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TEMPLATE MATCHING FOR VIDEO CODING

RELATED APPLICATIONS

[0001] This application claims the benefit of U.S. Provisional Application Number
61/222,836, filed on July 2, 2009, the entire content of which is incorporated herein

by reference.

TECHNICAL FIELD
[0002] The disclosure relates to video coding and, more particularly, video coding

techniques that use template matching motion prediction.

BACKGROUND

[0003] Digital multimedia capabilities can be incorporated into a wide range of devices,
including digital televisions, digital direct broadcast systems, wireless communication
devices, wireless broadcast systems, personal digital assistants (PDAs), laptop or
desktop computers, digital cameras, digital recording devices, video gaming devices,
video game consoles, cellular or satellite radio telephones, digital media players, and the
like. Digital multimedia devices may implement video coding techniques, such as
MPEG-2, 1TU-H.263, MPEG-4, or ITU-H.264/MPEG-4 Part 10, Advanced Video
Coding (AVC), to transmit and receive or store and retrieve digital video data more
efficiently. Video encoding techniques may perform video compression via spatial and
temporal prediction to reduce or remove redundancy inherent in video sequences.

[0004] In video encoding, the compression often includes spatial prediction, motion
estimation and motion compensation. Intra-coding relies on spatial prediction and
transform coding, such as discrete cosine transform (DCT), to reduce or remove spatial
redundancy between video blocks within a given video frame. Inter-coding relies on
temporal prediction and transform coding to reduce or remove temporal redundancy
between video blocks of successive video frames of a video sequence. Intra-coded
frames (“I-frames”) are often used as random access points as well as references for the
inter-coding of other frames. I-frames, however, typically exhibit less compression than
other frames. The term I-units may refer to I-frames, I-slices or other independently

decodable portions of an I-frame.
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[0005] For inter-coding, a video encoder performs motion estimation to track the
movement of matching video blocks between two or more adjacent frames or other
coded units, such as slices of frames. Inter-coded frames may include predictive frames
(“P-frames”), which may include blocks predicted from a previous frame, and
bidirectional predictive frames (“B-frames”), which may include blocks predicted from
a previous frame and a subsequent frame of a video sequence. Conventional motion-
compensated video coding techniques compare a video block to other video blocks of a
previous or subsequent video frame in order to identify predictive video data that may
be used to encode the current video block. A video block may be broken into sub-block
partitions to facilitate higher quality coding.

[0006] A coded video block may be represented by prediction information that can be
used to create or identify a predictive block, and a residual block of data indicative of
differences between the block being coded and the predictive block. The prediction
information may comprise the one or more motion vectors that are used to identify the
predictive block of data. Given the motion vectors, the decoder is able to reconstruct
the predictive blocks that were used to code the residual. Thus, given a set of residual
blocks and a set of motion vectors (and possibly some additional syntax), the decoder
may be able to reconstruct a video frame that was originally encoded. An encoded
video sequence may comprise blocks of residual data, motion vectors, and possibly
other types of syntax.

[0007] Template matching is a technique that can be used to eliminate motion vectors,
yet still provide advantages of motion-compensated video coding. In template
matching, neighboring pixels relative to video block being coded can define a template,
and this template (rather than the video block being coded) can be compared to the data
of a previous or subsequent video frame. Both the video encoder and the video decoder
can perform the template matching process to identify motion without the use of motion
vectors. Thus, with template matching, the motion vectors are not coded into bitstream.
Rather, the motion vectors are essentially derived from the template matching process as

the frame 1s encoded and decoded.

SUMMARY

[0008] In general, this disclosure describes video coding techniques applicable to

template matching motion prediction coding of video blocks within video units. A
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video unit may comprise a video frame or a slice of a video frame. In template
matching motion prediction, a video block is predictively encoded and decoded based
on one or more lists of predictive reference data without relying upon motion vectors,
while still providing advantages of motion-compensated video coding. In particular,
neighboring pixels relative to the video block being coded can define a template and this
template, rather than the video block being coded, can be compared to the data stored in
the lists of predictive reference data. The predictive reference data is generated based
on one or more reference frames that may occur prior to or following a target frame.
[0009] When applying template matching prediction to B-frames, two lists of predictive
video data, the first list generated from a frame occurring prior to the target frame (e.g.,
the previous frame) and the second list generated from a frame following the target
frame (e.g., the future frame). In one aspect of this disclosure, template matching is
applied to encoding and decoding B-frames. In applying template matching to B-
frames, one or two hypothesis sets may be used for the B-frame. If one hypothesis set is
used, the hypothesis set may contain hypotheses found from both the first list and the
second list. If two hypothesis sets are used, a first hypothesis set may contain
hypotheses from the first list and a second hypothesis set may contain the hypotheses
found from the second list. A third hypothesis set may be formed from the bi-
directional motion prediction, where data from the first list and data from the second list
are combined and used for the prediction.

[0010] In another aspect of this disclosure, improved hypothesis selection and rejection
is applied to template matching prediction of both P-frames and B-frames. In this
context, a syntax clement is introduced to signal, to the decoder, the number of
hypotheses used by a coder when encoding or decoding video data using template
matching prediction. For example, encoder may be configured to select one of two
different numbers specifying the number of hypotheses used during the encoding
process, and the decoder may be configured to apply the number of hypotheses
identified by the encoder. The encoder may determine a cost associated with using
either number of hypotheses during encoding and may select the number of hypotheses
with the lowest cost. The encoder may then encode the video data based on the number
of hypotheses with the lowest cost and may signal this number to the decoder, using the

syntax element.
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[0011] When determining which hypotheses to reject from consideration, an encoder or
decoder compares the hypothesis under consideration (i.e., the candidate hypothesis) to
a reference hypothesis. If the difference between the candidate hypothesis and the
reference hypothesis is greater than a predefined threshold, the candidate hypothesis
may be rejected from consideration. The reference hypothesis may be generated by
averaging, in one example, all of the hypotheses under consideration or, in another
example, a subset of the best hypotheses under consideration. In the hypothesis
rejection aspect of this disclosure, no signaling to the encoder or decoder as to which
hypothesis are accepted or rejected is required for template matching motion prediction
applied to either P-frames or B-frames.

[0012] In a further aspect of this disclosure, a technique for weighting the sum of the
absolute difference in template matching motion prediction on P-frames and B-frames is
contemplated. A template shape can be defined relative to the current block and a
corresponding template shape can be defined relative to a target block. The sum of the
absolute difference is the absolute value of the difference between the pixel values of
cach pixel in the template shape defined relative to the current block and the pixel
values of each corresponding pixel in the template shape defined relative to the
reference block. The template shapes defined relative to the current block or target
block may each be partitioned into two or more partitions. Each partition is given a
weight that decreases as the distance between each partition and the corresponding
block increases. By weighting the sum of the absolute difference, the spatial
relationship of the template and the video blocks can be taken into consideration when
performing template matching prediction, which may result in more accurate template
matching.

[0013] In another aspect of this disclosure, a calculated template offset is applied to
template matching motion prediction as applied to P-frames and B-frames. The
template offset may be used to predict the offset between the reference block and the
target block. When searching for the matching template, each pixel in the reference
block may have a set of corresponding coordinates that define where each pixel is
located in the reference block. The coordinates indicate a search position. For each
search position, the average difference between the pixel value of each pixel in the
template of the current frame and the pixel value of each pixel in the reference frame

can be calculated. This average difference in pixel values for the entire template can be
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defined as the template offset. For each template, one offset may be calculated by this
technique. Once the template offset is calculated, the techniques of this disclosure may
calculate the sum of the absolute differences for the target block by taking each pixel
value of the target block, subtracting the pixel value of the corresponding pixel in the
reference block and further subtracting the offset. By adjusting the sum of the absolute
difference of the target bock by the offset, it may be more likely that the selected
hypothesis is the best hypothesis, thereby reducing residuals and improving video
compression.

[0014] Another aspect of this disclosure contemplates a technique for incorporating a
luma residual into template matching prediction applied to P-frames and B-frames. In
this case, a target block may be a luma video block and the luma video block may be
divided into sub-blocks. When a first sub-block of a luma block does not have
reconstructed pixels available, the coding of a second sub-block that relies on the first
sub-block may either be delayed until coding of the first sub-block is complete, or the
coding of the second sub-block may be based upon the content of the first sub-block as
generated by combining the motion-compensated prediction with the coded luma
residual. By combining the motion-compensated prediction and the coded luma
residual, the generated content of the first sub-block may be closer to the original data
and the template matching motion prediction of the second sub-block may be more
accurate.

[0015] In one example, this disclosure describes a method of coding a current video
block. The method includes generating a set of hypotheses for template-matching
predictive video coding, wherein at least some of the hypotheses in the set of
hypotheses are based on a first set of predictive video data from at least a portion of a
first predictive video unit and based on a second set of predictive video data from at
least a portion of a second predictive video unit, and wherein each of the hypotheses in
the set of hypothesis comprises predictive video data corresponding to a template shape
defined relative to a video block location. The method further includes selecting one of
the hypotheses from the set of hypotheses, and coding, via a video coder, the current
video block using predictive video data identified by the selected one of the hypotheses.

[0016] In another example, this disclosure describes a method for coding a current
video block. The method may include generating a first set of hypotheses for template-

matching predictive video coding, wherein at least some of the hypotheses in the first
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set of hypotheses are based on a first set of predictive video data from at least a portion
of a first predictive video unit, and wherein each hypothesis of the first set of
hypotheses comprise predictive video data corresponding to a template shape defined
relative to a first video block location. The method may further include generating a
second set of hypotheses for template-matching predictive video coding, wherein at
least some of the hypotheses in the second set of hypotheses are based on a second set
of predictive video data from at least a portion of a second predictive video unit, and
wherein each hypothesis of the second set of hypotheses comprise predictive video data
corresponding to the template shape defined relative to a second video block location.
The method may also include generating a bi-directional motion prediction based on the
first set of hypotheses and the second set of hypotheses, and generating a third set of
hypotheses based on the bi-directional motion prediction. In addition, the method may
include selecting one of the hypotheses of the third set of hypotheses, and coding, via a
video coder, the current video block using predictive video data identified by the
selected one of the hypotheses.

