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CORNER GENERATION IN A PROJECTOR DISPLAY AREA

BACKGROUND

[0001] Computer systems typically employ a display or multiple displays which
are mounted on a support stand and/or are incorporated into some other
component of the computer system. For displays employing touch sensitive
technology (e.g., touch screens), it is often desirable for a user to interact directly
with such displays in order to fully utilize such touch technology during system
operations. However, optimum ergonomic placement of a display for simply
viewing an image thereon is often at odds with such placement for engaging in
touch interaction therewith. Thus, users desiring to use a single computer system
for both traditional viewing applications as well as touch interactive application

often encounter difficulties in positioning and/or utilizing such systems.
BRIEF DESCRIPTION OF THE DRAWINGS

[0002] For a detailed description of various examples, reference will now be

made to the accompanying drawings in which:

[0003] Fig. 1 is a schematic perspective view of an example of a computer

system in accordance with the principles disclosed herein;

[0004] Fig. 2 is another schematic perspective view of the computer system of

Fig. 1 in accordance with the principles disclosed herein;

[0005] Fig. 3 is a schematic side view of the computer system of Fig. 1 in

accordance with the principles disclosed herein;

[0006] Fig. 4 is a schematic front view of the computer system of Fig. 1 in

accordance with the principles disclosed herein;

[0007] Fig. 5 is a schematic side view of the computer system of Fig. 1 during

operation in accordance with the principles disclosed herein;
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[0008] Fig. 6 is a schematic front view of the system of Fig. 1 during operation in

accordance with the principles disclosed herein;

[0009] Fig. 7 provides examples of the projector display space no longer
coincident with the touch sensitive surface of the touch sensitive mat in

accordance with the principles disclosed herein;

[0010] Fig. BA-C provide examples of the detection of the corners of the

projector display space in accordance with the principles disclosed herein;

[0011] Fig. 9 provides another example of the detection of the corners of the
projector display space and the touch sensitive surface in accordance with the

principles disclosed herein;

[0012] Fig. 10 is a block diagram depicting a memory resource and a processing

resource in accordance with the principles disclosed herein; and
[0013] Fig. 11 is a flow diagram depicting steps to implement an example.
NOTATION AND NOMENCLATURE

[0014] Certain terms are used throughout the following description and claims to
refer to particular system components. As one skilled in the art will appreciate,
computer companies may refer to a component by different names. This
document does not intend to distinguish between components that differ in name
but not function. In the following discussion and in the claims, the terms
“‘including” and “comprising” are used in an open-ended fashion, and thus should
be interpreted to mean “including, but not limited to....” Also, the term “couple” or
“‘couples” is intended to mean either an indirect or direct connection. Thus, if a
first device couples to a second device, that connection may be through a direct
electrical or mechanical connection, through an indirect electrical or mechanical
connection via other devices and connections, through an optical electrical
connection, or through a wireless electrical connection. As used herein the term
“approximately” means plus or minus 10%. In addition, as used herein, the

phrase “user input device” refers to any suitable device for providing an input, by
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a user, into an electrical system such as, for example, a mouse, keyboard, a hand

(or any finger thereof), a stylus, a pointing device, etc.
DETAILED DESCRIPTION

[0015] The following discussion is directed to various examples of the
disclosure. Although one or more of these examples may be preferred, the
examples disclosed should not be interpreted, or otherwise used, as limiting the
scope of the disclosure, including the claims. In addition, one skilled in the art will
understand that the following description has broad application, and the
discussion of any example is meant only to be descriptive of that example, and
not intended to intimate that the scope of the disclosure, including the claims, is

limited to that example.

[0016] Referring now to Fig.s 1-4, a computer system 100 in accordance with
the principles disclosed herein is shown. In this example, system 100 generally
comprises a support structure 110, a computing device 150, a projector unit 180,
and a touch sensitive mat 200. Computing device 150 may comprise any
suitable computing device while still complying with the principles disclosed
herein. For example, in some implementations, device 150 may comprise an
electronic display, a smartphone, a tablet, an all-in-one computer (i.e., a display
that also houses the computer’s board), or some combination thereof. In this
example, device 150 is an all-in-one computer that includes a central axis or
center line 155, first or top side 150a, a second or bottom side 150b axially
opposite the top side 150a, a front side 150c extending axially between the sides
150a, 150b, a rear side also extending axially between the sides 150a, 150b and
generally radially opposite the front side 150c. A display 152 defines a viewing
surface and is disposed along the front side 150c to project images for viewing
and interaction by a user (not shown). In some examples, display 152 includes
touch sensitive technology such as, for example, resistive, capacitive, acoustic
wave, infrared (IR), strain gauge, optical, acoustic pulse recognition, or some
combination thereof. Therefore, throughout the following description, display 152

may periodically be referred to as a touch sensitive surface or display. In
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addition, in some examples, device 150 further includes a camera 154 that is to
take images of a user while he or she is positioned in front of display 152. In
some implementations, camera 154 is a web camera. Further, in some
examples, device 150 also includes a microphone or similar device that is

arranged to receive sound inputs (e.g., voice) from a user during operation.

[0017] Referring still to Fig.s 1-4, support structure 110 includes a base 120, an
upright member 140, and a top 160. Base 120 includes a first or front end 1204,
and a second or rear end 120b. During operation, base 120 engages with a
support surface 15 to support the weight of at least a portion of the components
(e.g., member 140, unit 180, device 150, top 160, etc.) of system 100 during
operation. In this example, front end 120a of base 120 includes a raised portion
122 that is slightly separated above the support surface 15 thereby creating a
space or clearance between portion 122 and surface 15. As will be explained in
more detail below, during operation of system 100, one side of mat 200 is
received within the space formed between portion 122 and surface 15 to ensure
proper alignment of mat 200. However, it should be appreciated that in other
examples, other suitable alignments methods or devices may be used while still

complying with the principles disclosed herein.

[0018] Upright member 140 includes a first or upper end 140a, a second or
lower end 140b opposite the upper end 140a, a first or front side 140c extending
between the ends 140a, 140b, and a second or rear side 140d opposite the front
side 140c and also extending between the ends 140a, 140b. The lower end 140b
of member 140 is coupled to the rear end 120b of base 120, such that member

140 extends substantially upward from the support surface 15.

