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MULTI-LAYER VIDEO/GRAPHICS BLENDING INCLUDING IDENTIFYING
COMPOSITED NON-TRANSPARENT REGIONS IN THE ALPHA MULTIPLIED
OVERLAY

The present invention relates generally to video processing, and more particularly
relates to reducing computational requirements for multi-layer video/graphics blending.

Advances in consumer electronics include the successful development and
commercialization of video systems in which video data is recorded on, and read back from
non-volatile storage media such as DVDs.

The pre-recorded data available on DVDs often includes, in addition to video
program content, such items as menu elements, sub-titles, and related graphic overlay
features. These menu items, sub-titles, and related features are often required to be
displayed by the DVD playback systems. Further, such items may be required to blended
with video data from the main video plane to create the desired display.

The processing of each display field, or frame, i.e., combining a field or frame of
main video data, with a corresponding field, or frame, of overlay material, which is first
color converted and then alpha blended with the main video data, consumes substantial
computational resources. Where such DVD playback systems are implemented with
microprocessors, or special purpose digital signal processors (DSP), these computational
resources include, but are not limited to, CPU cycles, memory bandwidth, and data cache
resources.

What is needed are methods that reduce the performance demands of video
processing so that components may be used that are less costly and/or consume less power
than the components required for the otherwise higher performance demands.

Briefly, methods in accordance with the present invention identify composited non-
transparent regions in a video/graphics overlay during color conversion and alpha blending.
Individual non-transparent regions are merged into larger such regions if not separated by

at least a predetermined distance. Regions that are so determined are blended with target
regions in the main video plane. Transparent regions are not blended with the main video
data, thereby reducing the computational and memory bandwidth requirements.

In a further aspect of the present invention, although the distance is predetermined, it
is dynamically scaled to optimize CPU resources.

Fig. 1 is a memory map logically representing the layout of a display screen, and
showing the display coordinates of two non-overlapping, non-transparent regions within the

memory.
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Fig. 2 is a flow diagram illustrating a method in accordance with the present
invention.

Fig. 3 is a flow diagram illustrating a method in accordance with the present
invention.

Various embodiments of the present invention provide means for reducing the
processing power and bandwidth requirements for blending overlays, or generating and
blending sub-pictures, menus, JPEGs, GIFs, and so on, with a main video plane for a DVD
playback and picture display. It is noted that embodiments of the present invention are not
limited to DVD playback, but are suitable for use in any type of picture display where
composition and mixing from different planes and/or sources is required, such as, but not
limited to, video playback on advanced television monitors, displays from portable video
jukeboxes, media streaming over the Internet, and so on. Methods in accordance with the
present invention reduce, as compared to conventional methods, the computational
requirements. Such methods also reduce the impact on a data cache associated with the
cbmputational resources, which in turn reduces the number of CPU stall cycles that would
otherwise be encountered during processing. This reduction in CPU stall éycles increases
the throughput of the computational resources.

With respect to the processing of digitized video data, it will be appreciated that
such video data is typically in stored in an addressable memory such as, for example, a
static random access memory (SRAM) or a dynamic random access memory (DRAM). It .
will be further appreciated by those skilled in the art and having the benefit of this
disclosure, that regardless of the physical arrangement of the memory, and regardless of the
physical addressing scheme that is used, it is helpful to describe the stored video data in
terms of a logical arrangement, or representation, of the data. A typical logical arrangement
for video data is one in which such an arrangement is representative of the layout of a
display screen on which the video data will be presented. For example, video data may be
logically represented as consisting of a video field, with each field containing a certain
number of lines, and each line containing a certain number of pixels. With such a logical
representation of video data, wherein the logical representation matches the physical display
on which it will be viewed, processing operations on that video data can be expressed, or
described, in terms reflective of the layout of a display screen, such as “left” and “right”,
and “top” and “bottom”. One way to organize the addressing of these fields of video data is

as memory arrays. The video data may thought of as occupying a two-dimensional array
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that corresponds to a display screen. In such an arrangement, the address of the memory
location where the pixel data corresponding to the leftmost pixel of the top line of the
display, may be mapped to a screen address, for example (0,0), if screen addressing begins
in the upper left-hand corner of the display screen. Logical operations on the video data
may then be described in terms of display screen locations rather than in terms of actual
physical memory addresses. It is also noted that mapping between physical and logical
addresses is well-known in this field, and therefore the details thereof will not be further
described herein.