[0017] In another example, this disclosure describes a video coding apparatus
comprising a prediction unit that generates a set of hypotheses for template-matching
predictive video coding, wherein at least some of the hypotheses in the set of
hypotheses are based on a first set of predictive video data from at least a portion of a
first predictive video unit and based on a second set of predictive video data from at
least a portion of a second predictive video unit, and wherein each of the hypotheses in
the set of hypothesis comprises predictive video data corresponding to a template shape
defined relative to a video block location. In this example, the prediction unit selects
one of the hypotheses from the set of hypotheses, wherein the video coding apparatus
codes the current video unit using predictive video data identified by the selected one of
the hypotheses.

[0018] In another example, this disclosure describe a video coding apparatus that codes
video data, the device comprising means for generating a set of hypotheses for template-
matching predictive video coding, wherein at least some of the hypotheses in the set of
hypotheses are based on a first set of predictive video data from at least a portion of a
first predictive video unit and based on a second set of predictive video data from at
least a portion of a second predictive video unit, and wherein each of the hypotheses in

the set of hypothesis comprises predictive video data corresponding to a template shape
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defined relative to a video block location. The video coding apparatus further
comprises means for selecting one of the hypotheses from the set of hypotheses, and
means for coding the current video block using predictive video data identified by the
selected one of the hypotheses.

[0019] The techniques described in this disclosure may be implemented in hardware,
software, firmware, or any combination thereof. If implemented in software, the
software may be executed in one or more processors, such as a microprocessor,
application specific integrated circuit (ASIC), field programmable gate array (FPGA),
or digital signal processor (DSP). The software that executes the techniques may be
initially stored in a computer-readable medium and loaded and executed in the
processor.

[0020] Accordingly, this disclosure also contemplates a computer-readable storage
medium encoded with instructions for causing one or more programmable processors to
generate a set of hypotheses for template-matching predictive video coding, wherein at
least some of the hypotheses in the set of hypotheses are based on a first set of
predictive video data from at least a portion of a first predictive video unit and based on
a second set of predictive video data from at least a portion of a second predictive video
unit, wherein each of the hypotheses in the set of hypothesis comprises predictive video
data corresponding to a template shape defined relative to a video block location. The
instructions further comprises instructions for causing the one or more programmable
processors to select one of the hypotheses from the set of hypotheses to code the current
video block, and code the current video block using the selected one of the hypotheses.
[0021] The details of one or more embodiments of the invention are set forth in the
accompanying drawings and the description below. Other features, objects, and
advantages of the invention will be apparent from the description and drawings, and

from the claims.

BRIEF DESCRIPTION OF DRAWINGS

[0022] FIG. 1 is an exemplary block diagram illustrating a video encoding and
decoding system.
[0023] FIG. 2 is a block diagram illustrating an example of a video encoder consistent

with this disclosure.
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[0024] FIG. 3 is a conceptual block diagram illustrating an example target video unit
and reference video unit consistent with this disclosure.

[0025] FIG. 4 is a conceptual block diagram illustrating an example of template
matching motion prediction where the content of a video block is determined consistent
with this disclosure.

[0026] FIG. 5 is a block diagram illustrating an example of a video decoder consistent
with this disclosure.

[0027] FIGS. 6A—6B are flow charts illustrating an exemplary process performed by a
video encoder consistent with this disclosure

[0028] FIGS. 7A-7B are flow charts illustrating an exemplary process performed by a

video decoder consistent with this disclosure.

DETAILED DESCRIPTION

[0029] This disclosure describes video coding techniques applicable to template
matching motion prediction coding of video units. In this disclosure, the term “coding”
refers to encoding or decoding. Similarly, the term “coder” generally refers to any
video encoder, video decoder, or combined encoder/decoder (codec). Accordingly, the
term “coder” is used herein to refer to a specialized computer device or apparatus that
performs video encoding or video decoding or both video encoding and video decoding.
[0030] Template matching is a technique that can be used to eliminate motion vectors,
yet still provide advantages of motion compensated video coding. In template
matching, a template defines a shape of neighboring pixels relative to a video block
being coded. The template shape is defined relative to the video block and may adjoin
or surround the video block, but is not required to be located immediately adjacent to
the video block. The template shape may be applied to one or more video blocks within
a reference video unit. A hypothesis may be based on the predictive video data
contained within a template shape, based on a first set of predictive video data from at
least a portion of a first predictive video unit, or based on a first set of predictive video
data from at least a portion of a first predictive video unit and a second set of predictive
video data from at least a portion of a second predictive video unit. Hypotheses that are
generated and considered during template matching motion prediction may be referred
to as candidate hypotheses. Multiple candidate hypotheses may exist for each video

block being coded.
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[0031] The techniques of this disclosure include applying template matching to B-
frames as well as several techniques that may be applied to improve template matching
when applied to B-frame or P-frames. In one aspect of this disclosure, improved
hypothesis selection and rejection is applied to template matching motion prediction. In
this context, a syntax element is introduced to signal, to the decoder, the number of
hypotheses used by a coder when encoding or decoding video data using template
matching prediction. When determining which hypotheses to reject from consideration,
an encoder or decoder compares the candidate hypothesis to a reference hypothesis. If
the difference between the candidate hypothesis and the reference hypothesis is greater
than a predefined threshold, the candidate hypothesis may be rejected from
consideration.

[0032] In further aspects of this disclosure, techniques for weighting the sum of the
absolute difference, applying a calculated template offset, and incorporating a luma
residual in template matching motion prediction are contemplated. The spacial
relationship of the template and the video blocks can be taken into consideration when
performing template matching prediction by weighting the sum of the absolute
difference, which may result in more accurate template matching. The template offset
may be used to predict the offset between the reference block and the target block.
Once the template offset is calculated, the techniques of this disclosure may calculate
the sum of the absolute differences for the target block by taking each pixel value of the
target block, subtracting the pixel value of the corresponding pixel in the reference
block and further subtracting the offset. By adjusting the sum of the absolute difference
of the target bock by the offset, it may be more likely that the selected hypothesis is the
best hypothesis, thereby reducing residuals and improving video compression. The
generated content of a first sub-block may be closer to the original data if the content is
generated by combining the motion-compensated prediction and the coded luma
residual and the template matching motion prediction of a second sub-block that is
based on the first sub-block may be more accurate. In this manner, the techniques of
this disclosure may improve template matching motion prediction by generating a coded
video block that contains fewer residual values.

[0033] FIG. 1 is a block diagram illustrating one exemplary video encoding and
decoding system 10 that may implement techniques of this disclosure. As shown in

FIG. 1, system 10 includes a source device 12 that transmits encoded video to a



WO 2011/002809 PCT/US2010/040475

10

destination device 16 via a communication channel 15. Source device 12 and
destination device 16 may comprise any of a wide range of devices. In some cases,
source device 12 and destination device 16 comprise wireless communication devices,
such as wireless handsets, so-called cellular or satellite radiotelephones, or any devices
that can communicate video information over a communication channel 15, which may
or may not be wireless. The techniques of this disclosure, however, which concern
template matching prediction techniques, are not necessarily limited to wireless
applications or settings.

[0034] In the example of FIG. 1, source device 12 may include a video source 20, video
encoder 22, a modulator/demodulator (modem) 23 and a transmitter 24. Destination
device 16 may include a receiver 26, a modem 27, a video decoder 28, and a display
device 30. In accordance with this disclosure, video encoder 22 of source device 12
may be configured to apply template matching prediction to B-frames as well as P-
frames. Video encoder 22 may be further configured to apply the particular template
matching motion prediction aspects of this disclosure. For example, video encoder 22
may be configured to identify the number of hypotheses used when encoding video
data. The number of hypotheses may be signaled to the video decoder 28, using a
syntax element, as part of an encoded bitstream. Video decoder 28 may be configured
to interpret and apply the syntax element that identifies the number of hypotheses to use
when decoding the video data.

[0035] The illustrated system 10 of FIG. 1 is merely exemplary. The template matching
prediction techniques of this disclosure may be performed by any coding device that
supports motion compensated video coding using template matching. Source device 12
and destination device 16 are merely examples of such coding devices in which source
device 12 generates coded video data fro transmission to destination device 16. In some
cases, devices 12, 16 may operate in a substantially symmetrical manner such that, each
of devices 12, 16 includes video encoding and decoding components. Hence, system 10
may support one-way or two-way video transmission between video devices 12, 16,
e.g., for video streaming, video playback, video broadcasting, or video telephony.

[0036] Video source 20 of source device 12 may include a video capture device, such as
a video camera, a video archive containing previously captured video, or a video feed
from a video content provider. As a further alternative, video source 20 may generate

computer graphics-based data as the source video, or a combination of live video,
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archived video, and computer-generated video. In some cases, if video source 20 is a
video camera, source device 12 and destination device 16 may form so-called camera
phones or video phones. In each case, the captured, pre-captured or computer-generated
video may be encoded by video encoder 22. The encoded video information may then
be modulated by modem 23 according to a communication standard, e.g., such as code
division multiple access (CDMA) or another communication standard, and transmitted
to destination device 16 via transmitter 24. Modem 23 may include various mixers,
filters, amplifiers or other components designed for signal modulation. Transmitter 24
may include circuits designed for transmitting data, including amplifiers, filters, and one
or more antennas.