[0019] Top 160 includes a first or proximate end 160a, a second or distal end
160b opposite the proximate end 160a, a top surface 160c extending between
the ends 160a, 160b, and a bottom surface 160d opposite the top surface 160c
and also extending between the ends 160a, 160b. Proximate end 160a of top
160 is coupled to upper end 140a of upright member 140 such that distal end

160b extends outward therefrom. As a result, in the example shown in Fig. 2, top
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160 is supported only at end 160a and thus is referred to herein as a
“cantilevered” top. In some examples, base 120, member 140, and top 160 are
all monolithically formed; however, it should be appreciated that in other example,
base 120, member 140, and/or top 160 may not be monolithically formed while

still complying with the principles disclosed herein.

[0020] Referring still to Fig.s 1-4, mat 200 includes a central axis or centerline
205, a first or front side 200a, and a second or rear side 200b axially opposite the
front side 200a. In this example, a touch sensitive surface 202 is disposed on
mat 200 and is substantially aligned with the axis 205. Surface 202 may
comprise any suitable touch sensitive technology for detecting and tracking one
or multiple touch inputs by a user in order to allow the user to interact with
software being executed by device 150 or some other computing device (not
shown). For example, in some implementations, surface 202 may utilize known
touch sensitive technologies such as, for example, resistive, capacitive, acoustic
wave, infrared, strain gauge, optical, acoustic pulse recognition, or some
combination thereof while still complying with the principles disclosed herein. In
addition, in this example, surface 202 extends over only a portion of mat 200;
however, it should be appreciated that in other examples, surface 202 may
extend over substantially all of mat 200 while still complying with the principles

disclosed herein.

[0021] During operation, mat 200 is aligned with base 120 of structure 110, as
previously described to ensure proper alignment thereof. In particular, in this
example, rear side 200b of mat 200 is placed between the raised portion 122 of
base 120 and support surface 15 such that rear end 200b is aligned with front
side 120a of base, thereby ensuring proper overall alignment of mat 200, and
particularly surface 202, with other components within system 100. In some
examples, mat 200 is aligned with device 150 such that the center line 155 of
device 150 is substantially aligned with center line 205 of mat 200; however, other
alignments are possible. In addition, as will be described in more detail below, in
at least some examples surface 202 of mat 200 and device 150 are electrically

coupled to one another such that user inputs received by surface 202 are
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communicated to device 150. Any suitable wireless or wired electrical coupling or
connection may be used between surface 202 and device 150 such as, for
example, WI-FI, BLUETOOTH®, ultrasonic, electrical cables, electrical leads,
electrical spring-loaded pogo pins with magnetic holding force, or some
combination thereof, while still complying with the principles disclosed herein. In
this example, exposed electrical contacts disposed on rear side 200b of mat 200
engage with corresponding electrical pogo-pin leads within portion 122 of base
120 to transfer signals between device 150 and surface 202 during operation. In
addition, in this example, the electrical contacts are held together by adjacent
magnets located in the clearance between portion 122 of base 120 and surface
15, previously described, to magnetically attract and hold (e.g., mechanically) a
corresponding ferrous and/or magnetic material disposed along rear side 200b of
mat 200.

[0022] Referring specifically now to Fig. 3, projector unit 180 comprises an outer
housing 182, and a projector assembly 184 disposed within housing 182.
Housing 182 includes a first or upper end 182a, a second or lower end 182b
opposite the upper end 182a, and an inner cavity 183. In this embodiment,
housing 182 further includes a coupling or mounting member 186 to engage with
and support device 150 during operations. In general, member 186 may be any
suitable member or device for suspending and supporting a computer device
(e.g., device 150) while still complying with the principles disclosed herein. For
example, in some implementations, member 186 comprises hinge that includes
an axis of rotation such that a user (not shown) may rotate device 150 about the
axis of rotation to attain an optimal viewing angle therewith. Further, in some
examples, device 150 is permanently or semi-permanently attached to housing
182 of unit 180. For example, in some implementations, the housing 180 and

device 150 are integrally and/or monolithically formed as a single unit.

[0023] Thus, referring briefly to Fig. 4, when device 150 is suspended from
structure 110 through the mounting member 186 on housing 182, projector unit
180 (i.e., both housing 182 and assembly 184) is substantially hidden behind

device 150 when system 100 is viewed from a viewing surface or viewing angle
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that is substantially facing display 152 disposed on front side 150c of device 150.
In addition, as is also shown in Fig. 4, when device 150 is suspended from
structure 110 in the manner described, projector unit 180 (i.e., both housing 182
and assembly 184) and any image projected thereby is substantially aligned or

centered with respect to the center line 155 of device 150.

[0024] Projector assembly 184 is generally disposed within cavity 183 of
housing 182, and includes a first or upper end 184a, a second or lower end 184b
opposite the upper end 184a. Upper end 184a is proximate upper end 182a of
housing 182 while lower end 184b is proximate lower end 182b of housing 182.
Projector assembly 184 may comprise any suitable digital light projector
assembly for receiving data from a computing device (e.g., device 150) and
projecting an image or images (e.g., out of upper end 184a) that correspond with
that input data. For example, in some implementations, projector assembly 184
comprises a digital light processing (DLP) projector or a liquid crystal on silicon
(LCoS) projector which are advantageously compact and power efficient
projection engines capable of multiple display resolutions and sizes, such as, for
example, standard XGA (1024 x 768) resolution 4:3 aspect ratio or standard
WXGA (1280 x 800) resolution 16:10 aspect ratio. Projector assembly 184 is
further electrically coupled to device 150 in order to receive data therefrom for
producing light and images from end 184a during operation. Projector assembly
184 may be electrically coupled to device 150 through any suitable type of
electrical coupling while still complying with the principles disclosed herein. For
example, in some implementations, assembly 184 is electrically coupled to device
150 through an electric conductor, WI-FI, BLUETOOTH®, an optical connection,
an ultrasonic connection, or some combination thereof. In this example, device
150 is electrically coupled to assembly 184 through electrical leads or conductors
(previously described) that are disposed within mounting member 186 such that
when device 150 is suspended from structure 110 through member 186, the
electrical leads disposed within member 186 contact corresponding leads or

conductors disposed on device 150.
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[0025] Referring still to Fig. 3, top 160 further includes a fold mirror 162 and a
sensor bundle 164. Mirror 162 includes a highly reflective surface 162a that is
disposed along bottom surface 160d of top 160 and is positioned to reflect
images and/or light projected from upper end 184a of projector assembly 184
toward mat 200 during operation. Mirror 162 may comprise any suitable type of
mirror or reflective surface while still complying with the principles disclosed
herein. In this example, fold mirror 162 comprises a standard front surface
vacuum metalized aluminum coated glass mirror that acts to fold light emitted
from assembly 184 down to mat 200. In other examples, mirror 162 could have a
complex spherical curvature to act as a reflective lens element to provide

additional focusing power or optical correction.

