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Description
TECHNICAL FIELD

[0001] This disclosure relates to video coding, and more particularly, to coding of video data for motion compensation
in video coding.

BACKGROUND

[0002] Digital video capabilities can be incorporated into a wide range of devices, including digital televisions, digital
direct broadcast systems, wireless broadcast systems, personal digital assistants (PDAs), laptop or desktop computers,
digital cameras, digital recording devices, digital media players, video gaming devices, video game consoles, cellular
or satellite radio telephones, video teleconferencing devices, and the like. Digital video devices implement video com-
pression techniques, such as those described in the standards defined by MPEG-2, MPEG-4, ITU-T H.263 or ITU-T
H.264/MPEG-4, Part 10, Advanced Video Coding (AVC), and extensions of such standards, to transmit and receive
digital video information more efficiently.

[0003] Video compression techniques perform spatial prediction and/or temporal prediction to reduce or remove re-
dundancy inherent in video sequences. For block-based video coding, a video frame or slice may be partitioned into
macroblocks. Each macroblock can be further partitioned. Macroblocks in an intra-coded (l) frame or slice are encoded
using spatial prediction with respect to neighboring macroblocks. Macroblocks in an inter-coded (P or B) frame or slice
may use spatial prediction with respect to neighboring macroblocks in the same frame or slice or temporal prediction
with respect to other reference frames.

[0004] The article "Context-based adaptive binary arithmetic coding in the H.264/AVC video compression standard"
by Marpe et al published IEEE Transactions on Circuits and Systems, vol. 13 no. 7 pages 620 - 636, 1 July 2003 describes
a technique for coding the sign bit for an x- or y- component together with a value representative of the magnitude of
the mvd value for that x- or y- component.

[0005] US 2005/038837 describes a method and apparatus for binarization and arithmetic coding of a data value.
[0006] The paper"CE12: Adaptive Motion Vector Resolution from Qualcomm" 4. JCT-VC Meeting; 95. MPEG Meeting,
no. JCTVC-D394, 16 January 2011 describes an adaptive motion vector resolution method within the scope of core
experiment 12 which was set up in the 34 JCT-VC meeting.

SUMMARY

[0007] The invention is defined in the claims to which reference is now directed.
[0008] The details of one or more examples are set forth in the accompanying drawings and the description below.
Other features, objects, and advantages will be apparent from the description and drawings, and from the claims.

BRIEF DESCRIPTION OF DRAWINGS
[0009]

FIG. 1 is a block diagram illustrating one example of a video encoding and decoding system consistent with the
techniques of this disclosure.

FIG. 2 is a block diagram illustrating one example of a video encoder consistent with the techniques of this disclosure.
FIG. 3 is a block diagram illustrating one example of a video decoder consistent with the techniques of this disclosure.
FIG. 4 is a flowchart illustrating an example method for jointly encoding the x-and y-components of a motion vector
difference value and entropy coding a current block.

FIG. 5 is a flowchart illustrating an example method of separately signaling a motion vector difference value in
accordance with HEVC test model 3.0 (HM 3.0).

FIG. 6 is a flowchart illustrating an example method for jointly encoding the x-and y-components of a motion vector
difference value.

FIG. 7 is a flowchart illustrating an example method for jointly encoding the x-and y-components of a motion vector
difference value and encoding the resolution of the x- and y-components of a motion vector difference value.

FIG. 8 is a flowchart illustrating an example method for jointly decoding the x-and y-components of a motion vector
difference value and decoding entropy coded data to produce a current block.

FIG. 9 is a flowchart illustrating an example method for jointly decoding the x-and y-components of a motion vector
difference value.
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DETAILED DESCRIPTION

[0010] In general, this disclosure describes techniques for coding data for motion vector difference values during video
coding. Video data includes a sequence of frames (or pictures) played in rapid succession to simulate motion. Each
frame of video data may be partitioned into blocks. During video coding, and more specifically inter-prediction, a device
such as a video encoder or a video decoder, may predict the pixel values of a block. The video encoder or decoder may
base the predictions for the block on the pixel values of a block from another frame or from the pixel values of a neighboring
block.

[0011] Forintra-prediction, a video encoder may indicate the displacement of a reference block using a motion vector.
The motion vector may have an x-component and a y-component. The x- and y-components of the motion vector may
indicate a displacement with sub-pixel precision, such as one-half-pixel precision, one-quarter-pixel precision, or one-
eighth-pixel precision. To achieve sub-pixel precision, a video encoder or decoder may use a technique, such as inter-
polation, to determine the sub-pixel values at the locations indicated by the motion vector. After determining the x-and
y-components of the motion vector, a video encoder may calculate motion vector difference (MVD) values for the motion
vector components relative to a motion vector predictor.

[0012] This disclosure generally provides techniques for jointly coding motion MVD values. In this disclosure, jointly
coding may refer to coding techniques in which information related to the x- and y-components of a motion vector
difference value are interleaved, as opposed to coding all the information related to one of the x- or y-components before
coding any information related to the second component of the motion vector difference value. Joint coding may also
refer to using one value to represent values for both of the x- and y-components. In addition, this disclosure also describes
techniques for coding motion vector differences, which may have various sub-pixel precisions, e.g., quarter-pixel precision
or eighth-pixel precision, and indicating the precisions of the motion vector differences and motion vectors associated
with the motion vectors.

[0013] A video sequence includes one or more frames or pictures. Each of the pictures may be divided into one or
more blocks, each of which may be individually coded. Efforts are in progress to produce a new encoding standard,
currently referred to as high efficiency video coding (HEVC), and sometimes referred to as ITU H.265. This upcoming
standard refers to a coding unit (CU) as a particular block of pixels including luminance data and chrominance data,
where the luminance data has a resolution of 2Nx2N and the chrominance data has a resolution of NxN. A coding unit
may be divided into four equally sized, square, non-overlapping sub-coding units.

