December 22, 2020, which are all incorporated herein by reference.

BACKGROUND

[0002] In sewing and fashion design, a pattern is the template from which the parts of a
garment or other item are traced onto fabric before being cut out and assembled.
Conventional patterns are usually made of paper, typically tissue paper, tracing paper,
printer paper, and the like. Typically, a sewist (i.e., the artist who sews the item) obtains a

sewing pattern packet that includes pattern pieces printed on paper.

[0003] The larger pattern may be cut into the pattern pieces corresponding to the
different parts (e.g., front, sleeve, pocket, etc.) of the item. The printed pattern pieces,
after being cut out, may then be either pinned or weighted down onto the fabric. The
sewist may then cut along the outline of each paper pattern piece to make the

corresponding fabric piece.

[0004] Typically, multiple sizes (e.g., small, medium, large) of the item to be sewn are
printed on the same paper and the sewist selects a proper size to cut out. Once the proper
size is cut out from the full pattern sheet, it is typically not possible to reuse the other sizes
in the pattern. Also, if a sewist wishes to recreate a design at a later date using the same

pattern, they must have saved all paper pattern pieces.

[0005] To address some of these issues, digital patterns are now available. Typically, a
sewist purchases the digital pattern and prints the pattern on paper. For example, the
sewist may print the pattern layout at home on several 8.5” x 11” pages and, thereafter,
tape the pages together to form the desired pattern. At this point, the sewist may proceed

to cut out the pattern pieces and further proceed as described above.
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[0006] But conventional printed digital patterns still suffer from some of the problems of
conventional paper patterns because they still require paper. For example, paper patterns
(traditional paper or digital) make it difficult to position the print of a fabric (such as, for
example, a flower print) in a specific location because the pattern paper covers the print.
Moreover, traditional paper as well as printed digital patterns are cumbersome, easily

ripped, and difficult to store.

[0007] Cutting mats were invented to improve the pattern cutting experience. In
combination with a cutting mat, a sewist may use a rotary cutter instead of scissors. With a
cutting mat below the pattern pinned or weighted onto fabric, the sewist could work
directly over top and roll-cut along the pattern parameter. However, in conventional

cutting mats, pieces of fabric could slide or move during this cutting process.

BRIEF SUMMARY OF THE INVENTION

[0008] In accordance with one aspect of the invention, the present disclosure discloses a
projection system designed to accurately project all required sewing pattern lines and
notations and even instructions directly onto the material to be sewn. Patterns may be
projected onto many different types of materials such as fabric, canvas, felt, leather, paper,
carpet, etc. The projected patterns are easily digitally storable, fully reusable, and do not

obstruct view of the fabric or other material being sewn.

[0009] Secondarily, the projection system disclosed herein may project onto a surface
not intended to be cut, but rather intended to be traced onto and then painted, etched,
carved, sculpted, etc. The projector may also project patterns and images in generalonto a

floor, table, ceiling, or wall.

[0010] The projection system disclosed herein may include a vertical powered beam
that allows for easy projector height adjustment and projection onto a horizontal surface

such as a floor or table.
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[0011] The projection system disclosed herein may also include a cutting mat underlay

that effectively prevents pieces of fabric from sliding or moving during the cutting process.

[0012] In one example, a projection system for projecting sewing patterns onto a surface
comprises a vertical beam, a projector, and a cart. The vertical beam includes (a) a floor
engaging portion at a bottom end and (b) a ceiling engaging portion at a top end, the ceiling
engaging portion being vertically movable with respect to the floor engaging portion such
that, when in use, the floor engaging portion and the ceiling engaging portion engage a
floor and a ceiling, respectively, to anchor the projection system adjacent the surface. The
projector is configured to receive data representing the sewing patterns and to project the
sewing patterns. The cart is operably attached to the projector and slidably attached to the
vertical beam, wherein sliding the cart vertically adjusts a height of the projector above the

surface.

[0013] The cart or the vertical beam may include a cart locking mechanism operable
between a locked mode in which the cart locking mechanism resists vertical sliding of the
cart along the vertical beam and a sliding mode in which the cart locking mechanism does
not resist vertical sliding of the cart along the vertical beam. In another example, the cart
has a friction fit with the vertical beam in which the friction resists vertical sliding of the cart

along the vertical beam.

[0014] The projection system may further include a computing device having a plurality
of patterns stored thereon. The computing device may communicate selected patterns to
the projector for projection. The patterns stored on the computing device may comprise at
least one calibration pattern and at least one sewing pattern. The computing device may
be configured to connect to a Wi-Fi access point on a computer network, and the
computing device may further be configured to connect to the projector via a Bluetooth
interface and provide credentials for the Wi-Fi access point to the projector via the
Bluetooth interface. In this example, the computing device is configured to transmit

patterns to the projector via the Wi-Fi access point.
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[0015] The vertical beam may include an electrical power path that transfers electrical
power along the length of the vertical beam to the cart, the electrical power path including
electrical rails that transfer electrical power to the cart while allowing vertical sliding of the
cart along the vertical beam, and wherein the cart couples the electrical power to the
projector. In this example, the vertical beam may include a power switch configured to

interrupt electrical power flow to the projector.

[0016] The projector may be rotatably attached to the cart or the vertical beam and
rotation of the projector to an angle of rotation relative to the cart disconnects the
projector from the cart. The projector may be rotatably attached to the cart such that the
projector is rotatable from a vertical orientation in which an axis of projection is parallel to
a length of the vertical beam to a horizontal orientation in which the axis of projection is

perpendicular to the length of the vertical beam.

[0017] The projection system may further comprise a spirit level slidably attached to the
vertical beam and configured to slide vertically along the vertical beam, the spirit level

configured to indicate whether the vertical beam is plumb.

[0018] The vertical beam may be separable into two portions to facilitate storage or

transport of the projection system.

[0019] The vertical beam may further comprise a spring-biased telescoping portion to
bias the vertical beam against the floor and ceiling. The floor engaging portion may be

disposed on the spring-biased telescoping portion.

[0020] The projection system may further comprise a cutting mat having visible features
for assisting in positioning of the projector at a desired distance from the surface. The
computing device may be configured to cause the projector to project a calibration pattern
onto the visible features for assisting in positioning of the projector at a desired distance

from the surface.
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[0021] The projection system may further comprise a computing device having a
transform library stored thereon, wherein the computing device applies a projector
transform from the transform library to a selected pattern prior to communicating the
transformed selected pattern to the projector for projection. The computing device may
generate the projector transform from a camera image including first optical features from
a physical calibration guide and second optical features from a projected calibration

pattern.

[0022] These and other advantages of the invention will become apparent when viewed

in light of the accompanying drawings, examples, and detailed description.

BRIEF DESCRIPTION OF THE DRAWINGS

[0023] The accompanying drawings, which are incorporated in and constitute a part of
the specification, illustrate various example systems, methods, and so on, that illustrate
various example embodiments of aspects of the invention. It will be appreciated that the
illustrated element boundaries (e.g., boxes, groups of boxes, or other shapes) in the figures
represent one example of the boundaries. One of ordinary skill in the art will appreciate
that one element may be designed as multiple elements or that multiple elements may be
designed as one element. An element shown as an internal component of another element
may be implemented as an external component and vice versa. Furthermore, elements

may not be drawn to scale.

[0024] Figure 1 illustrates a perspective view of an exemplary projection system for

projecting sewing patterns onto fabric.
[0025] Figure 2 illustrates a block diagram of the exemplary system of figure 1.

[0026] Figure 3 illustrates an exemplary user interface of the computing device of the

exemplary system of figure 1.
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[0027] Figure 4 illustrates a perspective view of the exemplary projection system of

figure 1 in operation.

[0028] Figure 5 illustrates a perspective view of an exemplary vertical beam.

[0029] Figures 6-9 illustrate magnified perspective, front, rear, and side views,

respectively, of the exemplary vertical beam of figure 5.

[0030] Figures 10A and 10B illustrate magnified perspective views of a beam locking

mechanism in the unlocked and locked positions, respectively.

[0031] Figure 11 illustrates a magnified perspective view of the vertical beam of figure
5.
[0032] Figure 12A illustrates a magnified perspective view of the vertical beam of figure

5 with a projector rotated.

[0033] Figure 12B illustrates an exemplary beam with projectors projecting onto a floor
and wall.
[0034] Figure 12C illustrates an exemplary projector removed from the beam and

projecting while resting on a table.

[0035] Figure 13 illustrates a spirit level slidably attached to the vertical beam of figure
5.

[0036] Figures 14A-14F illustrate alternative embodiments for installation of a projector.

[0037] Figure 15 illustrates the system of figure 1 exhibiting a problem of lack of

calibration of the projection device.

[0038] Figure 16 illustrates schematic diagram of an exemplary calibration routine.

[0039] Figure 17 illustrates the system of figure 1 after calibration.
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[0040] Figures 18-22 illustrate exemplary methods for setting up a projection system.

[0041] Figure 23 illustrates an exemplary problem of too long a pattern piece to project
at once.