[0026] Sensor bundle 164 includes a plurality of sensors and/or cameras to
measure and/or detect various parameters occurring on or near mat 200 during
operation. For example, in the specific implementation depicted in Fig. 3, bundle
164 includes an ambient light sensor 164a, a camera (e.g., a color camera) 164b,
a depth sensor or camera 164c, and a three dimensional (3D) user interface
sensor 164d. Ambient light sensor 164a is arranged to measure the intensity of
light of the environment surrounding system 100, in order to, in some
implementations, adjust the camera’s and/or sensor’s (e.g., sensors 164a, 164b,
164c, 164d) exposure settings, and/or adjust the intensity of the light emitted from
other sources throughout system such as, for example, projector assembly 184,
display 152, etc. Camera 164b may, in some instances, comprise a color camera
which is arranged to take either a still image or a video of an object and/or
document disposed on mat 200. Depth sensor 164c generally indicates when a
3D object is on the work surface. In particular, depth sensor 164c may sense or
detect the presence, shape, contours, motion, and/or the 3D depth of an object
(or specific feature(s) of an object) placed on mat 200 during operation. Thus, in
some implementations, sensor 164c may employ any suitable sensor or camera
arrangement to sense and detect a 3D object and/or the depth values of each
pixel (whether infrared, color, or other) disposed in the sensor’s field-of-view
(FOV). For example, in some implementations sensor 164c may comprise a

single infrared (IR) camera sensor with a uniform flood of IR light, a dual IR
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camera sensor with a uniform flood of IR light, structured light depth sensor
technology, time-of-flight (TOF) depth sensor technology, or some combination
thereof. User interface sensor 164d includes any suitable device or devices (e.g.,
sensor or camera) for tracking a user input device such as, for example, a hand,
stylus, pointing device, etc. In some implementations, sensor 164d includes a
pair of cameras which are arranged to stereoscopically track the location of a
user input device (e.g., a stylus) as it is moved by a user about the mat 200, and
particularly about surface 202 of mat 200. In other examples, sensor 164d may
also or alternatively include an infrared camera(s) or sensor(s) that is arranged to
detect infrared light that is either emitted or reflected by a user input device. It
should further be appreciated that bundle 164 may comprise other sensors and/or
cameras either in lieu of or in addition to sensors 164a, 164b, 164c, 164d,
previously described. In addition, as will explained in more detail below, each of
the sensors 164a, 164b, 164c, 164d within bundle 164 is electrically and
communicatively coupled to device 150 such that data generated within bundle
164 may be transmitted to device 150 and commands issued by device 150 may
be communicated to the sensors 164a, 164b, 164c, 164d during operations. As
is explained above for other components of system 100, any suitable electrical
and/or communicative coupling may be used to couple sensor bundle 164 to
device 150 such as for example, an electric conductor, WI-FI, BLUETOOTH®, an
optical connection, an ultrasonic connection, or some combination thereof. In this
example, electrical conductors are routed from bundle 164, through top 160,
upright member 140, and projector unit 180 and into device 150 through the leads

that are disposed within mounting member 186, previously described.

[0027] Referring now to Fig.s 5 and 6, during operation of system 100, light 187
is emitted from projector assembly 184, and reflected off of mirror 162 towards
mat 200 thereby displaying an image on a projector display space 188. In this
example, space 188 is substantially rectangular and is defined by a length Lqss
and a width Wigs. In some examples length Ligg may equal approximately 16
inches, while width Wqgg may equal approximately 12 inches; however, it should
be appreciated that other values for both length L1gs and width Wqgs may be used

while still complying with the principles disclosed herein. In addition, the sensors
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(e.g., sensors 164a, 164b, 164c, 164d) within bundle 164 include a sensed space
168 that, in at least some examples, overlaps and/or corresponds with projector
display space 188, previously described. Space 168 defines the area that the
sensors within bundle 164 are arranged to monitor and/or detect the conditions

thereof in the manner previously described.

[0028] In some examples, device 150 directs assembly 184 to project an image
onto surface 202 of mat 200. In addition, device 150 may also display an image
on the display 152 (which may or may not be the same as the image projected
onto surface 202 by assembly 184). The image projected by assembly 184 may
comprise information and/or images produced by software executing within
device 150. A user (not shown) may then interact with the image displayed on
surface 202 and display 152 by physically engaging the touch sensitive surface
202 of mat 200. Such interaction may take place through any suitable method
such as, direct interaction with a user’'s hand 35, through a stylus 25, or other

suitable user input device(s).

[0029] In some examples, both space 188 and space 168 coincide or
correspond with surface 202 of mat 200, previously described, to effectively
integrate the functionality of the touch sensitive surface 202, projector assembly
184, and sensor bundle 164 within a defined area. Referring to Fig. 7, the
projector display space 188 may coincide with the touch sensitive surface 202 of
the touch sensitive mat 200, such that a border of the space 188 falls just within a
border of the surface 202.

[0030] Although the computer system 100 may be delivered to a user with
factory calibrated settings, misalignment of various components of the system
100 may occur due to various reasons, such as a loose connection, mechanical
conditions, or user interaction. As an example, changes in temperature may
cause components of the system 100, such as the touch sensitive surface 202 of
the mat 200, to thermally expand or contract, resulting in potential misalignment
with respect to other components of the system 100 (e.g., the projector assembly
184 and/or the sensor bundle 164).
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[0031] Misalignment of one or more components of the system 100 may affect
the integrated functionality of the touch sensitive surface 202, projector assembly
184, and sensor bundle 164 within a defined area (e.g., the surface 202). For
example, sensors of the sensor bundle 164 may inadvertently change positions
with respect to the touch sensitive surface 202 and/or the projector assembly 184,
positioning of the surface 202 may inadvertently change with respect to the
sensor bundle 164 and/or the projector assembly 184, or both the sensor bundle
164 and the surface 202 may inadvertently change positions with respect to the

projector assembly 184.

