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(57) Abstract: An image display system including a first image display apparatus, a second image display apparatus and an image
processing apparatus is provided. When the first image display apparatus and the second image display apparatus each display a
partial image of an image to be displayed, the first image display apparatus and the second image display apparatus each display
the partial image based on a feature of the entirety of the image to be displayed.
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DESCRIPTION
TITLE OF INVENTION
IMAGE DISPLAY SYSTEM, IMAGE PROCESSING APPARATUS AND

CONTROL METHOD THEREOF

TECHNICAL FIELD
{0001] The present invention relates to an image
display system, an image processing apparatus and a

control method thereof.

BACKGROUND ART

[0002] Conventionally, as an apparatus that
displays/projects images, a projector that projects an
image generated by a liquid crystal panel onto a screen
is known. There is a technique for displaying a single
image on a large screen using a plurality of such
projectors (see, for example, Japanese Patent Laid-Open
No. 2005-286772). FIG. 13 shows an example of a
configuration for projecting a single image using a
plurality of projectors. In FIG. 13, reference numeral
1301 indicates an image splitter, 1302 to 1305 indicate
projectors, and 1306 to 1309 indicate projected images
projected by the projectors 1302 to 1305. The
projected images 1306 to 1309 are combined so that a
single image is displayed. By using a plurality of
projectors, it is possible to project high resolution

large-screen images as compared to the case of using
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one projector.

[0003] Also, for image display apparatuses such as
projectors and television sets, a technique called
dynamic gamma correction for executing an optimal tone
correction process for each video scene has been
devised (see, for example, Japanese Patent Laid-Open No.
8-317250). This is a technique in which correction is
performed on input data according to the pixel
distribution in each scene and the magnitude of changes
between scenes so as to visually optimize each scene
image.

[0004] In the case where one projector is used, by
performing a scene adaptive process such as dynamic
gamma correction described above, optimal correction
can be performed. However, in the case where an image
is projected using a plurality of projectors as in
Patent Document 1, a situation may sometimes occur in
which it is not possible to perform an appropriate
process on the entire image. This will be described
with reference to FIG. 13 and FIGS. 14A to 14D.

[0005] In FIG. 13, the original image is divided
by the splitter 1301 and input to the projectors. Each
projector analyzes only an image that it will project,
and performs a scene adaptive process such as dynamic
gamma correction. Each projector first calculates a
luminance histogram of the input image for the scene

adaptive process. Examples of luminance histograms are
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shown in FIGS. 14A and 14B.

[0006] FIG. 14A shows an example of a luminance
histogram of the image 1306 projected by the projector
1302. FIG. 14B shows an example of a luminance
histogram of the image 1309 projected by the projector
1304. The projector 1302 determines gamma
characteristics thereof based on the luminance
histogram shown in FIG. 14A. In the case of the
luminance histogram of FIG. 14A, for example, the
distribution concentrates on a high luminance portion,
and therefore gamma characteristics are determined such
that tones in the high luminance portion are expressed.
An example of the gamma characteristics is shown in FIG.
14C. Likewise, the projector 1304 determines gamma
characteristics thereof based on the luminance
histogram shown in FIG. 14B. In the case of the
luminance histogram of FIG. 14B, the distribution
concentrates on a low luminance portion, and therefore
gamma characteristics are determined such that tones in
the low luminance portion are expressed. An example of
the gamma characteristics is shown in FIG. 14D.

[0007] As described above, in the case where each
projector performs a scene adaptive process by
analyzing only a divided image output from the splitter
1301, a situation occurs in which different correction
processes are applied because gamma characteristics

vary within one image (1306 to 1309), which results in
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an unnatural tone balance in the entire image.

SUMMARY OF INVENTION
[0008] The present invention addresses the problem
described above. Specifically, the present invention
reduces, the unnatural tone balance between images
displayed by the image display apparatuses when a
single image is displayed using a plurality of image
display apparatuses.
[0009] According to an aspect of the present
invention, there is provided an image display system
including a first image display apparatus, a second
image display apparatus and an image processing
apparatus, the image processing apparatus comprising:
dividing means for dividing an image to be displayed
into a plurality of partial images; extracting means
for extracting a feature of entirety of the image to be
displayed; and first communication means for
transmitting a first partial image obtained by the
dividing means to the first image display apparatus,
transmitting a second partial image that is different
from the first partial image obtained by the dividing
means to the second image display apparatus, and
transmitting the feature extracted by the extracting
means to the first image display apparatus and the
second image display apparatus, the first image display

apparatus comprising: second communication means for
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receiving the first partial image and the feature
transmitted by the first communication means; and first
display means for correcting the first partial image
based on the feature and displaying the corrected first
partial image, and the second image display apparatus
comprising: third communication means for receiving the
second partial image and the feature transmitted by the
first communication means; and second display means for
correcting the second partial image based on the
feature and displaying the corrected second partial
image.

[0010] According to the present invention, when a
single image is displayed using a plurality of image
display apparatuses, the unnatural tone balance between
images displayed by the image display apparatuses can
be reduced.

[0011] Further features and aspects of the present
invention will become apparent from the following
detailed description of exemplary embodiments with

reference to the attached drawings.

BRIEF DESCRIPTION OF DRAWINGS
[0012] The accompanying drawings, which are
incorporated in and constitute a part of the
specification, illustrate exemplary embodiments,
features, and aspects of the invention and, together

with the description, serve to explain the principles
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of the invention.

[0013] FIG. 1 is a block diagram showing a
configuration of an image splitter according to a first
embodiment.

[0014] FIG. 2 is a block diagram showing a
configuration of a projector according to the first
embodiment.

[0015] FIG. 3 is a diagram illustrating an example
in which an input image is divided into four.

[0016] FIG. 4 is a sequence diagram showing a
process for setting white and black reference levels
according to the first embodiment.

[0017] FIG. 5 is a diagram illustrating a method
of calculating white and black reference levels
according to the first embodiment.

[0018] FIG. 6 is a diagram illustrating
determination of gamma characteristics according to the
first embodiment.

[0019] FIG. 7 is a block diagram showing a
configuration of an image splitter according to a
second embodiment.