[0037] Receiver 26 of destination device 16 receives information over channel 15, and
modem 27 demodulates the information. Again, the video encoding process may
implement one or more of the techniques described herein. The information
communicated over channel 15 may include information defined by video encoder 22,
which may be used by video decoder 28 consistent with this disclosure. Display device
30 displays the decoded video data to a user, and may comprise any of a variety of
display devices such as a cathode ray tube, a liquid crystal display (LCD), a plasma
display, an organic light emitting diode (OLED) display, or another type of display
device.

[0038] In the example of FIG. 1, communication channel 15 may comprise any wireless
or wired communication medium, such as a radio frequency (RF) spectrum or one or
more physical transmission lines, or any combination of wireless and wired media.
Accordingly, modem 23 and transmitter 24 may support many possible wircless
protocols, wired protocols or wired and wireless protocols. Communication channel 15
may form part of a packet-based network, such as a local area network (LAN), a wide-
arca network (WAN), or a global network, such as the Internet, comprising an
interconnection of one or more networks. Communication channel 15 generally
represents any suitable communication medium, or collection of different
communication media, for transmitting video data from source device 12 to destination
device 16. Communication channel 15 may include routers, switches, base stations, or
any other equipment that may be useful to facilitate communication from source device

12 to destination device 16.
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[0039] Video encoder 22 and video decoder 28 may operate according to a video
compression standard, such as the ITU-T H.264 standard, alternatively described as
MPEG-4, Part 10, Advanced Video Coding (AVC). The techniques of this disclosure,
however, are not limited to any particular coding standard. Although not shown in FIG.
1, in some aspects, video encoder 22 and video decoder 28 may each be integrated with
an audio encoder and decoder, and may include appropriate MUX-DEMUX units, or
other hardware and software, to handle encoding of both audio and video in a common
data stream or separate data streams. If applicable, MUX-DEMUX units may conform
to the ITU H.223 multiplexer protocol, or other protocols such as the user datagram
protocol (UDP).

[0040] The ITU-T H.264/MPEG-4 (AVC) standard was formulated by the ITU-T Video
Coding Experts Group (VCEG) together with the ISO/IEC Moving Picture Experts
Group (MPEG) as the product of a collective partnership known as the Joint Video
Team (JVT). In some aspects, the techniques described in this disclosure may be
applied to devices that generally conform to the H.264 standard. The H.264 standard is
described in ITU-T Recommendation H.264, Advanced Video Coding for generic
audiovisual services, by the ITU-T Study Group, and dated March, 2005, which may be
referred to herein as the H.264 standard or H.264 specification, or the H.264/AVC
standard or specification. The Joint Video Team (JVT) continues to work on extensions
to H.264/MPEG-4 AVC.

[0041] Video encoder 22 and video decoder 28 each may be implemented as one or
more microprocessors, digital signal processors (DSPs), application specific integrated
circuits (ASICs), field programmable gate arrays (FPGAs), discrete logic, software,
hardware, firmware or any combinations thereof. Each of video encoder 22 and video
decoder 28 may be included in one or more encoders or decoders, either of which may
be integrated as part of a combined encoder/decoder (CODEC) in a respective mobile
device, subscriber device, broadcast device, server, or the like.

[0042] A video sequence typically includes a series of video frames. Video encoder 22
and video decoder 28 may operate on video blocks within individual video frames in
order to encode and decode the video data. The video blocks may have fixed or varying
sizes, and may differ in size according to a specified coding standard. Each video frame
may include a series of slices or other independently decodable units. Each slice may

include a series of macroblocks, which may be arranged into sub-blocks. As an
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example, the ITU-T H.264 standard supports intra prediction in various block sizes,
such as 16 by 16, 8 by 8, or 4 by 4 for luma components, and 8x8 for chroma
components, as well as inter prediction in various block sizes, such as 16 by 16, 16 by 8,
8 by 16, 8 by 8, 8 by 4, 4 by 8 and 4 by 4 for luma components and corresponding
scaled sizes for chroma components. Video blocks may comprise blocks of pixel data,
or blocks of transformation coefficients, ¢.g., following a transformation process such as
discrete cosine transform or a conceptually similar transformation process. Some
techniques of this disclosure may be specifically applied to luma blocks (or other types
of blocks) that are partitioned into sub-blocks.

[0043] Smaller video blocks can provide better resolution, and may be used for
locations of a video frame that include high levels of detail. In general, macroblocks
and the various sub-blocks may be considered to be video blocks. In addition, a slice
may be considered to be a series of video blocks, such as macroblocks and/or sub-
blocks. Each slice may be an independently decodable unit of a video frame.
Alternatively, frames themselves may be decodable units, or other portions of a frame
may be defined as decodable units. The term “coded unit” refers to any independently
decodable unit of a video frame such as an entire frame, a slice of a frame, a group of
pictures (GOPs), or another independently decodable unit defined according to the
coding techniques used.

[0044] Following inter-based predictive encoding (which may include the template
matching techniques of this disclosure), and following any transforms (such as the 4x4
or 8x8 integer transform used in H.264/AVC or a discrete cosine transform or DCT),
quantization may be performed. Quantization generally refers to a process in which
coefficients are quantized to possibly reduce the amount of data used to represent the
coefficients. The quantization process may reduce the bit depth associated with some or
all of the coefficients. For example, a 16-bit value may be rounded down to a 15-bit
value during quantization. Following quantization, entropy coding may be performed,
e.g., according to content adaptive variable length coding (CAVLC), context adaptive
binary arithmetic coding (CABAC), or another entropy coding methodology.

[0045] The techniques of this disclosure are specifically applicable to template
matching prediction. Bi-directional prediction is prediction of so-called “B-video
blocks” based on two different lists of data. B-video blocks may be predicted from two

lists of data from two previous frames, two lists of data from subsequent frames, or one
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list of data from a previous frame and one from a subsequent frame. In contrast, P-
video blocks are predicted based on one list, which may correspond to one predictive
frame, e.g., one previous frame or one subsequent frame. B-frames and P-frames may
be more generally referred to as P-units and B-units. P-units and B-units may also be
realized in smaller coded units, such as slices of frames or portions of frames. B-units
may include B-video blocks, P-video blocks or I-video blocks. P-units may include P-
video blocks or I-video blocks. I-units may include only I-video blocks.

[0046] Template matching is a technique that can be used to eliminate motion vectors,
yet still provide advantages of motion compensated video coding. In template
matching, a template defines a shape of neighboring pixels relative to a video block
being coded. The template shape is defined relative to the video block. The template
shape may adjoin the video block or surround the video block. However, the template
is not required to be located immediately adjacent to the video block. That is, one or
more pixels of the video block may exist between the closest edge of the template shape
and the video block.

[0047] A hypothesis, in one example, may be based on the predictive video data
contained within a template shape. The template shape may be applied to one or more
video blocks within a reference video unit. A hypothesis refers to a corresponding
template shape in a reference video unit, which is defined relative to a block of the
predictive video data within the reference video unit. A hypothesis may be based on a
first set of predictive video data from at least a portion of a first predictive video unit. A
hypothesis may also be based on a first set of predictive video data from at least a
portion of a first predictive video unit and based on a second set of predictive video data
from at least a portion of a second predictive video unit. Hypotheses that are generated
and considered during template matching motion prediction may be referred to as
candidate hypotheses. Multiple candidate hypotheses may exist for each video block
being coded.

[0048] The data defined by the template associated with the video block being coded
(rather than the video block being coded itself) can be compared to the data of a
corresponding template within a previous or subsequent video unit. Based on the
comparison, the template matching motion prediction algorithm identifies the best
hypothesis from the set of candidate hypotheses. Multiple hypotheses in the reference

video unit may be considered during the coding process to create a higher likelihood
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that the closest matched hypothesis in the reference video unit will be found. The video
block corresponding to the closest matched hypothesis may be the closest video block to
the current video block and, therefore, the resulting coded video block may contain
fewer residual values. The current video block is the video block being coded and may
also be referred to as the target video block. Video encoder 22 and video decoder 28
can perform the template matching process to identify motion without the use of motion
vectors. Thus, with template matching, the motion vectors are not coded into the
bitstream. Rather, the motion vectors are essentially derived from the template
matching process as the video unit is encoded and decoded.

[0049] FIG. 2 is a block diagram illustrating an example of a video encoder 40 that may
perform both template matching motion prediction techniques consistent with this
disclosure and vector-based motion prediction techniques. Video encoder 40 is one
example of a specialized video computer device or apparatus referred to herein as a
“coder.” Video encoder 40 may correspond to video encoder 22 of source device 12, or
a video encoder of a different device. Video encoder 40 may perform intra- and inter-
coding of blocks within video frames, although intra-coding components are not shown
in FIG. 2 for ease of illustration. Intra-coding relies on spatial prediction to reduce or
remove spatial redundancy in video within a given video frame. Inter-coding relies on
temporal prediction to reduce or remove temporal redundancy in video within adjacent
frames of a video sequence. Intra-mode (I-mode) may refer to the spatial based
compression mode, and Inter-modes such as a prediction (P-mode) or a bi-directional
(B-mode) may refer to the temporal based compression modes. Units encoded using B-
mode are encoded with reference to two frames. In H.264 and other standards, a B-
frame, or other unit, may be encoded with reference to two temporally adjacent frames.
For example, if the current unit to be encoded resides within frame N, then frames N-1
and N-2 may be used as reference frames to encode the current unit. In another
example, frames N+1 and N+2 may be used as reference frames to encode the current
unit. In some cases, at least one temporally future frame (e.g., frame N+1) and at least
one temporally prior frame (e.g., frame N-1) may be used to encode the current unit
residing in frame N. Many times, only a portion of the previous or subsequent frames
are actually considered or used in the encoding.

