wo 2014/171949 A1 [N 00O 00RO O O

(43) International Publication Date

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property Ny
Organization é
International Bureau -,

=

\

(10) International Publication Number

WO 2014/171949 A1l

(51

eay)

(22)

(25)
(26)
1

(72

74

31

23 October 2014 (23.10.2014) WIPOIPCT
International Patent Classification:
GO3H 1/26 (2006.01)
International Application Number:
PCT/US2013/037333

International Filing Date:
19 April 2013 (19.04.2013)

English
Publication Language: English

Applicant: EMPIRE TECHNOLOGY DEVELOP-
MENT, LLC [US/US]; 2711 Centerville Road, Suite 400,
Wilmington, DE 19808 (US).

Inventor: YAMAICHI, Eiji; Shuwa Minami Oi Resid-
ence 201, 5-8-19, Minami-oi, Shinagawa-ku, Tokyo, 140-
0013 (JP).

Agent: TURK, Carl, K.; Turk IP Law, LLC, 2885 Sanford
Ave. SW. #23998, Grandville, MI 49418 (US).

Filing Language:

Designated States (unless otherwise indicated, for every
kind of national protection available). AE, AG, AL, AM,
AO, AT, AU, AZ, BA, BB, BG, BH, BN, BR, BW, BY,

(84)

BZ, CA, CH, CL, CN, CO, CR, CU, CZ, DE, DK, DM,
DO, DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT,
HN, HR, HU, ID, IL, IN, IS, JP, KE, KG, KM, KN, KP,
KR, KZ, LA, LC, LK, LR, LS, LT, LU, LY, MA, MD,
ME, MG, MK, MN, MW, MX, MY, MZ, NA, NG, NI,
NO, NZ, OM, PA, PE, PG, PH, PL, PT, QA, RO, RS, RU,
RW, SC, SD, SE, SG, SK, SL, SM, ST, SV, SY, TH, TJ,
T™M, TN, TR, TT, TZ, UA, UG, US, UZ, VC, VN, ZA,
M, ZW.

Designated States (uniess otherwise indicated, for every
kind of regional protection available): ARIPO (BW, GH,
GM, KE, LR, LS, MW, MZ, NA, RW, SD, SL, SZ, TZ,
UG, ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, RU, TJ,
TM), European (AL, AT, BE, BG, CH, CY, CZ, DE, DK,
EE, ES, FL, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU, LV,
MC, MK, MT, NL, NO, PL, PT, RO, RS, SE, SI, SK, SM,
TR), OAPI (BF, BJ, CF, CG, CIL, CM, GA, GN, GQ, GW,
ML, MR, NE, SN, TD, TG).

Published:

with international search report (Art. 21(3))

(54) Title: HOLOGRAPHIC IMAGE GENERATION AND RECONSTRUCTION

-3
FIG. 3
300
310 s
HOLOGRAPHIC IMAGE
GENERATOR
APPARATUS
350
320 -
P HOLOGRAPHIC IMAGE
RECONSTRUCTION
RECORDER UNIT ST
330 340
TRANSMITTER UNIT RECEIVER UNIT
360
e v_,,«r\(,,;_\ VVVVV ]

7 NETWORK
v,
Nt

(57) Abstract: Technologies are generally related to
holographic imaging. In some examples, techniques
are described for generating a holographic image of
an object using a plurality of light sources, a shutter,
and an image sensor array. Each of the light sources
is configured to generate a light beam using a re-
spective wavelength in a different range. In various
examples, an apparatus as described here may be
configured to control the shutter to receive the light
beams from the plurality of light sources and select-
ively pass each of the received light beams to
provide a selected light beam. The apparatus may
further include a beam splitter and a mitror unit con-
figured to generate an object light beam and a refer-
ence light beam from the selected light beam. The
apparatus may include an image sensor array con-
figured to detect an image of interference caused by
the reference light beam and the object light beam.
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HOLOGRAPHIC IMAGE GENERATION AND
RECONSTRUCTION

BACKGROUND

[0001] Unless otherwise indicated herein, the approaches described in this
section are not prior art to the claims in this application and are not admitted to be
prior art by inclusion in this section.

[0002] Holography techniques can be used to record holograms representing
images of an object and reconstruct the images from the recorded holograms. As an
example of conventional holography techniques, transmission-type holography
techniques can be used to generate holograms of a two-dimensional or three-
dimensional object on a transmitting side, for example, by means of a CCD (charge
coupled device) camera. The holograms can be transmitted to a receiving side device
(e.g., a holographic television set) in the form of video signals. On the receiving side
device, the holograms can be reproduced and displayed on a high-definition liquid
crystal display (LCD) panel constituted of pixels having a resolution of the order of
the optical diffraction limit, based on fringe patterns contained in the received video
signals. In particular, the hologram can be formed by irradiating a reconstruction
light that readily causes interference, e.g., irradiating coherent light emitted from a
laser light source, on the fringe patterns displayed on one side of the display panel.
The irradiation of the reconstruction light on the fringe patterns causes diffraction in
the fringe patterns, such that a user can observe the diffracted light as holographic
images emitted from the other side of the display panel.

[0003] To reproduce a color holographic image, the receiving side device may
be configured to obtain a color image by reproducing interference fringe patterns of
individual colors (e.g., red, green and blue) on a LCD panel in a time-division manner
based on the color video signals. Such a device may employ a so-called field
sequential color system. In order to obtain a color image in the field sequential color
system, the fields of individual colors must be switched at a very high rate

corresponding to no more than 1 to 5 milliseconds per field. However, the present
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disclosure recognizes that the response rate of such a conventional LCD (e.g., using
nematic liquid crystal) is typically a few milliseconds, which may not be suitable for
performing switching operation at such a high rate as used in the field sequential

color system.

SUMMARY

[0004] Technologies are generally described for generating color holographic

images and reconstructing the color holographic images.

[0005] Various example apparatus described herein may be configured to
generate a holographic image of an object. An example apparatus may include a
plurality of light sources, a shutter, a beam splitter, a mirror unit, an image sensor
array, and a video signal generator unit. Each of the light sources may be configured
to generate a light beam corresponding to a wavelength in a different range. The
shutter may be configured to receive the light beams from the plurality of light
sources and selectively pass each of the received light beams in turn to provide a
selected light beam. The beam splitter may be configured to split the selected light
beam into a first light beam and a second light beam. Also, the beam splitter may be
further configured to irradiate the first light beam on the object such that at least part
of the first light beam may be scattered by the object to generate an object light beam.
The mirror unit may be configured to receive the second light beam from the beam
splitter, and reflect at least part of the second light beam to generate a reference light
beam. The image sensor array may be configured to receive the reference light beam
and the object light beam, and also configured to detect an image of interference
caused by the reference light beam and the object light beam. The video signal
generator unit may be configured to convert the detected image into an image signal
associated with each of the plurality of light sources.

[0006] In some examples, a holographic image reconstruction apparatus is
described such as any example apparatus described herein that may be adapted to
reconstruct a holographic image of an object. The apparatus may be adapted to
utilize a receiver unit configured to receive an input signal representative of a

hologram of the object. The apparatus may be further adapted to utilize a virtual
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image light source configured to generate a virtual image light beam responsive to the
input signal, and a scan mirror configured to receive the virtual image light beam and
reflect the virtual image light beam to generate a scan beam to be irradiated on a
screen. The screen may be coated with a photochromic material and configured to
receive the scan beam from the scan mirror. Also, the screen may include a visible
light transmittance characteristic that may be adjusted in response to the scan beam
and effective to form the hologram of the object on the screen. The apparatus may be
further adapted to utilize a plurality of reconstruction light sources and a shutter.
Each of the reconstruction light sources may be configured to generate a
reconstruction light beam corresponding to a wavelength in a different range. The
shutter may be configured to receive the reconstruction light beams from the plurality
of reconstruction light sources, and selectively pass one of the reconstruction light
beams through the shutter to irradiate the screen to reconstruct the holographic image
of the object.

[0007] In some examples, methods for generating a holographic image of an
object are described. The example methods may include generating, by a plurality of
light sources, a plurality of light beams corresponding to a different range of
wavelengths. Switching operation may be performed, by a shutter, to selectively pass
one of the plurality of light beams through the shutter. The light beam irradiated from
the shutter may be split, by a beam splitter, into a first portion and a second portion of
the light beam such that the first portion of the light beam is irradiated on the object.
The second portion of the light beam may be received and reflected, by a mirror unit,
to generate a reference beam. Some methods may further include detecting, by an
image sensor array, an interference image caused by interference between the
reference beam and the first portion of the light beam scattered by the object. The
detected interference image may be converted, by a video signal generator unit, into
an image signal.

[0008] In some examples, methods for reconstructing a holographic image of
an object are described. The example methods may include receiving, by a receiver
unit, an input signal representative of a hologram of the object. A virtual image light

beam may be generated, by a virtual image light source, responsive to the input signal.
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The virtual image light beam may be received and reflected, by a scan mirror, to
generate a scan beam. The scan beam from the scan mirror may be received, by a
screen coated with a photochromic material, and the hologram of the object may be
formed on the screen as a result of variations in the visible light transmittance
characteristic of the screen in response to the scan beam. A reconstruction light beam
corresponding to a wavelength in a different range may be generated by each of a
plurality of reconstruction light sources. Some methods may further include
receiving, by a shutter, the reconstruction light beams from the plurality of
reconstruction light sources, and selectively passing one of the reconstruction light
beams through the shutter to irradiate the screen to reconstruct the holographic image
of the object.