[0042] Figure 24 illustrates an exemplary splicing method.

[0043] Figure 25 illustrates an exemplary projection system for projecting sewing

patterns onto fabric.

[0044] Figures 26A-268B illustrate an exemplary cutting mat underlay.

[0045] Figures 27A-27B illustrate another exemplary cutting mat underlay.

[0046] Figures 28A-28C illustrate yet another exemplary cutting mat underlay.
[0047] Figure 29 illustrates the exemplary projection system of figure 1 disassembled

and packaged for transport together with the exemplary cutting mat underlay of figures

27A-27B.

[0048] Figure 30 illustrates an exemplary locking mechanism.

[0049] Figure 31 illustrates separated upper and lower beam portions.

[0050] Figure 32 illustrates features of an electrical power path on the upper beam
portion.

[0051] Figure 33 illustrates features of an electrical power path on the lower beam
portion.

[0052] Figure 34 illustrates additional features of connections of the lower beam portion.

[0053] Figure 35 illustrates a projector calibration flow path.

[0054] Figure 36 illustrates projection of a calibration pattern onto a camera plane.
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[0055] Figure 37 is a flow chart for generating a projector transform.

[0056] Figure 38 is a flow chart for determining a camera transform.

[0057] Figure 39 is a block diagram of an algorithm for determining a camera fit model.
[0058] Figure 40 illustrates a perspective view of another example of a projection system

according to another aspect of the invention.

DETAILED DESCRIPTION

[0059] Figure 1 illustrates a perspective view of a projection system 1 for projecting
sewing patterns onto fabric. The system 1 includes a projector 3 that receives data
representing sewing patterns and projects the sewing patterns onto fabric disposed on a
horizontal surface 5 (top surface of table 7) vertically below the projector 3. The projection
system 1 is generally related to a concept described in US. Pat. App. No. 15/853,807, filed
on December 24, 2017, now U.S. Patent No. 10,750,810, which is hereby incorporated by
reference in its entirety. Also, U.S. Patent App. No. 16/350,932, now U.S. Patent No.
11,003,903 concerns formatting electronic sewing patterns and making them available
to customers and is also incorporated by reference. Although for ease of explanation
inventions are disclosed herein in the context of sewing patterns, some if not all of the
inventions disclosed herein have applicability in contexts other than sewing patterns and,

thus, those inventions should not be so limited.

[0060] Figure 2 illustrates a block diagram of the exemplary system 1. The system 1 may
include the projector 3 and a computing device 9. The computing device 9 may correspond
to a laptop computer, tablet, or smartphone. The computing device 9, in some
embodiments, is configured with one or more sets of instructions or logic which, when
executed by the computing device, cause the computing device 9 to perform or otherwise

execute the functions attributed herein to the computing device 9.
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[0061] The computing device is operably connected to the projector 3. In some
embodiments, the computing device is operably connected to the projector 3 via one or
more wireless data connections, such as Wi-Fi, Bluetooth or other wireless technology, or a
combination thereof. In one example, the computing device 9 is wirelessly connected to a
Wi-Fi access point. The computing device 9 is first paired with the projector 3 using
Bluetooth. On one example, the computing device prompts a user to enter Wi-Fi
credentials. In another, the computing device 9 accesses the credentials that it used to
connect to the Wi-Fi access point. The computing device 9 then transfers Wi-Fi connection
credentials to the projector 3 over the Bluetooth connection. Once the projector has the
Wi-Fi credentials, it logs into the Wi-Fi access point and the computing device 9 and
projector 3 communicate with each other over a computer network. This reduces or
eliminates any need to provide a user interface on the projector 3 itself to configure the

projector 3 for wireless communications.

[0062] In some embodiments, the computing device may include a projector. In such
embodiments, an operator may project the desired sewing pattern template from the
computing device 9. The sewing pattern may be generated using augmented reality (AR)
content that changes corresponding to a change in space or a user's movement, captured

through a camera system.

[0063] Figure 3 illustrates an exemplary user interface which is displayed on a display of
the computing device 9. Images of sewing patterns to be sewn may be stored in a storage
11, which may correspond to a storage of the computing device 9 or remote (i.e., cloud)
storage for access by the computing device 9 or a combination thereof. A user may select, via
the user interface of the computing device 9, specific pattern pieces 12 by, for example,
moving the desired piece onto a projector workspace 13 representing the projector’s field of
projection onto the horizontal surface 5. Advantageously, if multiple pieces are required
from the same pattern piece, multiple copies of a pattern piece may be moved onto the
projector workspace 13. Pattern pieces may also be mirrored. This allows the sewist to cut

pieces at the same time, and also allows the sewist to make a "cut on fold" piece without

9
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having to cut a physically folded material. In some embodiments, a "Send to Projector" 14
is included. Upon selection and placement of pattern pieces 12 within the workspace, and
optionally after activation of button 14, the computing device 9 may send the selected
pattern(s) on the workspace 13 to the projector 3 for projection onto the horizontal surface

5 as exemplarily shown in figure 4.

[0064] As described below, the system 1 may be used to project sewing patterns onto
fabric. Because there is no paper pattern covering the fabric, the sewist can view how a
printed or woven visual pattern in the fabric will appear on a finished product. The sewist
may adjust locations of the projected pattern pieces in the workspace 13 to, for example,
align patterns at seams, avoid potentially undesirable pattern feature locations, etc.
Thereafter, the sewist may interact with the projected image to cut the fabric, in

accordance to the projected sewing pattern.

[0065] A significant challenge for the system 1 is the positioning of the projector 3
above the horizontal surface 5. The projector should be held securely in place, even while
the sewist moves about system 1, coming into contact with its components. Returning to
figure 1, the system 1 includes a vertical beam 15 to which the projector 3 is mounted to
adjustably position the projector 3 above the horizontal surface 5 and, thus, the fabric to

be cut.

[0066] Figure 5 illustrates a perspective view of an exemplary vertical beam 15. Figures
6-9 illustrate magnified perspective, front, rear, and side views, respectively, of the
exemplary vertical beam 15. The vertical beam 15 includes a lower beam portion 17
including a floor engaging portion 18 at a bottom end 17a. The vertical beam 15 also
includes an upper beam portion 19 including a ceiling engaging portion 21 at a top end 19a.
In some embodiments, the upper beam portion 19 moves longitudinally with respect to the
lower beam portion 17 and vice versa to longitudinally extend the vertical beam 15 so that
pressure is exerted against the floor by the floor engaging portion and against the ceiling by

the ceiling engaging portion 21 to anchor the vertical beam 15. As explained in detail

10

CA 03177784 2022-11-3



WO 2021/231592 PCT/US2021/032021

below, the vertical beam 15 may also include a beam locking mechanism 23 for releasing,
extending, and locking of the vertical beam 15. In some embodiments, as shown in figures
18 and 19, the vertical beam 15 and specifically the lower beam portion 17 includes a
telescoping portion 17b that telescopes downwardly from the lower beam portion 17 such

that the vertical beam 15 may be used with ceilings of various different heights.

[0067] Figures 10A and 10B illustrate magnified perspective views of the beam locking
mechanism 23 in the unlocked and locked positions, respectively. The beam locking
mechanism 23 may include a lever operably connected to a camming mechanism. In the
unlocked position of figure 10A, the beam locking mechanism 23 unlocks (i.e., releases) the
vertical beam 15; the telescoping portion 17b (see figure 19), for example, may freely
telescope downwardly from the lower beam portion 17. When transitioning the lever 25
from the unlocked position of figure 10A to the locked position of figure 10B, beam locking
mechanism 23 locks the telescoping portion 17b, further longitudinally extends the beam
15 by longitudinally moving the upper beam portion 19 with respect to the lower beam
portion 17 (e.g., about % inch), and eventually locks the upper beam portion 19 to the
lower beam portion 17. This action anchors the vertical beam 15 to the floor and ceiling. In
the opposite direction, operation of the lever 25 transitions the beam locking mechanism
23 from the locked position of figure 10B to the unlocked position of figure 10A to a)
release the upper beam portion 19 from the lower beam portion 17 and also to b) release
the telescoping portion 17b so it is free to telescope back into the lower beam portion 17.
This action releases the longitudinal tension along the vertical beam 15 and, thus,
unanchors the vertical beam 15. As shown in figure 29, the lower beam portion 17 is also
separable from the upper beam portion 19 so that the disassembled beam 15 becomes
very compact for packaging and storage. Therefore, the vertical beam 15 is easily

assembled, installable, removable, repositionable, and portable.

[0068] Details of one example of a locking mechanism 23 are illustrated in Figure 30.
Lever 25 (Fig. 31) is connected to camshaft 60 on which cam 62 is mounted. Cam roller 64

is mounted on a shaft 66 of the upper beam portion 19 and engages the cam 62. A cable 70

11
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wraps at least partially around cam 62 and extends downwardly to an idler bearing 72
mounted on an idler shaft 74. This redirects the cable 70 to be close to a side of the lower
beam portion 17. Cable 70 extends downwardly to a spring 76. Spring 76 is connected or
coupled to a wedge 78. Wedge 78 is located between the telescoping portion 17b and a
collar 80 mounted on the bottom end 17b of the lower beam portion 17. Wedge 78 may
have rollers 79 facing the collar 80. The rollers 79 allow wedge 78 to move freely with

respect to the collar 80, yet still friction lock with the telescoping portion 17b.