[0020] FIG. 8 is a block diagram showing a
configuration of a projector according to the second
embodiment.

[0021] FIG. 9 is a block diagram showing a
configuration of an image splitter according to a third

embodiment.
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[0022] FIG. 10 is a block diagram showing a
configuration of a projector according to the third
embodiment.

[0023] FIG. 11 is a sequence diagram showing a
procedure of determining gamma characteristics
according to the third embodiment.

[0024] FIGS. 12A to 12E are diagrams illustrating
a histogram combining process according to the third

embodiment.

[0025] FIG. 13 is a diagram showing an example of
a configuration for projecting a single image using a
plurality of projectors.

[0026] FIGS. 14A and 14B are diagrams showing
examples of luminance histograms, and FIGS. 14C and 14D
are diagrams showing examples of gamma characteristics
determined with respect to the luminance histograms

shown in FIGS. 14A and 14B.

DESCRIPTION OF EMBODIMENTS
[0027] Various exemplary embodiments, features,
and aspects of the invention will be described in

detail below with reference to the drawings.

[0028]First Embodiment
In the present embodiment, a description will be
given of an image display system including a plurality

of projectors serving as an image display apparatus
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equipped with a built-in liquid crystal panel and an
image processing apparatus that supplies images to the
projectors.

[0029] FIG. 1 shows a configuration of an image
splitter 100 serving as an image processing apparatus.
The image splitter 100 divides an original image to be
displayed into a plurality of images and
distributes/outputs each divided image to the
corresponding projector. In FIG. 1, reference numeral
101 indicates an image input unit that receives input
of video signals from a personal computer (PC), a DVD
player, a digital camera and the like. The image input
unit 101 is composed of, for example, an HDMI terminal
or the like. Reference numeral 102 indicates an image
divider, 103 indicates an image output unit, 104
indicates a histogram generator, and 105 indicates a
communication unit that transmits and receives control
signals. Reference numeral 106 indicates an operation
unit that receives user operations, 107 indicates a
controller that performs overall control of the image
splitter. Reference numeral 200 indicates projectors
connected to the image splitter 100.

[0030] FIG. 2 shows a configuration of a projector
200. In FIG. 2, reference numeral 201 indicates an
image input unit that receives input of a video signal
output from the image splitter 100, and 202 indicates

an image controller. The image controller 202 includes
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a gamma processing unit 203. Reference numeral 204
indicates a projection unit and includes a liquid
crystal panel, a liquid crystal driving unit, a light
source and so on. Reference numeral 205 indicates a
communication unit that transmits and receives a
control signal to and from the image splitter 100, 206
indicates a communication signal processing unit that
separates and analyzes a communication signal, and 207
indicates a gamma characteristics determining unit that
determines characteristics for gamma processing.
Reference numeral 208 indicates a ROM, and 209
indicates a controller that performs overall control of
the projector.

[0031] Next, operations of the image splitter 100
and the projectors 200 will be described. An
initialization process upon startup will be described
first. As the initialization process, the controller
107 of the image splitter 100 sets the number of
partial images into which an image should be divided
(hereinafter referred to as the number of divisions)
and corrects differences in luminance between the
connected projectors. Setting of the number of
divisions will be described first. The operation unit
106 receives, from the user, an operation to set the
number of divisions. Upon receiving information
regarding the number of divisions, the controller 107

sets the information regarding the number of divisions
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in the image divider 102. The present embodiment will
be described taking an example in which the input image
is divided into four. FIG. 3 shows an example in which
one image is divided into four. In FIG. 3, reference
numeral 300 indicates an input image, and 301 to 304
each indicate a divided partial image. When the
operation unit 106 receives an operation to divide an
image into four from the user, the controller 107 sets
the image divider 102 so as to divide the image into
four as shown in FIG. 3.

[0032] Next, a process of correcting differences
in luminance between the four projectors 200 connected
to the image splitter 100 will be described with
reference to FIG. 4. FIG. 4 is a sequence diagram
showing a process of correcting differences in
luminance between the projectors 200. The image
splitter 100 and the projectors 200 perform
communication using their own communication unit 105,
205, and perform the following control process using
their own controller 107, 209.

[0033] In 5401, the image splitter 100 sends a
request to transmit illuminance information to the
connected projectors. The illuminance information as
used herein refers to illuminance (for example,
numerical values expressed in lumen) information when
an all-white video image is projected (displayed) and

when an all-black video image is projected (displayed).
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In S402, each projector 200 (four projectors in the
present embodiment) transmits its own illuminance
information to the image splitter 100. Each projector
200 stores the illuminance information recorded at the
time of production in the ROM 208 and transmits the
illuminance information to the image splitter 100. 1In
S403, the image splitter 100 calculates white and black
reference levels based on the illuminance information
received from each projector 200.

[0034] A method of calculating the white and black
reference levels will be described with reference to
FIG. 5. FIG. 5 is a diagram showing the illuminance
information of the four projectors. In FIG. 5, Wl to
W4 indicate the illuminance of the projectors 1 to 4
when an all-white video image is projected. Bl to B4
indicate the illuminance of the projectors 1 to 4 when
an all-black video image is projected. At this time,
the illuminance of the projector having the smallest
illuminance when an all-white video image is projected
is determined as the white reference level. In the
case of the example shown in FIG. 5, the projector 1
has the lowest illuminance when an all-white video
image is projected, and thus the illuminance W1l is
determined as the white reference level. Next, as the
black reference level, the illuminance of the projector
having the largest illuminance when an all-black video

image is projected is determined. In the case of the
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example shown in FIG. 5, the projector 2 has the
highest illuminance when an all-black video image 1is
projected, and thus the illuminance B2 is determined as

the black reference level.

[0035] In S404, the white and black reference
levels calculated in the manner above described are
notified to each projector. In S405, each projector
sets the notified white and black reference levels as
the white and black reference levels used to display
the image. The white and black reference levels are
shared by the projectors as described above, and
therefore variations in the illuminance level caused
due to individual differences between projectors can be
suppressed.