[0014] Each of the sub-coding units may also be divided in this way into further sub-coding units. A coding unit that
is notdivided into sub-coding units is referred to as a leaf-node coding unit. Leaf-node coding units may include prediction
units (PUs) and transform units (TUs), where PUs represent prediction data and TUs represent residual data, that is,
coded, pixel-by-pixel differences between prediction data and original, uncoded data, for pixels corresponding to the
TU. As an example, PUs may be coded using an inter-prediction mode, in which a video encoder may calculate a motion
vector for a PU using a motion estimation process. The video encoder may further signal an encoding mode for the PU
and motion vector difference values for the calculated motion vector, as described in this disclosure.

[0015] Likewise, a video decoder may use information indicative of a prediction mode included in a coded bitstream
to form prediction data for coded blocks. The data may further include a precision of the motion vector, as well as an
indication of a fractional pixel position to which the motion vector points (for example, a one-eighth pixel position of a
reference frame or reference slice).

[0016] A video coding device, such as a video encoder or a video decoder, may determine a predictive motion vector
for a coding unit (such as a frame, slice, or block). The video coding device may use x- and y-components of the predictive
motion vector (also referred to as a motion vector predictor) to calculate motion vector difference values of a motion
vector for the current block. A video coding device may implement the techniques of this disclosure to jointly code motion
vector difference values for motion vectors, which may have sub-pixel precision.

[0017] As discussed above, prediction data of a PU for forming a predictive block may be based on previously coded
data of spatially neighboring CUs or CUs of temporally neighboring frames that have been previously coded. A video
encoder may calculate a motion vector of a PU that indicates the location of a predictive block for a corresponding CU
in a temporally separate, previously coded frame. The video encoder may further calculate a motion vector difference
value for the motion vector to encode the motion vector. The motion vector difference value may generally correspond
to a difference between the calculated motion vector, and a motion vector predictor. The motion vector for the current
block may have an x-component (MV_x) for a horizontal offset, and a y-component (MV_y) for a vertical offset. The
motion vector predictor may have an x-component of p_x and a y-component of p_y. Then, the motion vector predictor
may be determined as <MV_x - p_x, MV_y - p_y>.

[0018] This disclosure provides techniques for jointly coding the x-component and the y-component of a motion vector
difference value. In this disclosure, jointly coding may refer to coding techniques in which information related to the x-
and y-components of a motion vector difference value are interleaved. Information related to the motion vector difference
may include a value that represents whether or not a component of the motion vector difference is zero, one or more
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values thatrepresent the sign value of the x- and/or y-components, and one or more values representative of the absolute
value of the x- and y- components of the motion vector difference value, as some examples.

[0019] In accordance with the techniques of this disclosure, information related to one or both components of a motion
vector difference value may be coded in an alternating fashion such that all information related to one component of the
motion vector difference need not be coded before coding information related to the other component of the motion
vector difference. In other words, an element of the x-component, such as whether the x-component has a magnitude
greater than zero, may be interleaved with a corresponding element of the y-component. Jointly coding the x- and y-
component of the motion vector difference contrasts with separately coding all the information related to one of the x-
or y-components of a motion vector difference value, e.g., per the convention in ITU-T H.264. Jointly coding the x- and
y-components of motion vector difference values may reduce the complexity of a video coding bitstream, which may
result in a lower bitrate for coded video, as well as other potential advantages described herein.

[0020] In video coding according to the conventional ITU-T H.264 standard, motion vectors may have quarter-pixel
(that is, one-quarter of pixel) precision. In some instances, eighth-pixel (that is, one-eighth pixel) precision may provide
certain advantages. The High Efficiency Video Coding Test Model (HM) has the capability to form prediction units using
motion vectors having eighth-pixel precision. In particular, the HM provides the ability to adaptively select either quarter-
pixel precision or eighth-pixel precision. In this manner, motion vectors may have adaptive precision, also referred to as
motion vector resolution. This fractional, or sub-integer, pixel precision may be used to define a motion vector with
respect to a block of interpolated pixel values in the previously coded frame.

[0021] This disclosure also provides techniques for selecting particular instances in which one-quarter or one-eighth
pixel precision motion vectors may be used, and how the motion vector precision may be signaled for a particular motion
vector. In particular, the techniques of this disclosure are directed to selecting a motion vector resolution, and signaling
the resolution using a motion resolution flag in some instances. This disclosure also provides techniques for jointly
signaling the x- and y-components of a particular motion vector.

[0022] This disclosure describes several techniques related to motion vector coding, such as jointly coding motion
vector difference values and signaling the precision, amplitude, and sign of one or more motion vector difference values.
The techniques of this disclosure may be performed during a coding process performed by a video coding device, such
as a video encoder or a video decoder. In this disclosure, the term "coding" refers to encoding that occurs at the encoder
or decoding that occurs at the decoder. Similarly, the term coder refers to an encoder, a decoder, or a combined
encoder/decoder (CODEC). The terms coder, encoder, decoder and CODEC all refer to specific machines designed for
the coding (encoding and/or decoding) of video data consistent with this disclosure.

[0023] FIG. 1 is a block diagram illustrating an example video encoding and decoding system 10 that may utilize
techniques for jointly signaling motion vectors. The motion vectors may have sub-pixel precision. As shown in FIG. 1,
system 10 includes a source device 12 that transmits encoded video to a destination device 14 via a communication
channel 16. Source device 12 and destination device 14 may comprise any of a wide range of devices. In some cases,
source device 12 and destination device 14 may comprise wireless communication devices, such as wireless handsets,
so-called cellular or satellite radiotelephones, or any wireless devices that can communicate video information over a
communication channel 16, in which case communication channel 16 is wireless. The techniques of this disclosure,
however, which concern jointly coding, e.g., jointly signaling and/or interpreting a jointly signaled value, motion vector
difference values, which may have sub-pixel precision, are not necessarily limited to wireless applications or settings.
For example, these techniques may apply to over-the-air television broadcasts, cable television transmissions, satellite
television transmissions, Internet video transmissions, encoded digital video that is encoded onto a storage medium, or
other scenarios. Accordingly, communication channel 16 may comprise any combination of wireless, wired, or storage
media suitable for transmission or storage of encoded video data.