[0069] When in the unlocked position, a portion of the cam 62 engaging or proximate to
the cam roller 64 is flat or has a relatively constant radius. During initial movement of the
lever 25, cam 62 takes up cable 70, moving the wedge 78 into contact between the collar
80 and telescoping portion 17b. While this initial movement of the wedge 78 occurs, cam
62 is not pushing the cam roller 64 upwards. This allows the telescoping section to be
locked before the ceiling engaging portion 21 of the upper beam portion 19 exerts force
against the ceiling. As the lever is rotated more towards the locked position, the cable 70
continues to be taken up on the cam 62 while tensioning the spring 76. This exerts
additional locking force on wedge 78 while not requiring the wedge 78 to continue to move.
The portion of cam 62 proximate to or engaging the cam roller 64 increases in radius, urging
cam roller 64 upward, which also urges the upper beam portion 19 and ceiling engaging

portion upward to engage the ceiling.

[0070] Returning to figures 5-9, the vertical beam 15 may have formed thereon a
vertical track 16 and may include a carrier or cart 27 slidably attached to the vertical track
16. The projector 3 may be mounted or attached to the cart 27. The cart 27 may, thus, slide
vertically along the vertical track 16 to adjust the height of the projector 3 above the
horizontal surface 5 and, thus, the fabric to be cut. As best shown in figure 6, the cart 27
may include a cart locking mechanism including a release button 28, operable between a
locked mode in which the cart locking mechanism resists vertical sliding of the cart 27 along
the vertical track 16 and a sliding mode in which the cart locking mechanism does not resist

vertical sliding of the cart 27 along the vertical track 16. In some embodiments, the cart has

12
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a friction fit with the vertical beam in which the friction resists vertical sliding of the cart

along the vertical beam.

[0071] Therefore, the height of the projector 3 is easily adjustable.

[0072] The projector 3 includes a socket 32 for receiving electrical power. Referring to
figure 40, in some embodiments, the socket 32 is configured so that it receives a jack 34
from a power cord 36 while the projector is mounted on the cart. In the illustrated
example, projector 3 has a socket 32 on the side of the projector for receiving a jack 36. In

some embodiments, the vertical beam 15 includes features for power cord management.

[0073] In some embodiments, the vertical beam 15 is powered. In the example shown in
figure 11, the vertical beam includes a power port 29 adjacent the bottom end 17a (e.g., in
an opening of the floor engaging portion 18) to receive electrical power from a cable 31. In
other embodiments the power port 29 may be disposed adjacent the top end 19a. The
vertical beam 15 may have disposed therein electrical cabling forming part of an electrical
power path to deliver electrical power to, for example, the projector 3. The electrical
power path may include an electrical connector (not shown) that transfers electrical power
to the cart 27 or to the projector 3 while allowing vertical sliding of the cart 27 along the

vertical track 16.

[0074] The vertical beam 15 or the cart 27 may accept powered devices in addition to
the projector 3. For example, the vertical beam 15 may accept and power lights, speakers,
a laser level, a web camera, etc. The electrical power path built within the vertical beam 15

may be used to power or control these powered devices.

[0075] In some embodiments, low voltage DC power is provided to the power port 29
and distributed within the vertical beam 15 by the power path. For example, household
line power may be stepped down to 5-20 volts and rectified into DC power by an external

power converter as is known in the art.

13
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[0076] As best shown in figure 10A and 10B, the vertical beam 15 may also include a
power switch / light indicator 33 that may be operated to interrupt electrical power flow to
the projector 3 (or any other power device installed) and indicates electrical power is on
when lighted. In some embodiments, the switch / light indicator 33 is mounted on the
lower beam portion 17. In some embodiments, the power port 29 is connected to the
switch / light indicator 33 by an electrical cord, where at least a portion of the electrical
cord is coiled. The coiled portion allows movement of the telescoping portion 17b relative
to the lower beam portion 17 without straining the electrical cord during extension of the

telescoping portion 17b and without tangling the electrical cord upon retraction.

[0077] Figures 31-34 illustrate details of one example of an electrical power path
including electrical connection between the lower beam portion 17 and the upper beam
portion 19. Upper beam portion 19 includes elongated contact blades 82. Lower beam
portion 17 includes a blade receptacle 84. The elongated contact blades 82 and blade
receptacle 84 are dimensioned such that, when the lever 25 is rotated from the unlocked
position to the locked position and back, the elongated contact blades 82 remain in
electrical contact with blade receptacle 84 through the entire travel of the upper beam
portion 19 caused by the camming mechanism. The elongated contact blades 82 are

connected to electrically conductive rails within track 16 on the upper beam portion 19.

[0078] In some embodiments, the upper beam portion 19 and lower beam portion 17
include electrically conductive rails 68 (Fig. 34) within the vertical track 16. The electrically
conductive rails 68 may be on opposite sides of the vertical track 16. The switch/light
indicator 33 is electronically coupled to the electrically conductive rails 68. In such
embodiments, the cart 27 includes contacts to make electrical contact with the electrically
conductive rails 68 to receive power from the rails and transfer the power to the projector
3. In this example, the jack for receiving power on the projector 3 faces the cart 27 and
engages a corresponding plug on the cart 27. In examples where the projector 3 rotates on

the cart 27, the jack may comprise a barrel jack at the center of rotation of the projector.

14
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[0079] As shown in figure 12A, the projector 3 may be rotatably attached to the cart 27
or the vertical beam 15 such that the projector 3 is rotatable 90° from the vertical
orientation of figure 6 in which the optical lens 35 of the projector 3 is aimed down
towards the floor to the horizontal orientation of figure 12A in which the optical lens 35 is
aimed such that the axis of projection is perpendicular to the length of the vertical beam
15. This way, the projector 3 may be used to project onto a wall or other vertical surface or
any surface at an angle between the floor and the wall. Figure 12B illustrates an exemplary
vertical beam 15 with a first projector 3a rotated so as to project onto the floor and a

second projector 3b rotated so as to project onto the wall.

[0080] The projector 3 may be connected and disconnected from the vertical beam 15 by
rotating. Rotating the projector 3 such that the projector 3 is 180° from the vertical
orientation of figure 6 in which the optical lens 35 of the projector 3 is aimed down towards
the floor to the opposite vertical orientation in which the optical lens 35 is aimed towards
the ceiling may disconnect the projector 3 from the vertical beam 15. The projector 3 may
then be placed on, for example, a table and used independently of the vertical beam 15.
Figure 12C illustrates an exemplary projector 3c removed from the vertical beam 15 and

projecting while resting on a table.

[0081] In one embodiment (not shown), the projector 3 may be rotatable 180° from the
vertical orientation of figure 6 in which the optical lens 35 of the projector 3 is aimed down
towards the floor to the opposite vertical orientation in which the optical lens 35 is aimed
towards the ceiling. This way, the projector 3 may be used to project onto the ceiling or

any surface at an angle between the floor and the ceiling.

[0082] As shown in figure 13, the vertical beam 15 may include a spirit level 37 slidably
attached to the vertical track 16 to slide vertically. The spirit level 37 may be used to

indicate whether the vertical beam 15 is plumb (i.e., truly vertical).

[0083] Returning to figure 1, as described above, the height of the projector 3 is
adjustable along the length of the vertical beam 15. Horizontally, the projector 3 may be
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disposed adjacent the working surface 5. The projector 3 may have an offset lens to allow
for the projector 3 to reside off-to-the-side of the surface 5 rather than directly over the
top of the surface 5. The projector 3 may project lines of the sewing pattern onto the

surface 5. In one embodiment, the projector 3 projects these lines as white light.

[0084] In the embodiments above, the system 1 is disclosed as including the vertical
beam 15 to which the projector 3 is mounted. However, this is only one example of
overhead installation of the projector 3 above the surface 5. Figures 14A-14F illustrate
additional potential installation embodiments for the projector 3 including a ceiling fixture,
a ceiling mount coupled to a ceiling above the horizontal surface, a floor stand disposed
adjacent the horizontal surface, a table clamp clamped to a table including the horizontal
surface, a table top stand disposed on the horizontal surface, and a wall mount coupled to

a wall adjacent the horizontal surface, respectively.

[0085] Moreover, in the embodiments above, the vertical beam 15 is disclosed as having
inline sections and including a lever coupled to a camming mechanism. However, this is only
one example of potential vertical beam configurations. Other potential configurations
include beam sections that are not inline but side-to-side, three or more beam sections,
telescoping sections, spring-loaded tensioning, etc. Also, in the embodiments above, the

beam 15 is disclosed as anchorable between floor and ceiling.