[0036] The initialization process upon startup has
been described above. Next, operations when an image
is input will be described. In the image splitter 100
of FIG. 1, the image input unit 101 receives an input
image from an external device. In the present
embodiment, it is assumed that this input image is the
original image to be displayed. The image input unit
101 outputs the input image to the image divider 102
and the histogram generator 104. The image divider 102
divides the input image according to the number of
divisions, which has been set during initialization.
Here, as shown in FIG. 3, the input image 300 is

divided into four images 301 to 304. Then, the four
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divided images are output to the image output unit 103.
The image output unit 103 is connected to the four
projectors 200, and transmits the divided images 301 to
304 to the four projectors. On the other hand, the
histogram generator 104 calculates a luminance
histogram from the entire input image 300. The
luminance histogram shows the feature of the entire
original image. The data regarding the calculated
luminance histogram is output to the communication unit
105, and the communication unit 105 transmits the
luminance histogram data to all of the connected
projectors.

[0037] Operations of each projector 200 will be
described next. The communication unit 205 performs
communication with the communication unit 105 of the
image splitter 100. The communication unit 205 outputs
the received signal to the communication signal
processing unit 206. The communication signal
processing unit 206 performs separation and analysis of
the signal. Specifically, the communication signal
processing unit 206 separates the luminance histogram
data transmitted from the image splitter 100 from the
input signal, and outputs the luminance histogram
information to the gamma characteristics determining
unit 207. The gamma characteristics determining unit
207 determines a gamma characteristics correction

amount based on the luminance histogram information.
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How to determine gamma characteristics will be
described with reference to FIG. 6. FIG. 6 is a
diagram showing an example of gamma characteristics and
shows input/output characteristics of the luminance
signal. For example, if it is determined from the
luminance histogram of the input image that the input
image is a dark scene (the distribution concentrates on
a low luminance portion), as indicated by 601, gamma
characteristics are determined such that tones in the
black portion are expressed. If, on the other hand, it
is determined from the histogram of the input image
that the input image is a bright scene (the
distribution concentrates on a high luminance portion),
as indicated by 602, gamma characteristics are
determined such that tones are expressed without
compromising the high luminance portion. The
determined gamma characteristics are output to the
gamma processing unit 203. The relationship between
luminance histogram and gamma characteristics is common
to the projectors, and thus common gamma
characteristics are determined for the projectors that
have received the same luminance histogram.
Accordingly, in the present embodiment, the gamma
characteristics (correction amount) are common to all
of the four projectors.

[0038] On the other hand, the image input unit 201

receives input of one of the divided images output from
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the image splitter 100, and outputs the input image to
the image controller 202. The image controller 202
performs various types of image processing on the input
image such as noise removal and contour enhancement.
The gamma processing unit 203 of the image controller
202 corrects the gamma characteristics determined by
the gamma characteristics determining unit 207, or in
other words, gamma correction is performed. The image
data processed in the image controller 202 is output to
the projection unit 204. The projection unit 204 forms
an image on a liquid crystal panel (not'shown). Then,
the image formed on the liquid crystal panel is
projected onto a screen surface by light emitted from
the light source (not shown).

[0039] The foregoing has described an image
display system of the present embodiment including an
image splitter that divides and distributes an input
image and a plurality of projectors that project the
image. The image splitter of the present embodiment
generates a luminance histogram from the entire
original image before dividing and transmits the
luminance histogram data to each projector. Each
projector determines gamma characteristics based on the
received luminance histogram data and projects the
gamma corrected image.

[0040] With this configuration, processing can be

performed using gamma characteristics common to all of
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the projectors according to the characteristics of the
entire image before dividing. As a result, it is
possible to reduce the possibility that the gamma
varies at different portions in one screen and as a
result the tone balance becomes unnatural in the entire
image.

[0041] In the present embodiment, a configuration
in which the image splitter 100 generates the luminance
histogram of an input image and transmits the luminance
histogram data to each projector has been described,
but the present invention is not limited to this
configuration. It is also possible to acquire
information indicating other image features instead of
the luminance histogram, and determine gamma
characteristics according to the information. For
example, gamma characteristics can be determined using
brightness information of the entire image or the like.
Also, in the present embodiment, each projector 200
determines gamma characteristics based on the luminance
histogram, but it is also possible to employ a
configuration in which the image splitter 100
determines gamma characteristics based on the luminance
histogram and transmits the gamma characteristics to
each projector 200.

[0042] Also, the present embodiment has been
described using gamma processing as an example of the

scene adaptive process, but the present embodiment can



WO 2012/011369 PCT/JP2011/064852

be applied to processing other than gamma processing as
long as it is a process that adaptively processes an
image by analyzing characteristics of the image. For
example, the present embodiment can be applied to color
processing, contour enhancement, noise removal and the
like. In the case of color processing, a saturation
histogram is calculated instead of the luminance
histogram. If the image has a high saturation, control
is performed to express color tones in a high
saturation portion. It is thereby possible to prevent
the high saturation portion from being compromised. 1In
the case of contour enhancement, a histogram .of
frequency characteristics is calculated. If the image
has a large number of high frequency components,
control is performed to reinforce contour enhancement.
It is thereby possible to increase the perceived
resolution of the image. In the case of noise removal,
a difference histogram between image frames is
calculated, and it is analyzed whether there is a
temporal movement between images. If there is no
movement between images, a low pass filter is applied
in the temporal direction to remove noise. If, on the
other hand, there is a movement between images, a low
pass filter is applied in the spatial direction because
image lag occurs if the filter is applied in the
temporal direction. By performing noise removal so as

to adapt to the movement between images, the effect of
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noise removal can be improved.

[0043] As described above, any configuration and
process can be used as long as image processing
characteristics are determined by analyzing the entire
image before dividing, and common image processing is
performed in the projectors.

[0044] In the present embodiment, an example has
been described in which the luminance levels of a
plurality of projectors are matched during
initialization, but in addition to the luminance, color
levels may be matched. By matching the color levels as
well, the colors of the projectors can be matched when
the color adaptive process described above is performed.
[0045] Also, in the present embodiment, an example
has been described in which the image splitter 100 and
the projectors 200 are separate apparatuses, but one of
the projectors 200 may have the configuration of the
image splitter.