It will be appreciated that each pixel may be represented by an arbitrary number of
bits or bytes, although some common arrangements include representing a pixel with eight
bits of data (one byte) or with 32 bits of data (four bytes).

Various embodiments of the present invention provide a method of determining
composited non-transparent regions in a video/graphics overlay during color conversion and

alpha blending, and then only blending the regions thus determined with the target regions

. in the main video plane. An advantage of such methods is that fewer CPU cycles are

consumed, i.e., fewer instruction need to be executed, in performing the conversion and
blending. Another advantage is that memory bandwidth requirements are reduced. A
further advantage of some embodiments is that fewer data cache stalls are experienced in
the embodiments that include data caches.

The overlay data is converted to the same video format as that of the main picture
data, and multiplied with the alpha ( ) value required for blending. In some embodiments,
the conversion and multiplication occur simultaneously. In other embodiments, the
conversion and multiplication occur as separate steps. The overlay can be decomposed into
a set of composited rectangular non-transparent, and transparent non-overlapping regions.
The regions may not be completely non-transparent, and may contain pixel data after alpha
multiplication that are transparent. Hence the regions are composited from non-transparent

multiplied pixel data which may contain transparent —multiplied pixel data. The regions
are identified by methods in accordance with the present invention that merge smaller non-
transparent regions into larger regions recursively while scanning the data in a single pass.
Such methods use a mean distance calculation between different areas in the picture to
generate optimal size areas depending upon the impact on the data cache and the efficiency

in processing the regions.
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In one illustrative embodiment, a datacahe is arranged in terms of cache sets. More
particularly, the data cache is 8-way set associative, there are a total of 32 sets, and each set
has 8 blocks, with each block being 64-bytes. On a cache miss, one cache line is fetched,
with the word at which the miss occured being the first one fetched. Hence, even if there
was only one pixel of non-transparent data in a line of a region, the whole cacheline would
be loaded anyway. Therefore, when regions are generated, this embodiment makes a
decision, based on the entropy in the data, as to whether the regions should be some integer
multiple of cachelines in width, and whether the seperation between the regions is also
some integer mutiple of cachlines. This helps to produce more efficient cache/memory
usage. A similar decison is made in terms of height, since data cahce prefetches can be
initiated on the offsets of the picture stride from an earlier cache miss address, thus
optimizing the cache usage. In this case, the line is analyzed from two points
simultaneously (i.e., one from the start and the other from an offset of the picture stride
from the region co-ordinate/cache miss at the last line). As used herein, entropy is the sum
of energy of the area of the picture being loaded and being described as regions. If the
entropy is greater than a thresold limit the value of which is typically determined by
experimentaiton, then the illustrative embodiment aligns the regions to cacheline
boundaries.

Various methods in accordance with the present invention use search and recursive
region overlap identification processes on the picture data to identify these regions while
performing a single pass over the data. For example, in typical sub-pictures for DVD, 70%
of the picture is transparent, therefore efficient search and blend processes can reduce the
computational load and memory bandwidth required. Further in accordance with the
present invention, only the non-transparent regions are blended with the target regions in the
main video plane, simultaneously multiplying the (1- ) values to the main picture data only
for those target regions. These processes can be used, for example, in blending images
defined in various formats, such as but not limited to, JPEG, GIF, and BMP, with the main
video to produce a final output result. Similarly, these processes can be used in blending
images or video of two or more planes/sources whose origin is JPEG, GIF, or BMP, with
the main video to produce a final output result.

In some embodiments of the present invention, the sub-picture data represented in a
DVD is in the format of two bits/pixel. The sub-pictures may be for creating the menus, or

the sub-titles of the DVD. These sub-pictures are blended with the main video picture data
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in order to produce the desired display results. Prior to blending such sub-picture data with
the main video picture, the sub-picture data needs to be converted to target YUV data. In
the case of normal overlay, data conversion is done to the target format, the  value is used
for the overlay, and it is used in a multiplication operation at this time.