[0009] In some examples, a computer-readable storage medium is described
that may be adapted to store a program for causing a processor to generate a
holographic image of an object. The processor may include various features as
further described herein. The program may include one or more instructions for
generating, by a plurality of light sources, a plurality of light beams corresponding to
a different range of wavelengths, performing switching operation, by a shutter, to
selectively pass one of the plurality of light beams through the shutter, and splitting,
by a beam splitter, the light beam irradiated from the shutter into a first portion and a
second portion of the light beam such that the first portion of the light beam is
irradiated on an object. The program may further include one or more instructions for
receiving and reflecting, by a mirror unit, the second portion of the light beam to
generate a reference beam, detecting, by an image sensor array, an interference image
caused by interference between the reference beam and the first portion of the light
beam scattered by the object, and converting, by a video signal generator unit, the
detected interference image into an image signal.

[0010] In some examples, a computer-readable storage medium is described
that may be adapted to store a program for causing a processor to reconstruct a
holographic image of an object. The processor may include various features as
further described herein. The program may include one or more instructions for

receiving, by a receiver unit, an input signal representative of a hologram of the
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object, generating, by a virtual image light source, a virtual image beam responsive to
the input signal, and receiving and reflecting, by a scan mirror, the virtual image light
beam to generate a scan beam. The program may further include receiving, by a
screen coated with a photochromic material, the scan beam from the scan mirror, and
forming the hologram of the object on the screen as a result of variations in the visible
light transmittance characteristic of the screen in response to the scan beam. The
program may further include generating, by each of a plurality of reconstruction light
sources, a reconstruction light beam corresponding to a wavelength in a different
range, and receiving, by a shutter, the reconstruction light beams from the plurality of
reconstruction light sources, and selectively passing one of the reconstruction light
beams through the shutter to irradiate the screen to reconstruct the holographic image
of the object.

[0011] The foregoing summary is illustrative only and is not intended to be in
any way limiting. In addition to the illustrative aspects, embodiments, and features
described above, further aspects, embodiments, and features will become apparent by

reference to the drawings and the following detailed description.

BRIEF DESCRIPTION OF THE FIGURES

[0012] The foregoing and other features of this disclosure will become more
fully apparent from the following description and appended claims, taken in
conjunction with the accompanying drawings. Understanding that these drawings
depict only several embodiments in accordance with the disclosure and are, therefore,
not to be considered limiting of its scope, the disclosure will be described with
additional specificity and detail through use of the accompanying drawings, in which:

Fig. 1 schematically shows a block diagram of an illustrative example
holographic image generator apparatus;

Fig. 2 schematically shows a perspective view of another illustrative
example holographic image generator apparatus;

Fig. 3 schematically shows a block diagram of an illustrative example
holographic imaging system including a holographic image generator apparatus

coupled to a holographic image reconstruction apparatus through a network;
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Fig. 4 schematically shows a block diagram of an illustrative example
holographic image reconstruction apparatus;

Fig.5 schematically shows a perspective view of another illustrative
example holographic image reconstruction apparatus;

Fig. 6 schematically shows a perspective view of an illustrative
example scan mirror that may be used in a holographic image reconstruction
apparatus;

Fig. 7 illustrates an example flow diagram of a method adapted to
generate a holographic image of an object;

Fig. 8 illustrates an example flow diagram of a method adapted to
reconstruct a holographic image of an object;

Fig. 9 shows a schematic block diagram illustrating an example
computing system that can be configured to perform methods for generating and/or
reconstructing a holographic image of an object;

Fig. 10 illustrates computer program products that can be utilized to
generate a holographic image of an object; and

Fig. 11 illustrates computer program products that can be utilized to
reconstruct a holographic image of an object,

all arranged in accordance with at least some embodiments described

herein.

DETAILED DESCRIPTION

[0013] In the following detailed description, reference is made to the
accompanying drawings, which form a part hereof. In the drawings, similar symbols
typically identify similar components, unless context dictates otherwise. The
illustrative embodiments described in the detailed description, drawings, and claims
are not meant to be limiting. Other embodiments may be utilized, and other changes
may be made, without departing from the spirit or scope of the subject matter
presented herein. It will be readily understood that the aspects of the present

disclosure, as generally described herein, and illustrated in the Figures, can be



WO 2014/171949 PCT/US2013/037333

arranged, substituted, combined, separated, and designed in a wide variety of
different configurations, all of which are explicitly contemplated herein.

[0014] This disclosure is generally drawn, inter alia, to methods, apparatus,
systems, devices and computer program products related to generating and
reconstructing color holographic images.

[0015] Briefly stated, technologies are generally related to holographic
imaging. In some examples, techniques are described for generating a holographic
image of an object using a plurality of light sources, a shutter, and an image sensor
array. Each of the light sources is configured to generate a light beam using a
respective wavelength in a different range. In various examples, an apparatus as
described here may be configured to control the shutter to receive the light beams
from the plurality of light sources and selectively pass each of the received light
beams to provide a selected light beam. The apparatus may further include a beam
splitter and a mirror unit configured to generate an object light beam and a reference
light beam from the selected light beam. The apparatus may include an image sensor
array configured to detect an image of interference caused by the reference light beam
and the object light beam.

[0016] Fig. 1 schematically shows a block diagram of an illustrative example
holographic image generator apparatus, arranged in accordance with at least some
embodiments described herein. As depicted, a holographic image generator apparatus
100 may include a light source unit 110 with a plurality of light sources 110a to 110n,
cach being configured to generate a coherent light beam, such as a visible laser light
beam. The coherent light beams of each light source may correspond to a different
range of wavelengths, either overlapping in ranges or non-overlapping in ranges. An
example light source unit 110 may include a red laser light source, a green laser light
source and a blue laser light source, although many other wavelengths and types of
light sources are contemplated.

[0017] In some embodiments, light source unit 110 of holographic image
generator apparatus 100 may further include a shutter 112 configured to receive the
light beams from the plurality of light sources 110a to 110n and selectively pass each

of the received light beams to provide a selected light beam L/. In case where light
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source unit 110 includes three color light sources, ¢.g., a red laser light source, a
green laser light source, and a blue laser light source, shutter 112 may be configured
to selectively pass (e.g., sequentially and/or repeatedly actuating shutter 112) one of a
red laser light, a green laser light and a blue laser light. Light beam L/ provided by
shutter 112 may be transmitted to a beam splitter 130.

[0018] In some embodiments, beam splitter 130 may be configured to
collaboratively operate with light source unit 110 and a mirror unit 140. Beam
splitter 130 may be implemented using any suitable materials including an aluminum
layer formed on a glass substrate. For example, beam splitter 130 may be configured
to split the selected light beam L/ into a first light beam L/3 and a second light beam
L12. Beam splitter 130 may also be configured to irradiate an object 150 with first
light beam L3 such that at least part of first light beam L/3 may be scattered by
object 150 to generate an object light beam L3. Beam splitter 130 may also be
configured to irradiate mirror unit 140 with second light beam L/2. Mirror unit 140
may be configured to reflect at least part of second light beam L/2 to generate a
reference light beam L2, such that object light beam L3 and reference light beam L2
may cause interference patterns to be formed on an image sensor array 160.

[0019] When two light beams, such as light beams L2 and L3, reach the
surface of image sensor array 160, the light waves may intersect and interfere with
cach other. The interference pattern formed by the intersecting light waves may
represent the manner in which the scene’s light from object 150 interferes with the
original light source from the light source unit 110. Image sensors in image sensor
array 160 may be configured to detect and receive images of the interference patterns.
[0020] In some embodiments, holographic image generator apparatus 100
may further include a video signal generator unit 180 configured to convert the image
detected by image sensor array 160 into an image signal associated with each of the
plurality of light sources 110a to 110n.

[0021] In some embodiments, image sensor array 160 may include a charge
coupled device (CCD) array or any other types of imaging sensors. Also, image
sensor array 160 may include a sensor array configured in a two dimensional plane or

any other shapes. For example, image sensor array may include an array of sensors
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configured in a shape of a cylinder or a polygonal prism that substantially surrounds
object 150.

[0022] In some embodiments, holographic image generator apparatus 100
may further include a controller 170 configured to selectively control operation of
shutter 112 and video signal generator unit 180. Controller 170 may be configured to
store a control program that may be used by controller 170 in operation of
holographic image generator apparatus 100. Additionally, holographic image
generator apparatus 100 may include a video signal recorder unit 190 configured to
capture (or record) the image signal from video signal generator unit 180 in a storage
unit (not shown).

[0023] In case where light source unit 110 includes three color light sources,
e.g., ared laser light source, a green laser light source, and a blue laser light source,
controller 170 may be configured to control operation of holographic image generator
apparatus 100 as follows. Shutter 112 may be configured to selectively pass (e.g., via
switching operations) a red laser light L/ from the red laser light source. The red
laser light L7 may be split into two light beams L/2 and L/3 by beam splitter 130,
where one split light beam L/3 may be irradiated on object 150 and may be scattered
from object 150 to generate object light beam L3, which may be made incident on
image sensor array 160. The other split light beam L/2 may be reflected by mirror
unit 140 to generate reference light beam L2, which may also be incident on image
sensor array 160. Then, at least a portion of a hologram of object 150 can be
generated by interference between object light beam L3 and reference light beam L2
(hereinafter referred to as a red hologram) may be formed on image sensor array 160.
Further, video signal generator unit 180 may generate at least a portion of a
holographic video signal based on the red hologram formed on image sensor array
160 (hereinafter referred to as a red holographic video signal). Video signal recorder
unit 190 may record the red holographic video signal.

[0024] Further, shutter 112 may be selectively pass (e.g. via actuation or
switched operation) a green laser light from the green laser light source. A green
hologram of object 150 may be formed on image sensor array 160 in the same

manner as described above. Then, video signal generator unit 180 may generate a
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green holographic video signal based on the green hologram formed on image sensor
array 160. Video signal recorder unit 190 may record (or capture) the green
holographic video signal. Similarly, shutter 112 may be selectively pass (e.g., via
actuation or switched operation) a blue laser light from the blue laser light source, and
a blue holographic video signal may be generated by video signal generator unit 180
based on a blue hologram formed on image sensor array 160. Video signal recorder
unit 190 may be configured to record the blue holographic video signal.