[0024] In the example of FIG. 1, source device 12 includes a video source 18, video encoder 20, a modulator/demod-
ulator (modem) 22 and a transmitter 24. Destination device 14 includes a receiver 26, a modem 28, a video decoder
30, and a display device 32. In accordance with this disclosure, video encoder 20 of source device 12 may be configured
to apply the techniques for signaling motion vector differences, which may have sub-pixel precision. In other examples,
a source device and a destination device may include other components or arrangements. For example, source device
12 may receive video data from an external video source 18, such as an external camera. Likewise, destination device
14 may interface with an external display device, rather than including an integrated display device.

[0025] The illustrated system 10 of FIG. 1 is merely one example. Techniques for jointly signaling motion vector
differences precision may be performed by any digital video encoding and/or decoding device. Although generally the
techniques of this disclosure are performed by a video encoding device, the techniques may also be performed by a
video encoder/decoder, typically referred to as a "CODEC." Moreover, the techniques of this disclosure may also be
performed by a video preprocessor. Source device 12 and destination device 14 are merely examples of such coding
devices in which source device 12 generates coded video data for transmission to destination device 14. In some
examples, devices 12, 14 may operate in a substantially symmetrical manner such that each of devices 12, 14 include
video encoding and decoding components. Hence, system 10 may support one-way or two-way video transmission
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between video devices 12, 14, e.g., for video streaming, video playback, video broadcasting, or video telephony.
[0026] Video source 18 of source device 12 may include a video capture device, such as a video camera, a video
archive containing previously captured video, and/or a video feed from a video content provider. As a further alternative,
video source 18 may generate computer graphics-based data as the source video, or a combination of live video, archived
video, and computer-generated video. In some cases, if video source 18 is a video camera, source device 12 and
destination device 14 may form so-called camera phones or video phones. As mentioned above, however, the techniques
described in this disclosure may be applicable to video coding in general, and may be applied to wireless and/or wired
applications. In each case, the captured, pre-captured, or computer-generated video may be encoded by video encoder
20. The encoded video information may then be modulated by modem 22 according to a communication standard, and
transmitted to destination device 14 via transmitter 24. Modem 22 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.

[0027] Receiver 26 of destination device 14 receives information over channel 16, and modem 28 demodulates the
information. Again, the video encoding process may implement one or more of the techniques described herein to
signaling motion vector differences, which may have sub-pixel precision. The information communicated over channel
16 may include syntax information defined by video encoder 20, which is also used by video decoder 30, that includes
syntax elements that describe characteristics and/or processing of macroblocks and other coded units, e.g., GOPs.
Display device 32 displays the decoded video data to a user, and may comprise any of a variety of display devices such
as a cathode ray tube (CRT), a liquid crystal display (LCD), a plasma display, an organic light emitting diode (OLED)
display, or another type of display device.

[0028] In the example of FIG. 1, communication channel 16 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. Communication channel 16 may form part of a packet-based network, such as a local area
network, a wide-area network, or a global network such as the Internet. Communication channel 16 generally represents
any suitable communication medium, or collection of different communication media, for transmitting video data from
source device 12 to destination device 14, including any suitable combination of wired or wireless media. Communication
channel 16 may include routers, switches, base stations, or any other equipment that may be useful to facilitate com-
munication from source device 12 to destination device 14. In other examples, source device 12 may store encoded
data onto a storage medium, rather than transmitting the data. Likewise, destination device 14 may be configured to
retrieve encoded data from a storage medium.

[0029] Video encoder 20 and video decoder 30 may operate according to a video compression standard, such as
forthcoming ITU-T High Efficiency Video Coding (HEVC) standard, also referred to as "H.265". HEVC has not been
made final, so video encoder 20 and decoder 30 may operate according to the latest draft of HEVC, referred to as the
High Efficiency Video Coding Test Model (HM). The techniques of this disclosure, however, are not limited to any
particular coding standard. Other examples include MPEG-2 and ITU-T H.263, and ITU-T H.264. Although not shown
in FIG. 1, in some aspects, video encoder 20 and video decoder 30 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).

[0030] The HEVC standard is currently being 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
collaborative Team on Video Coding (JCT-VC). The HM presumes several capabilities of video coding devices over
devices according to, previous coding standards, such as ITU-T H.264/AVC. For example, whereas H.264 provides nine
intra-prediction encoding modes, HM provides as many as thirty-four intra-prediction encoding modes.

[0031] Video encoder 20 and video decoder 30 each may be implemented as any of a variety of suitable encoder
circuitry, such 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 20 and video decoder 30 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 camera, computer, mobile
device, subscriber device, broadcast device, set-top box, server, or the like.