[0050] As shown in FIG. 2, video encoder 40 receives a video block within a video unit

to be encoded. In the example of FIG. 2, video encoder 40 includes a template
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matching prediction unit 42 (“TM prediction unit 42”) comprising template matching
motion estimation (TM ME) unit 43 and template matching motion compensation (TM
MC) unit 45. Video encoder also includes memory 44, an adder 46, a transform unit 48,
a quantization unit 50, and an entropy coding unit 52. For video block reconstruction,
video encoder 40 also includes an inverse quantization unit 54, an inverse transform unit
56, and an adder 58. Video encoder 40 may also include a deblocking filter (not shown)
to filter block boundaries to remove blockiness artifacts from reconstructed video. If
desired, the deblocking filter would typically filter the output of adder 58. Although not
shown in FIG. 2, video encoder 40 may also include a prediction unit for performing
vector-based motion prediction techniques. The prediction unit may generate prediction
modes and motion vectors, which comprise syntax elements that may be used to identify
the target blocks used to code the current video block. The prediction unit may include
motion estimation and motion compensation units.

[0051] During the encoding process, video encoder receives a video block to be coded,
and TM ME unit 43 and TM MC unit 45 performs inter-predictive coding. TM ME unit
43 and TM MC unit 45 may be highly integrated, but are illustrated separately for
conceptual purposes. Motion estimation is typically considered the process of
generating motion vectors, which estimate motion for video block. A motion vector, for
example, may indicate the displacement of a predictive block within a predictive frame
(or other coded unit) relative to the current block being coded within the current frame
(or other coded unit). Motion compensation is typically considered the process of
fetching or generating the predictive block based on the motion vector determined by
motion estimation. Again, TM ME unit 43 and TM MC unit 45 may be functionally
integrated. For demonstrative purposes, the techniques described in this disclosure are
described as being performed by TM prediction unit 42.

[0052] In one example, TM prediction unit 42 applies template matching motion
prediction to encode the current video block, e.g., the target video block. TM prediction
unit 42 may, as an example, compare pixels within a template shape defined relative to
the target block being coded to the corresponding data of a previous and/or subsequent
video unit. When applying template matching motion prediction, TM prediction unit 42
may select a previous video unit or future video unit from a first set of video units
(which may be referred to as list 0) and determine a set of hypotheses using only this

previous or future video unit from list 0. Alternatively, TM prediction unit 42 may
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select a previous or future video unit from a second set of video units (which may be
referred to as list 1) and determine a set of hypotheses using only this previous or future
video unit from list 1.

[0053] To enable template matching on B-frames, one or two hypothesis sets may be
used for the B-frame. If one hypothesis set is used, the hypothesis set may contain
hypotheses found from both list 0 and list 1. If two hypothesis sets are used, one
hypothesis set may contain the hypotheses found from list 1 and another hypothesis set
may contain the hypotheses found from list 0. Furthermore, a third hypothesis set may
be formed from the bi-directional motion prediction, where data from list 0 and data
from list 1 are used for the prediction, possibly in a weighted fashion to define the data
the third hypothesis set. The set of hypotheses for any given list may include one
particular hypothesis that identifies a desirable predictive video block that is most
similar to the video block being coded. A metric, such as the sum of absolute
differences (SAD) or the sum of squared difference (SSD), may be used to find the best
hypothesis, which in turn identifies the predictive video block that should be used for
the coded.

[0054] TM prediction unit 42 selects one or more hypotheses from the generated set of
hypotheses during the encoding process. In one example, a syntax eclement is
introduced in order to signal the number of hypotheses used in the template matching
motion prediction. In this example, two different hypothesis numbers, ¢.g., K; and K,
may be available. Kj; represents a first number of hypotheses that may be used when
encoding and decoding the target block and K, represents a second number, e.g., a
maximum number, of hypotheses that may be used when encoding and decoding the
target block. For example, K; may be four and K, may be eight. To determine the
number of hypotheses to use for encoding the target block, TM prediction unit 42 may
generate a first set of predictive video data based on K; hypotheses and a second set of
predictive video data based on K, hypotheses. TM prediction unit 42 may generate the
first set of predictive video data by identifying a subset of hypotheses that contains K, of
the best hypotheses from the set of all possible hypotheses. The best hypotheses within
a given subset may be the hypotheses that most closely match the video data within the
template shape defined relative to the target video block being coded. Sum of absolute
difference (SAD) or sum of squared difference (SSD) for example, may be applied to

determine the best hypotheses to define a given subset. TM prediction unit 42 may
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identify the reference video blocks corresponding to each of the hypotheses in the subset
of hypotheses and average the pixel values for each pixel having the same relative
location in the identified reference video blocks. TM prediction unit 42 may generate a
second set of predictive video data based on K, hypotheses in substantially the same
manner. Although, in this example, the average pixel value for each pixel in the
reference blocks is calculated to generate the sets of predictive video data associated
with the K; and/or K, hypotheses, other mathematical calculations or metrics may be
used to combine the different sets of predictive data associated with the K; and/or K,
hypotheses.

[0055] After TM prediction unit 42 generates at least one of the first and second sets of
predictive video data, TM prediction unit 42 may apply a Lagrangian multiplier to
determine the cost for encoding the target block when using the first or second set of
predictive video data. To determine the cost, TM prediction unit 42 uses a cost function
that is defined as C = D+AR, where C is the cost, D is the distortion, A is the Lagrangian
multiplier, and R is the encoding rate. TM prediction unit 42 selects the number of
hypotheses that will ultimately yield the lowest rate-distortion cost, and may identify the
number of hypotheses that were used by TM prediction unit 42 in encoding the target
frame through the new syntax element. When too many hypotheses are considered, the
coding efficiency of template matching may suffer. By incorporating a syntax element
to signal the number of hypothesis, which produces the lower cost when encoding a
target block, a more desirable number of hypotheses may be considered during encoding
and decoding, thereby improving the overall coding efficiency of template matching.
[0056] In one aspect of this disclosure, TM prediction unit 42 may also reject
hypotheses using an improve hypothesis rejection technique. In this technique, each
hypothesis under consideration is compared to a reference hypothesis. The reference
hypothesis may be generated by averaging the pixel values all of the hypotheses or of a
subset of the best hypotheses under consideration. If the difference between the
hypothesis under consideration and the reference hypothesis is greater than a threshold,
then the hypothesis under consideration may be removed from consideration. The
difference may be calculated based on the weighted sum of absolute differences
(WSAD), described below, or the SAD of the pixels of the hypothesis under

consideration and the reference hypothesis, for example. The hypotheses may be
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rejected or selected without signalling to a decoder which hypotheses were rejected or
selected.

[0057] In accordance with another aspect of this disclosure, SAD may be weighted to
improve hypothesis selection. SAD is the sum of the absolute value of the difference
between the pixel value of each pixel in the current block and the corresponding pixel in
the reference block. The template of the current block and the template of the reference
block may be partitioned into K parts. As shown in FIG. 3, target video unit 62 includes
target block 64 and target block template 66 and reference video unit 68 includes
reference block 70 and reference block template 72. In this example, the target block
template 66 and reference block template 72 are each partitioned into four template
partitions. The weighting given to each particular template partition of target block
template 66 or reference block template 72 may decrease when the distance between
cach template partition and the target block 64 or reference block 70 increases. The

weighted sum of the absolute differences (WSAD) may be defined as:

K
WSAD = Zkzlzwk. | Tp — Ty |

where wy is the weight value for the kth template partition, 7p is the Ath template
partition associated with the reference block, T3 is the Ath template partition associated
with the target block, 7y is the number of pixels in the template partition £, and K is the
number of partitions the template associated with the target block and the template
associated with the reference block are each divided into.

[0058] TM prediction unit 42 may also apply a calculated template offset to predict the
offset between the reference block and the target block to improve the quality of the
video encoding. When searching for the best matching hypothesis defined by the
template shape, TM prediction unit 42 may calculate the average difference between the
pixel value of each pixel within the template defined relative to the target block and the

pixel value of each pixel in the candidate hypothesis using the following formula:

1 «—«x
offset = ;ZH (T —Tpy)

where T is a pixel value of a pixel in the candidate hypothesis, T is a pixel value of a
pixel in the template defined relative to the target block, K is the number of pixels in the
template defined relative to the target block, and offset is the average difference in pixel

value between the pixels of the candidate hypothesis and the template defined relative to
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the target block. This average difference in pixel values is known as the template offset.
For each candidate hypothesis of the set of potential hypotheses, TM prediction unit 42
may calculate one such offset.

[0059] Once the template offset is calculated for a particular candidate hypothesis, TM
prediction unit 42 may calculate the sum of the absolute differences for the candidate
hypothesis by taking each pixel value of the candidate hypothesis, subtracting the pixel
value of the corresponding pixel in the reference template and further subtracting the

offset. The sum of absolute differences of the candidate hypothesis is defined as:
SAD =" |T,, +offset — T, |

where T is a pixel value of a pixel in the candidate hypothesis, T is a pixel value of a
pixel in the template defined relative to the target block, K is the number of pixels in the
candidate hypothesis, and offset is the average difference in pixel value between the
pixels of the candidate hypothesis and the pixels of the template defined relative to the
target block. The obtained template offset is assumed to be the offset of the target
block. By taking the template offset into consideration, the motion-compensated
prediction of the target block can be represented as:
B'= P + offset

where B'is the motion-compensated prediction of the target block, P is the pixel value
of a pixel in the reference block, and offset is the average offset for the template as
previously calculated. By adjusting the sum of the absolute difference of the target
block by the template offset, it is more likely that the selected hypotheses are actually
the best hypotheses, thereby reducing residuals and decreasing the amount of
information that must be stored.

