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(57) Abstract: Hybrid image projection systems and methods can
superimpose image components of an input image. An input image
can be divided into smaller regions and at least one parameter of
each region can be determined. The input image can be decom-
posed based on the parameter of each region into multiple, less cor-
related, orthogonal or quasi-orthogonal image components. Each
projector can display respective image components so that the im-
ages projected may be optically superimposed on a screen. The su-
perposition of orthogonal or quasi-orthogonal image components
can result in superposition of images in an existing multi-projector
image systems being more insensitive to inter-projector image mis-
alignment. Superimposing orthogonal or quasi- orthogonal images
can be used to avoid visible image degradation, and provide more
robust image quality in a multiple projector system implementation.
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HYBRID IMAGE DECOMPOSITION AND PROJECTION

[0001] [intentionally deleted]

Technical Field
[0002]  The present application relates generally to image projection systems and,
more particularly (although not necessarily exclusively), to image projections systems
that can output image components that are orthogonal or quasi-orthogonal to each other

for being superimposed when displayed.

Background
[0003] A multiple projector system can be used to superimpose images to realize
benefits such as higher brightness, a flicker-free image and an image with largely reduced
screen door effect.  Current multiple projector systems require very accurate inter-
projector (i.e. between projectors) image registration to a sub-pixel level to achieve a
similar image sharpness that can be realized from a single projector system. Current
multiple projection systems that use warping engines to warp one projected image onto
another projected image may do so within less than one pixel accuracy. However, image
registration accuracy can degrade from system measurement error, optical non-

uniformity, thermal drift over time and projector mechanical vibration. The problems can
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be exacerbated when projecting images are of resolution such as 4096x2160 (4K) or
higher, which may need to be superimposed with a finer spatial alignment accuracy.
[0004]  Another problem that may lead to image degradation in superimposed images
can occur when warping one image to match another, which can have a limitation in
image quality caused by digital pixel resampling. Image degradation caused by digital
image resampling can make the image appear softer, less sharp because of more or less
high frequency information loss during the resampling.

[0005] When even more projected images are superimposed from projectors in a
multi-projection to further increase the dynamic brightness range of the superimposed
image, the accuracy of alignment between the projected images can become more
challenging. In such systems, the image of the superimposed images may suffer from
alignment degradation more casily, and limit the potential to be recalized with the
increcased number of projectors in a multi-projection system, in particular if projected
images are from projectors that have a different image projection resolution.

[0006]  Systems and methods are desirable that can tolerate a greater degree of image
alignment error of superimposed projected images yet allow the perceived superimposed

image to have the same image quality as if projected from one projector.

Summary
[0007]  Certain aspects and features relate to outputting image components of an input
image for being superimposed, where the image components are orthogonal or quasi-
orthogonal to each other.
[0008] In one aspect, a method is provided for converting input image data for a

hybrid image projection system. The input image data represents an input image. The
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input image data is divided into at least two image regions based on content of the input
image. Parameters for the image regions are determined, where at least one parameter is
determined for each of the image regions. A first image component and a second image
component are produced by decomposing the input image based on the parameters. The
first image component is orthogonal or quasi-orthogonal with the second image
component. The first image component is displayed by a first display device. The
second image component is displayed by a second display device. The second image
component is superimposed on the first image component to produce a final image.

[0009] In another aspect, a multiple projector system is provided. The multiple
projector system includes an input, a processor, a first system functional module, a second
system function module, a first projector, and a second projector. The input can receive
input image data representing an image. The processor can proccess the input image data.
The processor can output a first image component and a second image component based
on the input image data by dividing the image into image regions based on image content
and decomposing the image into the first image component and into the second image
component that is orthogonal or quasi-orthogonal to the first image component. The first
system function module can modify the first image component. The second system
function module can modify the second image component. The first projector can display
the modified first image component. The second projector can display the modified
second image component superimposed on the modified first image component.

[0001]  These illustrative aspects and features are mentioned not to limit or define the
invention, but to provide examples to aid understanding of the inventive concepts
disclosed in this disclosure. Other aspects, advantages, and features of the present

invention will become apparent after review of the entire disclosure.
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Brief Description of the Drawings
[0010]  Figure 1 is a flow diagram of method for a hybrid image projection system
according to one aspect.
[0011]  Figure 2 is a flow diagram of a multiple level structure and hierarchy of an
image decomposition process according to one aspect.
[0012]  Figure 3 is a flow diagram of image processing steps of a hybrid image
projection system using modified empirical mode image decomposition (MEMD)
according to one aspect.
[0013]  Figure 4 illustrates image region sub-divisions for region-based adaptive image
decomposition according to certain aspects.
[0014]  Figurc 5 is a chart of a onc-dimensional (1D) cross-section example of a
MEMD method according to one aspect.
[0015]  Figure 6 is a two-dimensional (2D) example picture illustrating image
decomposition from a MEMD mecthod according to one aspect.
[0016] Figure 7 depicts charts of a 1D example of image decomposition at one level
using MEMD according to one aspect.
[0017]  Figure 8 is a picture illustrating superimposed image quality comparison
between the result from a traditional projection under misalignment and a hybrid image
projection according to one aspect.
[0018] Figures 9a-¢ illustrate conditions when fallback operation is used in the
MEMD method according to certain aspects.
[0019] Figure 10 is a flow chart of a MEMD method in which a three component

color image is processed according to one aspect.
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[0020]  Figure 11 is a system diagram of a hybrid image projection system having dual

projectors according to one aspect.

Detailed Description

[0021] Certain aspects of the invention relate to hybrid image projection methods and
multi-projector systems. Instead of sending a highly correlated identical image to each
projector as in a traditional superimposing multi-projector system, a hybrid image
projector according to some aspects can divide an input image into smaller regions and
determine at least one parameter of each region, then decompose the input image based
on the parameter of each region into multiple, less correlated, orthogonal or quasi-
orthogonal image components. Each projector can display respective image components
so that the images projected may be optically superimposed on a screen. Even though the
underlying propertics of orthogonal or quasi-orthogonal images may be different than that
of original images, when the orthogonal or quasi-orthogonal images are superimposed,
the image quality can be substantially the same as when original images are perfectly
superimposed or better when superimposed original images are slightly misaligned in a
multi-projector system. The superposition of orthogonal or quasi-orthogonal images can
result in superposition of images in an existing multi-projector image systems being more
insensitive to inter-projector image misalignment. Superimposing orthogonal or quasi-
orthogonal images can be used to avoid visible image degradation, and provide more
robust image quality in a multiple projector system implementation.

[0022] A possibility can arise to increase image fidelity even under a perfect inter-
projector alignment condition by applying warping processing to image components with

lower spatial frequencies and leaving image components with higher spatial frequencies
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unwarped. Additionally, the whole system image intensity resolution, (sometimes
referred to as digital dynamic range for each color) can be increased by at least a factor of
the total number of projectors. Increasing image intensity resolution can reduce color
banding artifacts, also known as color contouring artifacts. Color banding artifacts can
occur when step changes in color and/or brightness are visible as a result of low color or
brightness resolution. Banding artifacts can be significant when very high contrast and
high brightness projectors are used. Systems and methods according to some aspects can
provide the flexibility to mix heterogeneous projectors, such as projectors with different
image quality performance characteristics (e.g. different spatial resolution, or brightness
lumens, or contrast). In a stereoscopic dual projector system, hybrid image projection can
also decouple the lighting control of running the system at different light source power
levels for 2D and three-dimensional (3D) display. With a hybrid image projection
system, flexibility to adjust 3D light levels to better meet brightness demands for 3D
presentations independent of the optimum setting for a 2D presentation can be realized.
For the 2D presentation, the hybrid image projection method can improve the robustness
of image quality displayed when superimposed images are displayed by multiple
projectors and there is spatial misalignment between the superimposed images. For
example, a dual projection system that uses hybrid image projection methods according to
certain aspects may display a better quality image, or at least display an image quality that
is the same as a dual projection system that displays two of the same images
superimposed. Hybrid image projection methods and systems to display a superimposed
image may avoid producing an image quality that is worse than the traditional projection
that superimposes the same images. Using hybrid image projection methods in a multiple

projection display system can be a low risk solution to improving image quality. Hybrid
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image projection can enable a multiple projection system to combine benefits from both a
multiple projection and a single projection systems, while avoiding the shortcomings of
both. For example, a hybrid image projection system can create a superimposed image
where image sharpness is similar to that of an image projected by a single projector but
there can be increased image brightness and reduced image screen door artifacts.