[0086] Potential problems with the system 1 are misalighment, scaling, and positioning
of the pattern as projected onto the fabric. Figure 15 illustrates these problems. In the
illustrated embodiment, the system 1 includes a physical calibration guide 39 that has been
placed on the horizontal surface 5. The calibration guide may comprise a cutting mat with
lines or other graphical features as illustrated in Figures 15-17 and 36. The computing
device 9 transfers a calibration pattern 41 to the projector 3. The projector 3 projects the
calibration pattern 41 that, if the system 1 was properly calibrated, would match at least

certain aspects of the calibration guide 39. But notice that in figure 15 the projected
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calibration pattern 41 is larger and skewed in reference to the calibration guide 39 based

on distortion from the projector 3.

[0087] Figure 16 illustrates a calibration routine in which a camera may be used to
capture an image of the calibration pattern 41 as projected over the calibration guide 39.
In one embodiment, the camera used is a camera of the computing device 9. In another
embodiment, the camera is part of the projector 3. In another embodiment, the camera is
a webcam or other dedicated camera mounted on the vertical track 16. The sewist would
raise the projector 3 to an appropriate height over the horizontal surface 5. The
appropriate height is selected to have the projection of the pattern at the desired scale, or

at least sufficiently close to be corrected by the calibration process.

[0088] Exemplary methods of setting the projector 3 to an appropriate height may be
better appreciated with reference to figures 18-20. As illustrated in figure 18, a user may
first position the vertical beam 15 (heam locking mechanism 23 locking the upper beam
portion 19 to the lower beam portion 17) slightly off the surface 5 (off table 7) onto which
the pattern is to be projected. In the example of figure 18, the telescoping position 17b is
spring biased. The lower telescoping portion 17b is positioned such that the vertical beam
is slightly longer than the distance between the floor and ceiling. To determine an
appropriate length, a user may place the floor-engaging portion 18 a short distance from a
wall (six to ten inches, for example), extend the vertical beam 15 to reach the ceiling where
the wall meets the ceiling, and then fasten the locking means for the telescoping portion.
The user then compresses the telescoping portion of the beam and spring, positions the
beam, and releases the beam such that the beam extends vertically, engaging the ceiling
and floor. In this example, the upper beam portion 19 and lower beam portion 17 remain
in a fixed relationship with each other, as the spring-biased telescoping portion performs

the biasing function.

[0089] In another example, as illustrated in figure 19, the user may then operate the

lever 25 to unlock the beam 15. Unlocking releases the telescoping portion 17b so that it
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may telescope generally downwardly from the lower beam portion 17. It also unlocks the
upper beam portion 19 from the lower beam portion 17 to extend the vertical beam 15
approximately to the ceiling height. The user may then further extend the vertical beam 15
by operation of the lever 25 such that the floor engaging portion 18 engages the floor and

the ceiling engaging portion 21 engages the ceiling.

[0090] As illustrated in figure 20, the user may first use the spirit level 37 to verify the
vertical beam 15 is plumb and then operate the lever 25 to the locked position for

anchoring the vertical beam 15 to the floor and ceiling.

[0091] As illustrated in figure 21, the user may operate the switch 33 to apply electrical
power to the projector 3. Data connections between the computing device 9 and the
projector 3 are made as described above. The computing device 9 transfers an image of the
calibration pattern 41 to the projector 3, which causes it to project the image of the
calibration pattern 41. As illustrated in figure 22, the user may then depress the release
button 28 to release the cart 27 and raise the projector 3 above the surface 5 such that the
calibration pattern 41 aligns as close as possible with the calibration guide 39 resting on
the surface 5. The user may then release the button 28 to lock the cart 27 in position along

with the projector 3.

[0092] In one example, the calibration pattern 41 comprises two patterns. A first
projected calibration pattern comprises a positioning pattern to assist in setting the
projector at an appropriate height. The positioning pattern may comprise, for example, a
simple rectangle. The user may slide the projector up and down until the projected
rectangle is close to a rectangle at or near a periphery of the physical calibration guide 39.
In some embodiments, the user is instructed by the computing device 9 to adjust the height
of the projector until the rectangle of the positioning pattern just exceeds the size of the
rectangle of the physical calibration guide 39. Advantageously, this ensures that

corrections applied after calibration will not exceed the field of projection for the projector.
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[0093] At this point, the user may indicate to the computing device 9 that the user is
ready for the next step in the calibration routine. The computing device 9 then transfers a
second image of a calibration pattern 41 to the projector with additional features to aid in

calibration.

[0094] In some embodiments, a photograph is taken of the calibration pattern 41 as
projected over the calibration guide 39. The picture may be taken with the camera of the
computing device 9 directly or with the camera in the projector 3 using an application or
logic in the computing device 9 that has access to the camera. In some embodiments,
visual guidance is rendered on a display of the camera/computing device 9 to assist a user

in properly framing the calibration pattern 41 and calibration guide 39.

[0095] Based on the difference in position, scale, and skew between features of the
calibration pattern 41 in the image in reference to features in the calibration guide 39 in the
image, a calibration logic and/or processor in the computing device 9 may calculate
necessary adjustments in scale, skew, keystoning effect, position, and other distortions of
the calibration pattern 41 (and, thus, necessary adjustments to projections from the
projector 3) for the calibration pattern 41 to align with the calibration guide 39. In one
example, each of the calibration pattern 41 and the calibration guide 39 include unique

fiducials 42 at corners to uniquely identify each corner.

[0096] One example of a calibration data flow 90 is illustrated in figure 35. The calibrate
process 93 receives one or more projection / calibration guide images 91, which may be
captured with a camera by any of the means/methods described above. The calibrate
process 93 also receives a reference calibration guide pattern 92a and a reference
calibration pattern 92b corresponding to the physical calibration guide 39 and to the
projected calibration pattern 41 respectively. The calibrate process generates and stores a
transform structure 94, for example, in memory. During projection of a pattern, such as a
sewing pattern, transform process 95 accesses the transform structure 94 and a fabric

pattern image 96 to be projected. Transform process 95 applies the transform structure 94
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to the fabric pattern image 96 to generate a transformed fabric pattern image 97, which is
then provided to the projector 3. The projector 3 then projects the transformed fabric
pattern image 97 onto the fabric or other material to be cut or marked. The calibrate
process 93, transform structure 94 and transform process 95 may comprise a calibrate and

transform library 98.

[0097] In some embodiments, the calibrate process 93 includes determining a transform
for the camera point of view, including arientation, position, and scale transforms using
projective geometry. For example, the calibrate process 93 may recognize the calibration
guide 39 in the camera image and derive a camera transform based on one or more images
of the calibration guide 39 and the reference calibration guide 92a. In some embodiments,
projector transforms in the transform structure also include orientation, position, and scale
transforms. For example, once the camera transform is known, an inverse of the camera
transform may be applied to one or more images of the projection of the calibration

pattern 41 and be used to determine the projector transform.

[0098] Referring to figures 36-39, an example of deriving the camera transform and the
projector transform is provided. The calibration guide 39 is provided having a large outer
rectangle 39a and smaller optical patterns 39b, 39¢ with additional features within the
outer rectangle 39a. The calibration guide 39 is placed under the projector 3 and within the
field of projection of the projector 3. The calibration guide defines a guide plane defined by
x and y axes, and each feature point on the calibration guide 39 is associated with an x, y
coordinate in the guide plane. These known x, y coordinates are represented in the

reference calibration guide 92a, which may comprise a digital image of calibration guide 39.

[0099] A camera image is acquired in step 110 of the calibration guide 39 and projected
calibration pattern 41. The optics and image sensor of the camera define a camera plane
having axes u, v. Pixels within the camera image have an association with u, v coordinates
in the camera plane. However, because the camera plane will typically be non-parallel to

the guide plane during image acquisition, projection of the outer rectangle onto the camera
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optics results in distortion of the rectangle, such that in the camera image, it is a non-
rectangular quadrilateral. Also, the coordinate axes of the camera plane will typically be
rotated with respect to the guide plane. Using known techniques in projective geometry,
based on the acquired u, v coordinates of feature points and known x, y coordinates of
corresponding feature points in the reference calibration guide 92a, a scaling factor and
orientation of the camera image relative to the calibration pattern 41 may be determined.

This is the camera transform.

[00100] Processing all of the pixels of the camera would be disadvantageous due to the
processing requirements and because of the potential for misalignment of the camera
inadvertently omitting certain feature points. Referring to Figure 38, in one embodiment, a
two-step, scaled approach 120 is used. A sampling of substantially fewer than all rows and
columns of pixels of the camera image is made in step 122. Sample steps may depend on
image sensor resolution. In some examples, for a 4032x3024 pixel image, every 20" row
and every 20 column of pixels may be sampled. Different sampling intervals, such as every
15t row/column, or every 30" row/column, may be used as appropriate to image
resolution and optical features to be detected. This substantially reduces the processing
requirements without sacrificing accuracy. Each sampled row/column is processed to
determine the presence of a line or presence of an edge of a larger optical feature on the
calibration guide 39 in step 124. Pixels indicating the presence of a line or edge are stored
as raw points. Line features may be identified by detecting abrupt changes in image
intensity. Edges of other geometric features may be identified by detecting changesin a

gradient of light intensity.