[0032] A video sequence typically includes a series of video frames. A group of pictures (GOP) generally comprises
a series of one or more video frames. A GOP may include syntax data in a header of the GOP, a header of one or more
frames of the GOP, or elsewhere, that describes a number of frames included in the GOP. Each frame may include
frame syntax data that describes an encoding mode for the respective frame. Video encoder 20 typically operates on
video blocks, also referred to as CUs, within individual video frames in order to encode the video data. A video block
may correspond to an LCU or a partition of an LCU. 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 plurality of slices. Each slice may
include a plurality of LCUs, which may be arranged into partitions, also referred to as sub-CUs.
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[0033] As an 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 16x16, 16x8, 8x16, 8x8, 8x4, 4x8 and 4x4 for luma components and corresponding scaled sizes for chroma
components. In this disclosure, "NxN" and "N by N" may be used interchangeably to refer to the pixel dimensions of the
block in terms of vertical and horizontal dimensions, e.g., 16x16 pixels or 16 by 16 pixels. In general, a 16x16 block will
have 16 pixels in a vertical direction (y = 16) and 16 pixels in a horizontal direction (x = 16). Likewise, an NxN block
generally has N pixels in a vertical direction and N pixels in a horizontal direction, where N represents a nonnegative
integer value. The pixels in a block may be arranged in rows and columns. Moreover, blocks need not necessarily have
the same number of pixels in the horizontal direction as in the vertical direction. For example, blocks may comprise NxM
pixels, where M is not necessarily equal to N.

[0034] HEVC refers to a block of video data as a coding unit (CU), which may include one or more prediction units
(PUs) and/or one or more transform units (TUs). Syntax data within a bitstream may define a largest coding unit (LCU),
which is a largest coding unit in terms of the number of pixels. In general, a CU has a similar purpose to a macroblock
of H.264, except that a CU does not have a size distinction. Thus, a CU may be split into sub-CUs. In general, references
in this disclosure to a CU may refer to a largest coding unit of a picture or a sub-CU of an LCU. An LCU may be split
into sub-CUs, and each sub-CU may be further split into sub-CUs. Syntax data for a bitstream may define a maximum
number of times an LCU may be split, referred to as CU depth. Accordingly, a bitstream may also define a smallest
coding unit (SCU). This disclosure also uses the term "block” to refer to any of a CU, PU, or TU.

[0035] An LCU may be associated with a quadtree data structure. In general, a quadtree data structure includes one
node per CU, where a root node corresponds to the LCU. If a CU is split into four sub-CUs, the node corresponding to
the CU includes four leaf nodes, each of which corresponds to one of the sub-CUs. Each node of the quadtree data
structure may provide syntax data for the corresponding CU. For example, a node in the quadtree may include a split
flag, indicating whether the CU corresponding to the node is splitinto sub-CUs. Syntax elements for a CU may be defined
recursively, and may depend on whether the CU is split into sub-CUs. If a CU is not split further, it is referred as a leaf-
CU. In this disclosure, 4 sub-CUs of a leaf-CU will also be referred to as leaf-CUs although there is no explicit splitting
of the original leaf-CU. For example if a CU at 16x16 size is not split further, the four 8x8 sub-CUs will also be referred
to as leaf-CUs although the 16x16 CU was never split.

[0036] Moreover, TUs of leaf-CUs may also be associated with respective quadtree data structures. That is, a leaf-
CU may include a quadtree indicating how the leaf-CU is partitioned into TUs. This disclosure refers to the quadtree
indicating how an LCU is partitioned as a CU quadtree and the quadtree indicating how a leaf-CU is partitioned into TUs
as a TU quadtree. The root node of a TU quadtree generally corresponds to a leaf-CU, while the root node of a CU
quadtree generally corresponds to an LCU. TUs of the TU quadtree that are not split are referred to as leaf TUs.
[0037] A leaf-CU may include one or more prediction units (PUs). In general, a PU represents all or a portion of the
corresponding CU, and may include data for retrieving a reference sample for the PU. For example, when the PU is
inter-mode encoded, the PU may include data defining a motion vector for the PU. The data defining the motion vector
may describe, for example, a horizontal component of the motion vector, a vertical component of the motion vector, a
resolution for the motion vector (e.g., one-quarter pixel precision or one-eighth pixel precision), a reference frame to
which the motion vector points, and/or a reference list (e.g., list O or list 1) for the motion vector. Data for the leaf-CU
defining the PU(s) may also describe, for example, partitioning of the CU into one or more PUs. Partitioning modes may
differ depending on whether the CU is uncoded, intra-prediction mode encoded, or inter-prediction mode encoded. For
intra coding, a PU may be treated the same as a leaf transform unit described below.

[0038] A leaf-CU may include one or more transform units (TUs). The transform units may be specified using a TU
quadtree structure, as discussed above. That is, a split flag may indicate whether a leaf-CU is split into four transform
units. Then, each transform unit may be split further into 4 sub TUs. When a TU is not split further, it may be referred to
as a leaf-TU. Generally, for intra coding, all the leaf-TUs belonging to a leaf-CU share the same intra prediction mode.
That is, the same intra-prediction mode is generally applied to calculate predicted values for all TUs of a leaf-CU. For
intra coding, a video encoder may calculate a residual value for each leaf-TU using the intra prediction mode, as a
difference between the portion of the predictive values corresponding to the TU and the original block. The residual
value may be transformed, quantized, and scanned. For inter coding, a video encoder may perform prediction at the PU
level and may calculate a residual for each PU. The residual values corresponding to a leaf-CU may be transformed,
quantized, and scanned. For inter coding, a leaf-TU may be larger or smaller than a PU. For intra coding, a PU may be
collocated with a corresponding leaf-TU. In some examples, the maximum size of a leaf-TU may be the size of the
corresponding leaf-CU.

[0039] In general, this disclosure uses the terms CU and TU to refer to leaf-CU and leaf-TU, respectively, unless noted
otherwise. In general, the techniques of this disclosure relate to transforming, quantizing, scanning, and entropy encoding
data of a CU. As an example, the techniques of this disclosure include selection of a transform to use to transform a
residual value of an intra-predicted block based on an intra-prediction mode used to predict the block. This disclosure
also uses the term "directional transform" or "designed transform" to refer to such a transform that depends on intra-
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prediction mode direction. That is, a video encoder may select a directional transform to apply to a transform unit (TU).
As noted above, intra-prediction includes predicting a TU of a current CU of a picture from previously coded CUs and
TUs of the same picture. More specifically, a video encoder may intra-predict a current TU of a picture using a particular
intra-prediction mode.