[0023] These illustrative examples are given to introduce the reader to the general
subject matter discussed here and are not intended to limit the scope of any claim. The
following sections describe various additional aspects and examples with reference to the
drawings.

[0024] Figure 1 shows a block diagram of a method for a hybrid image projection
system according to one aspect. A hybrid image projection system may be a projection
system that includes morc than onc projector. Each projector can be the same type or
each can be a different type. For a multiple projector display system with » projectors,
the » projectors can display an image and contribute to the final image on the screen. The
n images can be superimposed for boosting image brightness. In a traditional dual-digital
projection system, each projector is the same type, displays the same image and requires a
calibration process to accurately align the images. The calibration process is repeated
periodically to maintain optimal image display performance. After the projection system
has been optimally calibrated, the digital resampling carried out in the warping operation
can introduce a loss of image detail in the final image displayed on the screen. If more
projectors are used, the loss of image detail may increase. Several factors may cause
spatial alignment between the superimposed images to change over time. Such factors
can include thermal variations and mechanical vibration. Hybrid image projection

methods according to some aspects can help reduce the effects of change to image quality
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by computing with a processor a different set of image components that each projector
can display for a superimposed image.

[0025] If two images being superimposed are highly similar and have correlated
image information in spatial domain or in frequency domain, representation may be
highly non-zero and overlapped due to their non-orthogonality, and can result in there
being a large overlap of information components from one image space to another. A
slight shift from spatial alignment may cause great spatial distortion and spurious
frequency components in the final superimposed image displayed. This overlap of
information leading to spatial distortion can be explained in terms of the Fourier
transform theorem.

[0026] In a lincar system, if two images are superimposed in spatial domain, the
images arc also superimposed in the frequency domain. Fourier transform thecorem can
indicate that a shift in spatial domain can translate a phase shifting term multiplicative to
a signal’s Fourier transform in frequency domain. This can add distortion to the final
superimposed signal (i.e. image) if two signals are non-trivially overlapping in their
Fourier Transforms. To make a system insensitive or substantially insensitive to the
shifting, two signals can have minimized frequency overlapping. For example, if two
signals (i.e. image components) are orthogonal to each other, the spatial registration
accuracy can have minimal effect to the final superimposed signal. If they are quasi-
orthogonal, the sensitivity to the spatial relative shifting can be reduced.

[0027] If two image signals are normalized, and the spatial 2D convolution of two
image signals (also referred to mathematically as the inner production or dot product) is
close to a constant or 0, then these two image signals can be called mutually orthogonal

or quasi-orthogonal. The orthogonal relationship can also be expressed when the
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multiplication of two Fourier transforms is close to a delta function that is zero
everywhere except at frequency zero. Two orthogonal or quasi-orthogonal images may
normally show less similarity in spatial domain and less disjointness in frequency
domain.

[0028] Assuming two images are f and g, the Fourier transforms of each image are
and G, respectively. The orthogonality measure can be (f *g)(x) = ” fngx—y)dy=c
or F-G=cd(w). Image data can be computer generated or captured with image sensors
such as in a camera. Image data that is generated by a computer can be generated so that
when hybrid image projection methods according to some aspects are applied to the
computer-generated image data, ideal orthogonal image components can be computed to
be displayed. In some situations image data is not such that it is possible to generate ideal
orthogonal image components and it may be possible to generate quasi-orthogonal image
components by having (f*g)x)=c or F-G=cd(w). For superimposing a pair of
quasi-orthogonal images, the image quality sensitivity to the spatial shifting can be
greatly reduced. The measure of orthogonality can be applied to exceptional cases when
one of two signals is not properly normalized in the 0 to 1 range. In this case, the above
orthogonality measure can still be used to evaluate the shifting insensitivity.

[0029] For example, one image F contains only low frequency information (i.e., it
does not have any information above a threshold frequency @, ) and there is another ideal
image G that contains only high frequency information such that it does not have any
information below @,. Because the dot product of the two images F-G =0, F and G are
orthogonal images. The spatial relative shifting between the two superimposed
orthogonal images can have minimal effect to the final displayed image quality. As long

as F-G is small (therefore quasi-orthogonal), the low frequency image and high
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frequency image may be insensitive to a small registration error in superposition.
However, it may be difficult to obtain two image components in which one has only

frequency components above @, and one that has frequency components below @, .
[0030] In another example, image information below a threshold frequency @, is
referred to a low frequency info and image info above @, is referred to as high frequency

information. F is a band passed image that contains only intermediate frequency

components between a lower and upper threshold frequency (@,, to @,, ) where @, is
between w,, and @,, and another image G contains frequencies outside of those covered
by image 7, including the frequencies below the lower frequency threshold «@,, and the
high frequencies above the higher frequency threshold @,,. In this case, both F and G

contain a certain portion of low frequency information and a certain portion of high
frequency information. By adjusting thresholding frequencies w,, and @,,, F and G can
have any combination of low and high frequency energy. Neither /7 nor G can have
significantly low frequency information or high frequency information. With this
exemplary image signal pair, because F -G is also small, the sensitivity to the alignment
error between the two superimposed image components can be low due to quasi-
orthogonality.

[0031] In another example, image F' is a normal image and image G is not normalized
but has very small magnitude. Because F-G is small, the sensitivity to the alignment
error between the two superimposed image components can be reduced.

[0032] In another example, two images F and G both contain only low frequency
information (i.e., the images do not have any information above the same or different
threshold frequency). Depending on how low the threshold frequency is, F-G may be

small except for frequencies very close to zero — similar to a delta function. Because of

10



CA 02842572 2014-01-21
WO 2013/024430 PCT/IB2012/054133

this quasi-orthogonality, the sensitivity to the alignment error between the two
superimposed image components can be low.

[0033] In another example, two images F and G both contain certain amount low
frequency information (i.e. the images have information below the same or different
threshold frequency). One image also has high frequency information. In this case, F-G
may be small except for frequencies very close to zero - much like a delta function.
Because of this quasi-orthogonality, the sensitivity to the alignment error between these
two superimposed image components can be low.

[0034] In another example, two images F and G both contain only high frequency
information (i.c., the images do not have any information below a samc or different
threshold frequency). Depending on how low the threshold frequency is, -G can be
small around low frequencies and large at higher frequencies. The images can be less
orthogonal to each other and the sensitivity to the alignment error between the two
superimposed image components can be high.

[0035] In another example, one image F contains normal frequency information
ranging from low to high and another image G is a normalized white noise image (i.e., G
is constant). F-G can be proportional to F and may not be close to a delta function.
The images are less orthogonal to each other such that the sensitivity to the alignment
error between the two superimposed image components can also be high.

[0036] In a hybrid image projector according to some aspects, a processor can
decompose an input image into n quasi-orthogonal image signals for an n-projector
projection system. The » signals can be almost orthogonal to each other such that a slight
shift in spatial alignment between the superimposed quasi-orthogonal images may not

cause large perceived image quality degradation. The resultant image of the

11
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superimposed images can be of the same or better in image quality than two original
images superimposed by a dual projection system and the resultant image can be brighter
than an original image displayed from a single projector. The image decomposition
algorithms used in a hybrid projector may be mathematically accurate and provide a
constraint that results in the image component values being non-negative and within the
brightness range capability of each display or projector.