[0060] In FIG. 4, template 74 is defined relative to target sub-block 76 and overlays a
portion of sub-block 78 where sub-block 76 and sub-block 78 are partitions of the same
video block. If sub-block 78 does not have reconstructed pixels available, the content of
sub-block 78 may be determined by using the motion-compensated prediction result, for
example. If the content of sub-block 78 is determined by using the motion-compensated
prediction result, the accuracy of the motion prediction of target sub-block 76 may
suffer because the motion-compensated prediction result of sub-block 78 may
significantly differ from the original data. To improve the accuracy of the motion

prediction of target sub-bock 76 when sub-block 78 does not have reconstructed pixels
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available, TM prediction unit 42 may wait until sub-block 78 has been coded before
coding target sub-block 76. By waiting until sub-block 78 has been coded, the content
of sub-block 78 is closer to the original data and the template matching motion-
prediction of target sub-block 76 can be more accurate.

[0061] In one example, sub-block 76 and sub-block 78 are sub-blocks of a luma video
block. In general, a luma video block is a 16 by 16 block of luma values for pixels
within the video block. A luma video block may be partitioned into multiple 8 by &, 8
by 4, or 4 by 4 pixel sub-blocks, for example. To determine the content of sub-block 78,
TM prediction unit 42 first calculates the motion-compensated prediction and the luma
residual for sub-block 78. The motion-compensated prediction includes the pixel values
of the corresponding sub-block in the reference video unit. The luma residual is the
different in luma values of sub-block 78 and the corresponding sub-block in the
reference video unit. TM prediction unit 42 then combines the motion-compensated
prediction and the coded luma residual into coded luma results to determine the content
of sub-block 78. Once TM prediction unit 42 has determined the content of sub-block
78, pixel values are available for template 74 and TM prediction unit 42 may proceed
with performing template matching motion-prediction for sub-block 76.

[0062] FIG. 5 is a block diagram illustrating an example of a video decoder 80, which
may perform the reciprocal decoding techniques to the encoding techniques described
above, such as applying template matching motion prediction to P-frames and B-frames,
applying a hypothesis number defined by a syntax element, calculating and applying a
WSAD, and/or calculating and applying a template offset. Video decoder 80 may
include an entropy decoding unit 82, a template matching (TM) prediction unit 84, an
inverse quantization unit 86, an inverse transform unit 88, a memory 90 and adder 92.
TM prediction unit 84 may include a template matching motion estimation (TM ME)
unit 85, a template matching motion compensation (TM MC) unit 87, as well as spatial
prediction components, which are not shown for simplicity and ease of illustration.
[0063] In general, entropy decoding unit 82 receives an encoded bitstream and decodes
the bitstream to generate quantized coefficients and other syntax elements. Prediction
unit 84 may perform template matching motion prediction consistent with this
disclosure. The syntax elements may include information specifying the number of
hypotheses considered by a video encoder when encoding the encoded video unit. TM

prediction unit 84 may consider the identified number of hypotheses when decoding the
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video unit by limiting the number of hypotheses used during the decoding process to the
number of hypotheses identified by the syntax element. When decoding an encoded
video unit using the number of hypotheses identified by the syntax element, TM
prediction unit 84 may generate a set of predictive video data by identifying a subset of
hypotheses that contains the number of best hypotheses identified by the syntax element
from the set of all possible hypotheses. The best hypotheses within a given subset may
be the hypotheses that most closely match the video data within the template shape
defined relative to the target block being coded. SAD or SSD, for example, may be
applied to determine the best hypotheses to define a given subset. TM prediction unit
84 may identify the reference video blocks corresponding to each of the hypotheses in
the subset of hypotheses and average the pixel values for each pixel having the same
relative location in the identified reference video blocks. Although, in this example, the
average pixel value for each pixel in the reference blocks is calculated to generate the
set of predictive video data associated with the number of hypotheses identified by the
syntax element, other mathematical calculations or metrics may be used. In general, the
same mathematical calculation used by the encoder is also used by the decoder. In this
manner, TM prediction unit 84 generates a set of predictive video data for decoding the
encoded video block.

[0064] The quantized coefficients are sent from entropy decoding unit 82 to inverse
quantization unit 86, which performs inverse quantization. Inverse transform unit 88
then inverse transforms the de-quantized coefficients back to the pixel domain to
generate a residual block. Adder 92 combines the set of predictive data generated by
TM prediction unit 84 with the residual block from inverse transform unit 88 to create a
reconstructed video block, which may be stored in memory 90 and/or output from video
decoder 80 as decoded video output.

[0065] FIGS. 6A—6B are flow charts illustrating an exemplary process performed by a
video encoder consistent with this disclosure. FIGS. 6A—6B will be described from the
perspective of video encoder 40 of FIG. 2. As shown in FIG. 6A, TM prediction unit 42
generates reference lists (100). The reference lists may include video information from
one or more reference video units. The reference video units may occur prior in time or
later in time relative to a video unit that includes the target video block. TM prediction
unit 42 then selects a target video block (102) and defines a template shape relative to

the target block. If the target block is a sub-block of a luma block and some portion of
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the template shape does not have reconstructed pixels available (NO in 104), T™M
prediction unit 42 generates the sub-block partition content associated with the portion
of the template shape that does not have reconstructed pixels available (106). In
particular, the sub-block partition content may be generated by combining the luma
residual with the motion-compensated prediction of the sub-block partition. Once the
sub-block partition content is generated (106) or if reconstructed pixels are available for
the entire template associated with the target block (YES in 104), then TM prediction
unit 42 generates one or more hypotheses sets based on the reference lists and the
template associated with the target block (108).

[0066] For cach hypothesis of the set of hypotheses, TM prediction unit 42 calculates
the template offset (110) by calculating the average different between each pixel value
in the template shape defined relative to the target block and the pixel value of each
pixel in a candidate hypothesis from the set of hypotheses. TM prediction unit 42 then
may calculate the weighted sum of absolute differences for each hypothesis (112). In
one example, TM prediction unit 42 calculates the WSAD using the pixel values
calculated based on the template offset by multiplying the calculated pixel values by a
weighting factor such that the weighting factor decreases as the distance between the
video block and the template partition increases. In another example, TM prediction
unit 42 calculates the WSAD by multiplying the calculated pixel values by a weighting
factor such that the weighting factor decreases as the distance between the video block
and the template partition increases, but without adjusting the pixel values based on the
template offset. TM prediction unit 42 may calculate the SAD rather than the WSAD
by eliminating the weighting factor. In calculating the WSAD or SAD, TM prediction
unit 42 may incorporate the calculated template offset. Once the template offset and
cither the WSAD or the SAD are calculated, TM prediction unit 42 may generate a
reference hypothesis (114), in one example, by averaging all of the hypotheses under
consideration, or, in another example, by averaging a subset of the best hypotheses
under consideration.

[0067] With respect to FIG. 6B, TM prediction unit 42 may then select one of the
hypotheses available for consideration (116) and calculate the difference between the
hypothesis being considered, Hg, and the reference hypothesis, Hr and compare the
difference in value to a threshold value, T (118). This difference value between the

hypothesis being considered, Hx, and the reference hypothesis, Hg, may comprise the
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sum of absolute difference between each pixel of the hypothesis being considered, Hg,
and the reference hypothesis, Hr  If this difference (i.e., if the SAD of the pixels of the
hypothesis under consideration and the reference hypothesis) is greater than a threshold
T (yes of 118), then that hypothesis may be removed from consideration (120).
However, if the difference between the pixels of Hx and the pixels of Hg are less than T
(NO in 118) or after Hx is removed from consideration (120), TM prediction unit 42
determines if there are any hypotheses remaining in the set of hypotheses under
consideration (122). If there are hypotheses remaining, TM prediction unit 42 selects a
new hypothesis for consideration (116), and determines if the difference in value
between the hypothesis being considered and the previously generated reference
hypothesis is greater than the threshold value (118). Once there are no more hypotheses
available for consideration that have not already been considered, (NO in 122), TM
prediction unit 42 selects the hypothesis number (124) by calculating the cost associated
with encoding the target video block when a first number of hypotheses and the cost
associated with encoding the target video block when a second number of hypotheses
from the set of hypotheses are used for the encoding.

[0068] To sclect the number of hypotheses to use for encoding the target block (124),
TM prediction unit 42 may generate a first set of predictive video data based on a first
number of hypotheses and a second set of predictive video data based on a second
number of hypotheses. TM prediction unit 42 may generate the first set of predictive
video data by identifying a subset of hypotheses that contains the first number of best
hypotheses from the set of all possible hypotheses. TM prediction unit 42 then may
identify the reference video blocks corresponding to each of the hypotheses in the subset
of hypotheses and average the pixel values for each pixel having the same relative
location in the identified reference video blocks. TM prediction unit 42 may generate a
second set of predictive video data based on the second number hypotheses in
substantially the same manner. After TM prediction unit 42 generates at the first and
second sets of predictive video data, TM prediction unit 42 determines the rate-
distortion cost for encoding the target block when using the first or second set of
predictive video data. TM prediction unit 42 selects the number of hypotheses that will
ultimately yield the lowest rate-distortion cost.