More particularly, this method can be described as including a number of
operations, such as, creating an alpha-multiplied, target-format sub-picture, starting with 2-
bit/pixel data, and using color palette tables, and contrast and color lookup tables.
Alternatively, the data is multiplied with the alpha value and converted to the main target
video format. The method also includes determining the first composited non-transparent
blocks in the first non-transparent line in the alpha multiplied sub-picture/overlay data. The
method further includes determining and recording the regions in the first line of a field of
pixel data to be blended, based on one or more parameters selected for the acceptable mean
distance in the X-axis between the two adjacent regions. This acceptable width is the mean
distance that is suitable in terms of data cache performance and blending efficiency. Except
for the first line, at the end of every line, the method updates the region list and gets a fix in
the Y-axis (i.e., the vertical direction) from the recorded line lists, based on one or more
parameters selected for acceptable distance in the Y-axis between two adjacent regions.
This acceptable distance is the mean distance that is suitable in terms of data cache
performance and blending efficiency. The method further includes récursively sweeping
the adjacent regions recorded in the region list for overlaps and generating updated.
inclusive regions and removing overlaps. To complete the process, the operations of
determining and recording the regions in the first line, updating the region list, and
recuréively sweeping and generating inclusive regions, are repeated until the end of the sub-
picture/overlay is reached. As required, the alpha multiplied pixels of the recorded regions
are blended with the main video pixels by simultaneously multiplying (1- ) with the target
video data.

Where overlay pixel data is alpha blended to the main picture pixels, the final output
picture pixels can be represented as:

Pout= *Poverlay + (1- ) * Pmain

where ranges from 0 to 1.

During sub-picture data conversion from 2 bits/pixel to YUV color space, the color
palette tables provided in the DVD and the contrast and color lookup tables provided in the
DVD, and the contrast and color lookup tables provided in the DVD are used to generate an



10

15

20

25

30

WO 2006/030401 PCT/IB2005/053054

6

*Psubpicture directly. In the case of normal overlay, *Poverlay is calculated directly
and overlay-converted to the main video format. The resultant sub-picture/overlay pixels
are transparent if *Poverlay == 0.

The next step is to find the non-overlapping, non-transparent regions in the overlay
layer, and the target regions in the main layer. Two regions are marked distinct only if: (a)
the distance between them in the X-direction is above a first threshold, referred to as the

X_Threshold; and (b) the distance between them in the Y-direction is above a second
threshold referred to as the Y Threshold. These thresholds are determined, at least in
part, upon achieving efficiency in handling of the data cache, as explained previously
above. The threshold values may be determined by profiling, or experimentation, that is
empirically. Considerations for achieving efficient operation include better cache and
memory usage,and low data cache stalls. It will be appreciated that efficient operation also
depends on the kind of application and the frame buffer format that is used. For example,
certain frame buffer formats, such as the tiled format, are very efficient with respect to data
cache usage. So, choosing a frame buffer format and then performing an analysis on the
data that is generated by profiling, while keeping the data cache/memory performance
optimal and stalls cycles to a minimal amount is a useful practice in implementing
embodiments of the present invention. ‘

In one embodiment, based on profiling the code (i.e., the DVD playback
application), and experimentation, the values for X_Threshold and Y_Threshold are
chosen as 32 pixels (i.e., 8 DWORDS), and four lines respectively.

If the origin of the picture is considered (0,0), then Rgn(i) and Rgn(i+1) are distinct

only if all the coordinates of the two regions satisfy the following conditions:

Abs{X1[Rgn(i)]-X1[Rgn(i+1)]} >= X _Threshold Equation 2.1
Abs{X2[Rgn(i)]-X2[Rgn(i+1)]} >= X_Threshold Equation 2.2
Abs{Y1[Rgn(i)]-Y1[Rgn(i+1)]} >= Y_Threshold Equation 2.3
Abs{Y2[Rgn(i)]-Y2[Rgn(i+1)]} >= Y_Threshold Equation 2.4

Fig. 1 illustrates two distinct regions, Rgn(i) 102 and Rgn(i+1) 104, which are
determined in accordance with Equations 2.1 - 2.4. It will be appreciated that Fig. 1 is a
memory mapping of an actual memory storage arrangement into a ”space” representative of
a display screen. For convenience of this description, such a memory mapping may be

referred to as a display space.
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In one embodiment of the present invention, the buffers are aligned to double word
(DWORD) boundaries so as to enable 32-bit load operations, which are more efficient than
performing four 8-bit loads, for four pixels at a time. The region search is started by
analyzing the overlay data per four pixels, one DWORD at a time per line.