[0037] In Figure 1, original input image data (105) for 2D display is transmitted from
image playing server to a multiple projector display system that can implement hybrid
image projection methods according to some aspects. The input image may be gamma
correct and can be considered to be in gamma corrected space. The gamma corrected
image can be gamma decoded into linear color space (107) for subsequent steps and
algorithms. After the image data has been converted to lincar space, an image analysis
algorithm can be used to determinc how the image can be divided into multiple image
regions based on the image local content (110). Image regions can be of the same size or
different sizes. For example, in one aspect, 3-by-3 image pixel square regions can be
used to divide an image into a regular grid of blocks, resulting in each image region
having the same size. In another aspect, a region decomposition algorithm can be used to
divide the image into an irregular grid of blocks, such as a quad-tree structure, in which
smaller regions can show up in heavy textured image arcas and sparse, bigger regions can
appear in relatively smoothed image areas. Image region-based processing can help in
adjusting parameters of image decomposition filters to adapt to the local image content.
For example, if a spatial low pass filter is used in the image decomposition algorithms,
the choice of cutoff frequency of this low pass filter can be proportional to the local

image content frequency distribution, resulting in an optimally balanced local frequency
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separation, which may be useful to reduce the outlier pixels for artifacts. Outlier pixels
may be pixels that have significantly different values relative to other image pixels.
Smaller regions can allow the local high frequency features to be followed better, while
larger regions can be suitable for sparse features and relatively smoothed areas. Dividing
an image into regions based on image content may provide the optimal adaptation to local
image content for the image decomposition algorithm (115) and decompose the signal
into minimal correlated and balanced image components, or called quasi-orthogonal
components. The region-based image quasi-orthogonal component decomposition can
help reduce the number of possible fallback pixels and improve the overall image quality.
Fallback pixels may be those pixels containing high frequency image information and that
are supposed to be in one of the image components, but have values that exceed a
normalized maximum threshold (a constraint of a display device). For fallback pixcls, the
amount of value exceeding the maximum threshold can fall back to the other image
components which are not saturated against the maximum threshold. Fallback pixels can
be a source of artifacts in the projected image components under misalignment and the
source of color artifacts if projectors are not uniform in brightness, color and pixel size.
Pixels identified as fallback pixels can be modified to prevent pixel artifacts from
appearing in the displayed superimposed images.

[0038] Block (115) may be useful for image decomposition. Image decomposition
can include adaptive image decomposition into multiple quasi-orthogonal image
components that can be displayed by each projector. As described earlier, there can be
several methods and ways to construct a set of quasi-orthogonal image components. In

one aspect, a Modified Empirical Mode Decomposition (MEMD) method can be used.
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Numerous other methods, however, can also be applied in a similar way to achieve the
quasi-orthogonality decomposition.

[0039] In an n projector system, after MEMD image decomposition, the first image
component L, can contain the input image information with combination of low
frequency band and high frequency fallback pixels. The other image components
containing different levels of detail information in different frequency bands can be
identified as L, L,, to H,_ ;. Identification of the other image components and a hierarchy
of image components according to one aspect is described below in more detail with
respect to Figure 2. Each image component can include a different spatial frequency
component resulting from a local adaptive filter process applied to the input image within
image regions. One method of the image decomposition algorithms is described below in
more detail with respect to Figure 3.

[0040] After the input image is decomposed into multiple separate decomposed image
components, each can be provided to separate projectors (130, 135, 137), via a separate
additional image processing path, for displaying on a screen. Each of the additional
image processing paths (120, 125, 127 and 140, 145, 147 and 130, 135, 137) can process
the separate decomposed image components in a similar way. Each of the decomposed
image components can be processed first by a High Dynamic Range (HDR) rounding
function R at blocks (120, 125, 127) within each image region to improve the brightness
dynamic range representation capability or color resolution of the whole hybrid image
projector system. Decomposed image components subsequent to the HDR rounding
function can be modified by a pixel-based geometric warping process for inter-projector
registration, and with gamma correction for displaying. Each member projector can

receive and display each processed and corrected image component in blocks 130, 135
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and 137. Block 180 represents the resulting improved image when the image components
are projected and optically superimposed on a screen.

[0041] In one aspect, blocks 107, 110, 115, 120, 125 and 127 can be implemented in
an image processing device or image enhancer hardware. Blocks 130, 135, 137 represent
the image processing inside each projector to display an image on a screen to produce a
resultant image (180).

[0042] Figure 2 illustrates a multiple level structure and hierarchy of the image
decomposition process of block 115 in Figure 1 according to one aspect. The image
decomposition core algorithm can be an MEMD decomposition algorithm. The MEMD
decomposition algorithm can decompose images in multiple levels. Each level of
decomposition can divide the input image (also referred to as Intrinsic Mode Function
(IMF)) into two image components - on¢ current level, minima mode image and the other
one the next level IMF image. For projection system applications, received input image
data (205) can be in linear space. For a dual projector system, one level of MEMD
decomposition is needed (210). Assuming k represents the decomposition level, then
k=0. The first image component is Ly (214), the second image component is Hy (215).
For projector system that has more than two projectors, the MEMD can continue to the
next level k=1 of decomposition (220) to produce the next level first image component [,
(224) and the second level second image component H; (225). At this level of MEMD,
the previous level second image component Hy becomes IMF of current level. At level
k=1, three decomposed image components are outputted, which are image component L,
(214), L, (224) and image component H, (225). Two levels of MEMD can be used for a
three projector hybrid image projection system. If four or more projectors are used, the

third level or more of MEMD can be used to generate new image components (230). At
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level k=2, the image component H; (225) can become the new IMF for the next level
(level £=3) of decomposition until the image components are generated for each
projector. For an n-projector hybrid projection system, #» minus 1 levels of MEMD image
decomposition can be used to generate » decomposed images, which are L, (214), L;
(224), L,, ... L,; (234) and H,,, (235). Multiple levels of MEMD can form a binary tree-
like decomposition hierarchy with each intermediate level generating an outputting node
image L, except for the last level the IMF detail image Hy, which can be an outputted
node image.
[0043] Figure 3 illustrates image processing steps of the hybrid image projection
using modified empirical mode image decomposition (MEMD) for an n-projector system.
Assuming input image data from a playing server is in gamma corrected space and
initially MEMD is at the first level &=0 (305), the images can be first gamma decoded and
converted into linear space image X (307).
[0044] After the image data is converted to linear space, the image within each region
can be decomposed into two image components at current level £ Assuming the linear
space image i1s X, two image components are L and H respectively, and the final
superimposed image is 2X, the desired image decomposition method can satisfy the
following:
1) Orthogonality or Quasi-orthogonality:Fourier transforms of components satisfy or
substantially satisfy F(L)- F(H) = 0(w);
2) Image fidelity and completeness with respect to original image: for any image pixel
location p, L tHpy=2X )
3) Non-negative constraint: L, Hp) >= 0;

4)  Brightness practical limit: L), He,) <= 1;
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5) Local adaptivity: decomposition optimally adapts to local image properties; and

6) Brightness balancing control: mean(L) = &-mean(H), where “mean()” represents

average brightness of an image component; o is the desired ratio that will be

predefined and is greater than zero.

[0045]

In one aspect, a hybrid projection system can use spatial domain MEMD

decomposition method for decomposing the image into two image components (L and H).

In some implementations, the following steps can be used:

1))

2)

3)

4)

5)

6)

For a given input 2D image X, determine an optimal way to divide it into spatial
regions.

Within each predefined spatial region, determine the local minima value of the
input image X and its location;

Determine a balancing factor » and modify each local minima wvalue by
multiplying them with b.

Interpolate the modified local minima values into a low frequency surface as the
first image component L such that no value of superimposed image 2.X is smaller
than the value of the first image component L (i.e. L=min(L, 2X)).

Subtract the value of image component L from the value of superimposed image
2X to obtain the value of the second image component A (i.e. H=2X-L), which
may be quasi-orthogonal to image component L because F(L)F(H) < F(X)%, where
“F()” represents a Fourier transform operation.