[0069] TM prediction unit 42 then generates the syntax eclement for the selected
hypothesis number (126). The syntax element signals to the decoder whether the first



WO 2011/002809 PCT/US2010/040475

25

number or the second number of selected hypotheses were used when encoding the
target block (126). Video encoder 40 can then encode the video block (128) based on a
set of predictive video data. In one example, video encoder 40 encodes the video block
based on the set of predictive video data associated with the hypothesis number having
the lowest cost. In another example, TM prediction unit 42 selects a best hypothesis and
video encoder 40 encodes the video block based on the predictive video data contained
within the reference video block associated with best hypothesis. In another example,
TM prediction unit 42 may generate predictive video data based on all of the reference
video blocks associated with all of the remaining hypotheses available for consideration
and video encoder 40 encodes the video block based on this predictive video data.
[0070] FIGS. 7A-7B are flow charts illustrating an exemplary process performed by a
video decoder consistent with this disclosure. FIGS. 7A-7B will be described from the
perspective of video decoder 80 of FIG. 5. As shown in FIG 7A, video decoder 80
receives encoded video data (132), and receives one or more syntax elements that
identify the hypothesis number used by the video encoder in encoding the encoded
video data. TM prediction unit 84 selects a target video block, identifies the template
associated with the target block, and generates the reference lists (134). The reference
lists include video information from one or more reference video units. The reference
video units may occur prior in time or later in time relative to a video unit that includes
the target video block. If portions of the template shape defined relative to the target
block do not have reconstructed pixels available (NO in 136) and the target block is a
sub-block of a luma block, TM prediction unit 84 may generate the sub-block partition
content associated with the portion of the template shape that does not have
reconstructed pixels available (138). In particular, the sub-block partition content may
be generated by combining the luma residual with the motion-compensated prediction.
Once the sub-block partition content is generated (138) or if reconstructed pixels are
available for the entire template shape defined relative to the target block (YES in 136),
TM prediction unit 42 generates one or more hypotheses sets based on the reference
lists and the template associated with the target block (140).

[0071] For ecach hypothesis in the set of hypotheses, TM prediction unit 84 may
calculate a template offset (142) by calculating the average different between the pixel
values of each pixel in the template shape defined relative to the target block and the

pixel value of ecach corresponding pixel in a candidate hypothesis of the set of
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hypotheses. TM prediction unit 84 then may calculate the weighted sum of absolute
differences for each hypothesis (144). In one example, TM prediction unit 84 calculates
the WSAD using the pixel values calculated based on the template offset by multiplying
the calculated pixel values by a weighting factor such that the weighting factor
decreases as the distance between the video block and the template partition increases.
In another example, TM prediction unit 84 calculates the WSAD by multiplying the
calculated pixel values by a weighting factor such that the weighting factor decreases as
the distance between the video block and the template partition increases, but without
adjusting the pixel values based on the template offset. TM prediction unit 84 may
calculate the SAD rather than the WSAD by ecliminating the weighting factor. In
calculating the SAD, TM prediction unit 84 may incorporate the calculated template
offset.

[0072] With respect to FIG. 7B, TM prediction unit 84 may calculate a reference
hypothesis (146), in one example, by averaging all of the hypotheses under
consideration, or, in another example, a subset of the best hypotheses under
consideration. TM prediction unit 84 may then select one of the hypotheses available
for consideration (148) and calculate the difference between the hypothesis being
considered, Hg, and the reference hypothesis, Hr and compare the difference in value to
a threshold value, T (150). This difference value between the hypothesis being
considered, Hg, and the reference hypothesis, Hr, may comprise the sum of absolute
difference between each pixel of the hypothesis being considered, Hk, and the reference
hypothesis, Hr. If this difference (i.e., if the SAD of the pixels of the hypothesis under
consideration and the reference hypothesis) is greater than a threshold T (YES in 150),
then that hypothesis may be removed from consideration. If the difference in value is
less than T (NO in 150) or after Hx is removed from consideration (152), TM prediction
unit 84 determines if there are any hypotheses remaining in the set of hypotheses under
consideration (154). If there are hypotheses remaining, prediction unit selects a new
hypothesis for consideration (148), and determines if the difference in value between the
hypothesis being considered and the previously generated reference hypothesis is
greater than a threshold value (150). Once there are no more hypotheses available for
consideration that have not already been considered, (NO in 154), TM prediction unit 84
may decode a syntax clement that identifies the number of hypotheses considered in

encoding the target block and apply the hypothesis number (156).
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[0073] To apply the hypothesis number (156), TM prediction unit 84 generates a set of
predictive video data by identifying a subset of hypotheses that contains the number of
best hypotheses identified by the syntax element from the set of all possible hypotheses.
TM prediction unit 84 then may identify the reference video blocks corresponding to
cach of the hypotheses in the subset of hypotheses and average the pixel values for each
pixel having the same relative location in the identified reference video blocks. Video
decoder 80 can then decode the video based on predictive video data (158). In one
example, video decoder 80 decodes the video block based on the set of predictive video
data associated with the hypothesis number having the lowest cost. In another example,
TM prediction unit 84 selects a best hypothesis and video decoder 80 decodes the video
block based on the predictive video data contained within the reference video block
associated with best hypothesis. In another example, TM prediction unit 84 may
generate predictive video data based on all of the reference video blocks associated with
all of the remaining hypotheses available for consideration and video decoder 80
encodes the video block based on this predictive video data.

[0074] A video coder operating in accordance with this disclosure may omit one or
more steps of the example methods shown in FIGS. 6A—6B and 7A-7B. For example, a
video coder may not calculate a template offset, calculate a weighted sum of the
absolute differences, generate a reference hypothesis, or utilize a syntax specifying a
hypothesis number. Generally, a video coder will perform the template matching
motion prediction techniques described in this disclosure by at least selecting a target
block, generating a set of hypotheses, and coding a video unit based on the set of
hypotheses.

[0075] The techniques of this disclosure may be implemented in a wide variety of
devices or apparatuses, including a wireless handset, and integrated circuit (IC) or a set
of ICs (i.e., a chip set). Any components, modules or units have been described
provided to emphasize functional aspects and does not necessarily require realization by
different hardware units. The techniques described herein may also be implemented in
hardware, software, firmware, or any combination thercof. Any features described as
modules, units or components may be implemented together in an integrated logic
device or separately as discrete but interoperable logic devices. In some cases, various
features may be implemented as an integrated circuit device, such as an integrated

circuit chip or chipset.
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[0076] If implemented in software, the techniques may be realized at least in part by a
computer-readable medium comprising instructions that, when executed in a processor,
performs one or more of the methods described above. The computer-readable medium
may comprise a computer-readable storage medium and may form part of a computer
program product, which may include packaging materials. The computer-readable
storage medium may comprise random access memory (RAM) such as synchronous
dynamic random access memory (SDRAM), read-only memory (ROM), non-volatile
random access memory (NVRAM), clectrically erasable programmable read-only
memory (EEPROM), FLASH memory, magnetic or optical data storage media, and the
like. The techniques additionally, or alternatively, may be realized at least in part by a
computer-readable communication medium that carries or communicates code in the
form of instructions or data structures and that can be accessed, read, and/or executed by
a computer.

[0077] The code or instructions may be executed by one or more processors, such as
one or more digital signal processors (DSPs), general purpose microprocessors, an
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. In addition, in
some aspects, the functionality described herein may be provided within dedicated
software modules or hardware modules configured for encoding and decoding, or
incorporated in a combined video codec. Also, the techniques could be fully
implemented in one or more circuits or logic elements.

[0100] The disclosure also contemplates any of a variety of integrated circuit devices
that include circuitry to implement one or more of the techniques described in this
disclosure. Such circuitry may be provided in a single integrated circuit chip or in
multiple, interoperable integrated circuit chips in a so-called chipset. Such integrated
circuit devices may be used in a variety of applications, some of which may include use
in wireless communication devices, such as mobile telephone handsets.

[0101] Various embodiments of the invention have been described. These and other

embodiments are within the scope of the following claims.
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CLAIMS:

1. A video coding method for coding a current video block of a current video unit,
the method comprising;:

generating a set of hypotheses for template-matching predictive video coding,
wherein at least some of the hypotheses in the set of hypotheses are based on a first set
of predictive video data from at least a portion of a first predictive video unit and based
on a second set of predictive video data from at least a portion of a second predictive
video unit, and wherein each of the hypotheses in the set of hypothesis comprises
predictive video data corresponding to a template shape defined relative to a video block
location;

selecting one of the hypotheses from the set of hypotheses; and

coding, via a video coder, the current video block using predictive video data

identified by the selected one of the hypotheses.

2. The video coding method of claim 1, wherein the video coder comprises a video
encoder, wherein the method further comprises:

generating a first set of predictive video data based on a first subset of
hypotheses in the set of hypotheses;

generating a second set of predictive video data based on a second subset of
hypotheses in the set of hypotheses;

calculating a first cost associated with encoding the current video block, wherein
calculating the first cost includes determining a number of bits and a level of quality of
the current video block after being encoded using the first set of predictive video data;

calculating a second cost associated with encoding the current video block,
wherein calculating the second cost includes determining a number of bits and a level of
quality of the current video block after being encoded using the second set of predictive
video data;

determining a lowest cost associated with encoding the current video block from
the first cost and the second cost; and

setting a syntax element to signal whether the first subset of hypotheses or the

second subset of hypotheses should be used by a decoder.
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3. The video coding method of claim 1,
wherein the video coder comprises a video decoder,
wherein the method further comprises:
decoding one or more syntax elements that identify a number of
hypotheses of the set of hypotheses used in encoding encoded video data;
identifying a subset of hypotheses from the set of hypotheses, wherein
the subset includes the number of hypotheses signaled by the one or more syntax
clements; and
generating a set of predictive video data based on the subset of
hypotheses, and
wherein coding the current video block further comprises decoding the encoded

video data using the generated set of predictive video data.

