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CREATING THREE-DIMENSIONAL AERIAL IMAGES

Background
[0001] This relates generally to three-dimensional (3D) aerial images.

[0002] Three-dimensional aerial images are 3D images that appear to float in
space. The user can interact and can even manipulate such images. The user can

also put his hand through the image.

[0003] There are a variety of uses of 3D aerial displays including entertainment,

hands-free control, and the enhanced ability to view and manipulate 3D models.

[0004] One technique for generating 3D aerial displays is to use a swept volume
technique. In swept volume displays, a moving surface acts as a display screen for

a scanning laser or a projection system.

[0005] One swept volume display technique is a rotating helicoid. An image may
be projected onto the axis of a rotating helicoid and that image can be viewed on the
surface of the helicoid in a direction transverse to the axis of rotation of the helicoid.
However, high volume manufacturing of helicoid shapes is a daunting prospect
because it is very difficult to manufacture such a shape other than by manual
techniques. Because of the complexity of the shape, conventional molding

techniques do not work.

[0006] Another issue with helicoid swept volume displays is that the projected
image gets shadowed by the central axis of the display. Therefore blank spots

appear in the display itself.

Brief Description Of The Drawings

[0007] Some embodiments are described with respect to the following figures:

Figure 1 is a system depiction for one embodiment;

Figure 2 is a schematic depiction of one embodiment of a 3D image
generator,

Figure 3 is a perspective view of a helicoid display screen according to one

embodiment;
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Figure 4 is a front elevational view of the transformation of a helicoid to a
catenoid or vice versa according to one embodiment;

Figure 5 is a perspective view of a half catenoid on the left that may be
deformed to produce a half helicoid on the right according to one embodiment;

Figure 6 shows in perspective view of a half helicoid being molded according
to one embodiment;

Figure 7A-7C are schematic depictions of a vacuum forming technique for
molding a helicoid or catenoid shape in accordance with one embodiment;

Figure 8 is a cross-section of a volumetric display in accordance with one
embodiment;

Figure 9 is a schematic depiction of how a volumetric display with an aerial
display glass according to one embodiment; and

Figure 10 is a flow chart for one embodiment.

Detailed Description

[0008] A display for a computer system may be created by generating a three-
dimensional image using a rotating helicoid. The helicoid may be formed by
deforming a catenoid to form a helicoid. The helicoid may be supported by a pair of
structures that do not occlude an image projected onto the helicoid nor occlude the
user’s ability to view the full extent of the image on the helicoid. The helicoid
generated image may be transformed to an aerial floating image by a corner cube
reflector array plate. Then depth sensing cameras may sense user interaction with
the floating aerial image and may modify the image to make it appear that the user is

actually modifying a physical object by manual manipulation.

[0009] Referring to Figure 1, an aerial display system 100 may produce a 3D aerial

image that appears to float in mid-air.

[0010] A 3D image generator 102 may generate a 3D image in one embodiment
within the interior of housing. The mechanism for producing the image is concealed
by the housing in some embodiments. The 3D image may be produced by any
available 3D display including a swept volume display. A swept volume display is a

display that has a moving display screen, on which an image is projected, by a laser
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beam or a conventional projector. Due to the movement of the display screen, the

image that is produced is a 3D image.

[0011] The 3D image generator 102 may produce an image that is then magnified
or enlarged by a lens system 104. In one embodiment, the lens system may be a
Fresnel or flat lens. Then the enlarged image is passed through a corner cube
reflector array (CCRA) plate 106. The reflector array plate refocuses the image so
that it appears to be floating on the side of the reflector array plate 106 opposite to
the side where the image actually was generated by the generator 102. This causes
the image 108 to appear to float in mid-air. However, in fact, the user is actually
viewing the image that is inside the concealed housing where the image generator
102 resides.

[0012] The resulting aerial 3D image 108 may not itself be imaged by 3D depth
cameras 110a and 110b. The cameras cannot see the floating image, but they can
image the user’s hands. The image is only viewable from a limited viewing window,
which is where the user is assumed to be in or directed to position themselves
within. These cameras are depth sensing cameras that can determine the location
of the user with respect to the 3D aerial image 108. The cameras then provide
feedback to enable the 3D aerial image to be manipulated or revised based on these

images captured by the depth sensing cameras.