Detect component values when the value of image component A is more than 7,
(where T is a maximum possible value of X) and the excessive value in image
component H falls back to the value of image component L (i.e. when L = L +

max(H-T,0)). Situations where image component H is more than 7 may be rare.
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[0046] The following description is based on the above hybrid projection with
MEMD decomposition. An image analysis algorithm using a predefined function can be
used to determine how the image can be divided optimally into multiple image regions
based on the image local content (310). The image regions can be the same size or
different sizes. For example, in one aspects a square 3-by-3 pixel region can be used to
divide up an image into a regular grid of blocks, resulting each block image region having
the exactly same size. In another aspect, a quadtree structure-like region decomposition
algorithm can be used to divide image into an irregular grid of blocks, where several
smaller block regions can appear in heavy textured image areas and bigger block regions
can appear in relatively smoothed image arcas.

[0047] After the image regions are determined, at least one parameter for each region,
for example the 2D local minima valucs and the locations of those minima values, can be
identified within each region or block region (315). If the image is a color image, then
the minima can be determined for each color component (e.g. RGB, XYZ) that is
included in the color image. The minima and their locations can be defined as a value
equal to the smallest value within their image block region. These values may be referred
to as 2D local minima and their locations may be referred to as local minima locations.
The result can be a 2D irregular mesh grid My with a known local minima value for each
block region and a value location in the block region where other locations in the block
region have undefined values. This mesh grid can be used to generate a continuous
smooth lower bounding surface of the input 2D image X and can be an initial estimation
of the first image component L for a decomposition level .

[0048] In the block 320, a brightness balancing factor b; can be determined. The

brightness balancing factor b; can be used to control automatically the balancing of the
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average image brightness of the two decomposed image component L and H at each
MEMD level £. Each level of MEMD can have its own independent brightness balancing
factor. In one aspect of a dual projector system, the average image brightness between
two decomposed image components L and H can be same or very close to each other.
Balancing image brightness of left and right projectors can minimize thermal drift
between left and right projectors, which can minimize image registration or alignment
error and allow the warping to work as effectively as when the system was last calibrated.
Another benefit that may be realized is that a balanced thermal drift between left and right
images can minimize the registration degradation in a dual projector setup. Unbalanced
thermal drift between left and right projectors may result in unpredictable misalignment
degradation. The brightness balancing factor for decomposition level k can be calculated
for cach imagc color 1 as follows:

mean(M ;)
b= mean(X, ;) ,
1, other

7), mean(X)>0 1)
My; is the irregular mesh grid of 2D local minima of image channel i at level & calculated
in the previous block (315). Xj; is the input 7 channel image values at level k. For
example, b,=1 means the average brightness of L and H image component value are the
same. 7 is a predefined threshold or limit of the final brightness balancing factor by,
When mean(X) is a very small number, the brightness balancing factor can be large and
may be limited to the value of 1. This may be useful to minimize possible undesirable
brightness artifacts.

[0049] After brightness balancing factor b is determined, the 2D local minima mesh
grid My can be multiplied with b; to obtain modified 2D local minima mesh grid M’ (i.e.

M’ =by - My ) (315). The output data of block 315 can be used to generate a continuous
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smooth lower bounding surface of the input 2D image X, which can be a first image
component L, for a decomposition level £.
[0050] In block 325, the interpolation from M’ to L, can be performed by using a
linear or non-linear method. Examples of a linear interpolator and a non-linear
interpolator are described below, but interpolation is not limited to the example
algorithms — any linear and non-linear scattered data interpolation algorithms can be used.
[0051] In one aspect, a fast linear interpolator can be used to smoothly interpolate the
modified 2D local minima mesh grid M,’ to a smoothed surface L,. This interpolator is a
linear triangular interpolator. For every non-minima, value undefined pixel within M,’,
the nearest three known neighbor pixels Py, P, and P; are determined. The three neighbor
pixels P, P, and P; can form a triangle. The unknown pixel v and its neighbor pixels
have values and coordinates v(X,y), v;(X1,y1), Va(X2,¥2) and v3(Xs,y3), such that:
Jvl =ax, +by, +c
v, =ax, +by,+c¢

(2)

v, =ax, +by, +c¢
v=ax+by+c

The above linear system can be solved to find value v; a, b, ¢ are variables.

[0052] In another aspect, a Clough-Tocher method (i.e. cubic triangular interpolator
such as explained in Isaac Amidror, “Scattered data interpolation methods for electronic
imaging systems: a survey,” Journal of Electronic Imaging, April 2002) can be used. The
same triangle neighbor pixels around interpolating pixel can be found, and the original

triangular Py, P, and P; can be further split into mini Bezier patches. v,,v,,v, can be three
values of the three vertexes of Py, P, and Ps, respectively. b ,by50.0005 can be
barycentric coordinates of P,, P, and P; b, can be the barycentric coordinates of the

interpolation pixel. b,,,b,,, can be barycentric coordinates of two control points
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located on triangular side P\P,. b, ,,,b,,, can be barycentric coordinates of two control
points located on triangular side P,Ps. b ,,,b,,, can be barycentric coordinates of two

control points located on triangular side P,P;. The locations of control points can be
determined by cross-boundary derivatives constraints at Py, P, and P:. The interpolated
value v at location by ;; can be calculated using the following:

i _ 3 2 2 3
v(v, vy, v5) = b3,0,0V1 + 3b2,1,0"1 v, + 3b1,2,0vl v, + bo,a,o"z

3)

2 2 3 2 2
+ 3bﬂ,z,1vzvi«, + 3b0,1,z"3 V; + bo,o;«,vz + 3b1,\072"1 vy + 3bz,0,1V1 vy + 6b1,1,1V1 VoVs

[0053] In another aspect, a non-linear interpolation can also be used. An example of
a non-linear interpolator is an irregular bilinear interpolator. For every non-minima,
value undefined pixel within My ’, the nearest four known neighbor pixels P, P,, P; and P,
can be determined. The four neighbor pixels Py, P,, P; and P, can form a bounding
quadlateral. The unknown pixel v and the neighbor pixels Py, P,, P; and P, can have
values and coordinates v(X,y), v;(X1,¥1), V2(X2,¥2), V3(X3,y3) and v/(x4y4). “A” can be a
point on side P,P; when vertical coordinate equals to y. “B” can be the point on side P,P,
when horizontal coordinate equals to x. “t” can be the distance from P, to A and “s” can
be the distance from P, to B. The value of P can be determined by:
v=y(l-s)1=t)+v,s(Q=t)+v,(1—-s)t+v,st 4)
Further, the values of s and t can be calculated by linear interpolating on any side of pixel
pairs. In situations where one or more pairs of quadlateral sides are parallel, a different
and simpler formula than (4) can be used.
[0054] In another aspect, a non-lincar and fast interpolation method can be used to
achieve simplicity for real time speed and good image quality. The method can be

Recursive back-Injection interpolation by Multi-kernel Gaussian (RIMG).
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[0055] Once M,’, the modified 2D local minima mesh grid at level %, is calculated
from the previous block (315), an initial estimation of the interpolation surface Ly can be
fast calculated by a nearest neighbor interpolator in block 325. For example, undefined
pixel values in M’ can be filled with the nearest neighbor values (i.e. the minimum
values of the image region to which they belong). The estimated surface M, can be a
starting point (j=0) of the following recursive algorithm (RIMG). The resulting image
can be filtered by a first standard 2D Gaussian filter with a first larger kernel size and a

first larger sigma value. The filtered image may be a blurred image. The pixel values

within this blurred image may not be less than input image X. The resulting image M/
can be updated by injecting back the original minima values using the following where j
is the index of recursive:

M} =G, (min(M]", M),/ =0,,.,w-1
G(*) is Gaussian filtering. w is total number of iteration. After the final iteration,
L, =min(M;™,(n—k)X) is the first image component.
[0056] After obtaining the smoothly interpolated lower boundary surface at
decomposing level £ in block 325 as the first image component Z,, the second image
component A, can be estimated in block 330 by calculating the difference between the
desired superimposed image (n-k)X and image component L, as H, =(mn—-k)X-L,.
Because L, is the local minima, A, can be positive, which can satisfy the non-negative
constraint. In block (335), the second image component H, can be analyzed to check it
with the brightness limit constraint (i.e. the image component A, may not be bigger than

a brightness that one projector can produce). Assuming 7 is the maximum possible value

of X of single projector, and A = max(H, —(n—k —1)T,0), then A can be the fallback map,
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which can be zero. In block (345), the fallback map can be checked to determine whether
it is zero. If it has at least one non-zero value, pixel fallback in the current image
decomposition can be used to ensure the accuracy and completeness property (i.e. image
fidelity and completeness). The fallback map A can be used together with the input

image to modify the previously calculated first image component L, and second image
component in block (340). The first image component L, can becomel, =L, +A. The

result can return to block (330) for another iteration in computing the second image

component H; with the newly updated first image component Z,. The computation in

block (335) and fallback map checking in block (345) can be repeated. The loop can
continue until the fallback map in block (345) is zero. Then, at block (350), there is a
check if the image components are already decomposed. If not, the process can return to
block (310) to continue a next level decomposition algorithm with A=k+1 and the current
level second image component H; can become the input image to be further decomposed
in block (390).