4. The video coding method of claim 1, selecting one of the hypotheses from the
set of hypotheses comprises:

generating a reference hypothesis based on the set of hypotheses, wherein the
reference hypothesis comprises an average of pixel values for each pixel location of a
plurality of hypotheses in the set of hypotheses;

determining if a difference in value between a first hypothesis of the set of
hypotheses and the reference hypothesis is greater than a threshold value; and

removing the first hypothesis from the set of hypotheses if the difference in
value between the first hypothesis and the reference hypothesis is greater than the

threshold value.

5. The video coding method of claim 1, wherein generating the set of hypotheses
comprises calculating a weighted sum of absolute differences, wherein calculating the
weighted sum includes partitioning a template associated with the current video block
into a plurality of partitions and multiplying a sum of the absolute differences of each
partition of the plurality of partitions by a value that decreases as a distance of the

partition under consideration from the current video block increases.

6. The video coding method of claim 1, wherein generating the set of hypotheses

comprises:
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calculating a template offset, wherein calculating comprises calculating the
average difference in pixel values of a template defined relative to the current video
block and pixel values of a first hypothesis of the set of hypotheses; and

applying the template offset to the difference between each of the pixel values of
the first hypothesis and each of the pixels values of the template defined relative to the

current video block.

7. The video coding method of claim 1, wherein the current video block is a luma
video block, wherein the luma video block includes a plurality of sub-blocks, and
wherein selecting one of the hypotheses from the set of hypotheses to code the current
video block comprises:

selecting a first sub-block of the plurality of sub-blocks;

defining a template shape relative to a location of the first sub-block;

calculating a luma residual of a second sub-block, wherein at least a portion of
the second sub-block is located within at least a portion of the template shape;

calculating a motion-compensated prediction of pixel values of the second sub-
block; and

generating predictive video data for pixels within the template shape based on

the luma residual and the motion-compensated prediction of pixel values.

8. A video coding method for coding a current video block, the method
comprising:

generating a first set of hypotheses for template-matching predictive video
coding, wherein at least some of the hypotheses in the set of hypotheses are based on a
first set of predictive video data from at least a portion of a first predictive video unit,
and wherein each hypothesis of the first set of hypotheses comprise predictive video
data corresponding to a template shape defined relative to a first video block location;

generating a second set of hypotheses for template-matching predictive video
coding, wherein at least some of the hypotheses in the set of hypotheses are based on a
second set of predictive video data from at least a portion of a second predictive video
unit, and wherein each hypothesis of the second set of hypotheses comprise predictive
video data corresponding to the template shape defined relative to a second video block

location;
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generating a bi-directional motion prediction based on the first set of hypotheses
and the second set of hypotheses;

generating a third set of hypotheses based on the bi-directional motion
prediction;

selecting one of the hypotheses of the third set of hypotheses; and

coding, via a video coder, the current video block using predictive video data

identified by the selected one of the hypotheses.

9. A video coding apparatus that codes a current video block, the apparatus
comprising:

a prediction unit that generates a set of hypotheses for template-matching
predictive video coding based on a first set of predictive video data from at least a
portion of a first predictive video unit and based on a second set of predictive video data
from at least a portion of a second predictive video unit, wherein each of the hypotheses
in the set of hypothesis comprises predictive video data corresponding to a template
shape defined relative to a video block location, and selects one of the hypotheses from
the set of hypotheses; and

a video coding unit that codes the current video block using the predictive video

data identified by the selected one of the hypotheses.

10.  The video coding apparatus of claim 9, wherein the video coding unit is a video
encoder, and wherein the prediction unit further generates a first set of predictive video
data based on a first subset of hypotheses in the set of hypotheses, generates a second
set of predictive video data based on a second subset of hypotheses in the set of
hypotheses, calculates a first cost associated with encoding the current video block by at
least determining a first number of bits and a first level of quality of the current video
block after being encoded using the first set of predictive video data, calculates a second
cost associated with encoding the current video block by at least determining a second
number of bits and a second level of quality of the current video block after being
encoded using the second set of predictive video data, determines a lowest cost
associated with encoding the current video block from the first cost and the second cost,
and sets a syntax element to signal whether the first subset of hypotheses or the second

subset of hypotheses should be used by a decoder.
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11.  The video coding apparatus of claim 9, wherein the video coding unit is a video
decoder, wherein the video decoder comprises an entropy unit that receives encoded
video data and decodes one or more syntax elements that identify a number of
hypotheses used in encoding the encoded video data, identifies a subset of hypotheses of
from the set of hypotheses, wherein the subset includes the number of hypotheses
signaled by the one or more syntax elements, and generates a set of predictive video
data based on the subset of hypotheses, and wherein the video decoder decodes the

encoded video data using the generated set of predictive video data.

12.  The video coding apparatus of claim 9,wherein the prediction unit selects one of
the hypotheses from the set of hypotheses by at least generating a reference hypothesis
based on the set of hypotheses, wherein the reference hypothesis comprises an average
of pixel values for each pixel location of a plurality of hypotheses in the set of
hypotheses, determining if a difference in value between a first hypothesis of the set of
hypotheses and the reference hypothesis is greater than a threshold value, and removing
the first hypothesis from the set of hypotheses if the difference in value between the first
hypothesis and the reference hypothesis is greater than the threshold value.

13.  The video coding apparatus of claim 9, wherein the prediction unit generates the
set of hypotheses by at least calculating a weighted sum of absolute differences, wherein
the weighted sum of absolute differences is calculated by at least partitioning a template
associated with the current video block into a plurality of partitions and multiplying a
sum of the absolute differences of each partition of the plurality of partitions by a value
that decreases as a distance of the partition under consideration from the current video

block increases.

14. The video coding apparatus of claim 9, wherein the prediction unit generates the
set of hypotheses by at least calculating a template offset by at least calculating the
average difference in pixel values of a template defined relative to the current video
block and pixel values of a first hypothesis of the set of hypotheses, and applying a
template offset to the difference between each of the pixel values of the first hypothesis

and each of the pixels values of the template defined relative to the current video block.
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15.  The video coding apparatus of claim 9, wherein the current video block is a luma
video block, wherein the luma video block includes a plurality of sub-blocks, and
wherein the prediction unit selects one of the hypotheses from the set of hypotheses by
at least selecting a first sub-block of the plurality of sub-blocks, defining a template
shape relative to the first sub-block location, calculating a luma residual of a second
sub-block, wherein at least a portion of the second sub-block is located within at least a
portion of the template shape, calculating a motion-compensated prediction of pixel
values of the second sub-block, and generating predictive video data for pixels within
the template shape based on the luma residual and the motion-compensated prediction

of pixel values.

16.  The video coding apparatus of claim 9, wherein the video coding apparatus

comprises an integrated circuit.

17.  The video coding apparatus of claim 9, wherein the video coding apparatus

COMprises a microprocessor.

18.  The video coding apparatus of claim 9, wherein the video coding apparatus

comprises a wireless communication device that includes a video coder.

19. A device that codes a current video block, the device comprising:

means for generating a set of hypotheses for template-matching predictive video
coding, wherein at least some of the hypotheses in the set of hypotheses are based on a
first set of predictive video data from at least a portion of a first predictive video unit
and based on a second set of predictive video data from at least a portion of a second
predictive video unit, and wherein each of the hypotheses in the set of hypothesis
comprises predictive video data corresponding to a template shape defined relative to a
video block location;

means for selecting one of the hypotheses from the set of; and

means for coding the current video block using the predictive video data

identified by the selected one of the hypotheses.
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20.  The device of claim 19, wherein the means for coding the current video block
further comprises:

means for generating a first set of predictive video data based on a first subset of
hypotheses in the set of hypotheses;

means for generating a second set of predictive video data based on a second
subset of hypotheses in the set of hypotheses;

means for calculating a first cost associated with encoding the current video
block, wherein calculating the first cost includes determining a number of bits and a
level of quality of the current video block after being encoded using the first set of
predictive video data;

means for calculating a second cost associated with encoding the current video
block, wherein calculating the second cost includes determining a number of bits and a
level of quality of the current video block after being encoded using the second set of
predictive video data;

means for determining a lowest cost associated with encoding the current video
block from the first cost and the second cost; and

means for setting a syntax element to signal whether the first subset of

hypotheses or the second subset of hypotheses should be used by a decoder.

21. The device of claim 19,
wherein means for coding the current video block further comprises means for
decoding encoded video data,
wherein the device further comprises:
means for decoding one or more syntax elements that identify a number
of hypotheses of the set of hypotheses used in encoding encoded video data;
means for identifying a subset of hypotheses from the set of hypotheses,
wherein the subset includes the number of hypotheses signaled by the one or
more syntax elements; and
means for generating a set of predictive video data based on the subset of
hypotheses, and
wherein the means for decoding the encoded video data decodes the encoded

video using the generated set of predictive video data.
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22.  The device of claim 19, wherein the means for selecting one of the hypotheses
further comprises:

means for generating a reference hypothesis based on the set of hypotheses,
wherein the reference hypothesis comprises an average of pixel values for each pixel
location of a plurality of hypotheses in the set of hypotheses;

means for determining if a difference in value between a first hypothesis of the
set of hypotheses and the reference hypothesis is greater than a threshold value; and

means for removing the first hypothesis from the set of hypotheses if the
difference in value between the first hypothesis and the reference hypothesis is greater

than the threshold value.

23.  The device of claim 19, wherein the means for generating the set of hypotheses
comprises means for calculating a weighted sum of absolute differences, wherein
calculating the weighted sum of absolute differences includes partitioning a template
associated with the current video block into a plurality of partitions and multiplying the
sum of the absolute differences of each partition of the plurality of partitions by a value
that decreases as the distance of the partition under consideration from the current video

block increases.

