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lated to enhancing portions of an image relative to other portions of the
image. The example techniques may utilize depth information in conjunc-
tion with one or more viewer perceivable information to enhance portions
of the image relative to other portions. The techniques may then display
the enhanced image to provide the viewer with a possibly more realistic
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IMAGE ENHANCEMENT

TECHNICAL FIELD
[0001] This disclosure relates to image enhancement, and more particularly, image

enhancement on a constructed image.

BACKGROUND

[0002] Various devices are operable to display videos or images. For example, the
device may download the video or image, or may capture the video or image with a
digital camera. The downloaded, captured, or otherwise generated videos or images are

displayed on a display. For example, videos may be displayed as a sequence of frames.

SUMMARY

[0003] In general, this disclosure describes techniques for image enhancement. Image
enhancement refers to enhancing a constructed frame of a video, or a constructed
individual image. In other words, the described techniques may be applicable for stand-
alone images or frames of a video. As described in more detail, the techniques may
utilize a depth map that indicates relative depth of objects within an image in
conjunction with another perception map to determine whether a pixel in the image
should be enhanced relative to other pixels.

[0004] In one example, the disclosure describes a method for image processing that
includes receiving an image, and determining depth map values for a depth map for the
image that indicates relative depth of pixels within the image. The method also includes
determining perception map values for a perception map for the image, and enhancing a
first portion of the image relative to a second portion of the image based on at least the
depth map values and the perception map values.

[0005] In another example, the disclosure describes a device that includes a memory
configured to store an image, and one or more processing units. The one or more
processing units are configured to receive the image, and determine depth map values
for a depth map for the image that indicates relative depth of pixels within the image.
The one or more processing units are also configured to determine perception map

values for a perception map for the image, and enhance a first portion of the image



WO 2013/141997 PCT/US2013/026927

2
relative to a second portion of the image based on at least the depth map values and the
perception map values.
[0006] In another example, the disclosure describes a device that includes means for
receiving an image, and means for determining depth map values for a depth map for
the image that indicates relative depth of pixels within the image. The device also
includes means for determining perception map values for a perception map for the
image, and means for enhancing a first portion of the image relative to a second portion
of the image based on at least the depth map values and the perception map values.
[0007] In another example, the disclosure describes a computer-readable storage
medium. The computer readable-storage medium comprises instructions that cause one
or more processors to receive an image, determine depth map values for a depth map for
the image that indicates relative depth of pixels within the image, determine perception
map values for a perception map for the image, and enhance a first portion of the image
relative to a second portion of the image based on at least the depth map values and the
perception map values.
[0008] The details of one or more examples are set forth in the accompanying drawings
and the description below. Other features, objects, and advantages will be apparent

from the description and drawings, and from the claims.

BRIEF DESCRIPTION OF DRAWINGS

[0009] FIG. 1 is a block diagram illustrating an example of a device that may
implement one or more aspects of this disclosure.

[0010] FIG. 2 is a block diagram illustrating an example of a post processor that may
implement on or more techniques described in this disclosure.

[0011] FIG. 3 is a block diagram illustrating an example of an enhancement unit that
may implement one or more techniques described in this disclosure.

[0012] FIG. 4 is a block diagram illustrating another example of an enhancement unit
that may implement one or more techniques described in this disclosure.

[0013] FIG. 5 is a block diagram that illustrates an example of a depth map processing
unit that may implement one or more techniques described in this disclosure.

[0014] FIG. 6 is a flowchart illustrating example techniques in accordance with one or

more examples described in this disclosure.
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[0015] FIG. 7 is a block illustrating another example of a device that may be operable to

implement one or more aspects of this disclosure.

DETAILED DESCRIPTION

[0016] In general, this disclosure is related to image enhancement techniques to
enhance an image or images using viewer perceivable information associated with an
image. The image may be a static image (e.g., a picture taken from a camera), or part of
video data (e.g., a frame of video data). In some examples, the images may be a right-
eye image and a left-eye image (e.g., as part of a stereoscopic video), or images for a
multi-view video.

[0017] As described in more detail, one or more processing units of a device may
implement the image enhancement techniques described in this disclosure. The
example techniques described in this disclosure may provide for a more realistic image
by performing image enhancement using viewer perceivable image information. For
example, the one or more processing units may perform contrast enhancement,
sharpening and blurring, color enhancement, or any combination thereof on portions of
an image based on the perceivable information such as depth information in conjunction
with motion information and/or saliency information.

[0018] FIG. 1 is a block diagram illustrating an example of a device that may
implement one or more aspects of this disclosure. For example, FIG. 1 illustrates
device 10. Examples of device 10 include, but are not limited to, video devices such as
media players, set-top boxes, wireless handsets such as mobile telephones, personal
digital assistants (PDAs), desktop computers, laptop computers, gaming consoles, video
conferencing units, tablet computing devices, and the like. As illustrated, device 10
may include display 12, video processor 14, graphics processing unit (GPU) 16, video
encoder/decoder (codec) 18, memory 20, and post processor 22. Device 10 may include
components in addition to those illustrated in FIG. 1. For example, FIG. 9 illustrates an
example of device 10 that includes more components than those illustrated in FIG. 1.
[0019] Examples of video processor 14, GPU 16, video codec 18, and post processor 22
include, but are not limited, to a digital signal processor (DSP), a general purpose
microprocessor, an application specific integrated circuit (ASIC), a field programmable
logic array (FPGA), or other equivalent integrated or discrete logic circuitry.

Furthermore, although video processor 14, GPU 16, video encoder-decoder (codec) 18,
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and post processor 22 are illustrated as separate components, aspects of this disclosure
are not so limited. In alternate examples, one or more of video processor 14, GPU 16,
video codec 18, and post processor 22 may be part of a common integrated circuit. For
purposes of illustration and ease of description, video processor 14, GPU 16, video
codec 18, and post processor 22 are illustrated as separate components.
[0020] Also, this disclosure describes post processor 22 as implementing the example
techniques. In alternate examples, any one of the processing units of device 10 may
implement the techniques described in this disclosure. For example, video processor
14, GPU 16, video codec 18, post processor 22, a display processor or a central
processing unit (CPU) of device 10 may implement the techniques described in this
disclosure. To indicate this, in some examples, this disclosure describes a processing
unit as performing the techniques described in this disclosure. Examples of such a
processing unit include video processor 14, GPU 16, video codec 18, post processor 22,
the display processor of device 10 or the CPU of device 10. In some examples, post
processor 22 may be formed within one of the other processing units. For example, the
display processor of device 10 may include post processor 22. In this example, the
techniques described in this disclosure may be considered as being performed by the
display processor.
[0021] Video processor 14, GPU 16, and/or video codec 18 may output image data to
memory 20. For example, memory 20 may store image 24 which is a constructed image
generated from any one of video processor 14, GPU 16, or video codec 18. It may be
possible for other components not shown in FIG. 1 to generate image 24 and store
image 24 in memory 20, and video processor 14, GPU 16, and video codec 18 are
described for purposes of illustration. Post processor 22 may retrieve image 24 from
memory 20, enhance image 24 to generate enhanced image 26, and present enhanced
image 26 on display 12.
[0022] Enhancing image 24 to generate enhanced image 26 may refer to modifying
pixel values such as color values of pixels within image 24 such that an overall
appearance of enhanced image 26 is of higher quality than image 24. One example of
the higher quality of enhanced image 26, as compared to image 24, may be that
enhanced image 26 appears more realistic than image 24; although, other examples of
higher quality may be achieved utilizing the techniques of this disclosure. For example,
as described in more detail, post processor 22 may enhance contrast, sharpness, and/or