[0057] After the last iteration of image decomposition in block (350) is complete,
image components can be provided to blocks (355, 365, 375) respectively for HDR
treatment, image warping for spatial registration and gamma correction for display. The
processed image component data Ly, L,, ..., H; can be provided to blocks (360, 370 and
380) respectively for each projector to display on the screen.

[0058] The HDR treatment in blocks (355, 365 and 375) can realize the increased
digital dynamic range in an n-projcctor hybrid projection system. By applying a HDR
rounding function to cach image component, the final combined image can gain the
improved one more bit accuracy, assuming the input image to HDR rounding function has

cnough precision in pixel values and each projector uses 12-bit unsigned integer data. In
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some aspects, the projectors can be assumed to produce the same brightness. In other
aspects, different HDR rounding functions can be similarly derived when each projector
produces different brightness. The HDR rounding function may be a set of rounding
functions to properly treat and round each image component high precision pixel data to
12-bit projector integers, such that the final superposed image can have pixel value
resolution of about 12 + logyn bits. For example, a dual projector system can deliver a
13-bit digital dynamic range. A three-projector system can deliver a 13.585-bit digital
dynamic range.
[0059] In a dual projector system, a high precision pixel value for the first projector
can be XL and for the second projector can be XR. An HDR rounding function set can be
designed to round off the value of the two image components into two 12-bit unsigned
integers of first image component L and seccond image component H so that the final L+H
can be at thirteen bit accuracy. To achieve the accuracy the HDR rounding functions for
thirteen bits can be as follows:

1) for projector 1, L = floor(XL+XR - floor(XR)+0.25)

2) for projector 2, R = floor(XR+XL - floor(XL)+0.75)
[0060] Similarly for an n-projector system, the high precision pixel values can be X,
i=0,1,2,...,n-1 and the 12-bit image data in each projector can be P,, P;, ... P,;. The

HDR rounding functions for (12 + logyn) bits can be:

n—1 n—1 .
for projector i, P, = ﬂoor(z X, - ZﬂUU’”(Xm) + Zi+ 1)
7=0

m=0,,m#i 2}’1

[0061] Two examples of image region sub-division methods and arrangements for
region-based adaptive image decomposition according to one aspect are illustrated in
Figure 4. A fixed region window size is used to divide the image into a regular grid of

smaller regions, for example regions 11, 12, 13, 14, 21, 22, 23, ... and 44. In another
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aspect, a tree-like structure region decomposition algorithm can be used to divide the
image into various sizes of regions that forms an irregular grid, where several of smaller
regions (e.g. regions 1, 2, 4, 5) can appear in heavy textured image arcas and larger
regions (e.g. regions 0, 3, 6) can appear in relatively smoothed image areas.

[0062] Image region-based adaptive processing can help adjust parameters of image
decomposition filters to adapt to the local image content. For example, if a spatial low
pass filter is used in one example of image decomposition algorithms, the choice of the
equivalent cutoff frequency of this low pass filter can be proportional to the local image
content frequency distribution, resulting in an optimally balanced local frequency
separation that can reduce the outlier pixels for artifacts. Smaller regions can allow for
following the local high frequency features, while larger regions can be suitable for sparse
features and smoothed arcas. Dividing the image into the same or different sized regions
based on image content can provide the optimal adaptation to local image content for the
image decomposition algorithm and decompose the input image into minimally correlated
image components (i.e. quasi-orthogonal components). The region-based image quasi-
orthogonal component decomposition can help to reduce the number of possible fallback
pixels and improve the overall image quality since the fallback pixels can be a source of
artifacts under projector misalignment and a source of color artifacts if projectors are not
uniform in brightness, color and pixel size.

[0063] Figure 5 illustrates a one dimensional (1D) cross-section example of the image
decomposition method MEMD. Line 502 can represent the first image component with
fallbacks at about 120 and 220. Line 504 can be the second image component that is
quasi-orthogonal to the first image component. The first and second image component

lines 502, 504 can add up to reconstruct the original signal, represented by line 506 with
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sampling dots. The image pixel values can be in the same scale and within the
normalized range from O to 1.

[0064] An example of image decomposition from the MEMD is depicted in Figure 6.
The left side is the decomposed first image component and the right side is the
decomposed second image component, which contains more high frequency information.
[0065] Figure 7 illustrates a 1D example of one level of image decomposition of the
MEMD. The vertical axis represents the pixel value and the horizontal axis represents the
pixel position. The input image signal is curve 710. In iteration 0, the local minima
values 720 of intrinsic mode function 1 (710) are located and smoothly interpolated into a
surface 730. The residue curve (750) shown in the lower part of Figure 7 is the result
from subtracting the surface 730 from the input signal 710.

[0066] Figurc 8 shows an cxample result for comparison. On the left side of Figure 8
i1s an image that may be displayed by a dual projection system that displays the same
superimposed image and on the right side of Figure 8 is an image that may be displayed
by a dual projector system according to some aspects, such as a hybrid image projection
system in which the MEMD method is applied. The two displayed images with each dual
projector have a 3-pixel misalignment between the superimposed images. The right side
image has a sharper image than the left side image.

[0067] Figures 9a-¢ illustrate various conditions when fallback operation may be used
in a MEMD method according to some aspects. Fallback can assist in reconstructed
image accuracy and fidelity. Figures 9a and 9b show curves 910, 940 that represent the
value of two superimposed input image pixels from two of the same projectors. The
curves 920, 950 represent the first image component L of image curves 910, 940,

respectively. The vertical level of the curves represents a linear space intensity of an
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image pixel in code value for each spatial pixel location represented horizontally. The
input pixel values may be in the range of 0 to 1 for curves in Figures 9a and 9b. The
contrast “c” indicated in Figures 9a-e¢ can represent the difference of two pixel value
intensities. In Figure 9a, fallback is not used since, for example, the contrast between the
first image component values and the superimposed input image pixel values is equal or
less than 0.5. In Figure 9b, the portion of the input image 960 has a high contrast that is
greater than 0.5 and fallback is used.

[0068] Figures 9c, 9d and 9¢ represent three fallback cases in which the vertical level
of the curves represent an intensity of an image pixel of the superimposed image 2X in
code value for each spatial pixel location represented horizontally. Figure 9c¢ illustrates a
complete fallback situation in which the superimposed input image has an intensity value
cqual to 2. For this casc, the value of the first decomposed image component L and the
value of the second decomposed image component A is 1. In Figure 9d, the partial
fallback case is illustrated. For this case, the superimposed input image 980 has an
intensity value between 1 and 2. The first decomposed image component value can be
between 0 and the value of the input image. The second decomposed image component
can be 1. The contrast in this situation can be between 0.5 and 1. Figure 9e illustrates a
no fallback situation in which the superimposed input image 990 has an intensity value of
less than 1. The first decomposed image component value can be between 0 and 1 and
the second decomposed image component value can be between 0 and 1. The contrast in
this situation can be less than 0.5. The fallback may be complete fallback if the contrast
is equal to 1. In this case, after the fallback pixels are added into the first decomposed
image component, the immunity to spatial shifting of the hybrid image projector falls

back to the same image quality as superimposing the same image in a dual projection
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system. Hybrid image projector may not introduce additional artifacts. Other cases are
partial fallbacks when fallback occurs as shown in the diagram. Partial fallbacks can lead
to a reduced benefit of immunity to spatial shifting in a hybrid image projector, but
displaying hybrid images in general can improve the final reconstructed image quality
compared to the dual projection system that display two images that are the same.