[0013] For example, if the 3D image is a model of a cube, the user can manipulate
the cube so as to rotate it by turning the user’s hands. The 3D cameras capture this
user motion. The 3D image may be caused to appear to move, responsive to the
user motion, by changing the image that is produced by the 3D image generator 102.
This may be done by providing the 3D camera images to the processor 110 to be
processed to produce a modification of the image that is projected onto the 3D
image generator. The 3D image is modified so that the user thinks that the user is

actually moving or modifying the 3D aerial image.

[0014] Referring to Figure 2, one embodiment of the image generator 102 produces

a 3-D image using a rotating helicoid 12. A projector 10 projects an image onto the
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rotating helicoid 12. The projector 10 may be a laser projector such as a scanning

laser beam or a conventional computer based planar image projector.

[0015] The helicoid 12 rotates around the helicoid axis of rotation Y — Y. The
resulting 3D image displayed on the helicoid 12 is viewed in a direction transverse to

the axis of rotation as indicated by the user's head shown in Figure 2.

[0016] Figure 3 shows one embodiment for mounting a half revolution helicoid 16

for rotation without creating blank spots in the 3D image.

[0017] The traditional method to drive a helical display surface is to directly drive a
central axle. That axle creates a “dead zone” upon which no imaging can appear,
since its surface is perpendicular to the projection angle. The half revolution helicoid
16 is mounted at opposed corners 16a and 16b on a pair of rings 14a and 14b with
their centers aligned with the axis of rotation of the helicoid 16. Each ring 14a or 14b
has a diameter that is greater than the diameter of a helicoid 16 so that when an

image is projected on the helicoid, the rings do not obstruct the projected image.

[0018] Similarly, the rings are spaced, along the axis of a helicoid, outbound of the
helicoid itself so that, from a direction transverse to the axis of rotation, there is no

occlusion of the image displayed on the helicoid 16.

[0019] The helicoid may be rotated about its central axis of rotation using an axle
18 with a pair of drive wheels 20a and 20b which frictionally engage each ring 14a or
14b, driving those rings to rotate and in turn rotate the helicoid 16 at a sufficient
speed. Generally a sufficient speed is in the range of ten revolutions per second

which is sufficient to project a reasonably distinct image that the user sees in 3D.

[0020] In some embodiments a pair of rollers 19a and 19b may be used to control
the movement of the helicoid 16 and to ensure that the rings are pressed against the
rollers 20a and 20b.

[0021] In accordance with one embodiment, the helicoid may be formed from a
catenoid or in some cases, a half revolution helicoid may be formed from a half
catenoid. Due to their unique family of surfaces, these two shapes can be warped

back and forth between stable configurations without bending, folding, or stretching.
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As shown in Figure 4, a helicoid 12 transforms progressively as shown at 12a, 12b,
12c and 12d to the catenoid 12e.

[0022] A half catenoid, which is half of the catenoid shown in 12e, may be flexed to
form a half revolution helicoid. Specifically, if the catenoid is made of flexible
material, it may be flexed between two stable states, one of which is a catenoid

shape and the other which is a helicoid shape.

[0023] Thus shown in Figure 5, a half catenoid 22a on the left may be flexed to
form a half revolution helicoid 22b if the half catenoid is made of sufficiently flexible
material. Once flexed, the helicoid 22b retains its helicoid shape until energy is

again applied.

[0024] As shown in Figure 6, the half catenoid 22a may be molded in a simple two
piece mold including mating halves 24a and 24b. Thereafter, the half catenoid 22a

is simply flexed to form the half revolution helicoid 22b (Figure 5).

[0025] In accordance with another embodiment, vacuum forming may be used with
a mold 30 in a half catenoid shape. The half catenoid shaped mold 30 may be
covered by a sheet of thermoplastic 26 as shown in Figure 7A. A vacuum (indicated
by arrows) is drawn through the aperture plate 28, causing the thermoplastic sheet,
when heated and subjected to reduced pressure, to conform to the half catenoid
shaped mold 30, as shown in Figure 7B, when air is sucked out of the vacuum
forming chamber. This results in the half catenoid molded plastic sheet 26 shown in
Figure 7C. The resulting product may be completed by trimming away unneeded

material and flexing to form a half revolution helicoid.

[0026] In some embodiments, the rotating helicoid (manufactured as described
herein), can be formed within an interior chamber of a computer so that the helicoid
rotation mechanism itself is not visible. For example, as shown in Figure 8, the
computer 40 may include a triangularly shaped housing 44 in which is the half
helicoid 12 (shown in Figure 3) is rotated. When the helicoid 16 is rotated within the
housing, it appears, as indicated at |, as a floating 3D aerial image |. This is visible

by the user U.
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[0027] The transformation from the interior 3D image to the exterior floating 3D
image is a result of the use of a corner cube reflector array plate 46. The corner
cube reflector array plate causes the image within the housing 44, formed by the
rotating helicoid, to appear to float at a location as indicated at |, spaced away from
the housing 44. This allows sufficient space S to enable the user U to physically

interact with the image 1.