color of pixels within a portion of image 24 relative to another portion in image 24 to
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generate enhanced image 26. Such enhancement may result in enhanced image 26
appearing more realistic than image 24. Furthermore, as described in more detail, post
processor 22 may utilize viewer perceivable information such as depth information,
motion information, and saliency information, as three examples, to determine which
portions of image 24 to enhance relative to the other portions.
[0023] Image 24 may be referred to as a constructed image to indicate that image 24 is a
complete image with pixel values for each of the pixels of image 24. For example, one
of video processor 14, GPU 16, or video codec 18 may complete its respective functions
to generate image 24 and store image 24 in memory 20. As described in more detail,
the example techniques described in this disclosure may enhance such a constructed
image, and display the enhanced image. In other words, image 24 may be in condition
for being displayed; however, the example techniques described in this disclosure may
enhance image 24 prior to display.
[0024] Display 12 may comprise a liquid crystal display (LCD), an organic light
emitting diode display (OLED), a cathode ray tube (CRT) display, a plasma display, or
another type of display device. Examples of memory 20 include, but are not limited to,
a random access memory (RAM), a read only memory (ROM), an electrically erasable
programmable read-only memory (EEPROM), CD-ROM or other optical disk storage,
magnetic disk storage, or other magnetic storage devices, flash memory, or any other
medium that can be used to store desired program code in the form of instructions or
data structures and that can be accessed by a central processing unit (CPU) of device 10,
video processor 14, GPU 16, video codec 18, and post processor 22. In some examples
memory 20 may comprise one or more computer-readable storage media, such as a
computer-readable storage device. For instance, in some example implementations,
memory 20 may include instructions that cause post processor 22 to perform the
functions ascribed to post processor 22 in this disclosure.
[0025] Memory 20 may, in some examples, be considered as a non-transitory storage
medium. The term “non-transitory” may indicate that the storage medium is not
embodied in a carrier wave or a propagated signal. However, the term “non-transitory”
should not be interpreted to mean that memory 20 is non-movable. As one example,
memory 20 may be removed from device 10, and moved to another device. As another
example, a storage device, substantially similar to memory 20, may be inserted into
device 10. In certain examples, a non-transitory storage medium may store data that

can, over time, change (e.g., in RAM).
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[0026] As one example, a user may desire to view video content on display 12. Video
processor 14 may process the video content and store the video content as a series of
images 24 (referred to as frames or pictures) in memory 20. Post processor 22 may
retrieve each of images 24 from memory 20, enhance images 24, and display them via
display 12 at a particular frame rate so that the user experiences a smooth playing of the
video.
[0027] As another example, a user may desire to play a video game on device 10. In
this example, GPU 16 may generate graphics content for the video game in the form of
images 24 that GPU 16 stores in memory 20. Post processor 22 may retrieve the video
game images 24 from memory 20, enhance images 24, and display them via display 12.
Applications other than the video game may also generate graphics content that post
processor 22 may retrieve, enhance, and display on display 12.
[0028] As yet another example, video codec 18 may decode received video content.
Similar to video processor 14, the decoded video content may be a series of images 24.
Video codec 18 may store these series of images in memory 20. Similar to video
processor 14, post processor 22 may retrieve images 24 from memory 20, enhance
images 24, and display them via display 12.
[0029] Prior to displaying images 24 on display 12, post processor 22 may perform
image enhancement. Display 12 may then display this enhanced image. For example,
FIG. 1 illustrates display 12 as displaying enhanced image 26. Enhanced image 26 is
the resulting image from the enhancing of image 24.
[0030] Although FIG. 1 illustrates post processor 22 receiving image 24 from memory
20, e.g., system memory, aspects of this disclosure are not so limited. It may be
possible for post processor 22 to receive image 24 directly from any one of video
processor 14, GPU 16, and video codec 18, ¢.g., by direct memory transfer, rather than
through system memory 20. However, for purposes of brevity, the techniques are
described with respect to post processor 22 receiving image 24 from memory 20.
[0031] Post processor 22 may implement various techniques to enhance image 24 and
generate enhanced image 26. As one example, post processor 24 may utilize values of a
depth map in conjunction with values of another perception map to enhance image 24.
For instance, as illustrated in FIG. 1, memory 20 stores values of depth map 28 and
perception map 30. Post processor 22 may retrieve the values of depth map 28 and
perception map 30 from memory 20 and utilize one or more of these values to enhance

image 24.
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[0032] For example, post processor 22 may utilize the values of depth map 28 and
perception map 30 to determine which portions of image 24 should be enhanced relative
to other portions, and in some examples, by how much. Post processor 22 may utilize
any enhancement scheme to enhance portions of image 24. For example, post processor
22 may enhance the contrast between pixels in the portion of image 24 to be enhanced
relative to the pixels in other portions of image 24. As another example, post processor
22 may enhance the sharpness between pixels in the portion of image 24 to be enhanced
relative to pixels in other portions of image 24. As yet another example, post processor
22 may enhance the color of pixels in the portion of image 24 to be enhanced relative to
pixels in other portions of image 24.
[0033] As discussed in more detail, there may be various ways to determine the values
of depth map 28 and perception map 30. The techniques described in this disclosure are
not limited to the specific examples of the manner in which the values of depth map 24
and perception map 30 are determined. In general, the techniques described in this
disclosure may be extendable to any manner in which the values of depth map 24 and
perception map 30 are determined.
[0034] Depth map 28 may provide a relative measure of the “depth” of the pixels of
image 24, referred to as depth information. The term “depth” as used in this disclosure
is a perspective depth. For example, image 24 is a 2-dimensional (2D) image, and depth
in this context refers to the perception that certain objects appear further away than
other objects in the 2D image.
[0035] The values of depth map 28 may indicate relative depth for corresponding pixels
in image 24. As one example, depth map 28 may be considered as a 2D map that
provides an estimate for the depth of each pixel within image 24 (e.g. the still image or
the frame of video). In this example, depth map 28 may be the same size as image 24
with a plurality of locations that each correspond to one pixel of image 24. Each of
these locations in depth map 28 may include a value that indicates the depth of its
corresponding pixel in image 24. For example, depth map 28 may indicate which pixels
of image 24 are foreground pixels (e.g., appear to be relatively in the front within image
24) and which pixels of image 24 are background pixels (e.g., appear to be relatively in
the back within image 24).
[0036] Similar to depth map 28, perception map 30 may include values for
corresponding pixels in image 24. The values of perception map 30 may indicate

additional information regarding image 24. As one example, the values of perception
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map 30 may provide motion information. In this example, perception map 30 may be
referred to as a motion information map. For instance, in examples where image 24 is
one of a sequence of frames for video or graphics (e.g., as part of a video game), the
motion information may indicate positional changes in objects of image 24 relative to
previous or future frames. For example, when a sequence of frames, one of which
includes image 24, is displayed, the viewer may perceive an object such as a car moving
across the screen displaying the frames.
[0037] Objects, as referred to in this disclosure, refer to distinct, viewer identifiable
items within image 24. A car is such an example of an object, although other examples
of objects, including stationary objects (i.e., objects whose position does not change
from one frame to the next) are contemplated by this disclosure. Objects within image
24 may be encompassed by a plurality of the pixels of image 24. In this example,
motion information, as provided by values of perception map 30, may include values
such as velocity and direction and/or coordinates.
[0038] For example, one pixel in image 24 for an object may have a corresponding
pixel in at different location within a previous frame or subsequent frame for the same
object. The motion information for the pixel in image 24 may provide some measure of
how quickly the object is moving and in what direction, and/or the coordinates for the
corresponding pixel in the previous frame or subsequent frame. Corresponding pixel, as
used in this disclosure, should not be confused with co-located pixel; although, it is
possible for the corresponding pixel to also be a co-located pixel (e.g., when there is no
motion). Co-located pixel refers to pixels in the same location in different frames.
Corresponding pixel refers to a pixel in a previous or subsequent frame that is at the
same location within the object as a pixel in image 24.
[0039] Another example of perception map 30 may be a saliency map. The values of
the saliency map may provide saliency information, which is some measure of how
“salient” pixels are within image 24. For example, to provide a viewer with a desirable
viewing experience, it may be beneficial to draw the viewer’s attention more to certain
pixels as compared to other pixels. The values of the saliency map may indicate to
which pixels a viewer’s attention should be drawn, as compared to other.
[0040] There may be other examples of perception map 30, in addition to motion
information map and saliency map, and aspects of this disclosure should not be
considered to the perception map 30 being limited to a motion information map and