[0025] In some embodiments, the above-described operations for generating
cach of the three-color holographic video signals may be executed in a range from
about 1 to 5 milliseconds. Further, these operations may be repeatedly performed
until holographic image generation apparatus 100 is turned off. In the above
embodiments, since shutter 112 can be controlled to selectively pass one of the
plurality of light sources 110a to 110n at a high speed, holographic image generation
apparatus 100 can be effectively utilized to generate a color stereoscopic holographic
image, e.g., in a field sequential color system.

[0026] In Fig. 1, one light source unit 110 and corresponding beam splitter
130 and mirror unit 140 are illustrated for the sake of explanation. However, the
number of light sources, beam splitters and mirror units may not be limited thereto.
In some examples, two or more pairs of light sources and beam splitters (and mirror
units) may be arranged depending on the desired implementation. In one example,
light beam L1 from the light source unit 110 may be reflected by at least one
additional mirror (not shown), effective to irradiate the beam splitter 130 through an
indirect path. In another example, light beam L13 from beam splitter 130 can be
reflected by at least one additional mirror (not shown) to irradiate object 150 with
light beam L13from an indirect path. In still another example, mirror 140 may be
eliminated and light beam L12 can be directly incident on image sensor array 160. In
still further examples, light beam L3 can be indirectly received from the image sensor
array 160 from at least one additional mirror (not shown). Additional examples of
direct and indirect light paths using optical devices such as beam splitters, mirrors,
lenses, and the like are contemplated and considered within the scope of the present

disclosure.
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[0027] Fig. 2 schematically shows a perspective view of another illustrative
example holographic image generator apparatus, arranged in accordance with at least
some embodiments described herein. A holographic image generator apparatus 200
has a similar configuration to holographic image generator apparatus 100 as shown in
Fig. 1, except for that an image sensor array 260 is arranged in a shape of a
rectangular prism. As depicted, image sensor array 260 may have a rectangular
prism-shaped inner surface where an array of imaging sensors (e.g., CCD sensor
devices) may be arranged. In an alternative embodiment, image sensor array 260
may have any other suitable shape of the inner surface, such as a cylindroid or other
polygonal prism.

[0028] Similar to holographic image generator apparatus 100 shown in Fig. 1,
apparatus 200 may include a light source unit 110 including a plurality of light
sources, each being configured to generate a coherent light beam, such as a visible
laser light beam, each corresponding to a wavelength in a different range, either
overlapping or non-overlapping in ranges with the wavelength of the other light
sources. In some embodiments, light source unit 110 may include a red laser light
source, a green laser light source and a blue laser light source.

[0029] In some embodiments, holographic image generator apparatus 200
may further include a shutter in light source unit 110 configured to receive the light
beams from the plurality of light sources and selectively pass each of the received
light beams in turn to provide a selected light beam L/. The light beam L/ provided
by the shutter in the light source unit 110 may be transmitted to a beam splitter 130.
[0030] In some embodiments, beam splitter 130 may be configured to
collaboratively operate with light source unit 110 and a mirror unit 140. Beam
splitter 130 may be implemented using any suitable materials including an aluminum
layer formed on a glass substrate. For example, beam splitter 130 may be configured
to split light beam L/ into a first light beam L/3 and a second light beam L/2. Beam
splitter 130 may also be configured to irradiate an object 150 with first light beam
L13 such that at least part of first light beam L/3 may be scattered by object 150 to
generate an object light beam L3. Beam splitter 130 may also be configured to

irradiate mirror unit 140 with second light beam L/2. Mirror unit 140 may be
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configured to reflect at least part of second light beam L/2 to generate a reference
light beam L2, such that object light beam L3 and reference light beam L2 may cause
interference patterns to be formed on image sensor array 260.

[0031] In some embodiments, holographic image generator apparatus 200
may further include a video signal generator unit (not shown) configured to convert
the image detected by image sensor array 260 into an image signal associated with
cach of the plurality of light sources in light source unit 110. Additionally,
holographic image generator apparatus 200 may include a video signal recorder unit
(not shown) configured to record the image signal from video signal generator unit in
a storage unit.

[0032] In some embodiments, operations for generating multiple color
holographic video signals (e.g., red, green and blue holographic video signals) may be
executed by holographic image generator apparatus 200 in a similar manner as
described above with reference to Fig. 1. Such operations for generating each of the
color holographic video signals may be performed in a range from about 1 to 5
milliseconds and may be repeatedly performed until holographic image generation
apparatus 200 is turned off. In the above embodiments, since the shutter can be
controlled to selectively pass one of the plurality of light sources at a high speed,
holographic image generation apparatus 200 can be effectively utilized to generate a
color stereoscopic holographic image, ¢.g., in a field sequential color system.

[0033] In Fig. 2, one light source unit 110 and corresponding beam splitter
130 and mirror unit 140 are illustrated for the sake of explanation. However, the
number of light sources, beam splitters and mirror units may not be limited thereto.
In some examples, four pairs of light sources and beam splitters (and mirror units)
may be arranged in correspondence with four inner surfaces in rectangular prism
shaped image sensor array 260.

[0034] In some embodiments, the image signals generated by holographic
image generator apparatus 100 or 200 according to the above embodiments may be
recorded in a local storage unit and/or transmitted to a holographic image
reconstruction apparatus. Fig. 3 schematically shows a block diagram of an

illustrative example holographic imaging system including a holographic image
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generator apparatus coupled to a holographic image reconstruction apparatus through
a network, in accordance with at least some embodiments described herein. As
depicted, a holographic imaging system 300 may include a holographic image
generator apparatus 310, which may be coupled to a recorder unit 320 and a
transmitter unit 330. Transmitter unit 330 may be coupled to receiver unit 340
through one or more networks 360. Receiver unit 340 may be coupled to a
holographic image reconstruction apparatus 350.

[0035] In some embodiments, holographic image generator apparatus 310
may have a similar configuration to holographic image generator apparatus 100 or
200 as shown in Figs. 1 and 2. Holographic image generator apparatus 310 may be
configured to generate image signals in a similar manner as described above with
reference to Figs. 1 and 2. Thus generated digital image signals may be transmitted
and recorded in recorder unit 320. The image signals recorded in recorder unit 320
may be read by transmitter unit 330 and sent to a remote device, such as a receiver
unit 340 or a holographic image reconstruction apparatus 350, through a network 360.
Receiver unit 340 may be configured to receive the image signals from transmitter
unit 330 and transmit the image signals to holographic image reconstruction
apparatus 350.

[0036] In some embodiments, holographic image reconstruction apparatus
350 may be configured to reconstruct images of object 150 based on the received
image signals. Fig. 4 schematically shows a block diagram of an illustrative example
holographic image reconstruction apparatus, arranged in accordance with at least
some embodiments described herein.

[0037] As shown in Fig. 4, a holographic image reconstruction apparatus 400
may include a virtual image light source 420 configured to generate a virtual image
light beam L4/, such as an ultraviolet laser beam or an electron beam, based on a
holographic image signal S4/. In some embodiments, the holographic image signal
S41 may be provided from a receiver unit 450 or a holographic image generator
apparatus such as holographic image generator apparatus 100, 200 or 310 in Figs. 1 to
3. Thus generated virtual image light beam L4/ may have intensities which may vary

based on the levels of the holographic image signal S4/. Virtual image light source
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420 may be configured to irradiate the generated virtual image light beam L4/ onto a
scan mirror 430. Scan mirror 430 may be configured to reflect the virtual image light
beam and generate a scan beam L42 that is irradiated on a screen 460.

[0038] In some embodiments, screen 460 may be coated with a photochromic
material and configured to form a hologram of an object, such as object 150, using a
visible light transmittance characteristic that is adjusted in response to the scan beam
L42 from scan mirror 430. For example, screen 460 may include a photochromic
material formed on a transparent layer. The transparent layer may be formed of at
least one of a quartz glass material, a borosilicate glass material, a transparent plastic
material and PET (polyethylene terephthalate). The photochromic material may
include at least one of KTaO; doped with an impurity and SrTiOs doped with an
impurity. The impurity doped into the photochromic material may include nickel
(Ni) and/or iron (Fe). Additionally or alternatively, the photochromic material may
include an organic photochromic material such as HABI (hexaarylbiimidazole).
[0039] In some embodiments, when screen 460 coated with a photochromic
material such as KTaO; doped with Ni and Fe is irradiated with the scan beam L42,
electrons in the photochromic material may be excited by the scan beam L42 and
trapped in complex defects formed by the impurity Ni and oxygen vacancies.
Specifically, one or two electrons may be trapped by a complex defect of an Ni ion
with an oxygen vacancy VO at the center (Ni* -VO), whereby the complex defect
(Ni*"-VO) becomes (Ni*-VO-2¢) or (Ni*"-VO-¢). Complex defects having trapped
electrons may exhibit sufficiently wide absorption characteristics for light with visible
spectrum. In particular, (Ni*-VO-2¢) has a light absorption peak at the wavelength
of 630 nm and has a wide absorption band. On the other hand, an iron ion (Fe’*)
traps holes to beam Fe*', and the center of the impurity has an absorption band having
a peak at about 440 nm. Thus, KTaO3; doped with both Ni and Fe, when irradiated
with the scan beam L42 such as ultraviolet light beam or electron beam, exhibits a
wide absorption band over the entire visible spectrum including red, green and blue
color spectrum.

[0040] On screen 460 coated with the photochromic material having the

above-described characteristics, holograms may be formed by changing a visible light
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transmittance of the photochromic material in response to the varying intensities of
the virtual image light beams such as scan beams L42. That is, images of an object
corresponding to the holographic image signals may be formed on screen 460 in the
form of images representing varying visible light transmittance.

[0041] In some embodiments, holographic image reconstruction apparatus
400 may further include a reconstruction light source unit 410, which may include a
plurality of reconstruction light sources 410a to 410n. Each of reconstruction light
sources 410a to 410n may be configured to irradiate a reconstruction light beam
corresponding to a wavelength in a different range, such as a visible laser beam,
towards screen 460. For example, the plurality of reconstruction light sources 410a to
410n may include a red laser light source, a green laser light source, and a blue laser
light source.