[0069] Color images can also be processed. Figure 10 illustrates one example of
using a MEMD method for processing a three-component color image. In some aspects,
the process can be used for decomposing color image to reduce the risk of having color
artifacts when the hybrid image projector undergoes larger pixel shifting. Most color
artifacts may come from the fallback pixels that appear as random color artifacts if each
color chancel is processed independently by MEMD method when the hybrid image
projector undergoes larger pixel shifting. The diagram in Figure 10 is onc method that
can be used to ensure fallback pixels in the color image have the consistent color as in the
original image. Color image X is received at block 1005, where Xr, Xg, Xb are three color
components. Blocks 1010, 1020 and 1030 use the described MEMD method to
decompose each color component image into the first image component candidates. At
blocks 1015, 1025 and 1035, the second quasi-orthogonal image components are
generated and the fallback maps are calculated. The three fallback maps are collected in
block 1040, each pixel of each fallback map is then divided by the summation of original
pixel value and a small constant ¢, which may be selected to be less than the half of the
discrete quantization step of the image intensities. The maximum pixel ratio among three
colors can be selected and used to multiply the summation of original pixel value and
constant ¢ to obtain the new estimation of the fallback pixel values for three colors in

block 1060. The newly estimated fallback pixels together can form a new fallback map in
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which each pixel preserves mostly its original hue value, while the color saturation or
luminance may have changed As long as this new fallback map is non-zero, then the new
fallback map can be added back to each previous first image component. Because hue-
preserving fallback values are added, the pixels modified in the first image component
may retain the original appearance, and the intensity and color saturation may change.
Subsequent to the process, the overall color artifact under large image misalignment can
be reduced and be less visible.

[0070] Figure 11 illustrates one example of a hybrid projection positioned in a theatre
1100. Superimposed images can be displayed on a screen 1110 in an auditorium 1120
with rows of seats 1125. A projection booth 1105 with dual projectors capable of hybrid
projection is provided according to one aspect. The two projectors 1104 and 1106
include image enhancer devices 1180 and 1185, which can have processors for processing
image data. In other aspects, the image enhancer can reside in one projector and output
the image data to be displayed to the other projector. Image data from image data server
1175 can be received by a processor 1170 to perform image decomposition and can
produce orthogonal or quasi-orthogonal image components, such as L and H. The
processor that performs image decomposition can also perform other processes, such as
region decomposition and degamma image data to linear space. The image data server
1175 can be a playback device or a device that receives and stores image data that is
streamed in from a remote location. The image components from image decomposition
can be received by a system function module 1160 and 1165 in each projector where
additional image data processing, such as HDR or gamma correction or warping, can be
performed. In other aspects, the system function modules can reside in one image

enhancer in one projector. Processes of the system function modules can be performed
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by one or more system function modules. Image data from the system function module
can then be projected by each projector through the projection lens 1140 and 1150 onto
the screen 1110 to form a superimposed image. In some aspects, the dual projectors are
hybrid projection system for 2D presentations and/or capable of projecting a 3D
presentation with left and right eye image encoding elements 1135 and 1145,
respectively. A viewer in a 3D presentation may wear eye glasses that decode the
projected and encoded left and right eye images. During a 2D presentation the left and
right eye image encoding elements 1135 and 1145 can be removed. In a 3D presentation
the input image data may not be decomposed into image components as for a hybrid
projection in a 2D presentation. The image enhancer devices 1185 and 1180 can be
configured by a user or be capable of automatically detecting when processing of image
data is for a 2D presentation with or without hybrid processing or a 3D presentation.
[0071] The system or systems discussed hercin are not limited to any particular
hardware architecture or configuration. A computing device can include any suitable
arrangement of components that provide a result conditioned on one or more inputs.
Suitable computing devices include multipurpose microprocessor-based computer
systems accessing stored software that programs or configures the computing system
from a general-purpose computing apparatus to a specialized computing apparatus
implementing one or more aspects or features of the present subject matter. Any suitable
programming, scripting, or other type of language or combinations of languages may be
used to implement the teachings contained herein in software to be used in programming
or configuring a computing device.

[0072] Aspects of the methods disclosed herein may be performed in the operation of

such computing devices. The order of the blocks presented in the examples above can be
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varied—for example, blocks can be re-ordered, combined, and/or broken into sub-blocks.
Certain blocks or processes can be performed in parallel.

[0073] While the present subject matter has been described in detail with respect to
specific aspects and features thereof, it will be appreciated that those ordinarily skilled in
the art, upon attaining an understanding of the foregoing may readily produce alterations
to, variations of, and equivalents to such aspects and features. Accordingly, it should be
understood that the present disclosure has been presented for purposes of example rather
than limitation, and does not preclude inclusion of such modifications, variations and/or
additions to the present subject matter as would be readily apparent to one of ordinarily

skilled in the art.
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CLAIMS:

1. A method for converting input image data for a hybrid image-projection system, the

input image data representing a two-dimensional (2D) input image, the method comprising:
decomposing, with the processor, the input image data into a first image component;

computing, with the processor, a difference between the input image data and the first

image component to produce a second image component;

analyzing, with the processor, the second image component with respect to a predefined
limit to determine a fallback pixel having a fallback pixel value that exceeds a predetermined
limit;

modifying, with the processor, the first image component and the second image
component until the fallback pixel value determined from the difference between a modified
first image component and a modified second image component is at or below the

predetermined limit;
displaying the modified first image component by a first display device; and

displaying the modified second image component by a second display device, the
modified second image component being superimposed on the modified first image component

to produce a final image.

2. A The method of claim 1, wherein the fallback pixel value is outside a constraint of the
display.
3. A The method of claim 2, wherein the constraint is a display intensity constraint for

both the first image component and the second image component that is:
equal to or greater than zero; and

within a maximum brightness limit of the display.

4. The method of claim 1, wherein the fallback pixel is a pixel that is a color artifact.

5. The method of claim 1, wherein decomposing the input image data comprises:
determining a parameter for a region of the input image data; and
32

CA 2842572 2019-11-06



using the parameter for image decomposition to produce the first image component and
the second image component, the first image component being orthogonal or quasi orthogonal

with the second image component.

6. The method of claim 5, further comprising:

producing the first image component by dividing the input image into regions with the
parameter being minimas for the regions and by using the minimas to produce a continuous
smooth lower bounding surface of the input image, each minima being the smallest value for

each region associated with the minima.

7. The method of claim 6, wherein the continuous smooth lower bounding surface is

generated with a linear interpolator.

8. The method of claim 7, wherein the continuous smooth lower bounding surface has a

final image pixel value that is equal to or greater than the first image component.

9. The method of claim 1, wherein the final image comprises a brightness that is twice as

bright as the input image displayed by a single projector.

10.  The method of claim 1, wherein modifying the first image component and the second

image component includes using a fallback map.

I1.  The method of claim 1, wherein the input image data includes three-component color
image data, wherein for each color the first image component, the second image component,

and a fallback map is generated.

12. The method of claim 11, wherein the fallback map is a color-preserving fallback map,
wherein each pixel in each fallback map is divided by a summation of an original pixel value,

and

wherein a maximum pixel ratio value is used as a new estimation for pixel values in the

generated color-preserving fallback map.
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13. The method of claim 1, further comprising:

producing image data by applying a degamma process to the input image data.

14.  The method of claim 1, further comprising:

prior to displaying the modified first image component and displaying the modified

second image component,

applying warping to the modified first image component or the modified second image

component; or

applying gamma correction to the first image component and the second image

component.