[0046] Also, in the present embodiment, an example
has been described in which four projectors are
connected and input image data is divided into four,
but the present invention is not limited to a specific
number of projectors, and any number of projectors can
be used as long as a plurality of projectors are used.
[0047] Also, in the present embodiment, an example
has been described in which projectors are used as

image display apparatuses, but the present invention is
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not limited to specific image display apparatuses. The
present invention is applicable to any image display
apparatuses other than projectors, such as television

sets and display apparatuses.

[0048] Second Embodiment

In the first embodiment, an example has been
described in which the image splitter generates feature
information of an image such as a histogram and
transmits the image feature information to each
projector. In the present embodiment, an example will
be described in which an image splitter reduces the
size of an input image and transmits the reduced image
to each projector instead of the histogram.
[0049] FIG. 7 is a block diagrams showing a
configuration of an image splitter 100 according to the
present embodiment, and FIG. 8 is a block diagram
showing a configuration of a projector 200 according to
the present embodiment. The same reference numerals
are given to constituent elements that are the same as
those of FIGS. 1 and 2, and thus descriptions thereof
are omitted here. The image splitter 100 shown in FIG.
7 is different from the image splitter of the first
embodiment (FIG. 1) in that it includes an image
reduction unit 701 instead of the histogram generator
104. The projector shown in FIG. 8 is difference from

the projector of the first embodiment (FIG. 2) in that
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it includes a histogram generator 801.

[0050] Operations of an image display system
configured as described above will be described next.
The initialization process performed by the image
splitter 100 and the connected projectors 200 is the
same as that of the first embodiment, and thus a
description thereof is omitted here. Also, the process
of dividing input image data and outputting the divided
images to the projectors 200 performed by the image
splitter 100 shown in FIG. 7 is also the same as that
of the first embodiment, and thus a description thereof
is omitted here.

[0051] In the present embodiment, the input image
data that has been input by the image input unit 101 is
output to the image reduction unit 701. The image
reduction unit 701 reduces the size of the input image
by a factor of 10. The reduced image is output to the
communication unit 105, and the communication unit 105
transmits the reduced image to each projector 200.
[0052] The process of performing image processing
on the input image and projecting the image-processed
image onto a screen (not shown) performed by the
projector 200 shown in FIG. 8 is the same as that
described in the first embodiment, and thus a
description thereof is omitted here. 1In the present
embodiment, the communication unit 205 receives a

signal including the reduced image from the image



WO 2012/011369 PCT/JP2011/064852
- 21 -

splitter 100, and outputs the signal to the
communication signal processing unit 206. The
communication signal processing unit 206 separates the
reduced image from the received signal and outputs the
reduced image to the histogram generator 801. The
histogram generator 801 generates a luminance histogram
from the reduced image, and outputs the luminance
histogram to the gamma characteristics determining unit
207. The gamma characteristics determining unit 207
determines gamma characteristics based on the luminance
histogram as in the first embodiment, and outputs the
gamma characteristics to the gamma processing unit 203.
[0053] As described above, in the image display
system of the present embodiment, the image splitter
100 reduces the size of an input image before dividing
and outputs the reduced image to each projector 200.
Each projector generates a luminance histogram from the
reduced image, and determines gamma characteristics
based on the generated luminance histogram. With this
configuration, each projector can perform a scene
adaptive process according to not only the
characteristics of the divided image input thereinto
but also to the characteristics of the entire image.
Also, because the input image is reduced before
dividing, and the reduced image is transmitted to each
projector, communication is possible with a small

amount of information as compared to the case where the
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entire input image is transmitted to each projector.
[0054] In the above embodiment, the reduced image
is transmitted to the projectors 200, but the input
image can be transformed to any information as long as
the amount of information of the input image can be
reduced. For example, it is possible to use a
configuration in which an image obtained by reducing
the number of tones of the input image is transmitted
to the projectors.

[0055] Also, in the present embodiment, an example
has been described in which projectors are used as
image display apparatuses, but the present embodiment
can be applied to any image display apparatuses. The
present embodiment can be applied to, for example,

television sets or the like.

[0056]Third Embodiment

In the present embodiment, an example will be
described in which each projector generates a histogram
based on a divided image, and an image splitter
compiles the histograms and determines gamma
characteristics. FIG. 9 is a block diagram showing a
configuration of an image splitter 100 according to the
present embodiment, and FIG. 10 is a block diagram
showing a configuration of a projector 200 according to
the present embodiment. The same reference numerals

are given to constituent elements that are the same as
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those of FIGS. 1 and 2, and thus descriptions thereof
are omitted here. The image splitter 100 shown in FIG.
9 is different from the image splitter of the first
embodiment (FIG. 1) in that it includes a histogram
compiling unit 901 instead of the histogram generator
104. The projector shown in FIG. 10 is different from
the projector of the first embodiment (FIG. 2) in that
it includes a histogram generator 1001.

[0057] Operations of an image display system
configured as described above will be described next.
The initialization process performed by the image
splitter 100 and the connected projectors 200 is the
same as that of the first embodiment, and thus a
description thereof is omitted here. Also, the process
of dividing input image data and outputting the divided
images to the projectors 200, performed by the image
splitter 100 shown in FIG. 9 is also the same as that
of the first embodiment, and thus a description thereof
is omitted here. Also, the process of performing image
processing on the input image and projecting the image-
processed image onto a screen (not shown) performed by
the projector 200 shown in FIG. 10 is also the same as
that of the first embodiment, and thus a description
thereof is omitted here.

[0058] The present embodiment is different from
the first embodiment in terms of the method of

determining gamma characteristics set in the gamma
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processing unit 203. Hereinafter, a gamma
characteristics setting process of the present
embodiment will be described with reference to the
sequence diagram shown in FIG. 11. In FIG. 11, in
S1101, a divided image made by the image divider 102 is
output to each projector 200 via the image output unit
103 in the same manner as described above. 1In S1102,
the projector 200 generates a luminance histogram from
the input divided image. Specifically, the divided
image data from the image splitter 100 is input to the
histogram generator 1001 of the projector 200. The
histogram generator 1001 generates a luminance
histogram from the divided image (for example, 301 of
FIG. 3). In 81103, the generated luminance histogram
is returned from the communication unit 205 to the
image splitter 100.