[0042] In some embodiments, reconstruction light source unit 410 of
holographic image generator apparatus 400 may further include a shutter 412
configured to receive the reconstruction light beams from the plurality of
reconstruction light sources 410a to 410n and selectively pass (e.g., via actuated or
switched operation) each of the received light beams in turn to provide a selected
light beam L43. In case where reconstruction light source unit 410 includes three
color light sources, ¢.g., a red laser light source, a green laser light source, and a blue
laser light source, shutter 412 may be sequentially switched to pass one of a red laser
light, a green laser light and a blue laser light. Light beam L43 provided by shutter
412 may be transmitted to screen 460. When the holograms formed on screen 460 are
irradiated with reconstruction light beam L43, an image of the object may be
reconstructed.

[0043] In some embodiments, holographic image reconstruction apparatus

400 may further include a controller 440 configured to control operation of one or

more of shutter 412, virtual image light source 420 and/or scan mirror 430.
Controller 440 may be configured to store a control program that may be used by
controller 170 in operation of holographic image reconstruction apparatus 400.
Additionally, holographic image reconstruction apparatus 400 may include receiver

unit 450 configured to receive an input signal $42 representative of a hologram of the
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object from an external device such as holographic image generator apparatus 100,
200 or 310.

[0044] In case where light source unit 410 includes three color light sources,
e.g., ared laser light source, a green laser light source, and a blue laser light source,
controller 440 may be configured to control operation of holographic image
reconstruction apparatus 400 as follows. Shutter 412 may be configured to
selectively pass (e.g., via switching operations) a red laser light L43 from the red laser
light source. The red laser light L43 may be made incident on the holograms formed
on screen 460, and thus, a red-color image of the object may be reconstructed.
Further, shutter 412 may be configured to selectively pass a green laser light L43
from the green laser light source. A green-color image of the object may be
reconstructed on screen 460 in the same manner as described above. Similarly,
shutter 412 may be configured to selectively pass a blue laser light 243 from the blue
laser light source, and a blue-color image of the object may be reconstructed on
screen 460.

[0045] In some embodiments, the above-described operations for
reconstructing each of three color holographic images may be executed in a range
from about 1 to 5 milliseconds. Further, these operations may be repeatedly
performed until holographic image reconstruction apparatus 400 is turned off. In the
above embodiments, since shutter 412 can be controlled to selectively pass one of the
plurality of reconstruction light sources 410a to 410n at a high speed, holographic
image reconstruction apparatus 400 can be effectively utilized to reconstruct a color
stereoscopic holographic image, ¢.g., in a field sequential color system.

[0046] In Fig. 4, one virtual image light source 420 and corresponding scan
mirror 430 are illustrated for the sake of explanation. However, the number of virtual
image light sources and scan mirrors may not be limited thereto. In some examples,
two or more pairs of virtual image light sources and scan mirrors may be arranged
depending on the desired implementation.

[0047] Fig. 5 schematically shows a perspective view of another illustrative
example holographic image reconstruction apparatus, arranged in accordance with at

least some embodiments described herein. A holographic image reconstruction
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apparatus 500 has a similar configuration to holographic image reconstruction
apparatus 400 as shown in Fig. 4, except for that a screen 560 is arranged in a shape
of a rectangular prism. As depicted, screen 560 may have a rectangular prism-shaped
inner surface that may be coated with a photochromic material. In an alternative
embodiment, screen 560 may have any other suitable shape of the inner surface, such
as a cylindroid or other polygonal prism.

[0048] In some embodiments, screen 560 may be configured to form a
hologram of an object, such as object 150, using a visible light transmittance
characteristic that can be adjusted in response to the scan beam L42 from scan mirror
430. For example, screen 560 may include a photochromic material formed on a
transparent layer. The transparent layer may be formed of at least one of a quartz
glass material, a borosilicate glass material, a transparent plastic material and PET
(polyethylene terephthalate). The photochromic material may include at least one of
KTaOs doped with an impurity and SrTiOz doped with an impurity. The impurity
doped into the photochromic material may include nickel (Ni) and/or iron (Fe).
Additionally or alternatively, the photochromic material may include an organic
photochromic material such as HABI (hexaarylbiimidazole).

[0049] Similar to holographic image reconstruction apparatus 400 shown in
Fig. 4, apparatus 500 may include a virtual image light source 420 configured to
generate a virtual image light beam L4/, such as an ultraviolet laser beam or an
electron beam, based on a holographic image signal. In some embodiments, the
holographic image signal may be provided from a holographic image generator
apparatus such as holographic image generator apparatus 100, 200 or 310 in Figs. 1 to
3. Thus generated virtual image light beam L4/ may have intensities which may vary
based on the level of the holographic image signal, e.g., based on a value of a color
component represented by the holographic image signal. Virtual image light source
420 may be configured to irradiate the generated virtual image light beam L4/ onto a
scan mirror 430. Scan mirror 430 may be configured to reflect the virtual image light
beam and generate a scan beam L42 that is irradiated on screen 560.

[0050] In some embodiments, holographic image reconstruction apparatus

500 may further include a reconstruction light source unit 410, which may include a
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plurality of reconstruction light sources (not shown) such as reconstruction light
sources 410a to 410n. Each of the reconstruction light sources may be configured to
irradiate a reconstruction light beam corresponding to a wavelength in a different
range, such as a visible laser beam, on screen 560. For example, the plurality of
reconstruction light sources may include a red laser light source, a green laser light
source, and a blue laser light source.

[0051] In some embodiments, reconstruction light source unit 410 of
holographic image generator apparatus 500 may further include a shutter (not shown),
such as shutter 412, configured to receive the reconstruction light beams from the
plurality of reconstruction light sources and selectively pass each of the received light
beams to provide a selected light beam L43. When the hologram formed on screen
560 is irradiated with the reconstruction light beam L43, an image of the object may
be reconstructed.

[0052] In some embodiments, holographic image reconstruction apparatus
500 may further include a controller (not shown) configured to control operation of
one or more of the shutter, virtual image light source 420 and/or scan mirror 430.
Controller 440 may be configured to store a control program to control operation of
holographic image reconstruction apparatus 500. Additionally, holographic image
reconstruction apparatus 500 may include a receiver unit (not shown) configured to
receive an input signal representative of a hologram of the object from an external
device such as holographic image generator apparatus 100, 200 or 310.

[0053] In some embodiments, operations for reconstructing multiple color
holographic images (e.g., red, green and blue holographic images) may be executed
by holographic image generator apparatus 500 in a similar manner as described above
with reference to Fig. 4. Such operations for reconstructing each of the color
holographic images may be performed in a range from about 1 to 5 milliseconds and
may be repeatedly performed until holographic image reconstruction apparatus 500 is
turned off or otherwise disabled in operation. In the above embodiments, since the
shutter can be controlled to selectively pass one of the plurality of reconstruction light

sources at a high speed, holographic image generation apparatus 500 can be
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effectively utilized to reconstruct a color stereoscopic holographic image, ¢.g., in a
field sequential color system.

[0054] In Fig. 5, one virtual image light source 420 and corresponding scan
mirror 430 are illustrated for the sake of explanation. However, the number of virtual
image light sources and scan mirrors may not be limited thereto. In some examples,
four pairs of virtual image light sources and scan mirrors may be arranged in
correspondence with four inner surfaces in rectangular prism shaped screen 560.
[0055] As illustrated in Fig. 5, screen 560 may be arranged in a shape of a
polygonal prism such as a rectangular prism. Alternatively, screen 560 may be
arranged in a shape of a cylinder or any other shapes such as a cylindroid. Also, scan
mirror 420 may be actuated by any variety of mechanisms such as magnetic actuation,
electrical actuation, or electromagnetic actuation, wherein the actuation of the scan
mirror 420 is effective to steer the scan beam (e.g., actuation may facilitate a change
the direction of virtual image light beams reflected on surfaces of scan mirror 420).
[0056] Fig. 6 schematically shows a perspective view of an illustrative
example scan mirror that may be used in a holographic image reconstruction
apparatus, in accordance with at least some embodiments described herein. As
depicted, a scan mirror 600 may include vertical axis 612, 614, 616 and 618, along
which mirror portions 630 and 640 may be actuated to rotate in a horizontal direction.
Further, scan mirror 600 may include horizontal axis 622, 624, 626 and 628, along
which mirror portions 630 and 640 may be actuated to rotate in a vertical direction.
[0057] In some embodiments, the rotational actuation of mirror portions 630
and 640 may be driven by electric, magnetic, or electromagnetic forces, which may
be again generated based on electric control signals provided from a holographic
image reconstruction apparatus such as holographic image reconstruction apparatus
500 in Fig. 5. In some examples, scan mirror 600 may be implemented using MEMS
(micro-electro-mechanical systems) technologies, in which mirror portions 630 and
640 may be actuated by piezoelectric force, which may be again generated based on
electric control signals provided from the holographic image reconstruction apparatus.
[0058] Fig. 7 illustrates an example flow diagram of a method adapted to

generate a holographic image of an object, arranged in accordance with at least some
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embodiments described herein. An example method 700 in Fig. 7 may be
implemented using, for example, a computing device including a processor adapted to
generate holographic images.

[0059] Method 700 may include one or more operations, actions, or functions
as illustrated by one or more of blocks S710, S720, S730, S740, S750 and/or S760.
Although illustrated as discrete blocks, various blocks may be divided into additional
blocks, combined into fewer blocks, or eliminated, depending on the desired
implementation. In some further examples, the various described blocks may be
implemented as a parallel process instead of a sequential process, or as a combination
thereof. Method 700 may begin at block S710, “GENERATE, BY A PLURALITY
OF LIGHT SOURCES, A PLURALITY OF LIGHT BEAMS CORRESPONDING
TO A DIFFERENT RANGE OF WAVELENGTHS.”