saliency map. Furthermore, although FIG. 1 illustrates memory 20 storing a single
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perception map 30, aspects of this disclosure are not so limited. Memory 20 may store
one or more perception maps. For example, memory 20 may store one perception map
30 as a motion information map, and another perception map 30 as a saliency map. In
such examples, the example techniques may utilize values from depth map 28, the
motion map, and the saliency map for enhancing image 24.
[0041] Utilizing values from at least depth map 28 and perception map 30 to enhance
image 24 may result in a relatively more realistic image. In other words, enhanced
image 26 may be a more realistic image as compared to image 24. As one example, in
realistic images, foreground pixels of image 24 may appear sharper, clearer, and/or
richer compared to background pixels of image 24. Depth map 28 may provide values
that indicate which pixels of image 24 are foreground pixels and which ones are
background pixels, and it may be possible to enhance image 24 based on values
indicative of which pixels are foreground pixels and which pixels are background
pixels.
[0042] In some examples, relying solely on depth information, as provided by depth
map 28, may potentially be insufficient to provide a realistic image. For example,
pixels of an object within image 24 may be in foreground. However, because the object
is moving, the object should not appear as clear as other objects. For instance, imagine
an object (e.g., a car) is in the foreground of image 24, and that the car is moving (e.g.,
as evidenced by sequential display of frames preceding and subsequent to image 24). In
this example, the car may not appear clearer, as compared to other objects, because of
its movement. Furthermore, the faster the car is moving, the less clear it will
realistically appear. As described in more detail, post processor 22 may utilize depth
information from depth map 28 and motion information from perception map 30 to
enhance a first portion of image 24 (e.g., foreground of image 24) relative to a second
portion of image 24 (e.g., background of image 24). In this manner, post processor 22
may taken into account both depth information and motion information to determine
how much to enhance portions of image 24 relative to other portions of image 24.
[0043] In some examples, saliency information may further assist post processor 22 in
determining which pixels of image 24 should be enhanced. For example, depth
information from depth map 28 may indicate that a particular pixel is in the foreground,
and the saliency information from perception map 30, in this example, may indicate that

that particular pixel is salient. In this example, post processor 22 may utilize both the
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depth information and the saliency information to determine how much to enhance that
particular pixel relative to other pixels.
[0044] As another example, depth information from depth map 28 may indicate that
particular pixel is in the background, and the saliency information from perception map
30, in this example, may indicate that that particular pixel is salient. To avoid such a
background pixel from being blurred too much, or even to be enhanced, post processor
22 may utilize the values of depth map 28 in conjunction with the values of the saliency
map to determine how much to enhance that particular pixel relative to other pixels.
[0045] FIG. 2 is a block diagram illustrating an example of a post processor 22 that may
implement one or more techniques described in this disclosure. Post Processor 22 may
utilize viewer perceivable qualities of image 24 to enhance portions of image 24 relative
to other portions of image 24. For example, post processor 22 may enhance foreground
pixels more than background pixels within image 24. There may be various ways in
which post processor 22 may enhance a portion of image 24 relative to other portions of
image 24. For instance, post processor 22 may enhance a first portion and not enhance
a second portion. As another example, the post processor 22 may blur the second
portion and not modify the first portion. As yet another example, the post processor 22
may sharpen the first portion and blur the second portion. In these examples, the first
portion may appear clearer than the second portion. Accordingly, in these examples, the
enhancement of the first portion is relative to the second portion.
[0046] As described above, post processor 22 may utilize values of depth map 28 and
perception map 30 for enhancing portions of image 24. There may be various ways in
which to determine the values of depth map 28 and perception map 30, as described
below. These example techniques to determine the values of depth map 28 and
perception map 30 are provided for purposes of illustration, and should not be
considered limiting. Moreover, the techniques may be utilized in conjunction with one
another, or any combination thereof. For example, device 10 may utilize one technique
to determine the values of depth map 28 and utilize the same or different technique to
determine the values of perception map 30.
[0047] As one example, in instances where device 10 downloads image 24 or the video
that includes image 24 from another device, the other device may provide values for
depth map 28 and perception map 30 along with image 24. In this example, video
codec 18, as one example, may receive image 24 along with depth map 28 and

perception map 30. Video coded 18 may then store the pixel values of image 24 and the
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values of depth map 28 and perception map 30 in memory 20. Post processor 22 may
then determine the pixel values of image 24 and the values of depth map 28 and
perception map 30 by receiving these values from memory 20. Post processor 22 may
then enhance portions of image 24 relative to other portions with the received
information, as described in more detail.
[0048] As another example, a module in device 10 may generate values of depth map
28 and perception map 30. As one example, video processor 14 may receive captured
image 24 or a video that includes image 24 from a camera that is part of device 10 or
coupled to device 10. In this example, video processor 14 may execute an algorithm to
generate the values of depth map 28 and perception map 30. Video processor 14 may
then store the values of depth map 28 and perception map 30 in memory 20. Similar to
above, post processor 22 may then enhance portions of image 24 relative to other
portions with the received information, as described in more detail.
[0049] In some examples, GPU 16 may generate values of depth map 28 and perception
map 30. For instance, image 24 may be still graphics image or a graphics image that is
part of series of graphics images (e.g., an image in a video game). In this example,
GPU 16 may generate values of depth map 28 and perception map 30 in addition to
generating image 24. GPU 16 may then store the pixel values of image 24 and the
values of depth map 28 and perception map 30 in memory 20. Similar to above, post
processor 22 may then enhance portions of image 24 relative to other portions with the
received information, as described in more detail.
[0050] In some cases, it may be possible for post processor 22 to determine the values
of depth map 28 and perception map 30. In this example, post processor 22 may store
the values of depth map 28 and perception map 30 in memory 20 for temporary storage.
Alternatively, post processor 22 may store the values of depth map 28 and perception
map 30 in local memory. In this example, memory 20 may not store the values of depth
map 28 and perception map 30.
[0051] As described above, any one of video processor 14, GPU 16, video codec 18,
and post processor 22 may generate the values of depth map 28 and perception map 30.
Also, as described above, any one of video processor 14, GPU 16, video codec 18, and
post processor 22 may implement the enhancement techniques described in this
disclosure. To illustrate this, the examples techniques of this disclosure may be
considered as being implemented by one or more processing units. Examples of the one

or more processing units include video processor 14, GPU 16, video codec 18, and post



WO 2013/141997 PCT/US2013/026927

12
processor 22. For example, one processing unit may determine the values of depth map
28 and perception map 30, and another processing unit or the same processing unit may
implement the example enhancement techniques described in this disclosure.
Moreover, in some examples, a display processor may be another example of the one or
more processing units. For instance, in some examples, post processor 22 may be
considered as a display processor. For purposes of illustration and brevity, the example
techniques are described as being performed by post processor 22.
[0052] In examples where device 10 does not receive the values of depth map 28 and/or
perception map 30, the one or more processing units may implement one or more well-
known algorithms to determine the values of depth map 28 and/or perception map 30.
As one example, the one or more processing units may utilize shadow information to
estimate the depth of pixels within image 24. As another example, the one or more
processing units may utilize motion information to determine values of depth map 28.
For example, objects that appear to be moving fast are generally considered to be in the
foreground, and objects that appear to be moving more slowly are generally considered
go be in the background. For instance, an airplane flying in the sky (e.g., in the
background) appears to be moving more slowly compared to a car zooming in the
foreground. In this example, the one or more processing units may use the motion
information to determine depth values of depth map 28 (e.g., determine that the airplane
is in the background and the car is in the foreground), and also use motion information
to determine the values of perception map 30 (e.g., in examples where perception map
30 is a motion information map).
[0053] There may be various techniques to determine the values of perception map 30
in examples where perception map 30 is a saliency map. One such example technique
is described in “Spatio-temporal Saliency Detection Using Phase Spectrum of
Quaternion Fourier Transform,” Chenlei Guo, Qi Ma, Liming Zhang, IEEE Computer
Vision and Pattern Recognition Conference (IEEE CVPR), 2008, and is incorporated by
reference in its entirety. The technique described in this reference is provided for
illustration purposes and should not be considered limiting. The techniques described in
this disclosure may implement any scheme to determine the values of perception map
30 in examples where perception 30 is a saliency map, including examples where the
values of the saliency map are not received.
[0054] As shown in FIG. 2, post processor 22 receives pixel values of image 24 and