The first non-zero value (i.e., a set of four pixels with one or more being non-
transparent) is recorded as the initial coordinate of the first region. The line is progressively
scanned and the next zero value (i.e., a set of four pixels with none being non-transparent)
marks the end of the region. However, if the next non-zero value starts within the

X_Threshold, it is recorded as a single region. If the region does not end until the end of
the line, then the regions is terminated at the end of the line. Lines are progressively
scanned following the procedure described above except that the coordinates are now also
compared in the vertical direction for the previously recorded regions, and their exact
coordinates are then fixed. In the vertical direction, if the region spacing is within the

Y Threshold, then a region sweeper comes into play at the end of each recorded region

- that looks at the coordinates of recorded regions recursively, and merges regions which do -

not satisfy the conditions set forth in Equations 2.1, 2.2, 2.3 and 2.4. The process marks in
the region recorder those regions that have been eliminated. In this way, the target regions
on the main video can be found by adding the X-offset and the Y-offset to the origin (x,y)
of each coordinate. Further, the width and height of the regions is determined by the
subtractions (x2-x1) and (y2-y1) respectively. When the picture/video/graphics buffer is
completely analyzed, the recorded regions are blended with the target regions of the main
video data.

It is noted that, for a smaller picture, video, or graphics overlay, this procedure does
not reduce the computational requirements, improve the efficiency of data cache usage, or
lower data cache stalls by any considerable amount. However, for larger overlays, the
substantial performance gain is achieved through the use of methods in accordance with the
present invention. For example, for a DVD menu with four to five composited non-
transparent items, the reduction in computational load (i.e., the number of instructions per
second) for blending is between 30% and 40%, even allowing for the additional instruction
execution cycles that would be used for determining existence of the regions as described
above.

Various embodiments of the present invention may be computer-implemented.

Such computer based implementations, may include the use of general purpose or special
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purpose processors. With respect to general purpose processors, it is noted the present
invention is not limited to any particular architecture or instruction set, and may be
implemented with a microprocessor or a processor implements from a plurality of integrated
circuits. Similarly, with respect to special purpose processors, such as for example, digital
signal processors, the present invention is not limited to any particular digital signal
processor design or architecture, and may be implemented with single chip or multiple chip
integrated circuit solutions that provide the hardware resources for a complete hardware
implementation, or a hardware/software combination.

Referring to Fig. 2, an illustrative method 200 in accordance with the present
invention is described. Sub-picture data and overlay pixel data are provided 202, 204. The
sub-picture data and overlay pixel data are color converted to a target format and alpha
multiplied 206. Composited non-transparent active regions are found and identified 208. A
list of regions determined at 208 is established and maintained 210. A determination is
made 212 as to whether an overlay is required to be blended. If the determination is
affirmative, then using the list maintained at 210, the active regions are blended with the
main video under alpha level control 214.

Referring to Fig. 3, an illustrative method 300 in accordance with the present
invention is described, and this process may be referred to as a region identifier A region is

generated 304 from the first non-transparent line . In one embodiment, any 4-pixel set with

. a value of 0 is regarded as transparent. A determination 306 is made as to whether there is

another line (i.e., a next line) to process. If the determination of 306 is negative, then
method 300 has completed its currently assigned processing, and returns control 308 to
another process. If the determination of 306 is affirmative, then the pixels of the next line
are processed 310.

Still referring to Fig. 3, a determination 312 is made as whether a region has been
identified. If the determination of 312 is negative, then a determination 314 is made as to
whether the end of the current line has been reached. If the determination of 314 is
negative, then method 300 returns to step 310 as shown in Fig. 3. However, if the
determination of 314 is affirmative, then a determination 316 is made as to whether a new
region has been found. If the determination of 316 is negative, then method 300 returns to
step 306 to determine whether there is another line to process. However, if the
determination of 316 is affirmative, then the previously recorded regions are re-sized, and

any redundant regions are eliminated 318. Subsequent to the operations of re-sizing and
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eliminating redundant regions, method 300 returns to step 306 to determine whether there is
a next line to process.

Still referring to Fig. 3, if the determination of 312 is affirmative, i.e., a region has
been found, then a determination 320 is made as to whether there is an overlap between
regions. If the determination of 320 is negative (i.e., a region has been found and the region
does not overlap another region), then this region is recorded 322. Subsequent to the
recording of 322, method 300 returns to determination 314 to see if the end of the line has
been reached. However, if the determination of 320 is affirmative (i.e., a regions has been
found but it overlaps with another region), then region boundaries are re-calculated 324 to
remove the overlaps. This can be thought of as merging the overlapping regions.
Subsequent to the merging of 324, method 300 returns to step 310 as shown in Fig. 3.

Various illustrative embodiments of the present invention have been set forth above,
in which the demand for computational resources, such as CPU cycles and memory
bandwidth, are reduced by eliminating the need to process transparent portions of overlays
with main video data. More particularly, the non-transparent regions are identified, color
converted, alpha multiplied, and blended with the main video data.