[0032] Fig. 7 provides examples of the projector display space 188 no longer
coincident with the touch sensitive surface of the touch sensitive mat 200. As an
example, the portions of the space 188 may be distorted, and the borders of the
projector display space 188 may not be straight lines under a system with optical
distortion as shown in Fig. 7. The projector display space 188 is shown as a a
trapezoid shaped area with distorted borders. Although the computer system 100
may be delivered to a user with factory calibrated settings, the system 100 may
include a program for verifying alignment of the components within the system
100 with respect to each other. The program may be initiated by software
executing within the device 150. As an example, the program may verify whether
the touch sensitive mat 200 is properly aligned with respect to other components,
and whether the sensor bundle 164 is calibrated properly with respect to the
projector assembly 184, as will be further described. As an example, the
verification program may be executed regularly (e.g., once a week), at power up
of the system 100, or upon a reconnection of the mat 200. If misalignment of
components within the system 100 is detected, calibration operations may be
performed. In such situations, the system may run a calibration method to align
the projector display space 188 with the touch sensitive surface. As a part of the
method, corner detection may be performed. More specifically, corner detection
for calibration may need to be performed accurately and robustly under ambient
lighting, and non-ideal conditions including system/optical distortion and/or object
occlusion. The corner detection may generate precise projector display that

aligns to the touchmat border, and generate accurate homography calibration
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between the sensor and the projector. This will be explained in more detailed in
Figs. 8A, 8B and 9.

[0033] Referring to Fig. 8A, the border of the projector display space 188 may
be distorted, which results in being displaced from the border of the touch
sensitive surface due to misalignment of one or more components of the system
100. As an example for the distortion, inadvertent changes may have been made
to the positioning of the projector assembly 184 (e.g., due to mechanical or
thermal conditions). In such example, corners of the projector display space 188
may need to be determined in order to align components of the computer system
100 in order to effectively integrate the functionality of the touch sensitive surface
of the mat 200, projector assembly 184, and sensor bundle 164 within a defined

area.

[0034] In one example, in order to accurately detect the four corners of the
projector display space 188, dominant lines 710 may be determined. For
example, the system may use a probabilistic-based Hough line detection
algorithm as an initial (e.g. rough) detection to identify a line segment which
matches closest to the projector display edge. Such line segment is considered
to be the dominant line, which may be defined as a line candidate generated by
the best line-fitting with the majority of the edge points in the projector display
space 188 based on edge detection. In one implementation, a color intensity
method may be used for edge detection. More specifically, sensors from the
sensor bundle 164 may be used for differentiating a color intensity of the projector
display space 188 from color intensity of an area outside the space 188.
Histogram equalization may be performed on the regions of interest to obtain high
and low thresholds for an edge detection algorithm (e.g., Canny edge detection).
Upon running the edge detection algorithm, edge points indicating the perimeter
of the projector display space 188 may be extracted (e.g., edge points for all four
sides of the space 188). As discussed earlier, a line fitting algorithm may be used
for determining four fitted lines, which may be representative of the perimeter of
the projector display space 188. It should be noted that this line detection/fitting

approach is deterministic and repeatable unlike a non-deterministic algorithm
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(e.g., RANdom SAmple Consensus (RANSAC), which is produces a reasonable
result only with a certain probability, with this probability increasing as more

iterations are allowed).

[0035] In one implementation, this is performed for each side of the projector
display space 188. As shown in Fig. 8A, the corners 715 are determined based
on the dominant lines. Further, in another implementation, if the edge is
completely covered by an object (e.g., object occlusion), the system may display

an error message.

[0036] Referring to Fig. 8B, in order to increase the accuracy of corner
detection, two subline segments 720 may be defined for each edge. A subline
segment may be defined as a line hitting close to the two corners on each side of
the projector display space 188 by fitting of edge points of a smaller region. More
specifically, as described earlier in reference to Fig. 8A, a probabilistic-based
Hough line detection algorithm as an initial (e.g. rough) detection to identify a line
segment which matches closest to the projector display edge. The subline
segments may be used because fitting a long edge to a single line may lose
accuracy on either corner due to the nonexistence of straight lines under a
system with optical distortion. As a result, the corners 725 may be detected. In
one example, the system checks the distance from corners generated by the
dominant lines (e.g., corners 715) to each of the two subline segments. If the
distance is above an acceptability tolerance, the system 100 may use the
dominant lines to define the corners of the projector display space 188. However,
if the distance between the corners (e.g., 715) and the subline segments (720) is
below an acceptability tolerance, the system 100 may choose to use the subline
segments 720 in order to define the corners of the projector display space 188.

In one implementation, the distance may be measured in pixels.

[0037] Fig. 8C illustrates another example of the detection of the corners of the
projector display space in accordance with the principles disclosed herein.
Different from Figs. 8A and 8B, Fig. 8C illustrates a hand 810 occluding one of

the corners of the projector display space 188. It should be readily apparent that
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the hand 810 is used as an example, and that anything (e.g., object, shadow) that
blocks a part of the projector display space 188 may apply. In one
implementation, object occlusion may be shadow, stains or physical objects on
the touchmat or projector display area. Further, the hand 810 is shown to result
in 25% occlusion on the top right corner of the projector display space 188. It
should be noted object occlusion may be different in different implementation. In
other example, the blockage could be on any or multiple of the corners of
projector display space 188, and the occlusion may be less or more than 25%.
For example, in one implementation, the object occlusion may be small, which is
defined as an occlusion covering one or two corners (e.g., 5-10% of edge). In
another implementation, the object occlusion may be medium, which is defined
as an occlusion covering up to 30% of edges. In a further implementation, the
object occlusion may be large, which is defined as an occlusion covering above
30% of edges. Object occlusion may apply to both the touch sensitive mat 200

and the projector display space 188.

[0038] Fig. 8C illustrates detected corners 735 and 745 for the projector display
space 188. The corners 735 are generated accurately by the intersection of sub-
lines 730 around the corners 735, similar to the approach described in greater
detail in reference to Fig. 8B. The top right corner 745, which is partially occluded
by the hand 810, is generated by using the top dominant line and right dominant
line 740, similar to the approach described in greater detail in reference to Fig.
8A.

[0039] In another implementation, the projector display space 188 may have
borders that are straight. More specifically, the projector display space 188 may
be a trapezoid shaped area with undistorted sides (e.g., straight lines). In such
an implementation, the dominant lines and the sublines are almost the same. For

example, the position difference may be measured to be found at 0.5mm or less.