[0059] In S1104, the histogram compiling unit 901
of the image splitter 100 compiles the histogram data.
Here, the luminance histogram data transmitted from
each of the four connected projectors is input to the
histogram compiling unit 901 via the communication unit
105. The histogram compiling unit 901 combines all of
the input histogram frequencies into one histogram data.
This will be described with reference to FIGS. 12A to
12E. FIGS. 12A to 12D each show the histogram of each
divided image, and FIG. 12E shows a histogram as the

combined feature obtained by adding up all of the four
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histogram frequencies. This is equivalent to the
histogram of the input image input to the image
splitter 100.

[0060] In S1105, the histogram compiling unit 901
transfers the compiled histogram information to each
projector 200 via the image output unit 103. In S1106,
the gamma characteristics determining unit 207 of each
projector 200 determines gamma characteristics based on
the compiled histogram. Specifically, the compiled
histogram (FIG. 12E) received via the communication
unit 205 is input to the gamma characteristics
determining unit 207, and the gamma characteristics
determining unit 207 determines gamma characteristics.
The method of determining gamma characteristics is the
same as that performed by the gamma characteristics
determining unit 207 of the first embodiment. Then, in
S1107, the determined gamma characteristics are set in
the gamma processing unit 203. This is the procedure
of gamma characteristics setting process. The gamma
processing unit 203 performs gamma processing based on
the gamma characteristics set in this procedure, and
the projection unit 204 projects the image.

[0061] As described above, in the image display
system of the present embodiment, each projector
generates the histogram of a divided image, and outputs
the histogram to the image splitter 100. The image

splitter 100 compiles the histograms of the divided
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images. Then, the compiled histogram is transmitted to
the projectors 200, and the projectors 200 determine
gamma characteristics based on the acquired histogram.
[0062] With a configuration in which the histogram
generation process is performed by each projector in
the manner described above, the load of the image
splitter to analyze a high resolution image can be
reduced. Also, the effects that the projectors can
perform a common scene adaptive process and the
unnatural tone balance between images can be reduced
are the same as those of the first and second
embodiments.

[0063] In the present embodiment, an example has
been described in which the projectors 200 determine
gamma characteristics, but the image splitter 100 may
determine gamma characteristics. In this case, the
gamma characteristics determining unit 207 of the
projectors 200 is removed, and instead a gamma
characteristics determining unit is provided in the
image splitter 100. In the image splitter 100, the
luminance histogram compiled by the histogram compiling
unit 901 is input to the gamma characteristics
determining unit to determine gamma characteristics.
Then, the determined gamma characteristics information
is output from the communication unit 105 to the
projectors 200. The projectors 200 set the gamma

characteristics information received by the
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communication unit 205 in the gamma processing unit 203.
With this configuration, the projectors 200 do not need
to determine gamma characteristics, and thus the
processing load required to determine gamma
characteristics can be reduced.

[0064] Also, in the present embodiment, an example
has been described in which each projector 200
transmits luminance histogram data to the image
splitter 100, but any information, other than histogram
information, can be used as long as the information
indicates the characteristics of the divided image
input to the projector. For example, each projector
may calculate information such as the average luminance,
the highest luminance value and the lowest luminance
value of the divided image and transmit the information
to the image splitter 100. In this case, the histogram
compiling unit 901 of the image splitter 100 further
calculates the average luminance, the highest luminance
value and the lowest luminance value from the
information transmitted from each projector (in this
case, the average luminances, highest luminance values
and lowest luminance values of the four projectors).
Then, the gamma characteristics determining unit 207
determines gamma characteristics based on the
information. As the method of determining gamma
characteristics, for example, if the highest luminance

value is large, the gamma characteristics determining
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unit 207 determines gamma characteristics such that the
tonality of high luminance becomes high, whereby the
amount of information can be reduced as compared to the
case where histogram information is communicated.
[0065] Also, in the present embodiment, an example
has been described in which projectors are used as
image display apparatuses, but the present embodiment
is applicable to any image display apparatuses such as
television sets.

[0066] The first to third embodiments may be used

in an appropriate combination.

[0067]0ther Embodiments

Aspects of the present invention can also be
realized by a computer of a system or apparatus (or
devices such as a CPU or MPU) that reads out and
executes a program recorded on a memory device to
perform the functions of the above-described
embodiments, and by a method, the steps of which are
performed by a computer of a system or apparatus by,
for example, reading out and executing a program
recorded on a memory device to perform the functions of
the above-described embodiments. For this purpose, the
program is provided to the computer for example via a
network or from a recording medium of various types
serving as the memory device (e.g., computer-readable

medium) .
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[0068] While the present invention has been
described with reference to exemplary embodiments, it
is to be understood that the invention is not limited
to the disclosed exemplary embodiments. The scope of
the following claims is to be accorded the broadest
interpretation so as to encompass all such
modifications and equivalent structures and functions.
[0069] This application claims the benefit of
Japanese Patent Application No 2010-164349, filed on
July 21, 2010, which is hereby incorporated by

reference herein in its entirety.
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CLAIMS
1. An image display system including a first image
display apparatus, a second image display apparatus and
an image processing apparatus,
the image processing apparatus comprising:
dividing means for dividing an image to be
displayed into a plurality of partial images;
extracting means for extracting a feature
of entirety of the image to be displayed; and
first communication means for transmitting
a first partial image obtained by the dividing means to
the first image display apparatus, transmitting a
second partial image that is different from the first
partial image obtained by the dividing means to the
second image display apparatus, and transmitting the
feature extracted by the extracting means to the first
image display apparatus and the second image display
apparatus,
the first image display apparatus comprising:
second communication means for receiving
the first partial image and the feature transmitted by
the first communication means; and
first display means for correcting the
first partial image based on the feature and displaying
the corrected first partial image, and
the second image display apparatus comprising:

third communication means for receiving the
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second partial image and the feature transmitted by the
first communication means; and

second display means for correcting the
second partial image based on the feature and

displaying the corrected second partial image.

2. The image display system according to claim 1,
wherein the feature comprises a feature regarding
a luminance or saturation of the entirety of the image

to be displayed.