[00101] Lines segments of at least the outer rectangle of the calibration guide 39 are built
from the raw points in step 126. Building the line segments relies on the fact that straight
lines in the calibration pattern will also generally appear as straight lines in the camera
image, even when projected onto the camera sensor plane (distortions may be detected
due to camera optics). Raw points are grouped for line segment building using two criteria:

(1) proximity and (2) linearity. These criteria are used quantitatively and jointly to form line
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groups and then add additional Raw points to the line groups. The linearity criterion utilizes
linear coefficients for each evolving line group. These coefficients may be dynamically
updated as new raw points are added to the group. The proximity criterion tests a
candidate raw point for inclusion in the group based on the shortest distance to any
member of the group. Similar to the linearity criterion, the proximity criterion may be

dynamically updated as new raw points are added to the group.

[00102] Where the derived lines intersect each other defines the corners of the outer
rectangle, which are stored as feature points in step 128. Because numerous raw points are
used to determine lines or edges, the intersections of the lines or edges locate the feature
points with a high degree of accuracy. In some embodiments, the use of such constructed
line segments enables determination of feature points even if the actual feature pointis
inadvertently omitted from the image. For example, if sufficient portions of two lines of a
feature are detected, an intersection of the two lines may be determined, even if the actual

intersection of the lines is cropped out of the camera image.

[00103] The feature points identified in the camera image are then matched to the
feature points in the reference calibration guide 92a. In one example, the four feature
points corresponding to the four corners of the outer rectangle 39a of the calibration guide
39 in the camera image are used to determine an initial starting point for determining
camera position, orientation and distance from the calibration guide 39 in step 130. The
four corners may be used to determine an initial orientation of the coordinate system of
the guide plane relative to the camera plane. For example, the outer rectangle 39a of the
calibration guide 39 comprises two sets of mutually orthogonal parallel lines. However,
when projected onto the camera plane, the physical parallel lines are no longer parallel.
The location of where the lines intersect in the camera plane may be used to derive the

initial starting point.

[00104] The process also determines feature points for additional printed, graphic or

other optical features on the camera image of the calibration guide 39 and matches them
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to the reference calibration guide 92a in a similar manner. In some examples, the
additional optical features comprise lined polygons, solid polygons, and/or nested solid
polygons. The additional feature points for both the camera image and the reference
image are input to an iterative process along with the initial starting point and solutions are
iteratively obtained until the solution converges in step 132. In one example, this Forward
Camera Transform is built into an iterative, non-linear least squares fitting algorithm called
MPfit. MPfit uses the Levenberg-Marquardt algorithm that is built as a combination of a

gradient descent method and the Gauss-Newton method.

[00105] A block diagram for the camera model fit process is provided in Figure 39. In this
diagram, feature points from the reference calibration guide 92a are mapped by the
forward camera transform model and then compared with the physical feature points of
the calibration guide 39 as measured by the camera image. Initial parameters 140 are used
to initialize evolving camera parameters 142. Physical feature points 144 and camera
parameters 142 are input to the forward camera transform 146. Mapped physical feature
points 148 are generated according to the current iteration of the forward camera
transform model. Mapped physical feature points 148 and camera measured physical
feature points 150 are compared to determine whether the model has converged 152. If

not, the result is input back into the camera parameters 142. If the model has converged,

the process is completed 154.

[00106] While the above embodiments are described with respect to polygons, other
graphic features may also be used. For example, the same techniques may be applied to
detect a circumference of a circle {lined or solid). Then a center of the circle may be

identified from the reconstructed circumference of the circle.

[00107] Up to this point, the process has been concerned solely with the printed/graphic
optical features of the physical calibration guide 39. The camera image also includes
projected optical features from the projected calibration pattern 41. Physical

graphic/optical features and projected optical features may be distinguished from each
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other because each feature is known from the references 92a, 92b. Additionally, in one
example, the projector is positioned so that an outer rectangle of projected features of the
calibration pattern 41 is outside physical features of the physical calibrating guide 39. This

allows for the four corners of outer rectangle 39a to be determined unambiguously.

[00108] Returning to Figure 37, in some embodiments, to determine the projector
transform, the process determines the feature points of the projected features in the image
as above. An inverse of the camera transform is determined in step 114. Applying the
inverse camera transform to the projected image feature points in step 116 removes the
skew imposed by the camera being out of plane with and off center from the plane of the

projected image on the calibration guide 39.

[00109] In some embodiments, once again using projective geometry, using the location
of feature points of the projected calibration pattern 41 after the inverse camera transform
has been applied, a projector transform is calculated by in step 118 comparing locations of
these transformed feature points to the known feature points in reference 92b. In some
examples, because the positioning of the projector 3 with respect to the horizontal guide is

fairly well known, the initial starting point may be assumed rather than calculated.

[00110] Once the projector transform is known, it is possible to construct an inverse
projector transform and apply it to images (patterns) to be projected prior to sending the
image to the projector. However, a more efficient approach is to implement the projector
transform as a "pull” while in the projector coordinate system. In this example, the
software process will loop through all the "output” pixels of the projector, and then get the
corresponding "input” pixel for the pattern to be transformed. Because of this, the

projector transform is implemented using the forward projector transform.

[00111] In some embodiments, multiple camera images are obtained, and multiple
solutions obtained to more robustly fit the projector model. In ane example, a camera
transform is determined for each acquired camera image and projector feature points are
determined for each image using each image's respective inverse camera transform. Then,
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the inverse projector feature points are combined and a projector transform is determined

from the combined set of inverse projector feature points.

[00112] In some embodiments, the transform library is generated as above, but the
workspace projected by the projector is not limited to the scale as calibrated. For example,
if a table is used as the harizonal surface for calibration, the table may be removed, and the
projector will project the workspace onto the floor. The same projector transform may be

used without re-calibrating, with the system adjusting for the scale of projection only.

[00113] In one embodiment, the calibration logic may use the locations of the fiducials 42
(e.g., the difference in location between a fiducial on the imaged calibration guide 39 and
the corresponding fiducial on the imaged calibration pattern 41) to understand the
difference in position, scale, keystoning effect and skew between the imaged calibration
pattern 41 in reference to the imaged calibration guide 39 and perform automatic
calibration based thereon. Fiducials may refer to the markings 42 on figures 16 and 17 ar
any other detectable pattern that reflects a lack of calibration in position, scale, or skew in

the pattern as projected as compared to the pattern as intended.

[00114] Moreover, the computing device 9 or projector 3 may be equipped with an
accelerometer and/or a gyroscope to account for tilt/angle when imaging for calibration.
One or more iterations of the above-described calibration process may be necessary to

achieve proper calibration.

[00115] Figure 17 illustrates the system 1 after calibration. The projector 3 projects the
calibration pattern 41 that, because the system 1is now properly calibrated, matches the

calibration guide 39.

[00116] After calibration, the system 1 is ready to be used for projecting patterns upon
fabric to be marked or cut. The user may place the fabric on the surface 5 and choose a

pattern piece to be projected onto the fabric.
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[00117] Another potential problem with the system 1 is what to do when a pattern piece
is too large (e.g., too long) to be completely projected at once on the surface 5. Figure 23
illustrates the problem. Notice that the pant leg 4 is too long to fit within the projection
frame, the workspace 13 representing the horizontal surface 5. The sewist will not be able
to project the pattern for the pant leg 4 at once. Instead, the sewist will need to perform

splicing.

[00118] Splicing is the process of dividing a pattern piece into several sections or
portions. Fiducials 43 are algorithmically placed within the outline of any pattern piece that
extends beyond the projector workspace 13 and projected together with the pattern piece
outline. The sewist marks the locations of the fiducials 43 on the fabric with stickers, chalk,
etc. Once the first pattern portion within the projector workspace 13is either traced or cut

and the fiducials are marked, the projector workspace 13 can be advanced.

[00119] Figure 24 illustrates the next projector work space. The next projection frame
indicates where the marking on the fabric for the fiducials 43 need to be repositioned to
for the remaining pattern portion to be cut or traced. The sewist may slide the fabric for
the marked fiducial locations to correspond to the newly projected fiducial locations. The
sewist may then perform marking or cutting of the pattern piece. The result is a full pattern

piece that is accurate and not skewed.

[00120] Therefore, in some embodiments, a method for splicing includes simultaneously
projecting onto the fabric (a) a first portion of the sewing pattern and (b) a first set of
fiducials 43 adjacent an outline of the first portion. The first set of fiducials 43 are located
at fixed locations relative to the sewing pattern. The method may further include
instructing the user to mark or actually marking the locations of the first set of fiducials 43
on the fabric. The method may further include, thereafter, simultaneously projecting onto
the fabric (c) a second portion of the sewing pattern corresponding to the sewing pattern
translated along a direction and (d) the first set of fiducials 43 translated along the same

direction. Finally, the method may include instructing the user to slide or actually sliding
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the fabric along the direction to match the marked locations of the first set of fiducials 43

on the fabricto the first set of fiducials 43 translated along the direction.