[0040] Fig. 9 illustrates examples of the projector display space 188 no longer
coincident with the touch sensitive surface 202 of the touch sensitive mat 200. In

this example, the projector display space 188 is shown as an undistorted
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trapezoid shaped area. In another implementation, the projector display space
188 may be distorted, similar to the examples illustrated in Figs. 7, 8A and 8B.
Referring to Fig. 9, the touch sensitive mat 200 is rotated, for example, by 5
degrees, such that the surface 202 of the mat 200 is misaligned with respect to
the space 188. As an example, the mat 200 may be inadvertently rotated due to
user interaction with the mat 200 or a loose connection. The portions of the
space 188 that are no longer within the touch sensitive surface 202 of the mat
200 may not be responsive to interactions from a user, for example, via the user’s
hand 35 or stylus 25.

[0041] Sensors from the sensor bundle 164 (e.g., color camera 164b, IR
camera, or depth sensor 164c) may be used to detect the dominant lines around
corners of the touch sensitive surface 202 (e.g., 902a-d) and corners of the
projector display space 188 (e.g., 904a-d), according to an example. Referring to
the detection of the corners 902a-d of the touch sensitive surface 202, camera
164b may be used to take either a still image or a video of the whole mat 200, or
at least relevant portions of the mat 200. As explained before in reference to Fig.
8A and 8B, a histogram of the image/video may provide regions of interest,
generally providing an indication of the difference in color intensity between color
of the touch sensitive surface 202 (e.g., color 702) and color of the border of the
mat 200 surrounding a perimeter of the surface 202 (e.g., color 704). Histogram
equalization may be performed on the regions of interest to obtain high and low
thresholds for an edge detection algorithm (e.g., Canny edge detection). Upon
running the edge detection algorithm, edge points indicating the perimeter of the
touch sensitive surface 202 may be extracted (e.g., edge points for all four sides
of the surface 202). A line fitting algorithm may be used for determining four fitted
lines, representing the dominant lines. Intersection of two dominant lines may be
used for calculating each corner 902a-d. When the still image of the mat 200 is
captured by the color camera 164b, the corners 902a-d of the touch sensitive
surface 202 may be determined even if one or more of the corners is occluded by
an object in the still image (e.g., an object resting on the mat 200). This may be
made possible due to the other portions of the mat 200 that is captured in the still

image that represents the difference in color intensities between the two regions.
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[0042] Similarly, as described earlier in reference to Figs. 8A and 8B, a
dominant line detection method may be performed for detecting dominant lines
and then identifying 904a-d of the projector display space 188. For example,
sensors from the sensor bundle 164 may be used for differentiating a color
intensity of the projector display space 188 from a color intensity of an area

outside the space 188.

[0043] Further, the system may move forward with detecting subline segments
for both the projector display space 188 and the touch sensitive surface 202. As
mentioned above, the dominant lines and the sublines are almost the same in this
example since the borders of both the projector display space 188 and the touch
sensitive surface 202 are straight due to the limited distortion of these spaces.
For example, the position difference may be measured to be found at 0.5mm or
less. Accordingly, the system may generate the corners of both the projector
display space 188 and the touch sensitive surface 202 based on either dominant

lines or subline segments, which result in the same corner locations.

[0044] In a further implementation, upon detecting the corners 902a-d of the
touch sensitive surface 202 and the corners 904a-d of the projector display space
188, correspondence between the two sets of corners may be determined, based
according to mapping methods, such as homography. As an example, based
upon the correspondence between the two sets of corners, the projector 184 may
adjust settings for the border of the image reflected on to the mat 200 (e.g.,
border of the projector display space 188) to fit within the detected border of the
mat 200 (e.g., the touch sensitive surface 202). In another implementation, the
corners 902a-d of the touch sensitive surface 202 may be reversely mapped to
the corners 904a-d of the projector display space 188 for realigning mapping
between the projector assembly 184 and the touch sensitive mat 200 (e.g., via
homography). As an example, vector offsets may be generated between the two
sets of corners in order to determine any correspondence. Based upon the
differences detected between the two sets of corners, calibration operations may
be performed (e.g., automatic and/or manual) on one or more components of the

system 100. If the misalignment between the two sets of corners is above an
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acceptability tolerance, the system 100 may inform the user to disconnect and
reconnect the mat 200 by aligning the mat 200 with the base 120 of structure
110, as previously described to ensure proper alignment thereof. However, if the
misalignment between the two sets of corners (e.g., 902a-d and 904a-d) is below
an acceptability tolerance, but above a usability tolerance, the system 100 may
automatically recalibrate in order for the border of the projector display space 188
to coincide with the border of the touch sensitive surface 202. As an example,
the automatic recalibration may occur adjusting firmware settings of the project
184.

[0045] Although the use of different colors are described with reference to Fig. 9
for differentiating the touch sensitive surface 202 from the border of the mat 200,
different materials may be used instead between the two regions of the mat 200.
For example, the border of the mat 200 may be coated with an IR-absorbing
material for detection of the border by a sensor from the sensor bundle (e.g., IR
camera). Upon detection of the border of the mat 200, the touch sensitive
surface 202 may be differentiated from the border, and an edge detection
algorithm may be used, as described above, for detecting the four corners 902a-d

of the touch sensitive surface 202.

[0046] Computing device 150 may include at least one processing resource. In
examples described herein, a processing resource may include, for example, one
processor or multiple processors included in a single computing device or
distributed across multiple computing devices. As used herein, a "processor"
may be at least one of a central processing unit (CPU), a semiconductor-based
microprocessor, a graphics processing unit (GPU), a field-programmable gate
array (FPGA) to retrieve and execute instructions, other electronic circuitry
suitable for the retrieval and execution instructions stored on a machine-readable

storage medium, or a combination thereof.

[0047] As used herein, a "machine-readable storage medium" may be any
electronic, magnetic, optical, or other physical storage apparatus to contain or
store information such as executable instructions, data, and the like. For
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example, any machine-readable storage medium described herein may be any of
a storage drive (e.g., a hard drive), flash memory, Random Access Memory
(RAM), any type of storage disc (e.g., a compact disc, a DVD, etc.), and the like,
or a combination thereof. Further, any machine-readable storage medium

described herein may be non-transitory.