3. The image display system according to claim 1,
wherein the feature comprises a feature regarding
a luminance histogram or gamma characteristics of the

entirety of the image to be displayed.

4, The image display system according to claim 1,

wherein the second communication means transmits
information regarding a display capability of the first
display means to the image processing apparatus,

the third communication means transmits
information regarding a display capability of the
second display means to the image processing apparatus,
and

the image processing apparatus further comprises
setting means for setting a display reference level of

the first display means and the second display means



WO 2012/011369 PCT/JP2011/064852
- 32 -

based on the display capability information of the
first display means and the display capability

information of the second display means.

5. The image display system according to claim 1,

wherein the first display means corrects gamma
characteristics of the first partial image based on the
feature and displays the corrected first partial image,
and

the second display means corrects gamma
characteristics of the second partial image based on
the feature and displays the corrected second partial

image.

6. The image display system according to claim 1,

wHerein the first display means corrects tone
characteristics or frequency characteristics of the
first partial image based on the feature and displays
the corrected first partial image, and

the second display means corrects tone
characteristics or frequency characteristics of the
second partial image based on the feature and displays

the corrected second partial image.

7. An image display system including a first image
display apparatus and a second image display apparatus,

the first image display apparatus comprising:
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dividing means for dividing an image to be
displayed into a plurality of partial images;

extracting means for extracting a feature
of entirety of the image to be displayed;

first display means for correcting a first
partial image obtained by the dividing means based on
the feature and displaying the corrected first partial
image; and

first communication means for transmitting
a second partial image that is different from the first
partial image obtained by the dividing means to the
second image display apparatus and transmitting the
feature extracted by the extracting means to the second
image display apparatus, and

the second image display apparatus comprising:

second communication means for receiving
the second partial image and the feature transmitted by
the first communication means; and

second display means for correcting the
second partial image based on the feature and

displaying the corrected second partial image.

8. The image display system according to claim 7,
wherein the feature comprises a feature regarding
a luminance or saturation of the entirety of the image

to be displayed.
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9. The image display system according to claim 7,
wherein the feature comprises a feature regarding
a luminance histogram or gamma characteristics of the

entirety of the image to be displayed.

10. The image display system according to claim 7,

wherein the second communication means transmits
information regarding a display capability of the
second display means to the first image display
apparatus, and

the first image display apparatus further
comprises setting means for setting a display reference
level of the first display means and the second display
means based on the display capability information of
the first display means and the display capability

information of the second display means.

11. The image display system according to claim 7,

wherein the first display means corrects gamma
characteristics of the first partial image based on the
feature and displays the corrected first partial image,
and

the second display means corrects gamma
characteristics of the second partial image based on
the feature and displays the corrected second partial

image.
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12. The image display system according to claim 7,

wherein the first display means corrects tone
characteristics or frequency characteristics of the
first partial image based on the feature and displays
the corrected first partial image, and

the second display means corrects tone
characteristics or frequency characteristics of the
second partial image based on the feature and displays

the corrected second partial image.

13. An image display system including a first image
display apparatus, a second image display apparatus and
an image processing apparatus,
the image processing apparatus comprising:

dividing means for dividing an image to be
displayed into a plurality of partial images;

generating means for generating a reduced
image by reducing the size of the image to be
displayed; and

first communication means for transmitting
a first partial image obtained by the dividing means to
the first image display apparatus, transmitting a
second partial image that is different from the first
partial image obtained by the dividing means to the
second image display apparatus and transmitting the
reduced image generated by the generating means to the

first image display apparatus and the second image



WO 2012/011369 PCT/JP2011/064852
- 36 -

display apparatus,
the first image display apparatus comprising:

second communication means for receiving
the first partial image and the reduced image
transmitted by the first communication means;

first extracting means for extracting a
feature of the reduced image; and

first display means for correcting the
first partial image based on the feature extracted by
the first extracting means and displaying the corrected
first partial image,

the second image display apparatus comprising:

third communication means for receiving the
second partial image and the reduced image transmitted
by the first communication means;

second extracting means for extracting a
feature of the reduced image; and

first display means for correcting the
second partial image based on the feature extracted by
the second extracting means and displaying the

corrected second partial image.

14. An image display system according to claim 13,
wherein the feature comprises a feature regarding
a luminance or saturation of entirety of the image to

be displayed.
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15. An image display system according to claim 13,
wherein the feature comprises a feature regarding
a luminance histogram or gamma characteristics of

entirety of the image to be displayed.

16. An image display system according to claim 13,

wherein the second communication means transmits
information regarding a display capability of the first
display means to the image processing apparatus,

the third communication means transmits
information regarding a display capability of the
second display means to the image processing apparatus,
and

the image processing apparatus further comprises
setting means for setting a display reference level of
the first display means and the second display means
based on the display capability information of the
first display means and the display capability

information of the second display means.

17. An image display system according to claim 13,
wherein the first display means corrects gamma
characteristics of the first partial image based on the
feature extracted by the first extracting means and
displays the corrected first partial image, and
the second display means corrects gamma

characteristics of the second partial image based on
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the feature extracted by the second extracting means

and displays the corrected second partial image.

18. An image display system according to claim 13,

wherein the first display means corrects tone
characteristics or frequency characteristics of the
first partial image based on the feature extracted by
the first extracting means and displays the corrected
first partial image, and

the second display means corrects tone
characteristics or frequency characteristics of the
second partial image based on the feature extracted by
the second extracting means and displays the corrected

second partial image.

19. An image processing apparatus that transmits an
image to a first image display apparatus and a second
image display apparatus, the image processing apparatus
comprising:

dividing means for dividing an image to be
displayed into a plurality of partial images;

extracting means for extracting information
indicating a feature of entirety of the image to be
displayed; and

communication means for transmitting a first
partial image obtained by the dividing means to the

first image display apparatus, transmitting a second
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partial image that is different from the first partial
image obtained by the dividing means to the second
image display apparatus, and transmitting the feature
extracted by the extracting means to the first image
display apparatus and the second image display

apparatus.