outputs enhanced pixel values of enhanced image 26. Pixel values may include pixel
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values associated with a single image, a 2D video (i.c. single channel video), or part of a
3D video (e.g. multi-channel video). Pixel values may be color values, as one example,
and may be defined according to a standard video format. For example, pixel values
may be in a standard red-green-blue (RGB). Examples of pixel values may include
values in addition to color values such as coordinates and opacity values, as two
examples.
[0055] In the example of FIG. 2, post processor 22 includes depth map processing unit
32, enhancement map unit 34, and enhancement unit 36. These units may be formed
together or as separate units, as illustrated in FIG. 2. Depth map processing unit 32,
enhancement map unit 34, and/or enhancement unit 36 may be implemented as
hardware or as software executing on hardware. The output of enhancement unit 36
may be the pixel values for enhanced image 26.
[0056] Furthermore, although depth map processing unit 32, enhancement map unit 34,
and enhancement unit 36 are illustrated as being formed in post processor 22, aspects of
this disclosure are not so limited. In other examples, one or more of depth map
processing unit 32, enhancement map unit 34, and enhancement unit 36 may be formed
in one or more of the other processing units. As another example, depth map processing
unit 32 and enhancement map unit 34 may each be individual units or formed together
that are within device 10 and external to video processor 14, GPU 16, video codec 18,
post processor 22, and the CPU of device 10. In these examples, depth map processing
unit 32 and enhancement map unit 34 may be part of the one or more processing units
that implement the example techniques described in this disclosure.
[0057] In some examples where depth map 28 is received by device 10 or generated by
device 10, further modification to the values of depth map 28 may be appropriate. For
example, the values of depth map 28 may be not ideal for determining which portions of
image 24 should be enhanced relative to other portions, and by how much. In the
example of FIG. 2, depth map processing unit 32 may modify the values of depth map
28 to generate values that may be more suitable for determining which portions should
be enhanced and by how much. An example of depth map processing unit 32 is
illustrated in more detail with respect to FIG. 5. In other examples, the values of depth
map 28 may be suitable as is for enhancing portions of image 24 relative to other
portions. In these examples, depth map processing unit 32 may not be needed, or may

function as a pass through of the values of depth map 28.
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[0058] Enhancement map unit 34 may receive the processed depth map 28 from depth
map processing unit 32. In examples where post processor 22 does not include depth
map processing unit 32, enhancement map unit 34 may directly receive the values of
depth map 28. As illustrated, enhancement map unit 34 may also receive values of
perception map 30. In some examples, post processor 22 may also include a perception
map processing unit which modifies the values of perception map 30 to make the values
more suitable for determining how much to enhance portions of image 24. However,
such a perception map processing unit may not be necessary in every example of post
processor 22, or may function as a pass through of the values of perception map 30.
[0059] Enhancement map unit 34 may implement various algorithms to determine how
much a pixel of image 24 should be enhanced. As one example algorithm, enhancement
map unit 34 may perform a weighted sum of values of depth map 28 and perception
map 30 to generate an enhancement map. The values of the enhancement map may
indicate how much a corresponding pixel of image 24 should be enhanced. In this
example, enhancement unit 36 may receive the enhancement map from enhancement
map unit 34 and enhance pixels of image 24 based on corresponding values of the
enhancement map relative to other pixels.
[0060] For example, enhancement map unit 34 may bias the enhancement more towards
the foreground or more towards objects with less motion and/or greater saliency by
applying selectable or preprogrammed weights to the values of depth map 28 and
perception map 30. The resulting values of the weighted sum may be indicative of how
much the pixels should be enhanced, if at all. For instance, in examples where the
values of perception map 30 are values of motion information, the resulting values of
the weighted sum may indicate to enhancement unit 36 to enhance pixels for slow
moving objects located in the foreground relative to pixels for objects located in
background or pixels for fast moving objects.
[0061] In some examples, enhancement map unit 34 may similarly perform a weighted
sum of values of depth map 28 and perception map 30, where perception map 30 is a
saliency map. For example, the resulting values of the weighted sum, in this example,
may indicate to enhancement unit 36 to enhance more salient pixels in portion of image
24 with objects located in the foreground as compared to portions of image 24 where the

pixels are for objects in the background or for less salient pixels.
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[0062] As one example, to perform the weighted sum, enhancement map unit 34 may
implement the following function for each of the corresponding values of depth map 28
and perception map 30 that correspond to the same pixel in image 24:
[0063] B =yd + 6(1 —t), where vy is a selectable or preprogrammed weight for values of
perception map 30, d is one of the values of perception map 30, 9 is a selectable or
preprogrammed weight for values of depth map 28, and t is a one of the values of depth
map 28 that corresponds to the value of d of perception map 30, where both d and t
correspond to one of the pixels of image 24.
[0064] In this example, B is the resulting weighted sum value for the corresponding
pixel of image 24 that enhancement unit 36 may utilize to determine how much to
enhance the corresponding pixel of image 24. For example, the enhancement map may
include one B value for each pixel of image 24. The value of Y may be selectable or
preprogrammed based on the desired amount of bias towards the values of perception
map 30. For example, it may be desirable to ensure that objects are enhanced more
based on movement or saliency as compared to depth within image 24, and the value of
v can be selected or preprogrammed to achieve such a result. Similarly, the value of &
may be selectable or preprogrammed based on the desired amount of bias towards the
values of depth map 28. For example, it may be desirable to ensure that objects are
enhanced more based on depth as compared to movement or saliency, and the value of 6
can be selected or preprogrammed to achieve such a result.
[0065] The value d may be inversely correlated to the perceived “speed” in examples
where perception map 30 is a motion information map. For example, the greater the
perceived speed, the smaller the value of d. The value of t may be indicative of
perceived “depth,” and less than or equal to 1. In this example, the greater the value of
t, the further back it is in image 24.
[0066] It should be understood that the correlation between the values of v, 0, d, and t,
and their respective biases, speed, and depth is provided for illustration purposes only,
and should not be considered limiting. Furthermore, the equation for B is provided for
illustration purposes only, and should not be considered limiting. In general,
enhancement map unit 34 may implement any algorithm that determines the amount of
enhancement to be applied on pixels of image 24 based on values of depth map 28 and
perception map 30.
[0067] As illustrated, enhancement unit 36 may receive the results of the weighted sum

from enhancement map unit 34 and the pixel values of image 24. Enhancement unit 36
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may then enhance pixel values (e.g., color values) of image 24 based on corresponding
weighted sum values. There may be various ways in which enhancement unit 36 may
utilize the weighted sum values to enhance a first portion of image 24 relative to a
second portion of image 24.
[0068] For example, enhancement unit 36 may establish a threshold value for the
weighted sum values. Pixels whose corresponding weighted sum values are greater
than or equal to the threshold value may be pixels in a first portion of image 24. Pixels
whose corresponding weighted sum values are less than the threshold value may be
pixels in a second portion of image 24. As one example of enhancing the first portion
relative to the second portion of image 24, enhancement unit 36 may enhance pixels in
the first portion of image 24, and not enhance pixels in the second portion of image 24.
As another example, enhancement unit 36 may blur pixels in the second portion of
image 24, and not blur pixels in the first portion of image 24. As yet another example,
enhancement unit 36 may enhance pixels in the first portion of image 24, and blur pixels
in the second portion of image 24. In any of these example cases, the first portion may
appear clearer than the second portion. In this manner, the example techniques may
enhance a first portion of image 24 relative to a second portion of image 24.
[0069] Enhancement unit 36 may be configured to implement any type of enhancement
technique. As examples, enhancement unit 36 may implement one or more of contrast
enhancement, sharpening and blurring, and color enhancement, although aspects of this
disclosure should not be considered limited to contrast enhancement, sharpening and
blurring, and color enhancement. An example of enhancement unit 36 is described in
greater detail with respect to FIG. 3.
[0070] The preceding examples described image 24 as being a single, still image or an
image of a video. There may be at least two examples of images for a video, and the
techniques of this disclosure are extendable to both examples of video. One example of
video is generally referred to as mono-view video, and another example of video is
multi-view video. A subset of multi-view video is stereoscopic video.
[0071] In stereoscopic video, which may referred to as three dimensional (3D) video,
device 10 may simultancously display two images on display 12, where one image is
viewable by the left-eye, and not the right-eye, and another image is viewable by the
right-eye, and not the left-eye. The left-eye image and the right-eye image may include
substantially similar image content; however, there may be slight displacement in the