[00121] An alternative embodiment for dealing with the problem of too large (e.g., too
long) pattern pieces may involve horizontally moving the projector 3. Figure 25 illustrates
an exemplary projection system 1A for projecting sewing patterns onto fabric. The system
1A is similar to the system 1 described above. However, in system 1A, the projector
mounting mechanism includes a horizontal beam 15A and cart 27A slidably attached to the
horizontal beam 15A and configured to slide horizontally along the horizontal beam 15A to
translate the projector 3 horizontally above the surface 5. In the illustrated embodiment,
the cart 27A includes a vertical arm to raise the projector 3 above the surface 5 and a
horizontal arm to locate the projector 3 straight above the surface 5. In other
embodiments, the cart 27A does not include either the vertical arm (e.g., may use

horizontal beam 15A) or the horizontal arm (e.g., may use offset lens).

[00122] In this embodiment, instead of the fabric moving horizontally as in the
embodiment of figures 23-24, the projector 3 moves horizontally. The projector 3 firstly
projects onto the fabric a first portion of the sewing pattern when the cart 27A carries the
projector at a first horizontal position and secondly projects a second portion of the sewing
pattern when the cart 27A carries the projector at a second horizontal position. The sewist
may continue to move the projector 3 along the horizontal beam 15A until the whole

pattern piece has been marked or cut.

[00123] Another potential problem with the system 1 concerns conventional cutting
mats, which often allow pieces of fabric to slide or move during the marking or cutting
process. Figure 26A illustrates a cutting mat underlay 45, which is made of a magnetic
material (e.g., ferrous metal, ferrous powder dispersed in a polymer substrate, etc.) that is
itself a magnet or is attracted to magnets and may be placed on the working surface 5. A
cutting mat (such as calibration guide 39) could be then placed on top of the underlay 45.

Fabric placed above the cutting mat underlay 45 may be retained in place by using magnets
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(with or without the use of a cutting mat). Magnets could then be placed on top of the
fabric or material to hold it in place and prevent the material from moving during cutting or
tracing. When strong enough magnets are used, pieces of fabric will not slide or move

when being marked or cut. In the example of figure 26A a plastic guide mat (e.g.,

calibration guide 39) may also be provided to be placed above the underlay 45, below the
fabric. When strong enough magnets are used, the fabric may be held down on top of the
cutting mat / calibration guide 39 as the magnets are capable of retaining the fabric and the

mat in place when magnetized to the underlay 45.

[00124] The cutting mat underlay 45 is not made of a single piece of magnetic material,
however. The underlay 45 is instead made from a plurality of magnetic material pieces 47.
One or more retaining contraptions 49 retain the plurality of magnetic material pieces 47
together as one cutting mat underlay 45. These retaining contraptions 49 may also provide
a ridge for placement of the resin based cutting mat / calibration guide 39 so as to ensure

it will not slide or move.

[00125] In the embodiment of figures 26A and 26B, the magnetic material pieces 47 have
bent extreme edges to form a retainable cross sections 51 (see figure 26B) and the
retaining contraptions 49 correspond to elongated frame edge pieces and corner pieces
having formed thereon apertures 53 corresponding to the retainable cross sections 51 such
that each of the retaining contraptions 49 engage multiple of the magnetic material pieces

47 along an edge of the cutting mat underlay 45.

[00126] Figures 27A and 27B illustrate another embodiment of the cutting mat underlay
45. In the embodiment of figures 27A and 27B the retaining contraptions 49 correspond to
two backer layers: a first backer layer 49A and a second backer layer 49B. A first portion of
the plurality of magnetic material pieces 47A is attached (e.g., adhesively or otherwise) to
the first backer layer 49A with gaps 55A between magnetic material pieces 47A to form a
first assembly. A second portion of the plurality of magnetic material pieces 47B is

adhesively attached to the second backer layer 49B with gaps 55B between magnetic
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material pieces to form a second assembly. The first assembly and the second assembly
may be joined with magnetic material pieces 47A of the first assembly disposed within the
gaps 55B of the second assembly and magnetic material pieces 47B of the second assembly

disposed within the gaps 55A of the first assembly.

[00127] Figures 28A-28C illustrate another embodiment of the cutting mat underlay 45. In
the embodiment of figures 28A-28C the retaining contraptions 49 correspond to a flexible
backer layer 49 to which the plurality of magnetic material pieces 47 is adjacently attached
to form the cutting mat underlay 45. The magnetic material pieces 47 are secured to the
backer layer 49 with adhesive. For example, pieces 47 may be secured to a layer 49 of
strong vinyl. This embodiment may also include a mechanical connection layer 57 between

pieces 47 to prevent delamination of the backer layer 49.

[00128] Figure 29 illustrates the beam 15 disassembled and packaged for transport

together with the exemplary cutting mat underlay 45.

[00129] Various embodiments include but are not limited to the following.

[00130] A projection system, including but not limited to for projecting sewing patterns
onto fabric, comprises a projector, a vertical beam and a cart. The projector is configured
to receive data representing the sewing patterns and to project the sewing patterns upon
the fabric disposed vertically below the projector. The vertical beam includes (a) a lower
beam portion including a floor engaging portion at a bottom end and (b) an upper beam
portion including a ceiling engaging portion at a top end, the upper beam portion being
vertically movable with respect to the lower beam portion, (c) a beam locking mechanism
configured to lock the upper beam portion with respect to the lower beam portion such
that the floor engaging portion and the ceiling engaging portion engage a floor and a ceiling,
respectively, to anchor the projection system. The cart is operably attached to the
projector, slidably attached to the vertical beam, and configured to slide vertically to adjust

a height of the projector above the fabric.
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[00131] The projection system as described above, wherein the projector is rotatably
attached to the cart or the vertical beam such that the projector is rotatable from a vertical
orientation in which an axis of projection is parallel to a length of the vertical beam to a
horizontal orientation in which the axis of projection is perpendicular to the length of the

vertical beam.

[00132] The projection system as described above, wherein the cart or the vertical beam
includes a cart locking mechanism operable between a locked mode in which the cart locking
mechanism resists vertical sliding of the cart along the vertical beam and a sliding mode in
which the cart locking mechanism does not resist vertical sliding of the cart along the vertical

beam.

[00133] The projection system as described above, wherein the vertical beam includes an
electrical power path that transfers electrical power from the top end or the bottom end to
the cart, the electrical power path including an electrical connector that transfers electrical

power to the projector while allowing vertically sliding of the cart along the vertical beam.

[00134] The projection system as described above, wherein the vertical beam includes an
electrical power path that transfers electrical power from the top end or the bottom end to
the cart, the electrical power path including an electrical connector that transfers electrical
power to the projector while allowing vertically sliding of the cart along the vertical beam,
wherein the vertical heam includes a power switch and a light indicator, the power switch
configured to interrupt electrical power flow to the projector and the light indicator

configured to indicate electrical power flow to the projector.

[00135] The projection system as described above, wherein the projector is rotatably
attached to the cart or the vertical beam and rotation of the projector to an angle of rotation
relative to the cart or the vertical beam disconnects the projector from the cart or vertical

beam.
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[00136] The projection system of as described above, further comprising a spirit level
slidably attached to the vertical beam and configured to slide vertically along the vertical

beam, the spirit level configured to indicate whether the vertical beam is vertical or plumb.

[00137] The projection system as described above, wherein the beam locking mechanism
includes a lever operably connected to a camming mechanism for, in transitioning to a
locked position, mechanically moving the upper beam portion with respect to the lower
beam portion, or vice versa, and locking the upper beam portion to the lower beam portion
and, in transitioning to an unlocked position, release the upper beam portion from the

lower beam portion.

[00138] The projection system as described above, wherein the system is configured to

allow for horizontal and vertical projection of images.

[00139] A method for projecting sewing patterns onto fabric or another surface comprises
positioning a vertical beam of a projecting system off an edge of a surface upon which the
sewing patterns are to be projected, the vertical beam comprising (a) a lower beam
portion including a floor engaging portion at a bottom end and (b) an upper beam portion
including a ceiling engaging portion at a top end, the upper beam portion being vertically
movable with respect to the lower beam portion, (c) a beam locking mechanism including a
lever for, in transitioning to a locked position, vertically moving the upper beam portion
with respect to the lower beam portion, or vice versa, and locking the upper beam portion
to the lower beam portion and, in transitioning to an unlocked position, release the upper
beam portion from the lower beam portion; operating the locking mechanism to the
unlocked position; extending the vertical beam such that the floor engaging portion
engages the floor and the ceiling engaging portion engages the ceiling; operating the lever
to the locked position; applying electrical power to a projector of the projecting system, the
projector operably attached to a cart slidably attached to the vertical beam and configured
to slide vertically to adjust a height of the projector above the fabric; operating a cart

locking mechanism to an unlocking position to allow vertical sliding of the cart along the
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vertical beam; adjusting the height of the projector above the fabric; and operating the cart
locking mechanism to a locking position to resist vertical sliding of the cart along the

vertical beam.