[0028] Then the user can interact with the image |, for example by appearing to
rotate or turn the image I. This user actuation, detected by 3D depth cameras 48,
may be used to cause the image produced by the 3D aerial display to change as if

the user is actually causing the image to respond to the user’s action.

[0029] Image | could be an image of a joy stick, a driving wheel or any other user
input device in some embodiments. It may even be a 3D model that the user can
turn virtually to look at the different aspects or surfaces of that model. Again the user
does this by simply manipulating (or appearing to manipulate) the aerial image and
the actuations are detected by the depth sensing cameras 48, which can be used

determine in three-dimensions the nature of the user’s effect on the 3D aerial image.

[0030] Housing 44 may then be secured or otherwise associated with a computer
50 such as a tablet computer. While a tablet computer is indicated, other computing
devices such as a laptop computer or the display of a desktop computer may be
used as additional examples. In each case, the device 44 may be electrically
coupled to the computer 50 to enable signals to be provided for example from the
depth sensing cameras to the processor of the computer so that that processor may
analyze those signals and provide signals to the projection system associated with
the rotating helicoid to change the display to create the appearance that the user is
actually modifying a virtual object floating in front of the user. In one embodiment,
the user’s interaction with the floating image may be used as a input device to

provide inputs to the associated computer 50.

[0031] In some embodiments a suitable bracket 52 is used to electrically and
mechanically coupled the computer 50 to the device 40. In some embodiments, the

two devices 40 and 50 may be separable electrically and mechanically. In other
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embodiments, the two devices may be mechanically separate but electronically

coupled either by wires or wireless signals.

[0032] As shown in Figure 9, the corner cube reflector array plate 46 can take a
display 42 (which could for example correspond to a 3D aerial display inside a
housing) and can refocus it to an apparent image position | as shown in Figure 8. In
one embodiment, the display plate 46 is an Asukanet aerial imaging plate available
from Asukanet Co. Ltd of Hiroshima, Japan. Asukanet's U.S. patent application

2013/0194648 is hereby expressly incorporated by reference herein.

[0033] The Asukanet aerial imaging plate is advantageous in some embodiments
because the volume of the content produced by the imaging plate and the volume
captured by the 3D imaging cameras 110a and 110b (shown in Figure 1) may be
made to overlap or substantially coincide. This is due, at least in part, to the fact that
the content produced by the aerial imaging plate appears to float at a sufficient
distance away from the aerial imaging plate to enable user interaction with the

content.

[0034] One issue with the aerial imaging plate is that if you put something on one
side of the imaging plate, the resulting image on the other side ends up looking like it
has the wrong curvature. Thus in some cases you need another imaging plate to
correct the image. For example, a beer can on one side of the imaging plate looks

like it is an inside out beer can on the other side of the imaging plate.

[0035] By digitally creating an inside out image projected onto the rotating helicoid,
the resulting 3D image ends up being right side out after passing through the aerial

imaging plate.

[0036] Referring to Figure 10, a sequence may be used to enable user interaction
with a 3D aerial image. Initially, an inverted planar image is projected onto a rotating
helicoid as indicated in block 60. In other embodiments, other swept volume
displays may be used. Then the resulting 3D image is caused to appear as a non-
inverted 3D aerial image as indicated in block 62 as a result of passing through (or
being visible through) a corner cube reflector array. Then user interactions with the

3D aerial image may be captured as indicated in block 64 using depth sensing
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cameras. These depth sensing cameras may provide a signal to a processor which
modifies the projected inverted planar image based on the user interaction to create

the appearance that the user is in effect modifying the 3D aerial image.

[0037] The helicoid itself may be transparent, translucent or opaque. In the case of
transparent or translucent helicoids, both forward and rear projection devices may be
implemented with projection from either end. In the case of an opaque helicoid, two
axially opposing projectors may each be visible from a different side of the helicoid.

Thus in some cases, dual visibility can be achieved.
[0038] The following clauses and/or examples pertain to further embodiments:

One example embodiment may be a method comprising generating an
inverted three-dimensional image, and producing a non-inverted three-dimensional
aerial image using a corner cube reflector array. The method may include
generating the inverted three-dimensional image using a rotating helicoid. The
method may include generating the inverted three-dimensional image inside a

computer housing.