15. A multiple projector system, comprising:

an input configured for receiving input image data representing a two-dimensional (2D)
image;

a processor configured for processing the input image data and for outputting a first
image component and a second image component based on the input image data by

decomposing the 2D image into the first image component and into the second image

component that is orthogonal or quasi-orthogonal to the first image component;

a system function module configured for analyzing the second image component with
respect to a predefined limit to determine a fallback pixel and modifying the first image
component and the second image component until a difference between the modified first
image component and the modified second image component avoids causing the fallback pixel

to occur;
a first projector configured to display the modified first image component; and

a second projector configured to display the modified second image component
superimposed on the modified first image component to produce a final superimposed 2D
version of the 2D image with the same or better image quality as the 2D image and that is

brighter than the 2D image.
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16.  The system of claim 15, wherein the processor is configured to apply a degamma

process to the input image data.

17.  The system of claim 15, wherein the system function module is configured to apply,
prior to the modified first image component and the modified second image component being

displayed and to at least one of the modified first image component or the modified second

image component:
gamma correction; or

warping.

35

CA 2842572 2019-11-06



WO 2013/024430

CA 02842572 2014-01-21

1111

Original Input image _
Mt ¥ ?05
data front plaver

Degamma imsge dats to finear]
space o creale input image

'

Divide the input image inlo plurality of smaller

orthogonal image componants

regions based on image content and defermine G
at least one paramstar for each region.
Becomposs the input nages based on the
parasmeder for each region into musltiple quasi- 115

PCT/IB2012/054133

y

Apply HDR rounding
function {Ry) 1o the first
mage component data for
the regions
{Le)

v

Ganmma correction
and warping

!

Projector 1 projects the first
image component data for
the regions
o)

126

148

138

y

'

Apply HDR roundding
funcion (R} o the

Apdy HER rounding
funclion {Rea ) o the

seoond image component] 125 ath image component
data for the regions data for the regions
{L? } {Ha -3 }
Gamma {j\f’:’nﬁemm 145 Gamma correction
and warping
Projector 3 projacts the Projactor n projecis the
second imags componant 135 nth image companent

diata for the reglons
{Lq}

datla for the reglons
{Hn 3 }

image components of the
regions supar-imposed on |

v

180
SELs

Figure 1

127

147

137



WO 2013/024430

CA 02842572 2014-01-21

2/11

Receive input
fmage
finear data

fModifled emplrical mode
image decomposition at
fovet k=D

210

¥

v

200

Dasomposed first
image componant
at lavel k=0 {Ly)

214

Decomposed
sacond image
componant at level

k=l (M)

215

|

Modified ampirical mode
image decompoaition at
fovel k=1

)

Blezomposad s
irmagse component

224

atleval k=t (L)

PCT/IB2012/054133

Decomposad Jdetadl
image al level k=1
{Hqg

rwm“uﬂ

i

h 4

Modified empiical mode
mags deconposition at
lavel k

230

'

Decomposed first
image component
atlevel K {L)

3

v

K {H)

Decorposed
second nage
componant at fevel

235

Figure 2



WO 2013/024430

(}riginair m,csi;zt
mage
data from player N

) S
{k=0}

CA 02842572 2014-01-21

3/11

Segamma image dala to bnear
space to oreate input image dals

¥

Determine input image reglons and
region sizes based on image local
spatial frequency of image content

4

Daterming al lnast ane parameter
for each region

¥

interpolate the paramster of each
image region and produce the first
image component image (L)

Y

Compute differenice betwesn {(n-K)
rultiples of input image and image
sorrponad (L] o produce the
second image componant (M)

v

Analyze the second irage
cmponent (M) with respect to
pradedfined it o delermine a

fallback map

PCT/IB2012/054133

/

Figure 3

325

J30

KIS

Faliback

Modify the first
Fnags component
{L.i) and sscond

Further ap is non-zery image componsrt 340
decompose the {0 345 based on falihack
second image {(H3{ ™ map
al fevel kwi+1
T VES fast iterai%q
! of decomposition
fn=kei}?
l 355 l 365 l 375

Apply HOR rounding funclion,
warping and gamma correction
1o image somponant
(Lo}

Apply HDR rounding funclion,
wating and gamma correction
o image compornant
(e}

Apply HDR rounding function
and gamma correction to
image componant
{H

Froject the first
inags componeant
using mwojector 1

agd

v

Frofect the second
image component
using projector 2

v

Project the nth
image componant | 380
using projector n




WO 2013/024430

CA 02842572 2014-01-21

PCT/IB2012/054133
4/11
Region 1 Region 12 Region 13 Ragion 14
Region 21 Region 22 Region 23 Region 24
Region 31 Region 32 Region 33 Region 34
Region 41 Region 42 Region 43 Region 44
Region {
Reagion 3
Region 1 Region 2
Region 4
Region 8
Reagion §

Figure 4



CA 02842572 2014-01-21

PCT/IB2012/054133

G aunbiy

UORISO |8Xig]

Ay

oS

9

05

SNAMNSRRA,

o/11

T P e e Ay e e e

WO 2013/024430

RS PR

3

s
:\\
N

oY

&

A X A A P

N

RERTPETTSS
“.“-\\mx\\\\‘

R

B i S R

¢
Rl ETNN
N

NN,
s

<
N
. N

NN N
R S

Y,

e e L L Vo e e L B A el e e B L e S e L o e S e

®

E:
A
3
z

%
%

m

#

R N

vy

R

B2

g

YA A e R

e L e 0

o R

7.

o e

o p

EX

e

Z

%
3

.*.\xw.v e
%

§‘,‘

.
R

Wl M A B e o L A B e
s

L A E A,

S S R

2
%
%
¥
Py

“
%

2
Py

N

s RS
s

&3

N

>,

o

RS

b
s

%

P

ol

IRRSEES

PRI

SO " N
o

Rt

.

RO

2 S

P

¥

EER

3

» v

-

el S 2

e

fed

SIEA |8X



6/11




WO 2013/024430

CA

711

Pt
- s BN
. { § iy
- <= % -~
LR st
R
& N N -
$e ~ «
Rl _\\T\«\\\\“"«h\\\\:\‘“\\.
~ oy oD N
s\\ * :;\‘\.;M\““\«X\“\\““s{ o };.
\:\“ N T S o ecvey
b ‘\;\»}{&m_m‘“\“ ;
= N
SN
SOINE w
e oy S
o v ¥
3 SUWIRRRRRRR:
o
\Q}:“\\“\“W\uxg\\i\\ -
N i, s N
A S, >
n Sannnn, AR D, Sy
RIS g SRR
w Y 7“\“\‘\}“ N,
A \\w\\\\;}t\“\“\ &%
o A ey §‘\~
s NSRS
R e Sy
VW'(\"\A\N Y =3 *B}‘t)
- % R
. N T
e &\i_\m“.mg\\ S
\g_,,\\\\\““\»\\,,“\“\“\\\:“\ .
N N et N
AN e vy
LN .\::\\x\\\\\~x\\Wx§~\\~~~\:\\~\C:\?'\ 3
— Vi N
o R AR
3 o eSS
\“A\\ ~\~“~y..\\“\-\\\ N
o A s
" o SRR
B o
R NNl
- RN -s}m\;\\\:}s\_
e O A W
URREES n
- . o o
:«\N“m\m\“x“\\“.m\;\::w\o*\\ S
SN X 3 L
i
. P
_~ -
& SN N
. e .
PN e
S -
.
- CNEPEROE N, | P
- A s
= JUReTI N
A X N
N
-\~:\“-“\A:§“-m“w e
R N Ty
M __\Q_@}S“\Q\.‘ S N
N . N
W \“““\“\\\N“\\“\\“\"\ RS
: R
MRRRERE o
s « o
e . -~ SR
.,\)35-\ e N o &
- T e
s v vy 8
v - S N
VPR PES
RRNRENEEE B
5\“\M\NA\\m\\m\.Q\q\
M N N oy \
i . ”\\;N\‘\““\G' - R
N SN MWy
aad S
& s )
. Reaaneaa 3N
s SRS RS
e N -
AN oy _a
SR e -
% ~
<
N
M ~ .
NV oy
T \v»\\“\““\f‘\
ol N
[
o L
S - .
~ 3
-
57 “
(R
®
¥ .
X W
e