[0040] During inter-prediction modes, video encoder 20 may determine a resolution, such as 1/4th (one-quarter) or
1/8th (one-eighth) pixel resolution, for a particular motion vector of a PU. This resolution may be determined using a
technique that attempts to minimize the amount of error between a motion vector predictor, and a calculated motion
vector for the PU of the CU, which may be a motion vector used to predict a displacement of a previously coded frame.
[0041] Video encoder 20 may determine a precision for the motion vector predictor, as well as a displacement of the
vector, which may include an x-component, p_x, and a y-component, p_y. Video encoder 20 may calculate a motion
vector difference corresponding to a difference between the motion vector predictor and the calculated motion vector.
The motion vector difference (referred to as an "MVD"), may also have an x-component mvd_x and a y-component,
mvd_y. Based on the magnitude of mvd_x, and mvd_y, the precision of the vectors (that is, one-quarter, or one-eighth
pixel precision), and a threshold value, video encoder 20 may be configured to jointly code one or more values related
to the x- and y-components of the motion vector difference value.

[0042] In accordance with the techniques of this disclosure, video encoder 20 and/or video decoder 30 may be con-
figured to jointly code information related to motion vector differences for a block. Jointly coding may refer to coding
techniques in which information related to the x- and y-components of a motion vector difference value are interleaved.
The information may include information indicative of whether a magnitude, e.g., an absolute value, of the components
is greater than zero, a sign for the components when the absolute value of the corresponding component is greater than
zero, and information indicative of the absolute value of the component when the absolute value is greater than zero.
Jointly coding the one or more values of the motion vector difference may reduce the complexity of a video coding
bitstream, which may provide the advantages described herein. Similar to video encoder 20, video decoder 30 may
receive an encoded video bitstream and may operate in an essentially reciprocal manner to video encoder 20. For
example, video decoder 30 may receive coded values for a MVD, decode the jointly coded values, and calculate a
motion vector for a block as a sum of the MVD and the motion vector predictor for the block.

[0043] In general, the x-component of a motion vector difference value may be referred to as "MVD_x," while the y-
component of the motion vector difference value may be referred to as "MVD_y." The motion vector difference value for
a block of video data, e.g., a PU, may be described by <MVD_x, MVD_y>. In general, MVD_x corresponds to the
difference between an x-component of a motion vector for the block and an x-component of a motion vector predictor
selected for the block. Likewise, MVD_y corresponds to the difference between a y-component of a motion vector for
the block and a y-component of a motion vector predictor selected for the block. In this manner, video encoder 20 may
calculate MVD_x by calculating the difference between the x-component of the motion vector for the block and the x-
component of the motion vector predictor for the block, and MVD_y by calculating the difference between the y-component
of the motion vector for the block and the y-component of the motion vector predictor for the block. Similarly, video
decoder 30 may reconstruct the motion vector for the block by adding MVD_x to the x-component of the motion vector
predictor, and by adding MVD_y to the y-component of the motion vector predictor. In other words, letting MV_x and
MV _y represent the x-component and the y-component of the motion vector, respectively:

MVD x=MV x—-p x;and (D)

MVD y=MV_x-p_y. (2)

[0044] In some examples, video encoder 20 may code, e.g., signal, information for the motion vector difference value
for the block jointly. For example, video encoder 20 may code information indicative of whether an absolute value of
MVD_x, thatis, [MVD_x|, is greater than zero, followed by information indicative of whether an absolute value of MVD_y,
that is, [MVD_y|, is greater than zero. Such information may include, for example, flags representative of whether the
x- and y-components of the MVD value are greater than zero, respectively. Video encoder 20 may also signal a value
representative of a sign for MVD_x after signaling the flag representing whether MVD_y is greater than zero, assuming
that the flag representing whether MVD_x is greater than zero indicates that MVD_x is, in fact, greater than zero. Video
encoder 20 need not signal a sign for MVD_x when [MVD_x| is equal to zero.

[0045] Following either the value indicative of the sign for MVD_x (when signaled) or the information indicating whether
|[MVD_y| is greater than zero (when the sign of MVD_x is not signaled), video encoder 20 may signal a sign for MVD_y,
again assuming that [MVD_y| is greater than zero. Moreover, video encoder 20 may then signal information representative
of the absolute values of MVD_x and/or MVD_y, depending on whether either or both of MVD_x and MVD_y have
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absolute values greater than zero. Again, the information representative of the absolute values of MVD_x and MVD_y
need not be signaled when the previously signaled values indicate that the absolute values of either or both of MVD_x
and MVD_y are equal to zero.

[0046] In a similar manner, video decoder 30 may code (e.g., decode and interpret) data representative of whether
MVD_x has an absolute value greater than zero, followed by data representative of whether MVD_y has an absolute
value greater than zero. When the data indicates that the absolute value of MVD_x is greater than zero, video decoder
30 may be configured to then parse information representative of a sign for MVD_x. After parsing the information
representative of the sign for MVD_x, or after determining that [MVD_x| is equal to zero, video decoder 30 may be
configured to parse information representative of a sign for MVD_y, when the data indicates that the absolute value of
MVD_y is greater than zero. Similarly, video decoder 30 may then parse information representative of absolute values
forMVD_xand MVD_y, respectively, again assuming thatthe absolute values of MVD_x and MVD_y are greater than zero.
[0047] Video decoder 30 may be configured not to expect information relating to the sign and the absolute value of
any component for which data indicates that the component has an absolute value not greater than zero (i.e., equal to
zero). That is, video decoder 30 may be configured to parse other video data, e.g., other data for the block, without
receiving or coding data for the signs and absolute values of MVD components that have absolute values equal to zero,
as indicated by the earlier signaled information.