20. An image processing apparatus that transmits an
image to a first image display apparatus and a second
image display apparatus, the image processing apparatus
comprising:

dividing means for dividing an image to be
displayed into a plurality of partial images;

generating means for generating a reduced image
by reducing the size of the image to be displayed; and

communication means for transmitting a first
partial image obtained by the dividing means to the
first image display apparatus, transmitting a second
partial image that is different from the first partial
image obtained by the dividing means to the second
image display apparatus, and transmitting the reduced
image generated by the generating means reducing the
size of the image to be displayed to the first image
display apparatus and the second image display

apparatus.

21. A method of controlling an image processing
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apparatus that transmits an image to a first image
display apparatus and a second image display apparatus,
the method comprising the steps of:

dividing an image to be displayed into a
plurality of partial images;

extracting a feature of entirety of the image to
be displayed; and

performing communication by transmitting a first
partial image obtained in the dividing step to the
first image display apparatus, transmitting a second
partial image that is different from the first partial
image obtained in the dividing step to the second image
display apparatus, and transmitting the feature
extracted in the extracting step to the first image
display apparatus and the second image display

apparatus.

22. A method of controlling an image processing
apparatus that transmits an image to a first image
display apparatus and a second image display apparatus,
the method comprising the steps of:

dividing an image to be displayed into a
plurality of partial images;

generating a reduced image by reducing the size
of the image to be displayed; and

performing communication by transmitting a first

partial image obtained in the dividing step to the
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first image display apparatus, transmitting a second
partial image that is different from the first partial
image obtained in the dividing step to the second image
display apparatus, and transmitting the reduced image
generated in the generating step by reducing the size
of the image to be displayed to the first image display

apparatus and the second image display apparatus.
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AMENDED CLAIMS
received by the International Bureau on 16 November 2011 (16.11.2011)

1. (Amended) An image display system including a
first image display apparatus, a second image display
apparatus and an image processing apparatus,
the image processing apparatus comprising:
dividing means for dividing an image to be
displayed into a plurality of partial images;
extracting means for extracting a feature of
entirety of the image to be displayed; and
first communication means for transmitting a
 fixst partial image obtained by the dividing means to
the first image display apparatus, transmitting a
second partial image that is different from the first
partial image obtained by the dividing means to the
second image display apparatus, and transmitting the
feature extracted by the extracting means to the first
image display apparatus and the second image display
apparatus,
the first image display apparatus comprising:
second communication means for receiving the
first partial ‘image and the feature transmitted by the
first communication unit; and
first display means for correcting the first
partial image based on the feature and displaying the
corrected first partial image, and
the second image display apparatus comprising:

third communication means for receiving the

AMENDED SHEET (ARTICLE 19)
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second partial image and the feature transmitted by the
first communication means; and
second display means for cofrecting the

second partial imagé based on the feature and
displaying the corrected second partial image,

wherein the second communication means transmits
information regarding a display capability of the first
display means to the image processing apparatus,

the third communication means transmits
information regarding a display capability of the
second display means to the image processing apparatus,
and

the image processing apparatus further comprises
setting means for setting a display reference level of
the first display means and the second display means
based on the display capability information of the
first display means and the display capability

information of the second display means.

2. The image display system according to claim 1,
wherein the feature comprises a feature regarding
a luminance or saturation of the entirety of the image

to be displayed.
3. The image display system according to claim 1,

wherein the feature comprises a feature regarding

a luminance histogram or gamma characteristics of the

AMENDED SHEET (ARTICLE 19)
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entirety of the image to be displayed.
4, (Cancelled)

5. The image display system according to claim 1,
wherein the first display means corrects gamma
characteristics of the first partial image based on the
feature and displays the corrected first partial image,

and

the second display means corrects gamma
characteristics of the second partial image based on
the feature and displays the corrected second partial

image.

6. The image display system according to claim 1,

wherein the first display means corrects tone
characteristics or frequency characteristics of the
first partial image based on the feature and displays
the corrected first partial image, and

the second displéy means corrects tone
characteristics or frequency characteristics of the
second partial image based on the feature and displays

the corrected second partial image.
7. (Amended) An image display system including a

first image display apparatus and a second image

display apparatus,

AMENDED SHEET (ARTICLE 19)
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the first image display apparatus comprising:
dividing means for dividing an image to be
displayed into a plurality of partial images;
extracting means for extracting a feature of
entirety of the image to be displayed;

. first display means for c¢orrecting a first
partial image obtained by the dividing means based on
the feature and displaying the corrected first partial
image; and

first communication means for transmitting a
second partial image that is different from the first
partial image obtained by the dividing means to the
second image display apparatus and transmitting the
feature extracted by the extracting ﬁeans to the second
image display apparatus, and |

the second image display apparatus comprising:
second communication means for receiving the
second partial image and the feature transmitted by the
first communication means; and

second display means for correcting . the
second partial image based on the feature and
displaying the corrected second partial image,

wherein the second communication means transmits
information regarding a display capability of the
second display means to the first image display
apparatus, and

the first image display apparatus further

AMENDED SHEET (ARTICLE 19)
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comprises setting means for setting a display reference
level of the first display means and the second display
means based on the display capability information of
the first display means and the display capability

information of the second display means.

8. The image display system according to ¢laim 7,
wherein the feature comprises a feature regarding
a luminance or saturation of the entirety of the image

to be displayed,

9. The image display system according to claim 7,
wherein the feature comprises a feature regarding
a luminance histogram or gamma characteristics of the

entirety of the image to be displayed.
10. (Cancelled)

11. The image display system according to claim 7,
wherein the first display means corrects gamma
characteristics of the first partial image based on the
feature and displays the corrected first partial image,

and

the second display means corrects gamma
characteristics of the second partial image based on
the feature and displays the corrected second partial

image.

AMENDED SHEET (ARTICLE 19)
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12. The image display system according to claim 7,

wherein the first display means corrects tone
characteristics or frequency characteristics of the
first partial image based on the feature and displays
the corrected first partial image, and

the second display means corrects tone
characteristics or frequency characteristics of the
second partial image based on the feature and displays

the corrected second partial image.