~P

)

e

Lo

Fom 33
O
“;’:} 1N
& W

750

TG 720

730

02842572 2014-01-21

PCT/IB2012/054133

R M
\\\ss\\s\x\\\\\\\\\\\;‘w«

SRR
AR
JORHREREES

\\,\\x“m\\\“\:::::&:&\\w_
R
VQ&\\sv\\\.\,\sm\.\,\\\\\\v\\\m\‘-

AR
JETReE

A

AR

w«\\—\“\s\:““\:\“\\\“sww

ananasasa

SRR
—
IO
RARARRENNNS

\\\\\\\ N
RSSOV
W
anansRARAE

-‘N\\n\\,\\\\\x\\“\\:\sm\,\\

o
NN
Qe
N .
\\\-.\\\ss\~\\\\s~\x\\s~\‘\\\\\-
PR
AR
W o
2 SR
5 R
AR
RSN
AR

3

Raa e

AR
SRR

~\“\“\-.~\“\—“\~\
AR
AR

PERERE
aame

,\\\\\'\-\\\\\\\s\\:\m\\\\\s\\

i
AR
aaaaARY
SR s
o \“\\“\“\\“\“\“\»
SRR
SN e
NS
o
T
RN
e
e \“\\“\“\;\“\“\\\\
AnsRR
RUREE
e
SN
Savanaa ..
At
WRTER
RANRSARAN
JRRENNS

\\mwm“N\m\m«\\\

R
S
et

AN A -
SN s

e
FRRIRRRRRIEER

v.\'\\\\~\\\«\\\“\\\“\\\\»\\\\\\

AR
NS

S
SO
SR
e

N m\'\\\X\\\\\s‘\m'-‘\\\\'\s\\‘ =
JBREES,
RIS
R
PSR

&

N
SENRANa SR RS .

e,

s

AN
AT

e

O
FERES
AR
JNCREEE

v\\s\“\“\;\“\n\“\\w“\\\\

X

o

)

R
= G
\\\\\\\\\\\\\\\\\5\\\\\\\\\\\5\\‘
RS
R
S
S
AR
\\\\A\\\'\ "
.
SN
PRSI
Rinria:
N
S — S
~
A
b P
QROCE e
X,
N
‘\\\\\\
\'\\\
3 i i
§ -
o

oy

T

e
o

BTN
EN

o
R R
S

hy

¥

o

SR

SN

Figure 7



CA 02842572 2014-01-21
WO 2013/024430 PCT/IB2012/054133

8/11

Figure 8

i




CA 02842572 2014-01-21
WO 2013/024430 PCT/IB2012/054133

9/11

PErrrrrrr

205

- W
RN

RN

_‘“‘“&-N\w&'\\\\\\\\\\\\\

AL SIS SIS ARSI

S SRR
o

PERPrrrrrrr

&

o S
b
S
X

R

3
3
3
3
3
3
3
3
3.
N
3
3
3
3
3
3
3
3
3
3
3
3
3
X

B




CA 02842572 2014-01-21
WO 2013/024430 PCT/IB2012/054133

10/11

Ut

H0S ‘/

Recsive color image
linsar data X{Xr Xg.Xb}

Y
Generate the first image Generate the first image Generate the first image
component Lr for the first component Lg for the componert Lb for the
channe! using modified 1010 §| second channet using | 1020 third channel using 1030
ampirtcal mode modifisd empirical mode modified empirical mode
decormposition method decomposition method decomposition method
£ ¥ 3
L SR, / A / \ A 4
Generate the second Generate the second Generate the second
image componard Hr | 1015 image component Hyg 1025 image component Hb 11035
and faltback map Fr and fallback map Fg and faliback map Fb

Ganerate ool preserved
{althack map
F = max{Fri(Xr+a), Fol
{Xgpre), Fhiibro)(Xve) 1040

Modify each first

Fafiback map ™ image component

s non- 2era? L by adding

faftback map F

gty

Figure 10
Output color image
compaonants L and H with
HOR rounding funchions and
gamma correction for display

1070




CA 02842572 2014-01-21

PCT/IB2012/054133

WO 2013/024430

11711

1100

1148

Seat Rows

1125

>
¢

«

MMM WAAAAN  WARANY  VANANG  AAMAAL  ARARAS  ANAMAS  ANAAMA  AMARA  AAMAMN  NARAAN v

Booth 1108

Agaifomm ERVAY

Aanocs.

5811 JBOURLLY sbBul

w2ty

ipage dats

BETVERY

1178

© i i) TSRS
ot ) Mw,\wmwx » wnpoys eed uonmsodiuosg M
— & AEAD LT ahnuy
t BIEAD

1.{7577 ——

§ {sueg
3 |

W3

I

hoaad
»

LR EE g 1154
W ig 27128/ pGiL

$ L aeihg ieled Sirginy |

DU

184

GELL SeouUBLLT shEuy

Figure 11



Criginal input image 105
chate from player
H0r

Degamna image dats 10 fosar
space to create input image

100

Ditvlds the input image Into pluralty of smalies
vegions based on imags content and determine 110
atleast one parsmeter for ench region.
Decompose the ipul image bosed on the
parameter for each region into muttiple quast. 118
oithagenal imags componunts
Apply MDR rounding Aeply HDR tounding “Aanly HOR ravnding
function {Ra} to the tirst 120 funetion (R b e funstion (R} b the
image: corpenent date for second image 125 | thivags ”r
e regions: data for the raglons data for the regions
o) Lo} =)
Gamzw cotection Gamma corection
I Pl 140 ot sarmieg 143 Gamma oormcﬁm{ 147
Frafector 1 projects the first Projector 2 projects the Projecier n projects the
image componenl data for 130 second nage 18 £ith mags i 137
e reglons data for the reglons ciata Sor the regions
Lo} L) 1]

inage components of the)
rogions sipar-dmposed on
ety




	Page 1 - COVER_PAGE
	Page 2 - ABSTRACT
	Page 3 - ABSTRACT
	Page 4 - DESCRIPTION
	Page 5 - DESCRIPTION
	Page 6 - DESCRIPTION
	Page 7 - DESCRIPTION
	Page 8 - DESCRIPTION
	Page 9 - DESCRIPTION
	Page 10 - DESCRIPTION
	Page 11 - DESCRIPTION
	Page 12 - DESCRIPTION
	Page 13 - DESCRIPTION
	Page 14 - DESCRIPTION
	Page 15 - DESCRIPTION
	Page 16 - DESCRIPTION
	Page 17 - DESCRIPTION
	Page 18 - DESCRIPTION
	Page 19 - DESCRIPTION
	Page 20 - DESCRIPTION
	Page 21 - DESCRIPTION
	Page 22 - DESCRIPTION
	Page 23 - DESCRIPTION
	Page 24 - DESCRIPTION
	Page 25 - DESCRIPTION
	Page 26 - DESCRIPTION
	Page 27 - DESCRIPTION
	Page 28 - DESCRIPTION
	Page 29 - DESCRIPTION
	Page 30 - DESCRIPTION
	Page 31 - DESCRIPTION
	Page 32 - DESCRIPTION
	Page 33 - DESCRIPTION
	Page 34 - DESCRIPTION
	Page 35 - CLAIMS
	Page 36 - CLAIMS
	Page 37 - CLAIMS
	Page 38 - CLAIMS
	Page 39 - DRAWINGS
	Page 40 - DRAWINGS
	Page 41 - DRAWINGS
	Page 42 - DRAWINGS
	Page 43 - DRAWINGS
	Page 44 - DRAWINGS
	Page 45 - DRAWINGS
	Page 46 - DRAWINGS
	Page 47 - DRAWINGS
	Page 48 - DRAWINGS
	Page 49 - DRAWINGS
	Page 50 - REPRESENTATIVE_DRAWING