[0060] At block S710, a plurality of light beams may be generated by a
plurality of light sources, where each of the plurality of light sources is operable to
generate light corresponding to a wavelength in a different range. As depicted in Figs.
1 and 2, each of a plurality of light sources 110a to 110n may be configured to
generate a coherent light beam, such as a visible laser light beam, corresponding to a
wavelength in a different range. In some embodiments, light sources 110a to 110n
may include a red laser light source, a green laser light source and a blue laser light
source. Block S710 may be followed by block S720, “SELECTIVELY PASSING
ONE OF THE PLURALITY OF LIGHT BEAMS THROUGH A SHUTTER.”
[0061] At block S720, a switching operation may be performed by a shutter
(e.g., dynamic actuation of the shutter) to selectively pass one of the plurality of light
beams through the shutter. As illustrated in Figs. 1 and 2, a shutter 112 may receive
the light beams from the plurality of light sources 110a to 110n and selectively pass
cach of the received light beams to provide a selected light beam L/. In cases where
the plurality of light sources 110a to 110n includes three color light sources, e.g., a
red laser light source, a green laser light source, and a blue laser light source, shutter
112 may selectively pass one of a red laser light, a green laser light and a blue laser

light. Block S720 may be followed by block S730, “SPLIT, BY A BEAM
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SPLITTER, THE LIGHT BEAM IRRADIATED FROM THE SHUTTER INTO A
FIRST PORTION AND A SECOND PORTION OF THE LIGHT BEAM.”

[0062] At block S730, the light beam irradiated from the shutter may be split,
by a beam splitter, into a first portion and a second portion of the light beam. The
first portion of the light beam is then transmitted towards the object. As illustrated in
Figs. 1 and 2, a beam splitter 130 may be configured to split the selected light beam
L1 into a first light beam L/3 and a second light beam L/2. The first light beam L/3
may be irradiated on an object 150 such that at least part of the first light beam L/3
may be scattered by object 150 to generate an object light beam L3. Block S730 may
be followed by block S740, “RECEIVE AND REFLECT, BY A MIRROR UNIT,
THE SECOND PORTION OF THE LIGHT BEAM TO GENERATE A
REFERENCE BEAM.”

[0063] At block S740, the second portion of the light beam may be received
and reflected, by a mirror unit, to generate a reference beam. As depicted in Figs. 1
and 2, a mirror unit 140 may be configured to reflect at least part of second light
beam L/2 to generate a reference light beam L2, such that object light beam L3 and
reference light beam L2 may cause interference patterns to be formed on an image
sensor array 160. Block S740 may be followed by block S750, “DETECT, BY AN
IMAGE SENSOR ARRAY, THE INTERFERENCE IMAGE.”

[0064] At block S750, an interference image caused by interference between
the reference beam and the first portion of the light beam scattered by the object may
be detected by an image sensor array. For example, as shown in Figs. 1 and 2, when
two light beams L2 and L3 reach the surface of image sensor array 160, the light
waves may intersect and interfere with each other effective to form an interference
pattern. The interference pattern formed by the intersecting light waves may
represent the manner in which the scene’s light from object 150 interferes with the
original light source. Image sensors (e.g., from an image sensor array 160) may be
configured to detect and receive images of the interference patterns. Block S750 may
be followed by block S760, “CONVERT, BY A VIDEO SIGNAL GENERATOR
UNIT, THE DETECTED INTERFERENCE PATTERN INTO AN IMAGE
SIGNAL.”
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[0065] At block S760, the detected interference pattern may be converted, by
a video signal generator unit, into an image signal. As depicted in Figs. 1 and 2, a
video signal generator unit 180 may convert the image detected by image sensor array
160 into an image signal associated with each of the plurality of light sources 110a to
110n.

[0066] In some embodiments, method 700 may be repeatedly performed for
cach light beam selectively generated from the plurality of light sources. For example,
in case where the plurality of light sources 110a to 110n includes three color light
sources, €.g., a red laser light source, a green laser light source, and a blue laser light
source, method 700 may be repeatedly performed to sequentially generate red, green
and blue holographic image signals. Also, method 700 including the above-described
operations for generating each of the three-color holographic video signals may be
executed in a range from about 1 to 5 milliseconds.

[0067] Fig.8 illustrates an example flow diagram of a method adapted to
reconstruct a holographic image of an object, arranged in accordance with at least
some embodiments described herein. An example method 800 in Fig. 8 may be
implemented using, for example, a computing device including a processor adapted to
reconstruct holographic images.

[0068] Method 800 may include one or more operations, actions, or functions
as illustrated by one or more of blocks S810, S820, S830, S840, S850 and/or S860.
Although illustrated as discrete blocks, various blocks may be divided into additional
blocks, combined into fewer blocks, or eliminated, depending on the desired
implementation. In some further examples, the various described blocks may be
implemented as a parallel process instead of a sequential process, or as a combination
thereof. Method 800 may begin at block S810, “RECEIVE, BY A RECEIVER UNIT,
AN INPUT SIGNAL REPRESENTATIVE OF A HOLOGRAM OF THE OBJECT.”
[0069] At block S810, an input signal representative of a hologram of the
object may be received by a receiver unit. For example, as depicted in Figs. 4 and 5,
receiver unit 450 may receive an input signal representative of a hologram of the
object or at least portion of the hologram, e.g., from a holographic image generator

apparatus through one or more networks. Block S810 may be followed by block
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S820, “GENERATE, BY A VIRTUAL IMAGE LIGHT SOURCE, A VIRTUAL
IMAGE LIGHT BEAM RESPONSIVE TO THE INPUT SIGNAL.”

[0070] At block S820, a virtual image light beam responsive to the input
signal may be generated by a virtual image light source. As illustrated in Figs. 4 and
5, a virtual image light source 420 may be configured to generate a virtual image light
beam L4/, such as an ultraviolet laser beam or an electron beam, based on
holographic image signals. In some embodiments, the holographic image signals
may be provided from a holographic image generator apparatus such as holographic
image generator apparatus 100, 200 or 310 in Figs. 1 to 3. Thus generated virtual
image light beams L4/ may have intensities which may vary based on the levels of
the holographic image signals. Virtual image light source 420 may be configured to
irradiate the generated virtual image light beams L4/ onto a scan mirror 430. Block
S820 may be followed by block S830, “RECEIVE AND REFLECT, BY A SCAN
MIRROR, THE VIRTUAL IMAGE LIGHT BEAM TO GENERATE A SCAN
BEAM.”

[0071] At block S830, the virtual image light beam may be received and
reflected, by a scan mirror, to generate a scan beam. As depicted in Figs. 4 and 5,
scan mirror 430 may be configured to receive and reflect the virtual image light
beams and generate a scan beam L42 that is irradiated on a screen 460. Block S830
may be followed by block S840, “RECEIVE, BY A SCREEN COATED WITH A
PHOTOCHROMIC MATERIAL, THE SCAN BEAM FROM THE SCAN MIRROR,
AND FORM THE HOLOGRAM OF THE OBJECT ON THE SCREEN.”

[0072] At block S840, the scan beam from the scan mirror may be received,
by a screen coated with a photochromic material, and the hologram of the object on
the screen may be formed as a result of variations in the visible light transmittance
characteristic of the screen in response to the scan beam. For example, as shown in
Figs. 4 and 5, on screen 460 coated with a photochromic material, holograms may be
formed by changing a visible light transmittance of the photochromic material in
response to the varying intensities of the virtual image light beams such as scan
beams L42. That is, images of an object corresponding to the holographic image

signals may be formed on screen 460 in the form of images representing varying

=23 -



WO 2014/171949 PCT/US2013/037333

visible light transmittance. Block S840 may be followed by block S850,
“GENERATE, BY A PLURALITY OF RECONSTRUCTION LIGHT SOURCES,
RECONSTRUCTION LIGHT BEAMS CORRESPONDING TO A DIFFERENT
RANGE OF WAVELENGTHS.”

[0073] At block S850, reconstruction light beams corresponding to a different
range of wavelengths may be generated by a plurality of reconstruction light sources.
As shown in Figs. 4 and 5, each of reconstruction light sources 410a to 410n may be
configured to irradiate a reconstruction light beam corresponding to a wavelength in a
different range, such as a visible laser beam, on screen 460. For example, the
plurality of reconstruction light sources 410a to 410n may include a red laser light
source, a green laser light source, and a blue laser light source. Block S850 may be
followed by block S860, “SELECTIVELY PASS, BY A SHUTTER, ONE OF THE
RECONSTRUCTION LIGHT BEAMS FROM THE PLURALITY OF
RECONSTRUCTION LIGHT SOURCES TO IRRADIATE THE SCREEN.”

[0074] At block S860, the reconstruction light beams may be received from
the plurality of reconstruction light sources by a shutter, and one of the reconstruction
light beams may be selectively passed through the shutter to irradiate the screen to
reconstruct the holographic image of the object. For example, as illustrated in Figs. 4
and 5, a shutter 412 may be configured to receive the reconstruction light beams from
the plurality of reconstruction light sources 410a to 410n and selectively pass each of
the received light beams in turn to provide a selected light beam L43. In case where
light source unit 410 includes three color light sources, ¢.g., a red laser light source, a
green laser light source, and a blue laser light source, shutter 412 may be sequentially
switched to pass one of a red laser light, a green laser light and a blue laser light.
Light beam L43 provided by shutter 412 may be transmitted to screen 460. When the
holograms formed on screen 460 are irradiated with the reconstruction light beams
L43, images of the object may be reconstructed.

[0075] In some embodiments, method 800 may be repeatedly performed for
cach reconstruction light beam selectively generated from the plurality of
reconstruction light sources. For example, in case where the plurality of

reconstruction light sources 410a to 410n includes three color light sources, ¢.g., a red
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laser light source, a green laser light source, and a blue laser light source, method 800
may be repeatedly performed to sequentially reconstruct red, green and blue
holographic images. Also, the above-described operations of method 800 may be
executed in a range from about 1 to 5 milliseconds.