13. (Amended) An image display system including a
first image display apparatus, a second image display
apparatus and an image processing apparatus,
the image processing apparatus comprising:
dividing means for dividing an image to be
displayed into a plurality of partial images:
generating means for generating a reduced
image by reducing the size of the image to be
displayed: and
| first communication means for transmitting a
first partial image obtained by the dividing means to
the first image display apparatus, transmitting a
second partial image that is different from the first
partial image obtained by the dividing means to the
second image display apparatus and transmitting the

reduced image generated by the generating means to the

AMENDED SHEET (ARTICLE 19)
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first image display apparatus and the second image
display apparatus,
the first image display apparatus comprising:

second communication means for receiving the

first partial image and the reduced image transmitted

by the first communication means;

first extracting means for extracting a
feature of the reduced image; and
first display means for correcting the first
partial image based on the feature extracted by the
first extracting means and displaying the corrected
first partial image,:
the second image display apparatus comprising:
third c¢ommunication means for receiving the
second partial image and the reduced imaée transmitted

by the first communication means:;

second extracting means for extracting a

feature of the reduced image; and

first display means for correcting the second

partial image based on the feature extracted by the
second extracting means and displaying the corrected
second partial image,

wherein the second communication means transmits
information regarding a display capability of the first
display means to the image processing apparatus,

the third communication means transmits

information regarding a display capability of the

AMENDED SHEET (ARTICLE 19)
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second display means to the image processing apparatus,
and

the image processing apparatus further comprises
setting means for setting a display reference level of
the first display means and the second display means
based on the display capability information of the
first display means and the display capability

information of the second display means.

14. An image display system according to claim 13,
wherein the feature comprises a feature regarding
a luminance or saturation of entirety of the image to

be displayed.

15, An image display system according to claim 13,
wherein the feature comprises a feature regarding
a2 luminance histogram or gamma characteristics of

entirety of the image to be displayed.
l16. (Cancelled)

17. An image display system according to claim 13,
wherein the first display means corrects gamma
characteristics of the first partial image based on the
feature extracted by the first extracting means and

displays the corrected first partial image, and

the second display means corrects gamma

AMENDED SHEET (ARTICLE 19)
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characteristics of the second partial image based on
the feature extracted by the second extracting means

and displays the corrected second partial image.

18. An image display system according to claim 13,

wherein the first display means corrects tone
characteristics or frequency characteristics of the
first partial image based on the feature extracted by
the first extracting means and displays the corrected
first partial image, and

the second display means corrects tone
characteristics or frequency characteristics of the
second partial image based on the feature extracted by
the second extracting means and displays the corrected

second partial image.

19. (Amended) An image processing apparatus that
transmits an image to a first image display apparatus
and a second image display apparatus, the image
processing apparatus comprising:

dividing means for dividing an image to . be
displayed into a plurality of partial images;

extracting means for extracting information
indicating a feature of entirety of the image to be
displayed; and

communication means for transmitting a.first

partial image obtained by the dividing means to thé

AMENDED SHEET (ARTICLE 19)
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first image display apparatus, transmitting a second
partial image that is different from the first partial
image obtained by the dividing means to the second
image display apparatus, and transmitting the feature
extracted by the extracting means to the first image
display apparatus and the second image display
apparatus,

wherein said communication means receives
information regarding a display capability of the first
image display apparatus and recelves information
regarding a display capability of the image display
apparatus,

wherein the image processing apparatus further
comprises setting means for setting a display reference
level of the first image display apparatus and the
second image display apparatus based on the display
capability information of the first image display
apparatus and the display capability information of the

second image display apparatus.

20. (Amended) An image processing apparatus that
transmits an image to a first image display apparatus
and a second image display apparatus, the image
processing apparatus comprising:

dividing means for dividing an image to be
displayed into a plurality of partial images:;

generating means for generating a reduced image by

AMENDED SHEET (ARTICLE 19)
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reducing the size of the image to be displayed: and

communication means for transmitting a first
partial image obtained by the dividing means to the
first image“display apparatus, transmitting a second
partial image that is different from the first partial
image obtained by the dividing means to the second
image display apparatus, and transmitting thé reduced
image generated by the generating means reducing the
size of the image to be displayed to the first image
display apparatus and. the second image display
appaxatus, |

wherein said communication means receives
information regarding a display capability of the first
image display apparatus and receives information
regarding a display capability of the image display
apparatus,

wherein the image processing apparatus further
comprises setting means for setting a display reference
level of the first image display apparatus and the
second image display apparatus based on the display
capability information of the first image display
apparatus and the display capability information of the

second image display apparatus.
21. (Amended) A method of controlling an image

processing apparatus that transmits an image to a first

image display apparatus and a second image display

AMENDED SHEET (ARTICLE 19)
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apparatus, the method comprising the steps of:

dividing an image to be displayed into a plurality
of partial images:;

extracting a feature of entirety of the image to
be displayed:

performing communication by transmitting a first
partial image obtained in the dividing stép to the
first image display apparatus, transmitting a second
partial image that is different from the first partial'
image obtained in the dividing step to the second image
display apparatus, and transmitting the feature
extracted in the extracting step to the first image
display apparatus and the second image display
apparatus;

receiving information regarding a display
capability of the first image display apparatus and
receiving information regarding a display capability of
the image display apparatus:; and

setting a display reference level of the first
image display apparatus and.the second image display
apparatus based on the display capability information
of the first image display apparatus and the display
capability information of the second image display

apparatus.

22. (Amended) A method of controlling an image

processing apparatus that transmits an image to a first

AMENDED SHEET (ARTICLE 19)
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image display apparatus and a second image display
apparatus, the method comprising the steps of:

dividing an image to be displayed into a plurality
of partial images; | '

generating a reduced image by reducing the size of
the image to be displayed;

performing communication by transmitting a first
partial image obtained in the dividing step to the
first image display apparatus, transmitting a second
partial -image that is different from the first partial
image obtained in the dividing step to the second image
display apparatus, and transmitting the reduced image
generated in the generating step by reducing the size
of the image to be displayed to the first image display
apparatus and the second image display apparatus;

receiving information regarding a display
capability of the first image display apparatus and
recei&ing information regaxrding a display capability of
the image display apparatus; and

setting a display reference level of the first
image display apparatus and the second image display
apparatus based on the display capability information
of the first image display apparatus and the display
Eapability information of the second image display

apparatus.
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