[0039] Another example embodiment may be a method comprising forming a
catenoid, flexing the catenoid to form a helicoid, and preventing the helicoid from
deforming back to a catenoid. The method may include molding the catenoid. The

method may include vacuum forming the catenoid.

[0040] In another example embodiment may be an apparatus comprising a helicoid
display screen having an envelope, and a pair of opposed supports attached to
opposite ends of said display screen outside of said envelope. The apparatus may
include wherein said supports are rings, said rings connected to a rotating drive to
rotate said helicoid. The apparatus may include wherein said supports have an
inside perimeter greater than the outside perimeter of the helicoid display screen.
The apparatus may include a computer. The apparatus may include a housing
coupled to said computer to enclose said screen. The apparatus may include a
corner cube reflector array mounted on said housing. The apparatus may include a

projector to project an inverted two-dimensional image on said screen.
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[0041] In still another example embodiment may be an apparatus comprising a
device to generate an inverted three-dimensional image, and a corner cube reflector
array to produce a non-inverted three-dimensional aerial image. The apparatus may
include said device including a rotatable helicoid. The apparatus may include a
computer having a housing. The apparatus may include said device to generate the
inverted three-dimensional image inside the computer housing. The apparatus may
include said helicoid having an envelope and a pair of opposed supports attached to
opposite ends of said helicoid outside said envelope. The apparatus may include
wherein said supports are rings, said rings connected to a rotating drive to rotate
said helicoid. The apparatus may include wherein said supports have an inside

perimeter greater than the outside perimeter of the helicoid display screen.

[0042] References throughout this specification to “one embodiment” or “an
embodiment” mean that a particular feature, structure, or characteristic described in
connection with the embodiment is included in at least one implementation
encompassed within the present disclosure. Thus, appearances of the phrase “one
embodiment” or “in an embodiment” are not necessarily referring to the same
embodiment. Furthermore, the particular features, structures, or characteristics may
be instituted in other suitable forms other than the particular embodiment illustrated

and all such forms may be encompassed within the claims of the present application.

[0043] While a limited number of embodiments have been described, those skilled
in the art will appreciate numerous modifications and variations therefrom. It is
intended that the appended claims cover all such modifications and variations as fall

within the true spirit and scope of this disclosure.
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What is claimed is:

1. A method comprising:
generating an inverted three-dimensional image; and
producing a non-inverted three-dimensional aerial image using a corner cube

reflector array.

2. The method of claim 1 including generating the inverted three-dimensional

image using a rotating helicoid.

3. The method of claim 1 including generating the inverted three-dimensional

image inside a computer housing.

4. A method comprising:
forming a catenoid;
flexing the catenoid to form a helicoid; and

preventing the helicoid from deforming back to a catenoid.

. The method of claim 4 including molding the catenoid.
6. The method of claim 4 including vacuum forming the catenoid.
7. An apparatus comprising:

a helicoid display screen having an envelope; and
a pair of opposed supports attached to opposite ends of said display screen

outside of said envelope.

8. The apparatus of claim 7 wherein said supports are rings, said rings

connected to a rotating drive to rotate said helicoid.

9. The apparatus of claim 7 wherein said supports have an inside perimeter

greater than the outside perimeter of the helicoid display screen.
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10.  The apparatus of claim 7 including a computer.

11.  The apparatus of claim 10 including a housing coupled to said computer to

enclose said screen.

12.  The apparatus of claim 11 including a corner cube reflector array mounted on

said housing.

13.  The apparatus of claim 11 including a projector to project an inverted two-

dimensional image on said screen.
14.  An apparatus comprising:
a device to generate an inverted three-dimensional image; and
a corner cube reflector array to produce a non-inverted three-dimensional
aerial image.
15.  The apparatus of claim 10, said device including a rotatable helicoid.

16.  The apparatus of claim 10 including a computer having a housing.

17.  The apparatus of claim 10, said device to generate the inverted three-

dimensional image inside the computer housing.

18.  The apparatus of claim 14 said helicoid having an envelope and a pair of

opposed supports attached to opposite ends of said helicoid outside said envelope..

19.  The apparatus of claim 18 wherein said supports are rings, said rings

connected to a rotating drive to rotate said helicoid.

20.  The apparatus of claim 18 wherein said supports have an inside perimeter

greater than the outside perimeter of the helicoid display screen.