It will be appreciated that methods in accordance with the present invention may be
implemented in hardware, software, or various combinations of hardware and software.

It is to be understood that the present invention is not limited to the embodiments
described above, but encompasses any and all embodiments within the scope of the

subjoined Claims and their equivalents.
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CLAIMS
What is claimed is:
1. A method (200) of processing video data, comprising: providing pixel data ;

color converting the pixel data to a target video format; alpha multiplying the color
converted data (206); finding composited non-transparent regions (208); creating a list of
the composited non-transparent regions (210); and blending the active regions with main
video data (214); wherein the pixel data comprises at least one of sub-picture (202) or
overlay (204) data.

2. The method of Claim 1, wherein finding composited non-transparent regions
(208) comprises: determining whether a second non-transparent region is distinct from a
first non-transparent region; and merging the second non-transparent region into the first
non-transparent region if the first and second regions are not distinct from each other.

3. The method of Claim 2, wherein the first and second non-transparent regions
have X and Y coordinates that define rectangular shapes in a two-dimensional display
space; and the first and second non-transparent regions are distinct from each other if: the
distance between the X coordinate of the first region that is closest to an origin of the
display space and the X coordinate of the second region that is closest to the origin of the
display space is greater than or equal to a first threshold; the distance between the X
coordinate of the first region that is furthest from the origin of the display space and the X
coordinate of the second region that is furthest from the origin of the display space is greater
than or equal to the first threshold; the distance between the Y coordinate of the first region
that is closest to the origin of the display space and the Y coordinate of the second region
that is closest to the origin of the display space is greater than or equal to a second
threshold; and the distance between the Y coordinate of the first region that is furthest from
the origin of the display space and the Y coordinate of the second region that is furthest
from the origin of the display space is greater than or equal to the second threshold.

4. The method of Claim 3, wherein the non-transparent regions include at least
one transparent pixel.

5. The method of Claim 3, wherein the blending of the active regions (214)
with the main video data is under alpha level control.

6. The method of Claim 5, wherein the pixel data represents menu items.

7. The method of Claim 5, wherein the pixel data (202) represents sub-titles.
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8. The method of Claim 5, wherein finding composited non-transparent regions
(208) further comprises: progressively scanning lines of data from a buffer memory and
analyzing four pixels at a time.

9. A method (300) of processing video data, comprising: a) generating (304) a
first region from a current line, the current line having a non-transparent portion; b)
determining whether there is a next line to process (306), and if there is, then making the
next line into the current line; c) processing pixels in the current line (310); d) determining
whether a region has been found (312); €) determining, if the determination of (d) is
negative or if a new region has been recorded, whether the end of the current line has been
reached; f) if the determination of (e) is negative, continuing from step (c); g) determining,
if the determination of (e) is affirmative, whether a new region has been found (322); h) if
the determination of (g) is negative, continuing from step (b); i) if the determination of (g)
is affirmative, resizing previously recorded regions and eliminating redundant regions; j)
determining, if the determination of (d) is affirmative, whether region overlap exists (320);
k) recording, if the determination of (j) is negative, a new region (322); and 1) recalculating
region boundaries, if the determination of (j) is affirmative.

10.  The method of Claim 9, further comprising: subsequent to step (1),
continuing at step (c); and subsequent to step (i), continuing at step (b).

11.  The method of Claim 10, further comprising: subsequent to step (k),
continuing at step (e).

12.  The method of Claim 11, further comprising: subsequent to resizing
previously recorded regions and eliminating redundant regions (318), returning to step (b).

13.  The method of Claim 12, wherein the method is performed by a digital signal
processor.

14.  The method of Claim 12, wherein the method is performed by a
MiCroprocessor.

15.  The method of Claim 9, further comprising: providing distance thresholds in
the X direction and the Y direction; wherein the distance thresholds define the minimun
separation required between two distinct regions.

16.  The method of Claim 15, wherein the current line and the next line each

contain video data.



WO 2006/030401

0.0

172

PCT/IB2005/053054

X1.Y1

12— |

Ran(i)

X1,Y1

X2,Y2

Rgn(i+1)

X2,Y2

104

202—1/

212




WO 2006/030401 PCT/IB2005/053054

212

304 300

306
318
NO 308 g

YES

YES

FIG. 3



	Abstract
	Bibliographic
	Description
	Claims
	Drawings