[00140] The method as set forth above, further comprising, prior to operating the lever to
the locked position, using a spirit level slidably connected to the vertical beam to verify the

vertical beam is plumb.

[00141] The method as set forth above, wherein the adjusting the height of the projector
above the fabricincludes: placing a calibration guide on a surface on which the fabric will
rest; and raising or lowering the cart along the vertical beam such that a calibration frame

displayed by the projector aligns with the calibration guide.

[00142] The method as set forth above, further comprising rotating the projector from a
vertical orientation in which an axis of projection is parallel to a length of the vertical beam
to a horizontal orientation in which the axis of projection is perpendicular to the length of

the vertical beam.

[00143] A projection system for projecting patterns onto surfaces, including but not limited
to for projecting sewing patterns onto fabric, comprising a projector, a projector mounting
mechanism, a calibration guide, a camera, and a controller. The projector is configured to
receive data representing the sewing patterns and to project the sewing patterns upon the
fabric disposed vertically below the projector. The projector mounting mechanism is
operably coupled to the projector and configured to retain the projectorin a position
vertically above a horizontal surface on which the fabric is to rest, the projector mounting
mechanism configured to mount to at least one of a ceiling fixture, a ceiling mount coupled
to a ceiling above the horizontal surface, a floor stand disposed adjacent the horizontal
surface, a tension pole disposed adjacent the horizontal surface, a table clamp clamped to a
table including the horizontal surface, a table top stand disposed on the horizontal surface,
or a wall mount coupled to a wall adjacent the horizontal surface. The calibration guide is
disposed on the horizontal surface, the projector configured to project a calibration pattern
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upon the calibration guide. The camera is disposed in or adjacent the projector and
configured to receive an image of the calibration pattern as projected onto the calibration
guide. The controller is operably connected to the projector and the camera and configured
to progressively adjust at least one of position, scale, or skew of the calibration pattern
based on the image to obtain a best match of the calibration pattern to the calibration

guide and thereby calibrate the projector.

[00144] A vertical beam system, comprising a vertical beam, a cart, and an electrical
power path. The vertical beam includes (a) a lower beam portion including a floor engaging
portion at a bottom end and (b) an upper beam portion including a ceiling engaging portion
at a top end, the upper beam portion being vertically movable with respect to the lower
beam portion, {(c) a beam locking mechanism for locking the upper beam portion with
respect to the lower beam portion such that the floor engaging portion and the ceiling
engaging portion engage a floor and a ceiling, respectively, to anchor the projection
system. The cart is slidably attached to the vertical beam and configured to receive a
powered device, the cart configured to slide vertically to adjust a height of the powered
device above the floor. The electrical power path transfers electrical power from the top
end or the bottom end to the cart, the electrical power path including an electrical
connector that transfers electrical power to the powered device while allowing vertically

sliding of the cart along the vertical beam.

[00145] The vertical beam system as described above, wherein the power device is

selected from the group consisting of: a light, a laser level, and a speaker.

[00146] The vertical beam system as described above, wherein the powered device is
rotatably attached to the cart or the vertical beam such that the powered device is

rotatable from a vertical orientation to a horizontal orientation.

[00147] The vertical beam system as described above, wherein the cart or the vertical
beam includes a cart locking mechanism operable between a locked mode in which the
cart locking mechanism resists vertical sliding of the cart along the vertical beam and a
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sliding mode in which the cart locking mechanism does not resist vertical sliding of the cart

along the vertical beam.

[00148] The vertical beam system as described above, wherein the vertical beam includes
a power switch and a light indicator, the power switch configured to interrupt electrical
power flow to the powered device and the light indicator configured to indicate electrical

power flow to the powered device.

[00149] The vertical beam system as described above, further comprising a spirit level
slidably attached to the vertical beam and configured to slide vertically along the vertical

beam, the spirit level configured to indicate whether the vertical beam is vertical or plumb.

[00150] The vertical beam system as described above, wherein the beam locking
mechanism includes a lever operable to, in transitioning to a locked position (a)
longitudinally extend the vertical beam and (b) lock the upper beam portion to the lower
beam portion and, in transitioning to an unlocked position, release the upper beam portion

from the lower beam portion.

[00151] A cutting mat underlay to be placed under a cutting mat, comprising: a plurality of
magnetic material pieces; and one or more retaining contraptions configured to retain the
plurality of magnetic material pieces together as one cutting mat underlay, whereby the
cutting mat and fabric may be retained atop the cutting mat underlay by magnets pinching

the cutting mat and fabric to the cutting mat underlay.

[00152] The cutting mat underlay as described above, wherein the retaining contraptions
correspond to two backer layers: a first backer layer and a second backer layer, a first
portion of the plurality of magnetic material pieces adhesively attached to the first backer
layer with gaps between magnetic material pieces to form a first assembly and a second
portion of the plurality of magnetic material pieces adhesively attached to the second
backer layer with gaps between magnetic material pieces to form a second assembly, the

first assembly and the second assembly joinable with magnetic material pieces of the first
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assembly disposed within the gaps of the second assembly and magnetic material pieces of

the second assembly disposed within the gaps of the first assembly.

[00153] The cutting mat underlay as described above, wherein the plurality of magnetic
material pieces have bent extreme edges to form retainable cross sections and the retaining
contraptions correspond to elongated frame edge pieces having formed thereon apertures
corresponding to the retainable cross sections such that each of the retaining contraptions

engage multiple of the magnetic material pieces along an edge of the cutting mat underlay.

[00154] The cutting mat underlay as described above, comprising corner pieces having
formed thereon apertures corresponding to the retainable cross sections such that the
corner pieces together with the retaining contraptions form a frame around the perimeter

of the cutting mat underlay.

[00155] The cutting mat underlay as described above, wherein the one or more retaining
contraptions correspond to a flexible backer layer to which the plurality of magnetic

material pieces is adjacently attached to form the cutting mat underlay.

[00156] A method for projecting a sewing pattern onto fabric, comprising: simultaneously
projecting onto the fabric (a) a first portion of the sewing pattern and (b) a first set of
fiducials adjacent an outline of the first portion, the first set of fiducials located at fixed
locations relative to the sewing pattern; instructing a user to mark or marking locations of
the first set of fiducials on the fabric; thereafter, simultaneously projecting onto the fabric
(c) a second portion of the sewing pattern corresponding to a translation of the sewing
pattern along a direction and (d) the first set of fiducials translated along the direction; and
instructing a user to slide or sliding the fabric along the direction to match the marked
locations of the first set of fiducials on the fabric to the first set of fiducials translated along

the direction.

[00157] The methaod as set forth above, wherein the markings of the locations correspond

to at least one of stickers or chalk.
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[00158] The method as set forth above, further comprising: prior to projecting the second
portion, instructing the user to cut or trace or cutting or tracing the first portion of the
sewing pattern on the fabric, and after instructing the user to slide or sliding the fabric,
instructing the user to cut or trace or cutting or tracing the second portion of the sewing

pattern on the fabric.

[00159] A projection system for projecting sewing patterns onto fabric, comprising a
projector and a projector mounting system. The projector is configured to receive data
representing the sewing patterns and to project the sewing patterns upon the fabric
disposed vertically below the projector. The projector mounting mechanism operably
coupled to the projector and configured to retain the projector in a position vertically above
a horizontal surface on which the fabric is to rest. The projector mounting mechanism
includes a horizontal track and a cart operably attached to the projector, slidably attached
to the horizontal track, and configured to slide horizontally along the horizontal track to
translate the projector horizontally above the fabric. The projector is configured to project
onto the fabric a first portion of the sewing pattern when the cart carries the projector at a
first horizontal position and to project a second portion of the sewing pattern, different
from the first portion, when the cart carries the projector at a second horizontal position,

different from the first horizontal position.

[00160] The projection system as set forth above, wherein the projector mounting
mechanism is configured to mount to at least one of a ceiling fixture, a ceiling mount
coupled to a ceiling above the horizontal surface, a floor stand disposed adjacent the
horizontal surface, a tension pole disposed adjacent the horizontal surface, a table clamp
clamped to atable including the horizontal surface, a table top stand disposed on the

horizontal surface, or a wall mount coupled to a wall adjacent the horizontal surface.

[00161] A method for projecting sewing patterns onto fabric, comprising: projecting onto
the fabric a first portion of a sewing pattern when a projector is at a first horizontal position

above the fabric; controlling a projector translating mechanism to translate the projector
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from the first horizontal position to a second horizontal position, different from the first
horizontal position; and projecting onto the fabric a second portion of the sewing pattern,
different from the first portion when the projector is at the second horizontal position,

different from the first horizontal position.

[00162] A method for calibrating a projector having a field of projection comprises the
steps of: placing a physical calibration guide within the field of projection, the physical
calibration guide including first optical calibration features; projecting a calibration image
by the projector onto the physical calibration guide, the calibration image including second
optical calibration features; acquiring an image including the first and second optical
calibration features; determining a camera transform from the first optical calibration
features in the camera image; applying an inverse transform of the camera transform to the
second optical calibration features in the camera image to obtain inverse second optical
calibration features; and determining a projector transform from the inverse second optical

calibration features.