[0048] Jointly coding x- and y-components in this manner may achieve certain advantages over coding data for x-
and y-components separately. For example, jointly coding the x- and y-components may increase throughput during
entropy coding. As one particular example, jointly coding motion vector difference values may increase entropy coding
throughput when video encoder 20 or decoder 30 uses CABAC to perform entropy coding. When information represent-
ative of the absolute value of the x- and y-components of motion vector difference values is jointly coded, video encoder
20 or decoder 30 may be able to entropy code the x- and y- components of the motion vector difference value together
using the bypass mode of CABAC. The CABAC bypass mode may improve entropy coding throughput. Entropy coding
the jointly coded information representative of the x- and y- components may enable video encoder 20 or decoder 30
to entropy code the both syntax elements in succession using the bypass mode of CABAC, which may improve entropy
coding performance relative to separately entropy coding the x- and y-components. Although described in the preceding
example with respect to CABAC, jointly coding the x- and y-components of motion vector difference values may also
increase entropy coding efficiency and/or throughput when using other entropy coding techniques, such as VLC, and
CAVLC.

[0049] Following intra-predictive or inter-predictive coding to produce predictive data and residual data, and following
any transforms (such as the 4x4 or 8x8 integer transform used in H.264/AVC or a discrete cosine transform DCT) to
produce transform coefficients, quantization of transform coefficients may be performed. Quantization generally refers
to a process in which transform 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, an n-bit value may be rounded down to an m-bit value during quantization, where n is greater than m.
[0050] Following quantization, entropy coding of the quantized data may be performed, e.g., according to content
adaptive variable length coding (CAVLC), context adaptive binary arithmetic coding (CABAC), or another entropy coding
methodology. A processing unit configured for entropy coding, or another processing unit, may perform other processing
functions, such as zero run length coding of quantized coefficients and/or generation of syntax information such as coded
block pattern (CBP) values, macroblock type, coding mode, maximum macroblock size for a coded unit (such as a frame,
slice, macroblock, or sequence), or the like.

[0051] Video encoder 20 may further send syntax data, such as block-based syntax data, frame-based syntax data,
and GOP-based syntax data, to video decoder 30, e.g., in a frame header, a block header, a slice header, or a GOP
header. The GOP syntax data may describe a number of frames in the respective GOP, and the frame syntax data may
indicate an encoding/prediction mode used to encode the corresponding frame.

[0052] Video encoder 20 and video decoder 30 each may be implemented as any of a variety of suitable encoder or
decoder circuitry, as applicable, such as one or more microprocessors, digital signal processors (DSPs), application
specific integrated circuits (ASICs), field programmable gate arrays (FPGAs), discrete logic circuitry, software, hardware,
firmware or any combinations thereof. Each of video encoder 20 and video decoder 30 may be included in one or more
encoders or decoders, either of which may be integrated as part of a combined video encoder/decoder (CODEC). An
apparatus including video encoder 20 and/or video decoder 30 may comprise an integrated circuit, a microprocessor,
and/or a wireless communication device, such as a cellular telephone.

[0053] FIG. 2is a block diagram illustrating an example of video encoder 20 that may implement techniques for jointly
signaling motion vectors, which may have sub-pixel precision. Video encoder 20 may perform intra- and inter-coding of
blocks within video frames, including CUs, or sub-CUs of CUs. 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
any of several spatial based compression modes and inter-modes such as uni-directional prediction (P-mode) or bi-
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directional prediction (B-mode) may refer to any of several temporal-based compression modes. Although components
for inter-mode encoding are depicted in FIG. 2, it should be understood that video encoder 20 may further include
components for intra-mode encoding. However, such components are not illustrated for the sake of brevity and clarity.
[0054] As shown in FIG. 2, video encoder 20 receives a current video block within a video frame to be encoded. In
the example of FIG. 2, video encoder 20 includes motion compensation unit 44, motion estimation unit 42, reference
frame memory 64, summer 50, transform processing unit 52, quantization unit 54, and entropy coding unit 56. For video
block reconstruction, video encoder 20 also includes inverse quantization unit 58, inverse transform unit 60, and summer
62. A deblocking filter (not shown in FIG. 2) may also be included to filter block boundaries to remove blockiness artifacts
from reconstructed video. If desired, the deblocking filter would typically filter the output of summer 62.

[0055] During the encoding process, video encoder 20 receives a video frame, slice, or CU to be coded. The frame
or slice may be divided into multiple video blocks. Motion estimation unit 42 and motion compensation unit 44 perform
inter-predictive coding of the received video block relative to one or more blocks in one or more reference frames to
provide temporal compression. Intra prediction unit 46 may perform intra-predictive coding of the received video block
relative to one or more neighboring blocks in the same frame or slice as the block to be coded to provide spatial
compression. In accordance with the techniques described below, motion estimation unit 42 may determine a precision
for a motion vector predictor, which may be determined based on an intra- or inter-prediction mode that mode select
unit 40 has previously determined. Motion estimation unit 42, or another unit of video encoder 20, such as entropy coding
unit 56, may further determine a motion vector difference corresponding to a difference between a motion vector predictor
and a calculated motion vector for a PU of the received frame, slice, or CU. Entropy coding unit 56 may further code
information related to the resolution, sign, and amplitude of a motion vector difference, as well as other information
related to jointly coding motion vector as described below.