PCT/US2017/014040

WO 2017/160396

1/10

[ Ol

80T—

m_oZJ
YH4IAYD
de
@OHJ _NOTJ NOHJ
ERLA] V99 - INJLSAS HO1VHINID
dg vy SN 19VINI dg
<OZIJ
Em_\m,_s H40SSIV0Yd
OZIK

001 _



PCT/US2017/014040

WO 2017/160396

2 /10

>| -
NOILV10d
40 SIXV
alo3Mn3aH

END

¢l
alooInaH
ONILVL10Y

¢ Ol

01
d40133r0Yd

N— ¢01



3/10




WO 2017/160396

\ ]
o)
"

S\

AN
o -

-~

SO

-

——

12

4 /10

12e

PCT/US2017/014040

FIG. 4




WO 2017/160396 PCT/US2017/014040

5/10

22b
/

FIG. 5

22a




WO 2017/160396 PCT/US2017/014040

6 /10

24b
/

22a

FIG. ©




0000000000000

2000
33090
GO0 ony




PCT/US2017/014040

WO 2017/160396

8 /10

— ¢l




WO 2017/160396 PCT/US2017/014040

9 /10

| GLASS

.

0

> APPARENT
* IMAGE POSITION

VIEWER
LOCATION



WO 2017/160396 PCT/US2017/014040

10 /10

PROJECTING AN INVERTED PLANAR |60
IMAGE ON TO A ROTATING HELICOID

Y

ENABLING THE RESULTING 3D IMAGE 62
TO APPEAR AS A NON-INVERTED 3D |
AERIAL IMAGE

Y

CAPTURING USER INTERACTION /64
WITH THE 3D AERIAL IMAGE

Y

MODIFYING THE PROJECTED 66
INVERTED PLANAR IMAGE BASED -z
ON THE USER INTERACTION

FIG. 10



INTERNATIONAL SEARCH REPORT International application No.
PCT/US2017/014040

Box No. Il Observations where certain claims were found unsearchable (Continuation of item 2 of first sheet)

This international search report has not been established in respect of certain claims under Article 17(2)(a) for the following reasons:

1. Claims Nos.:
because they relate to subject matter not required to be searched by this Authority, namely:

2. Claims Nos.:
because they relate to patts of the international application that do not comply with the prescribed requirements to such an
extent that no meaningful international search can be carried out, specifically:

3. |:| Claims Nos.:
because they are dependent claims and are not drafted in accordance with the second and third sentences of Rule 6.4(a).

Box No. III  Observations where unity of invention is lacking (Continuation of item 3 of first sheet)

This International Searching Authority found multiple inventions in this international application, as follows:

helicoid and a corner cube reflector array.
Group II, claims 4-6, drawn to a method of manufacturing a helicoid.

1. |:| As all required addtional search fees were timely paid by the applicant, this international search report covers all searchable
claims.

2. As all searchable claims could be searched without effort justifying an additional fees, this Authority did not invite payment
of any additional fees.

3. |:| As only some of the required additional search fees were timely paid by the applicant, this international search report covers
only those claims for which fees were paid, specifically claims Nos.:

4, |:| No required additional search fees were timely paid by the applicant. Consequently, this international search report is
restricted to the invention first mentioned in the claims; it is covered by claims Nos.:

Remark on Protest |:| The additional search fees were accompanied by the applicant's protest and, where applicable, the
payment of a protest fee.
The additional search fees were accompanied by the applicant's protest but the applicable protest
fee was not paid within the time limit specified in the invitation.
|:| No protest accompanied the payment of additional search fees.

Group I, claims 1-3, 7-13, 14-20, drawn to an apparatus and a method for displaying a three dimensional image by using a rotatable

Form PCT/ISA/210 (continuation of first sheet (2)) (January 2015)



INTERNATIONAL SEARCH REPORT International application No.
PCT/US2017/014040

A. CLASSIFICATION OF SUBJECT MATTER
HO4N 13/04(2006.01)i, HO4N 13/02(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)
HO4N 13/04; C09D 11/101; G02B 26/00; G09G 3/00; GO3B 21/56; B22D 7/00; B32B 38/00; HO4N 13/02

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)
e KOMPASS(KIPO internal) & keywords: project, display, helicoid, rotate, catenoid

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category* Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.
Y US 2005-0062684 A1 (ZHENG J. GENG) 24 March 2005 1-3,7-20
See paragraphs [0030], [0056]-[0059]; and figures 1, 3.
A 4-6
Y US 6229562 Bl (STANLEY H. KREMEN) 08 May 2001 1-3,12-20

See column 33, lines 46, 47; claims 1, 22; and figure 1.