[0076] One skilled in the art will appreciate that, for this and other methods
disclosed herein, the functions performed in the methods may be implemented in
differing order. Furthermore, the outlined steps and operations are only provided as
examples, and some of the steps and operations may be optional, combined into fewer
steps and operations, or expanded into additional steps and operations without
detracting from the essence of the disclosed embodiments.

[0077] Fig. 9 shows a schematic block diagram illustrating an example
computing system that can be configured to perform methods for generating and/or
reconstructing a holographic image of an object, arranged in accordance with at least
some embodiments described herein. As depicted in Fig. 9, a computer 900 may
include a processor 910, a memory 920 and one or more drives 930. Computer 900
may be implemented as a conventional computer system, an embedded control
computer, a laptop, or a server computer, a mobile device, a set-top box, a kiosk, a
vehicular information system, a mobile telephone, a customized machine, or other
hardware platform.

[0078] Drives 930 and their associated computer storage media may provide
storage of computer readable instructions, data structures, program modules and other
data for computer 900. Drives 930 may include a holographic imaging system 940,
an operating system (OS) 950, and application programs 960. Holographic imaging
system 940 may be adapted to control a holographic image generator apparatus 100,
200 or 310 and/or a holographic image reconstruction apparatus 350, 400 or 500 in
such a manner as described above with respect to Figs. 1 to 8.

[0079] Computer 900 may further include user input devices 980 through
which a user may enter commands and data. Input devices can include an electronic
digitizer, a camera, a microphone, a keyboard and pointing device, commonly
referred to as a mouse, trackball or touch pad. Other input devices may include a

joystick, game pad, satellite dish, scanner, or the like.
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[0080] These and other input devices can be coupled to processor 910 through
a user input interface that is coupled to a system bus, but may be coupled by other
interface and bus structures, such as a parallel port, game port or a universal serial bus
(USB). Computers such as computer 900 may also include other peripheral output
devices such as display devices, which may be coupled through an output peripheral
interface 985 or the like.

[0081] Computer 900 may operate in a networked environment using logical
connections to one or more computers, such as a remote computer coupled to a
network interface 990. The remote computer may be a personal computer, a server, a
router, a network PC, a peer device or other common network node, and can include
many or all of the elements described above relative to computer 900.

[0082] Networking environments are commonplace in offices, enterprise-
wide area networks (WAN), local area networks (LAN), intranets, and the Internet.
When used in a LAN or WLAN networking environment, computer 900 may be
coupled to the LAN through network interface 990 or an adapter. When used in a
WAN networking environment, computer 900 typically includes a modem or other
means for establishing communications over the WAN, such as the Internet or a
network 995. The WAN may include the Internet, the illustrated network 995,
various other networks, or any combination thereof. It will be appreciated that other
mechanisms of establishing a communications link, ring, mesh, bus, cloud, or
network between the computers may be used.

[0083] In some embodiments, computer 900 may be coupled to a networking
environment. Computer 900 may include one or more instances of a physical
computer-readable storage medium or media associated with drives 930 or other
storage devices. The system bus may enable processor 910 to read code and/or data
to/from the computer-readable storage media. The media may represent an apparatus
in the form of storage elements that are implemented using any suitable technology,
including but not limited to semiconductors, magnetic materials, optical media,
electrical storage, electrochemical storage, or any other such storage technology. The
media may represent components associated with memory 1020, whether

characterized as RAM, ROM, flash, or other types of volatile or nonvolatile memory
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technology. The media may also represent secondary storage, whether implemented
as storage drives 930 or otherwise. Hard drive implementations may be characterized
as solid state, or may include rotating media storing magnetically encoded
information.

[0084] Processor 910 may be constructed from any number of transistors or
other circuit elements, which may individually or collectively assume any number of
states. More specifically, processor 910 may operate as a state machine or finite-state
machine. Such a machine may be transformed to a second machine, or specific
machine by loading executable instructions. These computer-executable instructions
may transform processor 910 by specifying how processor 910 transitions between
states, thereby transforming the transistors or other circuit elements constituting
processor 910 from a first machine to a second machine. The states of either machine
may also be transformed by receiving input from user input devices 980, network
interface 990, other peripherals, other interfaces, or one or more users or other actors.
Either machine may also transform states, or various physical characteristics of
various output devices such as printers, speakers, video displays, or otherwise.

[0085] Fig. 10 illustrates computer program products that can be utilized to
generate a holographic image of an object, arranged in accordance with at least some
embodiments described herein. Program product 1000 may include a signal bearing
medium 1002. Signal bearing medium 1002 may include one or more instructions
1004 that, when executed by, for example, a processor, may provide the functionality
described above with respect to Figs. 1 to 8. By way of example, instructions 1004
may include: one or more instructions for generating, by a plurality of light sources, a
plurality of light beams corresponding to a different range of wavelengths; one or
more instructions for performing switching operation, by a shutter, to selectively pass
one of the plurality of light beams through the shutter; one or more instructions for
splitting, by a beam splitter, the light beam irradiated from the shutter into a first
portion and a second portion of the light beam such that the first portion of the light
beam is irradiated on an object; one or more instructions for receiving and reflecting,
by a mirror unit, the second portion of the light beam to generate a reference beam;

one or more instructions for detecting, by an image sensor array, an interference
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image caused by interference between the reference beam and the first portion of the
light beam scattered by the object; or one or more instructions for converting, by a
video signal generator unit, the detected interference image into an image signal.
Thus, for example, referring to Figs. 1 and 2, holographic image generator apparatus
100 or 200 may undertake one or more of the blocks shown in Fig. 7 in response to
instructions 1004.

[0086] Fig. 11 illustrates computer program products that can be utilized to
reconstruct a holographic image of an object, arranged in accordance with at least
some embodiments described herein. Program product 1100 may include a signal
bearing medium 1102. Signal bearing medium 1102 may include one or more
instructions 1104 that, when executed by, for example, a processor, may provide the
functionality described above with respect to Figs. 1 to 8. By way of example,
instructions 1104 may include at least one of: one or more instructions for receiving,
by a receiver unit, an input signal representative of a hologram of the object; one or
more instructions for generating, by a virtual image light source, a virtual image beam
responsive to the input signal; one or more instructions for receiving and reflecting,
by a scan mirror, the virtual image light beam to generate a scan beam; one or more
instructions for receiving, by a screen coated with a photochromic material, the scan
beam from the scan mirror, and forming the hologram of the object on the screen as a
result of variations in the visible light transmittance characteristic of the screen in
response to the scan beam; one or more instructions for generating, by a plurality of
reconstruction light sources, reconstruction light beams corresponding to a different
range of wavelengths; or one or more instructions for receiving, by a shutter, the
reconstruction light beams from the plurality of reconstruction light sources, and
selectively passing one of the reconstruction light beams through the shutter to
irradiate the screen to reconstruct the holographic image of the object. Thus, for
example, referring to Figs. 4 and 5, holographic image reconstruction apparatus 400
or 500 may undertake one or more of the blocks shown in Fig. 8 in response to
instructions 1104.

[0087] In some implementations, signal bearing medium 1002 or 1102 may

encompass a computer-readable medium 1006 or 1106, such as, but not limited to, a
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hard disk drive, a Compact Disc (CD), a Digital Video Disk (DVD), a digital tape,
memory, etc. In some implementations, signal bearing medium 1002 or 1102 may
encompass a recordable medium 1008 or 1108, such as, but not limited to, memory,
read/write (R/W) CDs, R/W DVDs, etc. In some implementations, signal bearing
medium 1002 or 1102 may encompass a communications medium 1010 or 1110, such
as, but not limited to, a digital and/or an analog communication medium (e.g., a fiber
optic cable, a waveguide, a wired communications link, a wireless communication
link, etc.). Thus, for example, program product 1000 or 1100 may be conveyed to
one or more modules of holographic image generator apparatus 100 or 200 or
holographic image reconstruction apparatus 400 or 500 by an RF signal bearing
medium 1002 or 1102, where the signal bearing medium 1002 or 1102 is conveyed
by a wireless communications medium 1010 or 1110 (e.g., a wireless
communications medium conforming with the IEEE 802.11 standard).

[0088] The present disclosure is not to be limited in terms of the particular
embodiments described in this application, which are intended as illustrations of
various aspects. Many modifications and variations may be made without departing
from its spirit and scope, as will be apparent to those skilled in the art. Functionally
equivalent methods and apparatuses within the scope of the disclosure, in addition to
those enumerated herein, will be apparent to those skilled in the art from the
foregoing descriptions. Such modifications and variations are intended to fall within
the scope of the appended claims. The present disclosure is to be limited only by the
terms of the appended claims, along with the full scope of equivalents to which such
claims are entitled. It is to be understood that this disclosure is not limited to
particular methods, reagents, compounds, compositions or biological systems, which
can, of course, vary. It is also to be understood that the terminology used herein is for
the purpose of describing particular embodiments only, and is not intended to be
limiting.

[0089] The herein described subject matter sometimes illustrates different
components contained within, or connected with, different other components. It is to
be understood that such depicted architectures are merely examples, and that in fact

many other architectures can be implemented which achieve the same functionality.
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In a conceptual sense, any arrangement of components to achieve the same
functionality is effectively "associated" such that the desired functionality is achieved.
Hence, any two components herein combined to achieve a particular functionality can
be seen as "associated with" each other such that the desired functionality is achieved,
irrespective of architectures or intermedial components. Likewise, any two
components so associated can also be viewed as being "operably connected,” or
"operably coupled,” to each other to achieve the desired functionality, and any two
components capable of being so associated can also be viewed as being "operably
couplable,” to each other to achieve the desired functionality. Specific examples of
operably couplable include but are not limited to physically mateable and/or
physically interacting components and/or wirelessly interactable and/or wirelessly
interacting components and/or logically interacting and/or logically interactable
components.