[0056] Mode select unit 40 may select one of the coding modes, intra or inter, e.g., based on error results, and provide
the resulting intra- or inter-coded block to summer 50 to generate residual block data and to summer 62 to reconstruct
the encoded block for use as a reference frame. In addition, mode select unit 40 may select a motion vector precision
for a motion vector. For example, mode select unit 40 may select a motion vector precision for the motion vector based
on rate-distortion optimization (RDO) associated with one-quarter sub-pixel and one-eighth sub-pixel precision motion
vectors. Motion vectors with one-quarter pixel precision may require fewer bits to code relative to motion vectors with
one-eighth pixel precision. However, a predictive block indicated with a motion vector coded with one-quarter pixel
precision may result in a higher amount of residual information compared to a predictive block coded with one-eighth
sub-pixel precision. Video encoder 20 may perform RDO in order to optimize number of bits (that is, the bitrate) used
to code a particular motion vector against the residual information (distortion) associated with a difference between the
predictive block indicated by the motion vector, and the block currently being coded. Based on the outcome of the RDO,
mode select unit 40 may select the motion vector precision, e.g. one-quarter or one-eighth sub-pixel precision, that
optimizes the rate-distortion tradeoff.

[0057] Motion compensation unit 44 may be needed to calculate sub-pixels, such as sub-pixels of reference frames,
atvarious precisions, e.g. one-eighth and one-quarter sub-pixels. In order to interpolate sub-pixels, motion compensation
unit 44 may utilize a variety of techniques. As examples, motion compensation unit 44 may utilize bilinear interpolation
or utilize N-tap finite response filters (FIRs) to interpolate a sub-pixel. When a device such as motion compensation unit
44 calculates a value for a fractional pixel by averaging two pixels or sub-pixels, it may round, and/or scale the resulting
value. In some cases, motion compensation unit 44 may average values for two sub-pixels which are the result of
averaging to a sub-integer pixel

[0058] Motion compensation unit 44 may calculate values for more sub-integer pixel positions, such as one-eighth
pixel positions, by applying interpolation filters to sets of support. Support generally refers to values for one or more
reference pixels, e.g., pixels in a common line or region. The pixels may correspond to full pixel positions or sub-integer
pixel positions that were previously calculated. In some examples, motion compensation unit 44 may calculate values
for sub-integer pixels using bilinear interpolation, and may use similar bilinear interpolation filters to calculate values for
two or more different sub-integer pixel positions by applying the one or more of the bilinear interpolation filters to different
sets of support for the respective sub-integer pixel positions.

[0059] In some other cases, motion compensation unit 44 may utilize an N-tap finite response filter (FIR) to interpolate
sub-pixel values. A FIR, such as a 6-tap or 12-tap Wiener filter, may utilize nearby support pixel values to interpolate a
sub-integer pixel value. A support pixel is a pixel or sub-pixel value used as an input to the FIR. A FIR may have one or
more dimensions. In a one-dimensional FIR, a device such as motion compensation unit44 may apply afilter to a number
of support pixels or sub-pixels in aline, for example, horizontally, vertically, or atanangle. In contrast to a one-dimensional
FIR, which may use support pixels in a straight line, a two-dimensional FIR, may use nearby support pixels or sub-pixels
which form a square or rectangle to compute the interpolated pixel value.

[0060] Motion estimation unit 42 and motion compensation unit 44 may be highly integrated, but are illustrated sepa-
rately for conceptual purposes. Motion estimation is the process of generating motion vectors, which estimate motion
for video blocks. A motion vector, for example, may indicate the displacement of a predictive block within a predictive
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reference frame (or other coded unit) relative to the current block being coded within the current frame (or other coded
unit). A predictive block is a block that is found to closely match the block to be coded, in terms of pixel difference, which
may be determined by sum of absolute difference (SAD), sum of square difference (SSD), or other difference metrics.
A motion vector may also indicate displacement of a partition of a macroblock. Motion compensation may involve fetching
or generating the predictive block based on the motion vector determined by motion estimation. Again, motion estimation
unit 42 and motion compensation unit 44 may be functionally integrated, in some examples.

[0061] Motion estimation unit 42 calculates a motion vector for the video block of an inter-coded frame by comparing
the video block to video blocks of a reference frame in reference frame memory 64. Motion compensation unit 44 may
also interpolate sub-integer pixels of the reference frame, e.g., an |-frame or a P-frame. As an example, motion vectors
may be predicted from two lists of reference frames: list 0, which includes reference frames having a display order earlier
than a current frame being encoded, and list 1, which includes reference frames having a display order later than the
current frame being encoded. Therefore, data stored in reference frame memory 64 may be organized according to
these lists.

[0062] Motion estimation unit 42 compares blocks of one or more reference frames from reference frame memory 64
to a block to be encoded of a current frame, e.g., a P-frame or a B-frame. When the reference frames in reference frame
memory 64 include values for sub-integer pixels, a motion vector calculated by motion estimation unit 42 may refer to
a sub-integer pixel location of one of the reference frames stored in reference frame memory 64. Motion estimation unit
42 and/or motion compensation unit 44 may also be configured to calculate values for sub-integer pixel positions of
reference frames stored in reference frame memory 64 if no values for sub-integer pixel positions are stored in reference
frame memory 64. Motion estimation unit 42 sends the calculated motion vector to entropy coding unit 56 and motion
compensation unit 44. The reference frame block identified by a motion vector may be referred to as a predictive block.
The motion vector that indicates the displacement of the predictive block relative to the current block being coded in the
current frame may have an x-component of mvd_x and a y-component of mvd_y.

[0063] Motion compensation unit 44 may calculate prediction data based on the predictive block. Video encoder 20
forms a residual video block by subtracting the prediction data from motion compensation unit 44 from the original video
block being coded. Summer 50 represents the component or components that perform this subtraction operation. Trans-
form processing unit 52 applies a transform, such as a discrete cosine transform (DCT) or a conceptually similar transform,
to the residual block, producing a video block comprising residual transform coefficient values. Transform processing
unit 52 may perform other transforms, such as those defined by the H.264 standard, which are conceptually similar to
DCT. Wavelet transforms, integer transforms, sub-band transforms or other types of transforms could also be used. In
any case, transform processing unit 52 applies the transform to the residual block, producing a block of residual transform
coefficients. The transform may convert the residual information from a pixel value domain to a transform domain, such
as a frequency domain. Quantization unit 54 quantizes the residual transform coefficients to further reduce bit rate. The
quantization process may reduce the bit depth associated with some or all of the coefficients. The degree of quantization
may be modified by adjusting a quantization parameter.