corresponding pixels. The simultancous viewing of the left-eye image and the right-eye
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image may cause the viewer to perceive a single image that pops out of or into display
12, which provides the viewer with a 3D experience.
[0072] Multi-view video is an extension of stereoscopic view. For example, multi-view
video is based on a similar premise to generate a 3D experience, but creates more than
just left and right-eye images so that the appearance of 3D occurs no matter the
direction from where the viewer is viewing the video, and more particularly when the
user is not wearing any specific glasses to view the 3D image. For purposes of
illustration, the technique is described for stereoscopic video; however, the technique
may be similarly extendable to multi-view.
[0073] In mono-view video, which may be referred to as two dimensional (2D) video,
device 10 may display one image on display 12 at a time. The viewer may not
experience any 3D effects. For example, the video may appear bounded to within
display 12. In both stereoscopic video and mono-view video, the images may be 3D
images in that there may be perspective depth to the objects within the video. However,
cach of the images are constrained to the boundary of display 12. It is only when the
left-eye image and right-eye image of sterecoscopic video are viewed simultancously
does the viewer perceive a single image that pops out of or into display 12.
[0074] The example techniques described in this disclosure may be extendable to
stereoscopic video or multi-view video. For example, image 24 may be one of the left-
eye image or the right-eye image of stereoscopic video, and memory 20 may store both
the left-eye image and the right-eye image. In examples where image 24 is for
stereoscopic video, depth map 28 may be referred to as a disparity map. In this case,
depth map 28 may be referred to as a disparity map because the disparity map may
includes values indicative of perspective depth of objects within image 24 and values
indicative of perspective depth of objects for the corresponding other eye image. For
example, if image 24 is the left-eye image, then depth map 28 (e.g., the disparity map)
may include values indicative of the depth of the objects in the left-eye image (i.e.,
image 24), and the corresponding right-eye image, and vice-versa.
[0075] In examples where image 24 is for stereoscopic video, enhancement map unit 34
may receive depth map 28 (e.g., disparity map) for image 24, which is also the depth
map for the other image of stereoscopic video. In this example, enhancement map unit
34 may generate a single enhancement map that enhancement unit 36 utilizes to enhance
pixels of both images of the stereoscopic video. Enhancement unit 36 may receive the

pixel values (e.g., color values) for both the right-eye image and the left-eye image of



WO 2013/141997 PCT/US2013/026927

18
stereoscopic video, and may enhance the right-eye image and the left-eye image using
the single enhancement map. In some instances, if the amount of enhancement that
enhancement unit 36 applies to the right-eye image is different that the amount of
enhancement applied to the left-eye image, the simultancous viewing of the enhanced
right-eye and left-eye images may not produce proper 3D effect. To address this,
enhancement unit 36 may apply the same amount of enhancement on both the right-eye
and left-eye images.
[0076] In some examples where image 24 is an image for stercoscopic video, post
processor 22 may enhance image 24 and the corresponding image of sterecoscopic video
(e.g., both the right-eye and left-eye images) using only depth information. In these
examples, perception map 30 may not be necessary. However, in alternate examples
post processor 22 may utilize both depth map 28 and perception map 30 even in
examples where image 24 is an image for stereoscopic video. In examples where
enhancement unit 36 utilizes the values of depth map 28, but not perception map 30, the
enhancement map may be the selectable or programmed value “6,” as described above,
multiplied by the values of depth map 28. In examples where enhancement unit 36
utilizes both the values from depth map 28 and perception map 30, the enhancement
map may include the value for “B” for each corresponding pixel of image 24.
[0077] FIG. 3 is a block diagram illustrating an example of an enhancement unit 36 that
may implement one or more techniques described in this disclosure. In the example of
FIG. 3, enhancement unit 36 includes contrast enhancement unit 38, sharpness and
blurring unit 40, and color enhancement unit 42. In other examples, enhancement unit
36 may include fewer or more units than those illustrated in FIG. 3. For example,
enhancement unit 36 may include all three of contrast enhancement unit 38, sharpness
and blurring unit 40, and color enhancement unit 42, any two of the three, or any one of
the three. In other words, enhancement unit 36 may apply one or more of these example
enhancement techniques. For instance, enhancement unit 36 may utilize all three of
contrast enhancement, sharpening and blurring, and color enhancement, any two of the
three, or only one of the three. The output of enhancement unit 36 may be the pixel
values for enhanced image 26.
[0078] Contrast enhancement unit 38 may change contrast of pixels within a first
portion of image 24 relative to a second portion of image 24 based on the enhancement
map generated by enhancement map unit 34. For example, the enhancement map may

indicate to contrast enhancement unit 38 to increase the contrast of pixels for objects in
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the foreground that are moving slowly or are more salient compared to pixels for objects
in the background or pixels for objects that are moving slowly or are less salient.
[0079] Sharpness and blurring unit 40 may sharpen or blur pixels based on an
enhancement map. For example, sharpness and blurring unit 40 may sharpen the
foreground pixels, blur the background pixels, or both sharpen the foreground pixels
and blur the background pixels based on the enhancement map. Sharpness and blurring
unit 40 may blur foreground pixels if an object in the foreground is perceived to be in
motion based on the enhancement map.
[0080] Color enhancement unit 42 may change color values of pixels based on an
enhancement map. For example, humans perceive foreground objects as being
“warmer” in color then background objects. Based on this, color enhancement unit 42
may increase the “redness” of foreground pixels and decrease the “redness” of
background pixels. It should be noted that the enhancements performed by contrast
enhancement unit 38, sharpness and blurring unit 40, and color enhancement unit 42
may be performed sequentially in any number of orders or performed in parallel.
[0081] Enhancement unit 36 may apply any of the example enhancement techniques for
images of stereoscopic video described above. In some situations, there may be other
enhancement techniques that are more suitable for images of stereoscopic video. FIG. 4
is a block diagram illustrating another example of an enhancement unit 36 that may
implement one or more techniques described in this disclosure. The example
enhancement unit 36, illustrated in FIG. 4, may be a suitable example of enhancement
unit 36 when image 24 is one of the images for stereoscopic video. For purposes of
illustration, assume that image 24 is the left-eye image.
[0082] As illustrated in FIG. 4, in this example of enhancement unit 36, enhancement
unit 36 includes filter 44, multiplier 46, summer 48, and multiplier 52. In some
examples, enhancement unit 36 may be preprogrammed with constant value 50,
represented by “A” in FIG. 4. Alternatively, constant value 50 may selectable.
[0083] Filter 44 may receive pixel values of image 24 (e.g., the left-eye image) and
high-pass filter the pixel values. There may be various ways in which filter 44 may
high-pass filter the pixel values. As one example, filter 44 may low-pass filter the pixel
values and subtract the low-pass filtered pixel values from the original pixel values to
generate the high-pass filter pixel values. To low-pass filter the pixel values, filter 44
may multiply the pixel values with a 5x5 Gaussian kernel, as one example. The

filtering technique of filter 44 is provided for illustration purposes only, and should not
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be considered limiting. In another example, a 3x3 or 5x5 kernel may be used. In this
example, a low pass filter kernel of these dimensions can be derived from a circularly
symmetric Gaussian spread function with fixed standard deviation. The high pass
kernel can then be simply computed as 1. Further, the low pass kernel weights can be
normalized such that their magnitude is between 0 and 1. In general, aspects of this
disclosure are extendable to any high-pass filtering technique.
[0084] Multiplier 46 may receive the high-pass filtered pixel values from filter 44 and
the enhancement map and may multiply the values together. One example of the value
of the enhancement map may be the value for “f” for each corresponding pixel of image
24, as described above, in examples where the enhancement map, for stereoscopic
video, is based on values of depth map 28 and perception map 30. Another example of
the value of the enhancement map may be the value for ““3,” as described above,
multiplied by the values of depth map 28, in examples where the enhancement map, for
stereoscopic video, is based on values of depth map 28, and not on values of perception
map 30.
[0085] Multiplier 52 may also receive the pixel values of image 24 and multiply the
pixel values with constant value 50. Constant value 50 may be a selectable or
preprogrammed value. Summer 48 may receive values from multiplier 46 and from
multiplier 52, and sum the values together. The result of the summation may be pixel
values for enhanced image 26. Enhancement unit 36, as illustrated in FIG. 4, may
perform similar techniques to enhance the other image, corresponding to image 24, of
the stereoscopic video (e.g., the right-eye image).
[0086] FIG. 5 is a block diagram that illustrates an example of a depth map processing
unit 32 that may implement one or more techniques described in this disclosure. As
described above, in some examples, the received or generated values of depth map 28
may not be ideally suitable for determining which portions of image 24 should be
enhanced relative to other portions. For example, depth map 28 may include noise
which may make it less useful for image enhancement. Depth map processing unit 32
may filter such noise, as well as perform other processing on the values of depth map 28
to generate values for suitable for use in image enhancement. Also, as described above,
depth map processing unit 32 may not be necessary in every example.
[0087] The example depth map processing unit 32 illustrated in FIG. 5 may include a
median filtering unit 54, a smoothing unit 56, and a stretching unit 58. Median filtering