[0090] With respect to the use of substantially any plural and/or singular
terms herein, those having skill in the art can translate from the plural to the singular
and/or from the singular to the plural as is appropriate to the context and/or
application. The various singular/plural permutations may be expressly set forth
herein for sake of clarity.

[0091] It will be understood by those within the art that, in general, terms
used herein, and especially in the appended claims (e.g., bodies of the appended
claims) are generally intended as "open" terms (e.g., the term "including" should be
interpreted as "including but not limited to," the term "having" should be interpreted
as "having at least," the term "includes" should be interpreted as "includes but is not
limited to," etc.). It will be further understood by those within the art that if a specific
number of an introduced claim recitation is intended, such an intent will be explicitly
recited in the claim, and in the absence of such recitation no such intent is present.
For example, as an aid to understanding, the following appended claims may contain
usage of the introductory phrases "at least one" and "one or more" to introduce claim
recitations. However, the use of such phrases should not be construed to imply that
the introduction of a claim recitation by the indefinite articles "a" or "an" limits any

particular claim containing such introduced claim recitation to embodiments
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containing only one such recitation, even when the same claim includes the
introductory phrases "one or more" or "at least one" and indefinite articles such as "a"
or "an" (e.g., "a" and/or "an" should be interpreted to mean "at least one” or "one or
more"); the same holds true for the use of definite articles used to introduce claim
recitations. In addition, even if a specific number of an introduced claim recitation is
explicitly recited, those skilled in the art will recognize that such recitation should be
interpreted to mean at least the recited number (e.g., the bare recitation of "two
recitations," without other modifiers, means at least two recitations, or two or more
recitations). Furthermore, in those instances where a convention analogous to "at
least one of A, B, and C, etc." is used, in general such a construction is intended in the
sense one having skill in the art would understand the convention (e.g., "a system
having at least one of A, B, and C" would include but not be limited to systems that
have A alone, B alone, C alone, A and B together, A and C together, B and C
together, and/or A, B, and C together, etc.). In those instances where a convention
analogous to "at least one of A, B, or C, etc.” is used, in general such a construction is
intended in the sense one having skill in the art would understand the convention
(e.g., "a system having at least one of A, B, or C" would include but not be limited to
systems that have A alone, B alone, C alone, A and B together, A and C together, B
and C together, and/or A, B, and C together, etc.). It will be further understood by
those within the art that virtually any disjunctive word and/or phrase presenting two
or more alternative terms, whether in the description, claims, or drawings, should be
understood to contemplate the possibilities of including one of the terms, either of the
terms, or both terms. For example, the phrase "A or B" will be understood to include
the possibilities of "A" or "B" or "A and B."

[0092] In addition, where features or aspects of the disclosure are described in
terms of Markush groups, those skilled in the art will recognize that the disclosure is
also thereby described in terms of any individual member or subgroup of members of
the Markush group.

[0093] As will be understood by one skilled in the art, for any and all
purposes, such as in terms of providing a written description, all ranges disclosed

herein also encompass any and all possible subranges and combinations of subranges

-31-



WO 2014/171949 PCT/US2013/037333

thereof. Any listed range can be easily recognized as sufficiently describing and
enabling the same range being broken down into at least equal halves, thirds, quarters,
fifths, tenths, etc. As a non-limiting example, each range discussed herein can be
readily broken down into a lower third, middle third and upper third, etc. As will also
be understood by one skilled in the art all language such as "up to," "at least," and the
like include the number recited and refer to ranges which can be subsequently broken
down into subranges as discussed above. Finally, as will be understood by one
skilled in the art, a range includes each individual member.

[0094] From the foregoing, it will be appreciated that various embodiments of
the present disclosure have been described herein for purposes of illustration, and that
various modifications may be made without departing from the scope and spirit of the
present disclosure. Accordingly, the various embodiments disclosed herein are not
intended to be limiting, with the true scope and spirit being indicated by the following

claims.
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CLAIMS

What 1s claimed is:

1. An apparatus configured to generate a holographic image of an object, the
apparatus comprising:

a plurality of light sources, each configured to generate a light beam
corresponding to a wavelength in a different range;

a shutter configured to receive the light beams from the plurality of light sources
and selectively pass each of the received light beams in turn to provide a selected light
beam,;

a beam splitter configured to split the selected light beam into a first light beam
and a second light beam, wherein the beam splitter is also configured to irradiate the first
light beam on the object such that at least part of the first light beam is scattered by the
object to generate an object light beam;

a mirror unit configured to receive the second light beam from the beam splitter,
and reflect at least part of the second light beam to generate a reference light beam;

an image sensor array configured to receive the reference light beam and the
object light beam, and also configured to detect an image of interference caused by the
reference light beam and the object light beam; and

a video signal generator unit configured to convert the detected image into an

image signal associated with each of the plurality of light sources.

2. The apparatus of Claim 1, further comprising a video signal recorder unit

configured to record the image signal in a storage unit.

3. The apparatus of Claim 1, further comprising a video signal transmitter unit

configured to transmit the image signal to a holographic image reconstruction apparatus.

4. The apparatus of Claim 1, wherein the image sensor array comprises a charge

coupled device (CCD) array.
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5. The apparatus of Claim 1, wherein the image sensor array comprises a two-

dimensional sensor array.

6. The apparatus of Claim 1, wherein the image sensor array comprises an array of
sensors configured in a shape of either a cylinder or a polygonal prism that substantially

surrounds the object.

7. The apparatus of Claim 1, wherein the beam splitter comprises an aluminum layer

formed on a glass substrate.

8. The apparatus of Claim 1, wherein the plurality of light sources comprises a red

laser light source, a green laser light source, and a blue laser light source.

9. The apparatus of Claim 1, further comprising a controller configured to control

operation of one or more of the shutter and the video signal generator unit.

10.  The apparatus of Claim 1, wherein the controller is configured to store a control

program to control operation of the apparatus.

11. An apparatus configured to reconstruct a holographic image of an object, the
apparatus comprising:

a receiver unit configured to receive an input signal representative of a hologram
of the object;

a virtual image light source configured to generate a virtual image light beam
responsive to the input signal;

a scan mirror configured to receive the virtual image light beam and reflect the
virtual image light beam to generate a scan beam;

a screen coated with a photochromic material and configured to receive the scan

beam from the scan mirror, wherein the screen includes a visible light transmittance
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characteristic that is adjusted in response to the scan beam and effective to form the
hologram of the object on the screen;

a plurality of reconstruction light sources, each configured to generate a
reconstruction light beam corresponding to a wavelength in a different range; and

a shutter configured to receive the reconstruction light beams from the plurality of
reconstruction light sources, and selectively pass one of the reconstruction light beams
through the shutter to irradiate the screen to reconstruct the holographic image of the

object.

12.  The apparatus of Claim 11, wherein the screen comprises the photochromic

material formed on a transparent layer.

13.  The apparatus of Claim 12, wherein the transparent layer comprises a quartz glass

material or a borosilicate glass material.

14.  The apparatus of Claim 12, wherein the transparent layer comprises a transparent

plastic material or PET (polyethylene terephthalate) material.
15.  The apparatus of Claim 12, wherein the photochromic material comprises one or
more materials selected from the group consisting of potassium tantalate (KTaOs3) doped

with an impurity and/or strontium titanate {SrTiOsz) doped with an impurity.

16.  The apparatus of Claim 15, wherein the impurity comprises nickel (Ni) and iron

(Fe).

17.  The apparatus of Claim 12, wherein the photochromic material comprises HABI
(hexaarylbiimidazole).

18.  The apparatus of Claim 11, wherein the screen is configured in a shape of a two-

dimensional panel, a cylinder or a polygonal prism.
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19.  The apparatus of Claim 11, wherein the receiver unit is configured to receive the

input signal from a holographic image generator apparatus.

20.  The apparatus of Claim 11, wherein the virtual image light source is configured to

generate an ultraviolet laser beam or an electron beam.

21.  The apparatus of Claim 11, wherein the plurality of reconstruction light sources

comprises a red laser light source, a green laser light source, and a blue laser light source.

22.  The apparatus of Claim 11, wherein the scan mirror is configured to be

magnetically actuated, electrically actuated or electromagnetically actuated.

23. A mecthod for generating a holographic image of an object, the method
comprising:

generating, by a plurality of light sources, a plurality of light beams corresponding
to a different range of wavelengths;

performing switching operation, by a shutter, to selectively pass one of the
plurality of light beams through the shutter;

splitting, by a beam splitter, the light beam irradiated from the shutter into a first
portion and a second portion of the light beam such that the first portion of the light beam
is irradiated on the object;

receiving and reflecting, by a mirror unit, the second portion of the light beam to
generate a reference beam;

detecting, by an image sensor array, an interference image caused by interference
between the reference beam and the first portion of the light beam scattered by the object;
and

converting, by a video signal generator unit, the detected interference image into

an image signal.

24, The method of Claim 23, further comprising recording, by a video signal recorder

unit, the image signal in a storage unit.
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25.  The method of Claim 23, further comprising transmitting, by a video signal

transmitter unit, the image signal to a holographic image reconstruction apparatus.

26. The method of Claim 23, wherein the method is repeatedly performed, and a

period of each repetition of the method is in a range from about 1 to 5 milliseconds.

27. A method of reconstructing a holographic image of an object, the method
comprising:

receiving, by a receiver unit, an input signal representative of a hologram of the
object;

generating, by a virtual image light source, a virtual image light beam responsive
to the input signal;

receiving and reflecting, by a scan mirror, the virtual image light beam to generate
a scan beam,;

receiving, by a screen coated with a photochromic material, the scan beam from
the scan mirror, and forming the hologram of the object on the screen as a result of
variations in the visible light transmittance characteristic of the screen in response to the
scan beam,;

generating, by a plurality of reconstruction light sources, reconstruction light
beams corresponding to a different range of wavelengths; and

receiving, by a shutter, the reconstruction light beams from the plurality of
reconstruction light sources, and selectively passing one of the reconstruction light beams
through the shutter to irradiate the screen to reconstruct the holographic image of the

object.