24. The device of claim 19, wherein the means for generating the set of hypotheses
generates the set of hypotheses comprises:

means for calculating a template offset comprising calculating the average
difference in pixel values of a template of the current video block and pixel values of a
first hypothesis of the set of hypotheses; and

means for applying the template offset to a difference between each of the pixel
values of the first hypothesis and each of the pixels values of the template defined

relative to the current video block.

25. The device of claim 19, wherein the current video block is a luma video block,
wherein the luma video block includes a plurality of sub-blocks, and wherein the means
for selecting one of the hypotheses from the set of hypotheses comprises:

means for selecting a first sub-block of the plurality of sub-blocks;

means for defining a template shape relative to a location of the first sub-block;
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means for calculating a luma residual of a second sub-block, wherein at least a
portion of the second sub-block is located within at least a portion of the template
shape;

means for calculating a motion-compensated prediction of pixel values of the
second sub-block; and

means for generating predictive video data for pixels within the template shape

based on the luma residual and the motion-compensated prediction of pixel values.

26. A computer-readable storage medium encoded with instructions for causing one
or more programmable processors to:

generate a set of hypotheses for template-matching predictive video coding,
wherein at least some of the hypotheses in the set of hypotheses are based on a first set
of predictive video data from at least a portion of a first predictive video unit and based
on a second set of predictive video data from at least a portion of a second predictive
video unit, and wherein each of the hypotheses in the set of hypothesis comprises
predictive video data corresponding to a template shape defined relative to a video block
location;

select one of the hypotheses from the set of hypotheses; and

code the current video block using predictive video data identified by the

selected one of the hypotheses.

27. The computer-readable storage medium of claim 26, wherein the instructions
that cause the one or more programmable processors to code the current video block
further comprise instructions for causing the one or more programmable processors to:

generate a first set of predictive video data based on a first subset of hypotheses
in the set of hypotheses;

generate a second set of predictive video data based on a second subset of
hypotheses in the set of hypotheses;

calculate a first cost associated with encoding the current video block, wherein
calculating the first cost includes determining a number of bits and a level of quality of
the current video block after being encoded using the first set of predictive video data;

calculate a second cost associated with encoding the current video block,

wherein calculating the second cost includes determining a number of bits and a level of
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quality of the current video block after being encoded using the second set of predictive
video data;

determine a lowest cost associated with encoding the current video block from
the first cost and the second cost; and

set a syntax value to signal whether the first subset of hypotheses or the second

subset of hypotheses should be used by a decoder.

28. The computer-readable storage medium of claim 26, wherein the instructions
that cause the one or more programmable processors to select one of the hypotheses of
the set of hypotheses further comprise instructions for causing the one or more
programmable processors to:

decode one or more syntax clements that identify a number of hypotheses of the
set of hypotheses used in encoding encoded video data;

identify a subset of hypotheses from the set of hypotheses, wherein the subset
includes the number of hypotheses signaled by the one or more syntax elements;

generate a set of predictive video data based on the subset of hypotheses; and

decode the encoded video data using the generated set of predictive video data.

29. The computer-readable storage medium of claim 26, wherein the instructions
that cause the one or more programmable processors to select one of the hypotheses of
the set of hypotheses further comprise instructions for causing the one or more
programmable processors to:

generate a reference hypothesis based on the set of hypotheses, wherein the
reference hypothesis comprises an average of pixel values for each pixel location of a
plurality of hypotheses in the set of hypotheses;

determine if a difference in value between a first hypothesis of the set of
hypotheses and the reference hypothesis is greater than a threshold value; and

remove the first hypothesis from the set of hypotheses if the difference in value
between the first hypothesis and the reference hypothesis is greater than the threshold

value.

30.  The computer-readable storage medium of claim 26, wherein the instructions

that cause the one or more programmable processors to generate the set of hypotheses
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further comprise instructions for causing the one or more programmable processors to
calculate a weighted sum of absolute differences by at least partitioning a template
associated with the current video block into a plurality of partitions and multiplying the
sum of the absolute differences of each partition of the plurality of partitions by a value
that decreases as the distance of the partition under consideration from the current video

block increases.

31. The computer-readable storage medium of claim 26, wherein the instructions
that cause the one or more programmable processors to generate the set of hypotheses
further comprise instructions for causing the one or more programmable processors to:

calculate a template offset by at least calculating the average difference in pixel
values of a template defined relative to the current video block and pixel values of a first
hypothesis of the set of hypotheses; and

apply the template offset to a difference between each of the pixel values of the
first hypothesis and each of the pixels values of the template defined relative to the

current video block.

32. The computer-readable storage medium of claim 26, wherein the instructions
that cause the one or more programmable processors to generate the set of hypotheses
further comprise instructions for causing the one or more programmable processors to:

select a first sub-block of the plurality of sub-blocks;

define a template shape relative to a location of the first sub-block;

calculate a luma residual of a second sub-block, wherein at least a portion of the
second sub-block is located within at least a portion of the template shape;

calculate a motion-compensated prediction of pixel values of the second sub-
block; and

generate predictive video data for pixels within the template shape based on the

luma residual and the motion-compensated prediction of pixel values.



WO 2011/002809 PCT/US2010/040475
1/8

/10
DESTINATION
SOURCEZDEV|CE DEVICE
-4 16
VIDEO SOURCE DISPLAY DEVICE
20 30
VIDEO VIDEO
ENCODER DECODER
22 28
MOZDEM MODEM
23 27
TRANSMITTER RECEIVER
24 ) 2 Ha %
15

FIG. 1



PCT/US2010/040475

WO 2011/002809

2/8

¢ Old

SMJ0149 O3AIA
Wv3dlslig N_NQOUZN Omn__> d3LoNYLSNOOI3IN
86
F4] ¥S 9¢
1INN ¢ 1INN LINN |_| 77
9NIAOD NOILVZILNYNO WHO4SNVL | syoo1d AYOW3NW
AdOY1IN3 ISYIANI JSHIANI ‘ais3y
‘NOO3NH
A A
Sy [%7
O WL IN L
[ ——
L ~ m
N 4 LINN NOILOId3dd WL
14
S1N3IDI44302
avnais3y — —_— _—
a3ziLNvNoO 0s (417
1INN 1INN -+
NOLLVYZILNVYNO IWHO4SNVYL | s#oo1a + d3aod 349 Ol sHM20149 O3AIA
‘ais3ad

LNdNI




WO 2011/002809

3/8

/—62

PCT/US2010/040475

/—68

FIG. 3

74

78

FIG. 4




PCT/US2010/040475

WO 2011/002809

4/8

O3daIA

a3qoo3a
4 G 'Ol
12078 10078 — —
o8 DRt LS _\,_m_o"_wwze.mh - zwmo
ASONAN ISYIANI ANI
Z6
Mo0149 ‘14309
'a3ud ZILNVND
8 <3 z8
— Y IN WL 1INN
78 9NIA0d3a
1INN NOILLOIa3¥d WL AdO¥.IN3
0 I

d33a093d O3dIA

SJUBW[] XeJuUAg

Wv3ylslig
O3daiA
d3aooN3



WO 2011/002809 PCT/US2010/040475
5/8

/-100
GENERATE REFERENCE
LISTS

l /-102
SELECT TARGET BLOCK

104 106

RECONSTRUCTED
PIXELS AVAILABLE?

GENERATE SUB-BLOCK
PARTITION CONTENT

/-108
GENERATE HYPOTHESIS
SETS

l /-110

CALCULATE TEMPLATE
OFFSET

l s 112
CALCULATE WSAD

l /-114

CALCULATE REFERENCE
HYPOTHESIS

TO FIG. 6B

FIG. 6A



WO 2011/002809 PCT/US2010/040475

6/8

FROM FIG. 6A

~ 116
SELECT HYPOTHESIS

FOR CONSIDERATION

118 f-120

YES REMOVE HYPOTHESIS
FROM CONSIDERATION

NO

ADDITIONAL
HYPOTHESIS FOR

YES

CONSIDERATION?,

f-124
SELECT HYPOTHESIS
NUMBER

l /_126

GENERATE SYNTAX
ELEMENT FOR THE
SELECTED HYPOTHESIS
NUMBER

l /—128
ENCODE VIDEO BLOCK

FIG. 6B



WO 2011/002809 PCT/US2010/040475

7/8

/-132
RECEIVE ENCODED
VIDEO DATA

l /-134

GENERATE REFERENCE
LISTS

/-138

GENERATE FIRST SUB-
BLOCK PARTITION
CONTENT

RECONSTRUCTED
PIXELS AVAILABLE?

YES

. 140

GENERATE HYPOTHESIS
SETS

l /-142

CALCULATE TEMPLATE
OFFSET

l s 144
CALCULATE WSAD

TOFIG. 7B

FIG. 7A



WO 2011/002809 PCT/US2010/040475

8/8

FROM FIG. 7A

. 146
CALCULATE REFERENCE
HYPOTHESIS

l /~ 148
SELECT HYPOTHESIS

FOR CONSIDERATION

150
/—152

YES REMOVE HYPOTHESIS
FROM CONSIDERATION

NO

ADDITIONAL
HYPOTHESIS FOR

YES

CONSIDERATION?,

/-156
APPLY HYPOTHESIS
NUMBER

l /—158
DECODE VIDEO BLOCK

FIG. 7B



	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 - description
	Page 28 - description
	Page 29 - description
	Page 30 - description
	Page 31 - claims
	Page 32 - claims
	Page 33 - claims
	Page 34 - claims
	Page 35 - claims
	Page 36 - claims
	Page 37 - claims
	Page 38 - claims
	Page 39 - claims
	Page 40 - claims
	Page 41 - claims
	Page 42 - drawings
	Page 43 - drawings
	Page 44 - drawings
	Page 45 - drawings
	Page 46 - drawings
	Page 47 - drawings
	Page 48 - drawings
	Page 49 - drawings