Y US 2006-0040123 A1 (HAE-YONG CHOI) 23 February 2006 4-6
See paragraphs [0056]-[0060]; and figure 1.

Y DARIN MOHR, “Isometric Deformations of Minimal Surfaces™ UWEC Mathematics 4-6
Department Zivnuska Scholarship Project, A University of
Wisconsin-FEau Claire, April 2004, pp. 1 [online],
[retrieved on 2017-03-31], Retrieved from the Internet:
<URL: http://people.uwec.edu/smithaj/mohrdg_srdposter.pdf>.
See section 6; and figure 5.

Y US 2015-0375493 A1 (DISNEY ENTERPRISES, INC.) 31 December 2015 5,6
See paragraph [0082]; and figure 1C.

Y US 2006-0250692 A1 (MARK D. PETERSON et al.) 09 November 2006 7-13,16,17
See paragraphs [0022], [0058], [0059]; and figures la, 11.

AW . . . . N :
Further documents are listed in the continuation 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 referting 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
25 April 2017 (25.04.2017) 25 April 2017 (25.04.2017)
Name and mailing address of the [SA/KR Authorized officer

International Application Division

Korean Intellectual Property Office AHN, Jeong Hwan
189 Cheongsa-ro, Seo-gu, Daejeon, 35208, Republic of Korea

",

Iy,

A

Facsimile No. +82-42-481-8578 Telephone No. +82-42-481-8633

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



INTERNATIONAL SEARCH REPORT International application No.

PCT/US2017/014040

C (Continuation). DOCUMENTS CONSIDERED TO BE RELEVANT

Category*

Citation of document, with indication, where appropriate, of the relevant passages

Relevant to claim No.

US 2014-0185120 A1 (DAVID DEAR) 03 July 2014
See claim 1; and figures 1, 4.

8,9,18-20

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




INTERNATIONAL SEARCH REPORT
Information on patent family members

International application No.

PCT/US2017/014040
Patent document Publication Patent family Publication
cited in search report date member(s) date
US 2005-0062684 Al 24/03/2005 US 6900779 Bl 31/05/2005
US 7098872 B2 29/08/2006
US 6229562 Bl 08/05/2001 US 2001-0028485 Al 11/10/2001
US 2002-0047893 Al 25/04/2002
US 2003-0160864 Al 28/08/2003
US 2004-0051921 Al 18/03/2004
US 2005-0088714 Al 28/04/2005
US 2005-0088749 Al 28/04/2005
US 2005-0122552 Al 09/06/2005
US 2005-0190417 Al 01/09/2005
US 2005-0190418 Al 01/09/2005
US 6593958 B2 15/07/2003
US 7002749 B2 21/02/2006
US 7095539 B2 22/08/2006
US 7142232 B2 28/11/2006
US 7457017 B2 25/11/2008
US 7532372 B2 12/05/2009
WO 02-095678 A2 28/11/2002
WO 02-095678 A3 15/05/2003
WO 2006-057838 Al 01/06/2006
US 2006-0040123 Al 23/02/2006 CN 1739062 A 22/02/2006
GB 2416044 A 11/01/2006
GB 2416044 B 05/07/2006
GB 2422687 A 02/08/2006
GB 2422687 B 13/12/2006
KR 10-0576612 Bl 04/05/2006
KR 10-2004-0104272 A 10/12/2004
US 7362502 B2 22/04/2008
WO 2004-107038 Al 09/12/2004
US 2015-0375493 Al 31/12/2015 US 2016-161836 Al 09/06/2016
US 9289969 B2 22/03/2016
US 2006-0250692 Al 09/11/2006 US 7397603 B2 08/07/2008
WO 2006-121847 A2 16/11/2006
WO 2006-121847 A3 12/04/2007
US 2014-0185120 Al 03/07/2014 US 9013775 B2 21/04/2015

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 - claims
	Page 13 - claims
	Page 14 - drawings
	Page 15 - drawings
	Page 16 - drawings
	Page 17 - drawings
	Page 18 - drawings
	Page 19 - drawings
	Page 20 - drawings
	Page 21 - drawings
	Page 22 - drawings
	Page 23 - drawings
	Page 24 - wo-search-report
	Page 25 - wo-search-report
	Page 26 - wo-search-report
	Page 27 - wo-search-report