[0048] Fig. 10 is a block diagram of an example computing device 150. In the
example of Fig. 10, computing device 150 is communicatively connected to
projector assembly 184, sensor bundle 164, and touch sensitive mat 200 (as
described above), and includes a processing resource 1010, and a machine-
readable storage medium 1020 comprising (e.g., encoded with) instructions 1022,
1024, and 1026. In some examples, storage medium 1020 may include
additional instructions. In other examples, instructions 1022, 1024, 1026, and any
other instructions described herein in relation to storage medium 1020, may be
stored on a machine-readable storage medium remote from but accessible to
computing device 150 and processing resource 1010. Processing resource 1010
may fetch, decode, and execute instructions stored on storage medium 1020 to
implement the functionalities described below. In other examples, the
functionalities of any of the instructions of storage medium 1020 may be
implemented in the form of electronic circuitry, in the form of executable
instructions encoded on a machine-readable storage medium, or a combination
thereof. Machine-readable storage medium 1020 may be a non-transitory

machine-readable storage medium.

[0049] In the example of Fig. 10, a computing system, such as computing system
100 described above in relation to Fig. 1, may comprise computing device 150,
projector assembly 184, sensor bundle 164, and touch sensitive mat 200. In
some examples, instructions 1022 may include instructions for detecting
dominant lines based on a border of a projector display surface. As an example,
instructions for detecting the border may include running a probabilistic-based
Hough line detection algorithm to identify a line segment which matches closest
to the projector display edge. Instructions 1024 may include instructions for

detecting subline segments, and instructions 1026 may include instructions for
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measuring distance between corners determined based on the dominant lines
and the subline segments. Moreover, the instructions 1026 may include
analyzing the distance to determine whether it is within a predetermined tolerance
level. The storage medium 1020 may include additional instructions to realign
mapping between the border of the image reflected by the projector onto the
projector display space on the touch sensitive mat, and the border of the touch

sensitive mat.

[0050] Turning now to the operation of the system 100, Fig. 11 is a flowchart of an
example method 1100 in accordance with an example implementation. It should
be readily apparent that the processes depicted in Fig. 11 represent generalized
illustrations, and that other processes may be added or the illustrated processes
may be removed, modified, or rearranged in many ways. Further, it should be
understood that the processes may represent executable instructions stored on
memory that may cause a processing device to respond, to perform actions, to
change states, and/or to make decisions, for instance. Thus, the described
processes may be implemented as executable instructions and/or operations

provided by a memory associated with the computing device 100.

[0051] The illustrated process 1100 begins at block 1105. At 1105, a dominant
line may be detected for each side of the projector display space. More
specifically, a probabilistic-based Hough line detection algorithm to identify a line
segment which matches closest to the projector display edge. Such line segment
is defined as the dominant line, which is a line candidate generated by the best
line-fitting with the majority of the edge points in the projector display space
based on edge detection. In one implementation, a color intensity method may
be used for edge detection. More specifically, sensors from the sensor bundle
may be used for differentiating a color intensity of the projector display space
from color intensity of an area outside the space. Histogram equalization may be
performed on the regions of interest to obtain high and low thresholds for an edge
detection algorithm (e.g., Canny edge detection). Upon running the edge
detection algorithm, edge points indicating the perimeter of the projector display

space may be extracted (e.g., edge points for all four sides of the space). As
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discussed earlier, a line fitting algorithm may be used for determining four fitted
lines, which may be representative of the perimeter of the projector display space.
The four fitted lines (e.g., the dominant lines) may be used to identify corners for

the projector display space.

[0052] At block 1110, subline segments are detected. In particular, this process
may involve identifying two subline segments for each edge. A subline segment
may be defined as a line hitting close to the two corners on each side of the
projector display space by fitting of edge points of a smaller region. The subline
segments may be used because fitting a long edge to a single line may lose
accuracy on either corner due to the nonexistence of straight lines under a

system with optical distortion.

[0053] At block 1115, the computing system 100 may measure the distance from
the corners identified by the dominant lines to the subline segments. At block
1120, the system checks whether this distance is within a predetermined
tolerance level. If the distance is found to be within the tolerance, at block 1125,
the corners are generated using the subline segments. If the distance is found to
be outside of the tolerance, at block 1130, the corners are generated using the

dominant lines.

[0054] Although the flowchart of Fig. 11 shows a specific order of performance of
certain functionalities, method 1100 is not limited to that order. For example, the
functionalities shown in succession in the flowchart may be performed in a
different order, may be executed concurrently or with partial concurrence, or a
combination thereof. In some examples, features and functionalities described
herein in relation to Fig. 11 may be provided in combination with features and

functionalities described herein in relation to any of Figs. 1-10.

[0055] In the manner described, through use of examples of a computer system
100 in accordance with the principles disclosed herein, an additional touch
sensitive display may be projected onto a touch sensitive surface (e.g., surface

202) to provide dual screen capability for a computing device (e.g., device 150).
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[0056] While device 150 has been described as an all-in-one computer, it
should be appreciated that in other examples, device 150 may further employ the
use of more traditional user input devices such as, for example, a keyboard and a
mouse. In addition, while sensors 164a, 164b, 164c, 164d within bundle 164
have been described as each representing a single sensor or camera, it should
be appreciated that each of the sensors 164a, 164b, 164c, 164d may each
include multiple sensors or cameras while still complying with the principles
described herein. Further, while top 160 has been described herein as a
cantilevered top, it should be appreciated that in other examples, top 160 may be
supported at more than one point and is thus may not be cantilevered while still

complying with the principles disclosed herein.

[0057] The above discussion is meant to be illustrative of the principles and
various embodiments of the present invention. Numerous variations and
modifications will become apparent to those skilled in the art once the above
disclosure is fully appreciated. It is intended that the following claims be

interpreted to embrace all such variations and modifications.
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CLAIMS
What is claimed is:
1. A processor-implemented method for generating corners of a display

area, the method comprising:

detecting a dominant line for each side of the display area, each dominant
line used to identify corners;

detecting subline segments on each side of the display area;

determining a distance between the corners identified by the dominant
lines and the sub-line segments on each side; and

generating the corners of the display area based on the distance.

2. The method of claim 1, further comprising checking whether the distance

is within a predetermined tolerance level.

3. The method of claim 2, wherein generating the corners based on the
distance comprises generating the corners using the dominant lines if the

distance is not within the predetermined tolerance level.

4. The method of claim 2, wherein generating the corners based on the
distance comprises generating the corners using the subline segments if the

distance is within the predetermined tolerance level.

5. The method of claim 1, wherein detecting the dominant line comprises
using an enhanced Hough line detection to detect most probable line segment

which matches closest to an edge of the display area.