unit 54 may remove impulse noise in a received depth map 28 by applying a
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preprogrammed or selectable filter. Smoothing unit 56 may remove “holes” in a depth
map 28 by replacing depth values of pixels with values of neighboring depth values.
For example, if a pixel has a 0 depth value, but is surrounded by pixels with higher
depth values, the pixel can inherit a higher depth value. This way pixels making up an
object will appear to have similar depth and the object will appear more continuous.
[0088] Stretching unit 58 may increase the dynamic range of the of received depth map
values using histogram stretching or look-up table mapping. For example, a received
depth map 28 may have a maximum depth value of 17. Stretching unit 58 may increase
this value to 255, as one example, to further enhance the perceived depth of image 24.
It should be noted that although the depth data processing unit 32 illustrated in the
example FIG. 5 is described as processing a depth map, in other examples, post
processor 22 may include a perception map processing unit to similarly process values
of perception map 30 such that objects within image 24 are more continuous and are
more clearly distinguished from one another..
[0089] FIG. 6 is a flowchart illustrating example techniques in accordance with one or
more examples described in this disclosure. It should be noted that all of the steps
illustrated in FIG. 6 need not be performed in every instance. One or more steps may
not be performed, or may be performed in an order different than that illustrated in FIG.
6. For purposes of illustration only, reference is made to FIGS. 1-5.
[0090] One or more processing units may receive an image (60). Examples of the
processing units include video processor 14, GPU 16, video codec 18, post processor
22, and a CPU of device 10. An example of the received image may be image 24 that
the one or more processing units receive from memory 20 for image enhancement.
[0091] The one or more processing units may determine depth map values for a depth
map for the image that indicates relative depth of the pixels within the image (62). For
example, post processor 22 may determine depth map values for depth map 28. The
depth map values may indicate relative depth of the pixels, such as which pixels are
within objects that are in the foreground and which pixels are within objects that are in
the background.
[0092] The one or more processing units may determine perception map values for a
perception map for the image (64). For example, the perception map values may be for
perception map 30. In some examples, the perception map values may be indicative of

motion information, which may provide a measure of whether an object is moving
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relatively fast or relatively slowly. In some examples, the perception may values may
be indicative of how salient pixels are within image 24.
[0093] The one or more processing units may enhance a first portion of the image
relative to the second portion of the image based on at least the depth map values and
the perception map values (66). There may be various ways in which the one or more
processing units may enhance the first portion relative to the second portion. For
instance, the one or more processing units may enhance the first portion, and not
enhance the second portion. As another example, the one or more processing units may
blur the second portion, and not blur the first portion. As yet another example, the one
or more processing units may enhance the first portion and blur the second portion.
[0094] In some examples, the one or more processing units may determine pixels for
objects that are in a foreground of the image, and motion information of the objects in
the image. In these examples, the one or more processing units may enhance pixels for
objects that are in the foreground of the image and that are moving slowly relative to
pixels for objects that are in the background of the image and pixels for objects that are
moving quickly.
[0095] In some examples, the one or more processing units may determine pixels for
objects that are in a foreground of the image, and saliency information of the pixels in
the image. In these examples, the one or more processing units may enhance pixels that
are more salient and for objects that are in the foreground of the image relative to pixels
that are less salient and for objects that are in the background of the image.
[0096] FIG. 7 is a block illustrating another example of a device that may be operable to
implement one or more aspects of this disclosure. For example, FIG. 7 illustrates device
10 of FIG. 1 in greater detail. For purposes of brevity, only the components of device 10
that are illustrated in FIG. 7, but not illustrated in FIG. 1 are described in detail.
[0097] In the example of FIG. 7, device 10 may include display 12, video processor 14,
GPU 16, video codec 18, memory 20, post processor 22, transceiver module 68, user
interface 70, and processor 72. Processor 72 may be the central processing unit (CPU)
of device 10. Although this disclosure describes post processor 22 as implementing the
example techniques described in this disclosure, it may be possible for any processing
unit of device 10 to implement the example techniques. The processing unit may be one
or more of processor 72, video processor 14, GPU 16, video codec 18, and post

processor 22, or some other processing unit not illustrated in FIGS. 1 and 9.
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[0098] Device 10 may include additional modules or units not shown in FIG. 7 for
purposes of clarity. For example, device 10 may include a speaker and a microphone,
neither of which are shown in FIG. 7, to effectuate telephonic communications in
examples where device 10 is a mobile wireless telephone, or a speaker where device 10
is a media player. Device 10 may also include a video camera. Furthermore, the
various modules and units shown in device 10 may not be necessary in every example
of device 10. For example, user interface 70 and display 12 may be external to device
10 in examples where device 10 is a desktop computer or other device that is equipped
to interface with an external user interface or display.
[0099] Examples of user interface 70 include, but are not limited to, a trackball, a
mouse, a keyboard, and other types of input devices. User interface 70 may also be a
touch screen and may be incorporated as a part of display 12. Transceiver module 68
may include circuitry to allow wireless or wired communication between device 10 and
another device or a network. Transceiver module 68 may include modulators,
demodulators, amplifiers and other such circuitry for wired or wireless communication.
[0100] It is to be recognized that depending on the example, certain acts or events of
any of the techniques described herein can be performed in a different sequence, may be
added, merged, or left out altogether (e.g., not all described acts or events are necessary
for the practice of the techniques). Moreover, in certain examples, acts or events may
be performed concurrently, e.g., through multi-threaded processing, interrupt
processing, or multiple processors, rather than sequentially.
[0101] In one or more examples, the functions described may be implemented in
hardware, software, firmware, or any combination thereof. If implemented in software,
the functions may be stored as one or more instructions or code on a computer-readable
medium. Computer-readable media may include computer data storage media. Data
storage media may be any available media that can be accessed by one or more
computers or one or more processors to retrieve instructions, code and/or data structures
for implementation of the techniques described in this disclosure. By way of example,
and not limitation, such computer-readable media can comprise random access memory
(RAM), read-only memory (ROM), EEPROM, CD-ROM or other optical disk storage,
magnetic disk storage or other magnetic storage devices, or any other medium that can
be used to store desired program code in the form of instructions or data structures and
that can be accessed by a computer. Disk and disc, as used herein, includes compact

disc (CD), laser disc, optical disc, digital versatile disc (DVD), floppy disk and Blu-ray
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disc where disks usually reproduce data magnetically, while discs reproduce data
optically with lasers. Combinations of the above should also be included within the
scope of computer-readable media.
[0102] The code may be executed by one or more processors, such as one or more
digital signal processors (DSPs), general purpose microprocessors, application specific
integrated circuits (ASICs), field programmable logic arrays (FPGAs), or other
equivalent integrated or discrete logic circuitry. Accordingly, the term “processor,” as
used herein may refer to any of the foregoing structure or any other structure suitable for
implementation of the techniques described herein. Also, the techniques could be fully
implemented in one or more circuits or logic elements.
[0103] The techniques of this disclosure may be implemented in a wide variety of
devices or apparatuses, including a wireless handset, an integrated circuit (IC) or a set of
ICs (i.c., a chip set). Various components, modules or units are described in this
disclosure to emphasize functional aspects of devices configured to perform the
disclosed techniques, but do not necessarily require realization by different hardware
units. Rather, as described above, various units may be combined in a hardware unit or
provided by a collection of interoperative hardware units, including one or more
processors as described above, in conjunction with suitable software and/or firmware.
[0104] Various examples have been described. These and other examples are within the

scope of the following claims.
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CLAIMS:

1. A method for image processing comprising:
receiving an image;
determining depth map values for a depth map for the image that indicates
relative depth of pixels within the image;
determining perception map values for a perception map for the image; and
enhancing a first portion of the image relative to a second portion of the image

based on at least the depth map values and the perception map values.