[00163] The projector calibration method as set forth above, wherein the step of
determining the camera transform further comprises the steps of: sampling rows and
columns of pixels of the acquired image including the first and second optical calibration
features; detecting changes in light intensity in the sampled rows and columns of pixels;
storing detected changes in light intensity as raw points; assembling raw points into lines;
determining feature points from intersections of assembled lines; determining a starting
point based on a subset of feature points corresponding to the first optical calibration
features and a reference of the physical calibration guide; and iteratively determining a
camera transform based on starting point and feature points corresponding to the first

optical calibration features.
[00164] The projector calibration method as set forth above, wherein the calibration

image is stored in a computing device in operative communication with the projector, and
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wherein the step of projecting a calibration image by the projector further comprises the

step of the computing device transferring the calibration image to the projector.

[00165] The projector calibration method as set forth above, wherein the computing
device includes a camera, and wherein the step of acquiring an image including the first and
second optical calibration features comprises using the computing device to acquire the

image.

[00166] A method of projecting a calibrated image onto a surface, comprising the steps
of: determining a projector transform; applying the projector transform to an image to be
projected; and projecting the image, wherein the projector transform is determined by any

of the preceding projector calibration methods.

[00167] While example systems, methods, and so on, have been illustrated by describing
examples, and while the examples have been described in considerable detail, it is not the
intention to restrict or in any way limit the scope of the appended claims to such detail. It
is, of course, not possible to describe every conceivable combination of components or
methodologies for purposes of describing the systems, methods, and so on, described
herein. Additional advantages and modifications will readily appear to those skilled in the
art. Therefore, the invention is not limited to the specific details, and illustrative examples
shown or described. Thus, this application is intended to embrace alterations,
modifications, and variations that fall within the scope of the appended claims.
Furthermore, the preceding description is not meant to limit the scope of the invention.
Rather, the scope of the invention is to be determined by the appended claims and their

equivalents.

DEFINITIONS

[00168] The following includes definitions of selected terms employed herein. The

definitions include various examples or forms of components that fall within the scope of a

38

CA 03177784 2022-11-3



WO 2021/231592 PCT/US2021/032021

term and that may be used for implementation. The examples are not intended to be

limiting. Both singular and plural forms of terms may be within the definitions.

[00169] “Data store” or “database,” as used herein, refers to a physical or logical entity
that can store data. A data store may be, for example, a database, a table, a file, alist, a
gueue, a heap, a memory, a register, and so on. A data store may reside in one logical or
physical entity or may be distributed between two or more logical or physical entities. A

“data store” may refer to local storage or remote (e.g., cloud storage).

[00170] “Logic,” as used herein, includes but is not limited to hardware, firmware,
software or combinations of each to perform a function(s) or an action(s), or to cause a
function or action from another logic, method, or system. For example, based on a desired
application or needs, logic may include a software-controlled microprocessor, discrete
logic like an application specific integrated circuit (ASIC), a programmed logic device, a
memory device containing instructions, or the like. Logic may include one or more gates,
combinations of gates, or other circuit components. Logic may also be fully embodied as
software. Where multiple logical logics are described, it may be possible to incorporate the
multiple logical logics into one physical logic. Similarly, where a single logical logic is
described, it may be possible to distribute that single logical logic between multiple physical

logics.

[00171] “Signal,” as used herein, includes but is not limited to one or more electrical or
optical signals, analog or digital signals, data, one or more computer or processor
instructions, messages, a bit or bit stream, or other means that can be received,

transmitted, or detected.

[00172] In the context of signals, an “operable connection,” or a connection by which
entities are “operably connected,” is one in which signals, physical communications, or
logical communications may be sent or received. Typically, an operable connection
includes a physical interface, an electrical interface, or a data interface, but it is to be noted
that an operable connection may include differing combinations of these or other types of
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connections sufficient to allow operable control. For example, two entities can be operably
connected by being able to communicate signals to each other directly or through one or
more intermediate entities like a processor, operating system, a logic, software, or other
entity. Logical or physical communication channels can be used to create an operable

connection.

[00173] To the extent that the terms “in” or “into” are used in the specification or the
claims, it is intended to additionally mean “on” or “onto.” Furthermore, to the extent the
term “connect” is used in the specification or claims, it is intended tc mean not only
“directly connected to,” but also “indirectly connected to” such as connected through
another component or components. An “operable connection,” or a connection by which
entities are “operably connected,” is one by which the operably connected entities or the
operable connection perform its intended purpose. An operable connection may be a
direct connection or an indirect connection in which an intermediate entity or entities
cooperate or otherwise are part of the connection or are in between the operably

connected entities.

[00174] To the extent that the term “includes” or “including” is employed in the detailed
description or the claims, itis intended to be inclusive in a manner similar to the term
“comprising” as that term is interpreted when employed as a transitional word in a claim.
Furthermore, to the extent that the term “or” is employed in the detailed description or
claims (e.g., A or B) it is intended to mean “A or B or both”. When the applicants intend to
indicate “only A or B but not both” then the term “only A or B but not both” will be
employed. Thus, use of the term “or” herein is the inclusive, and not the exclusive use. See,

Bryan A. Garner, A Dictionary of Modern Legal Usage 624 (3D. Ed. 1995).
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Claims

What is claimed is:

1. A projection system for projecting sewing patterns onto a surface, comprising:

a vertical beam including (a) a floor engaging portion at a bottom end and (b) a ceiling
engaging portion at a top end, the ceiling engaging portion being vertically movable with
respect to the floor engaging portion such that, when in use, the floor engaging portion and
the ceiling engaging portion engage a floor and a ceiling, respectively, to anchor the
projection system adjacent the surface;

a projector configured to receive data representing the sewing patterns and to project

the sewing patterns;

a cart operably attached to the projector and slidably attached to the vertical beam,

wherein sliding the cart vertically adjusts a height of the projector above the surface.

2. The projection system of claim 1, wherein the cart or the vertical beam includes a cart
locking mechanism operable between a locked mode in which the cart locking mechanism
resists vertical sliding of the cart along the vertical beam and a sliding mode in which the cart

locking mechanism does not resist vertical sliding of the cart along the vertical beam.

3. The projection system of claim 1, wherein the cart has a friction fit with the vertical beam in

which the friction resists vertical sliding of the cart along the vertical beam.
4. The projection system of claim 1, further comprising a computing device having a plurality
of patterns stored thereon, wherein the computing device communicates selected patterns to

the projector for projection.

5. The projection system of claim 4, wherein the patterns stored on the computing device

comprise at least one calibration pattern and at least one sewing pattern.
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6. The projection system of claim 4, wherein the computing device is configured to connect to
a Wi-Fi access point on a computer network, and the computing device is further configured
to connect to the projector via a Bluetooth interface and provide credentials for the Wi-Fi

access point to the projector via the Bluetooth interface.

7. The projection system of claim 6, wherein the computing device is configured to transmit

patterns to the projector via the Wi-Fi access point.

8. The projection system of claim 1, wherein the vertical beam includes an electrical power
path that transfers electrical power along the length of the vertical beam to the cart, the
electrical power path including electrical rails that transfer electrical power to the cart while
allowing vertical sliding of the cart along the vertical beam, and wherein the cart couples the

electrical power to the projector.

9. The projection system of claim 8, wherein the vertical beam includes a power switch

configured to interrupt electrical power flow to the projector.

10. The projection system of claim 1, wherein the projector is rotatably attached to the
cart or the vertical beam and rotation of the projector to an angle of rotation relative to the

cart disconnects the projector from the cart.

11. The projection system of claim 1, further comprising a spirit level slidably attached to
the vertical beam and configured to slide vertically along the vertical beam, the spirit level

configured to indicate whether the vertical beam is plumb.

12. The projection system of claim 1, wherein the projector is rotatably attached to the
cart such that the projector is rotatable from a vertical orientation in which an axis of
projection is parallel to a length of the vertical beam to a horizontal orientation in which the

axis of projection is perpendicular to the length of the vertical beam.
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13. The projection system of claim 1, wherein the vertical beam is separable into two

portions to facilitate storage or transport of the projection system.

14. The projection system of claim 1, wherein the vertical beam further comprises a

spring-biased telescoping portion to bias the vertical beam against the floor and ceiling.

15. The projection system of claim 14, wherein the floor engaging portion is disposed on

the spring-biased telescoping portion.

16. The projection system of claim 1, further comprising a cutting mat having visible

features for assisting in positioning of the projector at a desired distance from the surface.

17. The projection system of claim 16, wherein the computing device is configured to
cause the projector to project a calibration pattern onto the visible features for assisting in

positioning of the projector at a desired distance from the surface.

18. The projection system of claim 1, further comprising a computing device having a
transform library stored thereon, wherein the computing device applies a projector transform
from the transform library to a selected pattern prior to communicating the transformed

selected pattern to the projector for projection.

19. The projection system of claim 18, wherein the computing device generates the
projector transform from a camera image including first optical features from a physical

calibration guide and second optical features from a projected calibration pattern.
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