6. The method of claim 5, wherein the edge of the display is identified by
differentiating a color intensity of the display area from color intensity of an area

outside the display area.

7. The method of claim 5, further comprising displaying an error message if
the dominant lines may not be detected due to large object occlusion on the

display area.
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8. The method of claim 1, further comprising adjusting settings of

associated units based on the generated corners of the display area.

9. A system, comprising:

a support structure including a base, an upright member extending upward
from the base, and a cantilevered top extending outward from the upright
member and including a fold mirror and a plurality of sensors;

a projector unit attachable to the upright member;

a computing device attachable to the projector unit; and

a touch sensitive mat communicatively coupled to the computing device,
and wherein the computing device is to cause:

the plurality of sensors to detect a dominant line for each side of the
projector display area, each dominant line used to identify corners,

the plurality of sensors to detect subline segments on each side of
the projector display area,

the projector unit to determine a distance between the corners
identified by the dominant lines and the sub-line segments on each side,
and

the projector unit to generate the corners of the projector display
area based on the distance.

10. The system of claim 9, wherein the plurality of sensors to detect the
dominant line for each side of the projector display area comprises at least an
RGB camera.

11.The system of claim 9, wherein the computing device is to use the
generated corners of the projector display area to realign mapping between

border of the touch sensitive mat and the projector display area.

12.The system of claim 11, wherein the computing device is to cause the

projector to adjust settings based on the realigned mapping.
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13.The system of claim 9, wherein the computing device is to cause the
plurality of sensors to realign with the projector according to a comparison of the
border of the image reflected on to the touch sensitive mat and a border of an

image previously projected on to the touch sensitive mat.

14. A non-transitory machine-readable storage medium comprising
instructions executable by a processing resource of a computing system to
generate corners of a display area, the instructions executable to:

detect a dominant line for each side of a display area, each dominant line
used to identify corners;

detect subline segments on each side of the display area;

determine a distance between the corners identified by the dominant lines
and the sub-line segments on each side;

confirm the distance is within a predetermined tolerance level,

generate the corners of the display area using the subline segments.

15.The non-transitory machine-readable storage medium of claim 14, further
comprising instructions executable to generate the corners of the display area
using the dominant lines if the distance is not within the predetermined

tolerance level.



WO 2016/007167 PCT/US2014/046270

140a, 160a

!

!

| 140a, 1
cop N i 140a, 160

=) 182a
140c
150a 140d 110
00—y 150, >
186
150¢ 180
150d
182
182b
140
140b
120b

FIG. 2



WO 2016/007167 PCT/US2014/046270

a—100
200
E
f ®
120b 200b 200a
FIG. 3
160
140—4)
180~ 154 150a

1057 ;
150c—*‘* .

2006 506
120 X 202
120a {1205 15
I 200
|
| —
200a



PCT/US2014/046270

3/10

40

I-188

FIG. 6

[~}
n
1/
[~}
S [
T~
o r
(=}
T~
\ 3
= 5
- (=] [~} L -
© -
) Mm M \\\\
) N
\ -
\\ 5 All Fpemmm——————-
\\ . ~uds
Cd I
\\ G \.ﬁ
— “‘_ IIIIIIIIIIII
|y L < A
N Ilil M
[oe] III1
o~
)
n
4/ h
[~}
I .
-~

WO 2016/007167

S
©
™~

188, 168



PCT/US2014/046270

WO 2016/007167
4/10
o
o
N
Q0
0

FIG. 7



WO 2016/007167 PCT/US2014/046270

5/10

200
/_\
715
715

710

o

710

715
715
y

710

FIG. 8A



WO 2016/007167 PCT/US2014/046270

6/10

725

o
N
N~

— 200

FIG. 8B



WO 2016/007167

7110

PCT/US2014/046270

— 200

FIG. 8C






WO 2016/007167

PCT/US2014/046270

9/10
184 164 200
\ \ \
PROJECTOR SENSOR TOUCH
ASSEMBLY BUNDLE SENSITIVE MAT

150
N\

COMPUTING DEVICE

101
V0 PROCESSING RESOURCE

MACHINE-READABLE STORAGE MEDIUM |1~1020

INSTRUCTIONS TO DETECT DOMINANT |41~ 1022

LINES

INSTRUCTIONS TO DETECT SUBLINE | | - 1024
SEGMENTS

INSTRUCTIONS TO MEASUREAND | {1~ 1026
ANALYZE DISTANCE

FIG. 10



WO 2016/007167 PCT/US2014/046270

10/10

1100

DETECT DOMINANT LINES 1105

DETECT SUBLINE SEGMENTS 111
MEASURE DISTANCE FROM CORNERS DETECTED

BASED ON DOMINANT LINES TO SUBLINE SEGMENTS
1115

DISTANCE WITHI
TOLERANCE?
1120

No

GENERATE CORNERS
USING THE DOMINANT
SEGMENTS 1130

GENERATE CORNERS USING THE SUBLINE SEGMENTS
1125

FIG. 11



PCT/US2014/046270
PATENT COOPERATION TREATY

PCT

INTERNATIONAL SEARCH REPORT

(PCT Article 18 and Rules 43 and 44)

Applicant'’s or agent's file reference FOR FURTHER see Form PCT/ISA/220

83954865 ACTION as well as, where applicable, item 5 below.
International application No. International filing date (day/month/year) (Earliest) Priority Date (day/month/vear)
PCT/US2014/046270 11 July 2014 (11.07.2014)

Applicant
HEWLETT-PACKARD DEVELOPMENT COMPANY, L.P.

This International search report has been prepared by this International Searching Authority and is transmitted to the applicant according
to Article 18. A copy is being transmitted to the International Bureau.

This international search report consists of a total of 3 sheets.

|:| It is also accompanied by a copy of each prior art document cited in this report.