2. The method of claim 1, wherein enhancing the first portion of the image relative
to the second portion of the image comprises at least one of:

enhancing pixels within the first portion, and not enhancing pixels within the
second portion;

blurring the pixels within the second portion, and not blurring the pixels within
the first portion; and

enhancing the pixels within the first portion, and blurring the pixels within the

second portion.

3. The method of claim 1,

wherein determining depth values for the depth map comprises determining
which pixels are for objects in a foreground of the image,

wherein determining perception map values for the perception map comprises
determining motion information of objects in the image, and

wherein enhancing the first portion of the image relative to the second portion
comprises enhancing pixels for objects that are in the foreground of the image and that
are moving slowly, as determined by the motion information, relative to pixels of
objects that are in a background of the image and pixels of objects that are moving

quickly, as determined by the motion information.
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4, The method of claim 1,

wherein determining depth values for the depth map comprises determining
which pixels are for objects in a foreground of the image,

wherein determining perception map values comprises determining saliency
information for pixels in the image, and

wherein enhancing the first portion of the image relative to the second portion
comprises enhancing pixels that are more salient and for objects that are in the
foreground of the image relative to pixels that are less salient and for objects that are in

a background of the image.

5. The method of claim 1, wherein the perception map comprises at least one of a
motion information map indicative of perspective speed of objects in the image, and a

saliency map indicative of saliency of pixels in the image.

6. The method of claim 1, wherein the image comprises a first image of
stereoscopic video for a first eye, the method further comprising:
receiving a second image of the stereoscopic video for a second eye, wherein
image content of the first image and the second image is substantially similar; and
enhancing a first portion of the second image relative to a second portion of the
second image based on at least the depth map values for the first image and the

perception map values for the first image.

7. The method of claim 1, further comprising:

performing a weighted sum on the depth map values and the perception map
values to generate enhancement map values for an enhancement map,

wherein enhancing the first portion of the image relative to the second portion of
the image comprises enhancing the first portion of the image relative to the second

portion of the image based on the enhancement map values.

8. The method of claim 1, further comprising, at least one of:
filtering the depth values of the depth map;
smoothing the depth values of the depth map; and
histogram stretching the depth values of the depth map.
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9. A device comprising:
a memory configured to store an image; and
one or more processing units configured to:
receive the image;
determine depth map values for a depth map for the image that indicates
relative depth of pixels within the image;
determine perception map values for a perception map for the image; and
enhance a first portion of the image relative to a second portion of the

image based on at least the depth map values and the perception map values.

10.  The device of claim 9, wherein to enhance the first portion of the image relative
to the second portion, the one or more processing units are configured to, at least one of:

enhance pixels within the first portion, and not enhance pixels within the second
portion;

blur the pixels within the second portion, and not blur the pixels within the first
portion; and

enhance the pixels within the first portion, and blur the pixels within the second

portion.

11.  The device of claim 9, wherein the one or more processing units are configured
to determine which pixels are for objects in a foreground of the image, determine
motion information of the objects in the image, and enhance pixels for objects that are
in the foreground of the image and that are moving slowly, as determined by the motion
information, relative to pixels of objects that are in a background of the image and

pixels of objects that are moving quickly, as determined by the motion information.

12.  The device of claim 9, wherein the one or more processing units are configured
to determine which pixels are for objects in a foreground of the image, determine
saliency information for pixels in the image, and enhance pixels that are more salient
and for objects that are in the foreground of the image relative to pixels that are less

salient and for objects that are in a background of the image.
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13.  The device of claim 9, wherein the perception map comprises at least one of a
motion information map indicative of perspective speed of objects in the image, and a

saliency map indicative of saliency of pixels in the image.

14.  The device of claim 9, wherein the image comprises a first image of stereoscopic
video for a first eye, wherein the one or more processing units are configured to:
receive a second image of the stereoscopic video for a second eye, wherein
image content of the first image and the second image is substantially similar; and
enhance a first portion of the second image relative to a second portion of the
second image based on at least the depth map values for the first image and the

perception map values for the first image.

15.  The device of claim 9, wherein the one or more processing units are configured
to:

perform a weighted sum on the depth map values and the perception map values
to generate enhancement map values for an enhancement map; and

enhance the first portion of the image relative to the second portion of the image

based on the enhancement map values.

16.  The device of claim 9, wherein the one or more processing units are configured
to, at least one of:

filter the depth values of the depth map;

smooth the depth values of the depth map; and

histogram stretch the depth values of the depth map.

17. A device comprising:

means for receiving an image;

means for determining depth map values for a depth map for the image that
indicates relative depth of pixels within the image;

means for determining perception map values for a perception map for the
image; and

means for enhancing a first portion of the image relative to a second portion of

the image based on at least the depth map values and the perception map values.
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18.  The device of claim 17, wherein the means for enhancing the first portion of the
image relative to the second portion of the image comprises at least one of:

means for enhancing pixels within the first portion, and not enhancing pixels
within the second portion;

means for blurring the pixels within the second portion, and not blurring the
pixels within the first portion; and

means for enhancing the pixels within the first portion, and blurring the pixels

within the second portion.

19. The device of claim 17,

wherein the means for determining depth values for the depth map comprises
means for determining which pixels are for objects in a foreground of the image,

wherein the means for determining perception map values for the perception
map comprises means for determining motion information of objects in the image, and

wherein the means for enhancing the first portion of the image relative to the
second portion comprises means for enhancing pixels for objects that are in the
foreground of the image and that are moving slowly, as determined by the motion
information, relative to pixels of objects that are in a background of the image and

pixels of objects that are moving quickly, as determined by the motion information.

20. The device of claim 17,

wherein the means for determining depth values for the depth map comprises
means for determining which pixels are for objects in a foreground of the image,

wherein the means for determining perception map values comprises means for
determining saliency information for pixels in the image, and

wherein the means for enhancing the first portion of the image relative to the
second portion comprises means for enhancing pixels that are more salient and for
objects that are in the foreground of the image relative to pixels that are less salient and

for objects that are in a background of the image.

21.  The device of claim 17, wherein the perception map comprises at least one of a
motion information map indicative of perspective speed of objects in the image, and a

saliency map indicative of saliency of pixels in the image.
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22.  The device of claim 17, wherein the image comprises a first image of
stereoscopic video for a first eye, the device further comprising

means for receiving a second image of the sterecoscopic video for a second eye,
wherein image content of the first image and the second image is substantially similar;
and

means for enhancing a first portion of the second image relative to a second
portion of the second image based on at least the depth map values for the first image

and the perception map values for the first image.

23.  The device of claim 17, further comprising:
means for performing a weighted sum on the depth map values and the
perception map values to generate enhancement map values for an enhancement map,
wherein the means for enhancing the first portion of the image relative to the
second portion of the image comprises means for enhancing the first portion of the

image relative to the second portion of the image based on the enhancement map values.

24.  The device of claim 17, further comprising, at least one of:
means for filtering the depth values of the depth map;
means for smoothing the depth values of the depth map; and

means for histogram stretching the depth values of the depth map

25. A computer-readable storage medium comprising instructions that cause one or
more processors to:

receive an image;

determine depth map values for a depth map for the image that indicates relative
depth of pixels within the image;

determine perception map values for a perception map for the image; and

enhance a first portion of the image relative to a second portion of the image

based on at least the depth map values and the perception map values.



WO 2013/141997 PCT/US2013/026927

31

26. The computer-readable storage medium of claim 25, wherein the instructions to
enhance the first portion of the image relative to the second portion comprise
instructions to at least one of:

enhance pixels within the first portion, and not enhance pixels within the second
portion;

blur the pixels within the second portion, and not blur the pixels within the first
portion; and

enhance the pixels within the first portion, and blur the pixels within the second

portion.

27.  The computer-readable storage medium of claim 25,

wherein the instructions to determine depth values for the depth map comprise
instructions to determine which pixels are for objects in a foreground of the image,

wherein the instructions to determine perception map values for the perception
map comprise instructions to determine motion information of objects in the image, and

wherein the instructions to enhance the first portion of the image relative to the
second portion comprise instructions to enhance pixels for objects that are in the
foreground of the image and that are moving slowly, as determined by the motion
information, relative to pixels of objects that are in a background of the image and

pixels of objects that are moving quickly, as determined by the motion information.