28. The method of Claim 27, wherein receiving input signal includes receiving, by the

receiver unit, the input signal from a holographic image generator apparatus.

29. The method of Claim 27, wherein the method is repeatedly performed, and a

period of each repetition of the method is in a range of about 1 to 5 milliseconds.
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30. A non-transitory computer-readable storage medium which stores a program for
causing a processor configured to generate a holographic image of an object, the program
comprising one or more instructions for:

generating, by a plurality of light sources, a plurality of light beams corresponding
to a different range of wavelengths;

performing switching operation, by a shutter, to selectively pass one of the
plurality of light beams through the shutter;

splitting, by a beam splitter, the light beam irradiated from the shutter into a first
portion and a second portion of the light beam such that the first portion of the light beam
is irradiated on an object;

receiving and reflecting, by a mirror unit, the second portion of the light beam to
generate a reference beam;

detecting, by an image sensor array, an interference image caused by interference
between the reference beam and the first portion of the light beam scattered by the object;
and

converting, by a video signal generator unit, the detected interference image into

an image signal.

31. The medium of Claim 30, wherein the program further comprises one or more
instructions for recording, by a video signal recorder unit, the image signal in a storage

unit.

32.  The medium of Claim 30, wherein the program further comprises one or more
instructions for transmitting, by a video signal transmitter unit, the image signal to a

holographic image reconstruction apparatus.
33. A non-transitory computer-readable storage medium which stores a program for

causing a processor to reconstruct a holographic image of an object, the program

comprising one or more instructions for:
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receiving, by a receiver unit, an input signal representative of a hologram of the
object;

generating, by a virtual image light source, a virtual image beam responsive to the
input signal;

receiving and reflecting, by a scan mirror, the virtual image light beam to generate
a scan beam,;

receiving, by a screen coated with a photochromic material, the scan beam from
the scan mirror, and forming the hologram of the object on the screen as a result of
variations in the visible light transmittance characteristic of the screen in response to the
scan beam,;

generating, by a plurality of reconstruction light sources, reconstruction light
beams corresponding to a different range of wavelengths; and

receiving, by a shutter, the reconstruction light beams from the plurality of
reconstruction light sources, and selectively passing one of the reconstruction light beams
through the shutter to irradiate the screen to reconstruct the holographic image of the

object.
34.  The medium of Claim 33, wherein the program further comprises one or more

instructions for receiving, by the receiver unit, the input signal from a holographic image

generator apparatus.
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FIG. 7

700

GENERATE, BY A PLURALITY OF LIGHT SOURCES,
A PLURALITY OF LIGHT BEAMS CORRESPONDING TO A
DIFFERENT RANGE OF WAVELENGTHS

i

SELECTIVELY PASSING ONE OF THE PLURALITY OF LIGHT
BEAMS THROUGH A SHUTTER

'

SPLIT, BY A BEAM SPLITTER, THE LIGHT BEAM IRRADIATED
FROM THE SHUTTER INTO A FIRST PORTION AND A SECOND

PORTION OF THE LIGHT BEAM

'

REGEIVE AND REFLECT, BY A MIRROR UNIT, THE SECOND
PORTION OF THE LIGHT BEAM TO GENERATE A REFERENCE
BEAM

i

DETECT, BY AN IMAGE SENSOR ARRAY, THE INTERFERENCE
IMAGE

i

CONVERT, BY A VIDEQ SIGNAL GENERATOR UNIT, THE
DETECTED INTERFERENCE PATTERN INTO AN IMAGE SIGNAL
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FIG. 8

800

RECEIVE, BY A RECEIVER UNIT, AN INPUT SIGNAL
REPRESENTATIVE OF A HOLOGRAM OF THE OBJECT

'

GENERATE, BY A VIRTUAL IMAGE LIGHT SOURCGE, A VIRTUAL
IMAGE LIGHT BEAM RESPONSIVE TO THE INPUT SIGNAL

'

RECEIVE AND REFLECT, BY A SCAN MIRROR, THE VIRTUAL
IMAGE LIGHT BEAM TO GENERATE A SCAN BEAM

'

RECEIVE. BY A SCREEN COATED WITH A PHOTOCHROMIC
MATERIAL, THE SCAN BEAM FROM THE SCAN MIRROR, AND
FORM THE HOLOGRAM OF THE OBJECT ON THE SOREEN

:
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TO A DIFFERENT RANGE OF WAVELENGTHS

'
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because they relate to subject matter not required to be searched by this Authority, namely:

because they relate to parts 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:

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

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

See extra sheet

claims.

additional fees.

only those claims for which fees were paid, specifically claims Nos.:

1-10, 23-26, 30-32

‘payment of a protest fee.

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

1. D As all required additional search fees were timely paid by the applicant, this international search report covers all searchable
2. D As all searchable claims could be searched without effort justifying additional fees, this Authority did not invite payment of

3. D As only some of the requlred additional search fees were timely paid by the applicant, this mtemanonal search report covers

4. @ No requ1red 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 D The additional search fees were accompanied by the applicant’s protest and, where applicable, the

D 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.

E] No protest accompanied the payment of additional search fees.

Form PCT/ISA/210 (continuation of first sheet (2)) (July 2009)
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A. CLASSIFICATION OF SUBJECT MATTER
IPC(8) - GO3H 1/26 (2013.01)
USPC - 359/22

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

B.  FIELDS SEARCHED

Minimum documentation searched (classification system followed by ¢
IPC(8) -GO3H 1/00, 02, 04, 08, 22, 26 (2013.01)
USPC -3591, 22, 28, 32

lassification symbols)

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

CPC - GO3H 1/00, 02, 04, 08, 22, 26 (2013.01)

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

PatBase, Google Patents, Google Scholar

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category* Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.
Y US 2006/0238772 A1 (HANSON et al) 26 October 2006 (26.10.2006) entire documeni 1-10, 23-26, 30-32

Y US 6,760,134 B1 (SCHILLING et al) 06 July 2004 (06.07.2004) entire ddcun/‘!ent 1-10, 23-26, 30-32

Y US 2011/0254916 A1 (FAN et al) 20 October 2011 (20.10.2011) entire document 6

Y US 2009/0046253 A1 (SUNAGA) 19 February 2009 (19:02.2009) entire document 7

Y US 5,311,335 A (CRABTREE) 10 May 1994 (10.05.1994) entire document 9,10

Y US 2011/0261427 A1 (HARTJet al) 27 October 2011 (27.10.2011) entire docurﬁent 26

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

[]

*  Special categorics of citcd documents:

“A” document defining the general state of the art which is not considered
to be of particular relevance

“E” carlicr application or patent but published on or after the international
filing date

“L” document which may throw doubts on priority claim(s) or which is
cited to cstablish the publication date of another citation or other
special rcason (as specificd) .

“0” document referring to an oral disclosure, usc, exhibition or other
means

“P”  document publishcd prior to the international filing date but later than

the priority date claimed

later document published after the international filing date or riority *
date and not in conflict with thc apﬁllqauon but cited to un: crstand
the principle or theory underlying the invention

document of particular relevance; the claimcd.invcnlion c_annot.bc
considered novel or cannot be considered to involve an inventive
step when the document is taken alone

w
'

document of particular relevance; the claimed invention cannot be
considered to involve an inventive step when the document is
combined with one or more other such documents, such combination
being obvious to a person skilled in the art

wy»

“&” document member of the same patent family
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This application contains the following inventions or graups of inventions which are not so linked as to form a single general inventive
concept under PCT Rule 13.1. In order for all inventions to be examined, the appropriate additional examination fees must be paid.

Group |, claims 1-10, 23-26, 30-32, drawn to an apparatus and method comprising a beam splitter to split the light beams and generate
an object light beam; an image sensor array configrued to receive the object beam and reference beams and detect an image of
interference; and a video signal generator unit to convert the detected image into an image signal.

Group I, claims 11-22, 27-29, 33, 34, drawn to an apparatus and method comprising: a virtual image light source to generate a virtual
image light beam; a screen coated with photochromic material configured to receive the scan beam and including an adjustable visible
light transmittance characteristic to form a hologram on the screen.

The inventions listed as Groups |-l do not relate to a single general inventive concept under PCT Rule 13.1 because, under PCT Rule
13.2, they lack the same or corresponding special technical features for the following reasons: the special technical feature of the Group
linvention: a beam splitter to split light beams and generate an abject light beam; an image sensor array configrued to receive the object
beam and reference beams and detect an image of interference; and a video signal generator unit to convert the detected image into an
image signal as claimed therein is not present in the invention of Group Il. The special technical feature of the Group || inventior]: a
virtual image light source to generate a virtual image light beam; a screen coated with photochromic material configured to receive 'th.e
scan beam and including an adjustable visible light transmittance characteristic to form a hologram on the screen as claimed therein is
nat present in the invention of Group I. :

Groups | and If lack unity of invention because even though the inventions of these groups require the technical feature of an apparatus
and method for generating a holographic image of an object, comprising a plurality of light sources each configured to gene(ate a I_|ght
beam corresponding to a wavelength in a different range; and a shutter configured to receive the light beams from the plurality of light
sources and selectively pass each of the received light beams in tum to provide a selected light beam, and a mirror unit_conﬂgured to
receive the second light beam, and reflect at least part of the second light beam to generate a scan/reference beam, this technical
feature is not a special technical feature as it does not make a contribution over the prior art in view of US 5,311,335 A (CRABTREE) 10
May 1994 (10.05.1994) abstract; col. 1, lines 45-56, 63-67; col. 2, lines 45-66; col. 3, line 63 to col. 4, line 11; figs 1A, 2.

Since none of the special technical features of the Group | or il inventions are found in more than one of the inventions, unity of invention
is lacking. .
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