1. Basis of the report
a. With regard to the language, the international search was carried out on the basis of :

x the international application in the language in which it was filed

|:| a translation of the international application into , which is the language of a
translation furnished for the purposes of international search (Rules 12.3(a) and 23.1(b))

b. |:| This international search report has been established taking into account the rectification of an obvious mistake
authorized by or notified to this Authority under Rule 91 (Rule 43.6bis(a)).

c. |:| With regard to any nucleotide and/or amino acid sequence disclosed in the international application, sce Box No. L.
2. |:| Certain claims were found unsearchable (See Box No. II)

3. |:| Unity of invention is lacking (See Box No. III)

4. With regard to the title,
the text is approved as submitted by the applicant.
|:| the text has been established by this Authority to read as follows:

5.  With regard to the abstract,
x the text is approved as submitted by the applicant.
|:| the text has been established, according to Rule 38.2, by this Authority as it appears in Box No. IV. The applicant
may, within one month from the date of mailing of this international search report, submit comments to this Authority.
6.  With regard to the drawings,
a. the figure of the drawings to be published with the abstract are Figures Nos. 11
|:| as suggested by the applicant.
as selected by this Authority, because the applicant failed to suggest a figure.

|:| as selected by this Authority, because this figure better characterizes the invention.
b. |:| none of the figures is to be published with the abstract.

Form PCT/ISA/210 (first sheet) (January 2015)



INTERNATIONAL SEARCH REPORT International application No.
PCT/US2014/046270

A. CLASSIFICATION OF SUBJECT MATTER
GOGF 1/16(2006.01)i

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

B. FIELDS SEARCHED

Minimum documentation searched (classification system followed by classification symbols)
GOG6F 1/16; GOOF 3/042; GO3B 21/14; GO6K 9/40; GO9G 3/02; GO6F 3/041

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched
Korean utility models and applications for utility models

Japanese utility models and applications for utility models

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)
cKOMPASS(KIPO internal) & keywords: corner, display area, dominant line, subline segment, distance, tolerance level, projector unit

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category* Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.
X WO 92-15084 Al (PROXIMA CORPORATION) 03 September 1992 1-8,14-15
See page 6, lines 28 — page 11, line 28; claim 2; and figures 1, 12-17.
Y 9-13
Y WO 2013-108032 Al (LIGHT BLUE OPTICS LIMITED) 25 July 2013 9-13

See page 13, line 7 — page 14, line 5; claim 1; and figures la—1b.

A US 2006-0050243 A1 (JAN HUEWEL) 09 March 2006 1-15
See paragraphs [0035]-[0040]; and figures 1-8.

A US 2009-0262098 A1 (MASAFUMI YAMADA) 22 October 2009 1-15
See paragraphs [0064]-[0070]; and figure 3.

A US 2012-0063698 A1 (SATOMI ASO) 15 March 2012 1-15
See paragraphs [0020]-[0024]; and figures 1-3.

. . . . N .
|:| Further documents are listed in the contination of Box C. See patent family annex.

* Special categories of cited documents: "T" later document published after the international filing date or priority
"A" document defining the general state of the art which is not considered date and not in conflict with the application but cited to understand

to be of particular relevance the principle or theory underlying the invention
"E" carlier application or patent but published on or after the international "X" document of particular relevance; the claimed invention cannot be

filing date considered novel or cannot be considered to involve an inventive
"L"  document which may throw doubts on priority claim(s) or which is step when the document is taken alone

cited to establish the publication date of another citation or other "Y" document of particular relevance; the claimed invention cannot be

special reason (as specified) considered to involve an inventive step when the document is
"O" document referring to an oral disclosure, use, exhibition or other combined with one or more other such documents,such combination

means being obvious to a person skilled in the art
"P"  document published prior to the international filing date but later "&" document member of the same patent family

than the priority date claimed
Date of the actual completion of the international search Date of mailing of the international search report

12 March 2015 (12.03.2015) 12 March 2015 (12.03.2015)
Name and mailing address of the ISA/KR Authorized officer
International Application Division
+ Korean Intellectual Property Office
g
189 Cheongsa-1o, Seo-gu, Dagjeon Metropolitan City, 302-701, LEE, Dong Yun
= Republic of Korea

Facsimile No. ++82 42472 7140 Telephone No. +82-42-481-8734

Form PCT/ISA/210 (second sheet) (January 2015)



INTERNATIONAL SEARCH REPORT
Information on patent family members

International application No.

PCT/US2014/046270
Patent document Publication Patent family Publication
cited in search report date member(s) date
WO 92-15084 Al 03/09/1992 AU 1445692 A 15/09/1992
EP 0556179 Al 25/08/1993
EP 0625276 Al 30/09/1998
EP 0625276 A4 12/03/1997
EP 0625276 Bl 22/08/2001
JP 02622620 B2 18/06/1997
JP 03-167621 A 19/07/1991
JP 04-260114 A 16/09/1992
JP 05-153532 A 18/06/1993
KR 10-1993-0702742 A 09/09/1993
US 05181015 A 19/01/1993
US 05489923 A 06/02/1996
US 05502459 A 26/03/1996
US 05504501 A 02/04/1996
US 05515079 A 07/05/1996
US 05594468 A 14/01/1997
US 05933132 A 03/08/1999
WO 92-09062 Al 29/05/1992
WO 93-15496 Al 05/08/1993
WO 2013-108032 Al 25/07/2013 US 2014-0362052 Al 11/12/2014
US 2006-0050243 Al 09/03/2006 US 7399086 B2 15/07/2008
US 2009-0262098 Al 22/10/2009 CN 101571776 A 04/11/2009
CN 101571776 B 08/02/2012
DE 602009000480 D1 10/02/2011
EP 2120455 Al 18/11/2009
EP 2120455 Bl 29/12/2010
JP 05277703 B2 28/08/2013
JP 2009-258569 A 05/11/2009
US 8373678 B2 12/02/2013
US 2012-0063698 Al 15/03/2012 JP 04525945 B2 18/08/2010
JP 2009-044302 A 26/02/2009
US 2009-0040396 Al 12/02/2009
US 8079716 B2 20/12/2011
US 8449121 B2 28/05/2013

Form PCT/ISA/210 (patent family annex) (January 2015)




	Page 1 - front-page
	Page 2 - front-page
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - description
	Page 15 - description
	Page 16 - description
	Page 17 - description
	Page 18 - description
	Page 19 - description
	Page 20 - description
	Page 21 - description
	Page 22 - description
	Page 23 - description
	Page 24 - claims
	Page 25 - claims
	Page 26 - claims
	Page 27 - drawings
	Page 28 - drawings
	Page 29 - drawings
	Page 30 - drawings
	Page 31 - drawings
	Page 32 - drawings
	Page 33 - drawings
	Page 34 - drawings
	Page 35 - drawings
	Page 36 - drawings
	Page 37 - wo-search-report
	Page 38 - wo-search-report
	Page 39 - wo-search-report