28.  The computer-readable storage medium of claim 25,

wherein the instructions to determine depth values for the depth map comprise
instructions to determine which pixels are for objects in a foreground of the image,

wherein the instructions to determine perception map value comprise
instructions to determine saliency information for pixels in the image, and

wherein the instructions to enhance the first portion of the image relative to the
second portion comprise instructions to enhance pixels that are more salient and for
objects that are in the foreground of the image relative to pixels that are less salient and

for objects that are in a background of the image.

29.  The computer-readable storage medium of claim 25, wherein the perception map
comprises at least one of a motion information map indicative of perspective speed of

objects in the image, and a saliency map indicative of saliency of pixels in the image.
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30.  The computer-readable storage medium of claim 25, wherein the image
comprises a first image of stereoscopic video for a first eye, the instructions further
comprising instructions that cause the one or more processors to:
receive a second image of the stereoscopic video for a second eye, wherein
image content of the first image and the second image is substantially similar; and
enhance a first portion of the second image relative to a second portion of the
second image based on at least the depth map values for the first image and the

perception map values for the first image.

31.  The computer-readable storage medium of claim 25, wherein the instructions
further comprise instructions that cause the one or more processors to:

perform a weighted sum on the depth map values and the perception map values
to generate enhancement map values for an enhancement map,

wherein the instructions to enhance the first portion of the image relative to the
second portion of the image comprises instructions to enhance the first portion of the

image relative to the second portion of the image based on the enhancement map values.

32.  The computer-readable storage medium of claim 25, further comprising
instructions that cause the one or more processors to, at least one of:

filter the depth values of the depth map;

smooth the depth values of the depth map; and

histogram stretch the depth values of the depth map.



WO 2013/141997

Page1/7

PCT/US2013/026927

~ 10
ENHANCED
DISI:ZI,' AY IMAGE
B 26
VIDEO MEMORY POST
PROCESSOR 20 PROCESSOR
14 22
IMAGE
24
GPU
16
DEPTH MAP
28
VIDEO CODEC PERCEPTION
18 MAP
- 30

FIG. 1




PCT/US2013/026927

WO 2013/141997

Page 2 /7

-

¢ '9Old

44
J0SS300¥d 1SOd

9¢
JOVINI
d3ONVHNL

0¢
dVIN
NOILd3D¥3d
Y
9¢ Ve tw_m:
1INN LINN dVIN
ONISSIO0Nd T4
INIWIONVHNI INIWIONVHNI YN HLd3a o

Hld3d

[ Z4

JOVINI



PCT/US2013/026927

WO 2013/141997

Page 3/7

€ 'Old

9¢
LINA
INIWIONVHNS
7 oy o
LINA LINN LINA
- - INTW3oNvHNa [ wz_m_m_@._m ™ NawaoNvHNT [
JOVII 40109 SSANJYVHS 1SVHLINOD
Q3ONVHNI

S3ANTVA 13XId

dVIN
LNIINIONVHNAE



PCT/US2013/026927

WO 2013/141997

Page4/7

¥ "Old

Y
JOVINI
A3ONVHN3
A
o
LINN
INIINIDONVHNI
+
v 9%
N\ ¥
X v b EINIE
[A%] 06

A

I

S3ANTVA 13XId

dVIN
INIINIONVHN3



PCT/US2013/026927

WO 2013/141997

Page 5/7

(43
L1INN ONISSTO0dd
dVIN H1d3ad
1 95 hﬂ,:
- 1lINN — 1INN < ONN3LTIL
dVIN H1Ld3a ONIHOL3d1S O9NIHLOOINS NVIQ3W

8¢
dVIN H1ld3d



WO 2013/141997 PCT/US2013/026927

Page 6/7

60
RECEIVE IMAGE a

l

DETERMINE DEPTH MAP ~ 62
VALUES

'

DETERMINE PERCEPTION MAP |— 64
VALUES

'

ENHANCE FIRST PORTION 66
RELATIVE TO SECOND a
PORTION

FIG. 6



WO 2013/141997 PCT/US2013/026927

Page7/7
10
TRANSCEIVER USER
MODULE INTERFACE D'Sf 2',' AY
68 0 o
VIDEO POST
PROCESSOR PROCESSOR PROCESSOR
72 14 22
3 3 ’
GPU VIDEO CODEC
16 18
y
MEMORY
20

FIG. 7




INTERNATIONAL SEARCH REPORT

International application No

PCT/US2013/026927

A. CLASSIFICATION OF SUBJECT MATTER

INV. GO6T5/00 GO6T5/40
ADD.

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

B. FIELDS SEARCHED

GO6T

Minimum documentation searched (classification system followed by classification symbols)

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

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

EPO-Internal, COMPENDEX, INSPEC, WPI Data

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category™

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

Relevant to claim No.

5 August 2010 (2010-08-05)
abstract

page 2, lines 24-33

page 4, lines 21-28

claims 8,10

X WO 2010/087955 Al (THOMSON LICENSING [FR];
LAI POLIN [US]; TIAN DONG [US])

page 8, line 7 - page 12, line 2

1-32

_/__

Further documents are listed in the continuation of Box C.

See patent family annex.

* Special categories of cited documents :

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

"E" earlier application or patent but published on or after the international
filing date

"L" document which may throw doubts on priority claim(s) or which is
cited to establish the publication date of another citation or other
special reason (as specified)

"O" document referring to an oral disclosure, use, exhibition or other
means

"P" document published prior to the international filing date but later than
the priority date claimed

"T" later document published after the international filing date or priority
date and not in conflict with the application but cited to understand
the principle or theory underlying the invention

"X" document of particular relevance; the claimed invention cannot be
considered novel or cannot be considered to involve an inventive
step when the document is taken alone

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

"&" document member of the same patent family

Date of the actual completion of the international search

6 May 2013

Date of mailing of the international search report

15/05/2013

Name and mailing address of the ISA/

European Patent Office, P.B. 5818 Patentlaan 2
NL - 2280 HV Rijswijk

Tel. (+31-70) 340-2040,

Fax: (+31-70) 340-3016

Authorized officer

Eckert, Lars

Form PCT/ISA/210 (second sheet) (April 2005)

page 1 of 2




INTERNATIONAL SEARCH REPORT

International application No

PCT/US2013/026927

C(Continuation).

DOCUMENTS CONSIDERED TO BE RELEVANT

Category™ | Citation of document, with indication, where appropriate, of the relevant passages

Relevant to claim No.

X

POURAZAD M T ET AL: "An H.264-based
scheme for 2D to 3D video conversion",
IEEE TRANSACTIONS ON CONSUMER ELECTRONICS,
IEEE SERVICE CENTER, NEW YORK, NY, US,
vol. 52, no. 2, 1 May 2009 (2009-05-01),
pages 742-748, XP011270932,

ISSN: 0098-3063

abstract

page 743, left-hand column, lines 29-53
section "II.E. Perceptual Depth
Enhancement"

1,2,5,
8-10,13,
16-18,
21,
24-26,
29,32

Form PCT/ISA/210 (continuation of second sheet) (April 2005)

page 2 of 2




INTERNATIONAL SEARCH REPORT

Information on patent family members

International application No

PCT/US2013/026927
Patent document Publication Patent family Publication
cited in search report date member(s) date

WO 2010087955 Al 05-08-2010  CN 102356637 A 15-02-2012
EP 2384584 Al 09-11-2011
JP 2012516637 A 19-07-2012
KR 20110122817 A 11-11-2011
US 2011273529 Al 10-11-2011
WO 2010087955 Al 05-08-2010

Form PCT/ISA/210 (patent family annex) (April 2005)




	Page 1 - front-page
	Page 2 - front-page
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - description
	Page 15 - description
	Page 16 - description
	Page 17 - description
	Page 18 - description
	Page 19 - description
	Page 20 - description
	Page 21 - description
	Page 22 - description
	Page 23 - description
	Page 24 - description
	Page 25 - description
	Page 26 - description
	Page 27 - claims
	Page 28 - claims
	Page 29 - claims
	Page 30 - claims
	Page 31 - claims
	Page 32 - claims
	Page 33 - claims
	Page 34 - claims
	Page 35 - drawings
	Page 36 - drawings
	Page 37 - drawings
	Page 38 - drawings
	Page 39 - drawings
	Page 40 - drawings
	Page 41 - drawings
	Page 42 - wo-search-report
	Page 43 - wo-search-report
	Page 44 - wo-search-report