[0064] Following quantization, entropy coding unit 56 entropy codes the quantized transform coefficients. For example,
entropy coding unit 56 may perform content adaptive variable length coding (CAVLC), context adaptive binary arithmetic
coding (CABAC), or another entropy coding technique. Jointly coding the x- and y-components of the motion vector
difference values may allow entropy coding unit 56 to achieve higher entropy coding throughput when using CABAC.
Entropy coding unit 56 may use the bypass mode of CABAC to increase the throughput of entropy coding the jointly
coded x- and y-components of motion vector difference values relative to entropy coding separately coded x- and y-
components of motion vector difference values. Following the entropy coding by entropy coding unit 56, the encoded
video may be transmitted to another device or archived for later transmission or retrieval. In the case of context adaptive
binary arithmetic coding, context may be based on neighboring macroblocks.

[0065] In some cases, entropy coding unit 56 or another unit of video encoder 20 may be configured to perform other
coding functions, in addition to entropy coding. For example, entropy coding unit 56 may be configured to determine the
CBP values for the macroblocks and partitions. Also, in some cases, entropy coding unit 56 may perform run length
coding of the coefficients in a macroblock or partition thereof. In particular, entropy coding unit 56 may apply a zig-zag
scan or other scan pattern to scan the transform coefficients in a macroblock or partition and encode runs of zeros for
further compression. Entropy coding unit 56 also may construct header information with appropriate syntax elements
for transmission in the encoded video bitstream.

[0066] In accordance with the techniques of this disclosure, quantization unit 54 and entropy coding unit 56 may jointly
code motion vectors, which may have sub-pixel precision, as described below. In some examples, quantization unit 45
and entropy coding unit 56 may signal one or more flag values that represent whether the x- and/or y-components of a
motion vector difference value are zero, one or more values that represent the sign of the x- and/or y-components when
the components have absolute values not equal to zero, and information that represents the absolute value of the
magnitude of the x- and y-components of the motion vector difference value when the components have absolute values
not equal to zero. Quantization unit 45 and entropy coding unit 56 may also signal a motion resolution flag, which may
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represent the sub-pixel resolution of the motion vector, as well as a threshold value related to both the magnitude and
the precision of the motion vector.

[0067] Inverse quantization unit58 and inverse transform unit 60 apply inverse quantization and inverse transformation,
respectively, to reconstruct the residual block in the pixel domain, e.g., for later use as a reference block. Motion com-
pensation unit 44 may calculate a reference block by adding the residual block to a predictive block of one of the frames
of reference frame memory 64. Motion compensation unit 44 may also apply one or more interpolation filters to the
reconstructed residual block to calculate sub-integer pixel values for use in motion estimation. Summer 62 adds the
reconstructed residual block to the motion compensated prediction block produced by motion compensation unit 44 to
produce a reconstructed video block for storage in reference frame memory 64. The reconstructed video block may be
used by motion estimation unit 42 and motion compensation unit 44 as a reference block to inter-code a block in a
subsequent video frame.

[0068] Video encoder 20 represents an example of a video encoder configured to encode video data representative
of whether an absolute value of an x-component of a motion vector difference value for a current block of video data is
greater than zero and to encode video data representative of whether an absolute value of a y-component of the motion
vector difference value is greater than zero. Video encoder 20 may be configured to encode video data representative
ofthe absolute value of the x-component of the motion vector difference value when the absolute value of the x-component
of the motion vector difference value is greater than zero, and to encode video data representative of the absolute value
of the y-component of the motion vector difference value when the absolute value of the y-component of the motion
vectordifference value is greater than zero. Video encoder 20 may also be configured to encode video data representative
of a sign of the x-component of the motion vector difference value when the absolute value of the x-component of the
motion vector difference value is greater than zero, and to encode a sign of the y-component of the motion vector
difference value when the absolute value of the y-component of the motion vector difference value is greater than zero.
[0069] FIG. 3 is a block diagram illustrating an example of video decoder 30, which decodes an encoded video
sequence. In the example of FIG. 3, video decoder 30 includes an entropy decoding unit 70, motion compensation unit
72, intra prediction unit 74, inverse quantization unit 76, inverse transformation unit 78, reference frame memory 82 and
summer 80. Video decoder 30 may, in some examples, perform a decoding pass generally reciprocal to the encoding
pass described with respect to video encoder 20 (FIG. 2). Motion compensation unit 72 may generate prediction data
based on motion vectors received from entropy decoding unit 70.

[0070] Motion compensation unit 72 may use motion vectorsreceivedin the bitstream, including motion vectors signaled
in accordance with the techniques described herein, to identify a prediction block in one of the reference frames stored
in reference frame memory 82. Intra prediction unit 74 may use intra prediction modes received in the bitstream to form
a prediction block from spatially adjacent blocks. Inverse quantization unit 76 inverse quantizes, i.e., de-quantizes, the
quantized block coefficients provided in the bitstream and decoded by entropy decoding unit 70. The inverse quantization
process may include a conventional process, for example as defined by the H.264 decoding standard. The inverse
quantization process may also include use of a quantization parameter QP calculated by encoder 50 for each macroblock
to determine a degree of quantization and, likewise, a degree of inverse quantization that should be applied.

[0071] Entropy decoding unit 70 and inverse quantization unit 76 may also reconstruct jointly coded motion vector
difference values by interpreting various syntax elements including flags and other values in the encoded bitstream. As
an example, entropy decoding unit 70 and inverse quantization unit 76 may receive one or more values that represent
whether the x- and/or y-components of a motion vector difference are greater than zero, a motion resolution flag, which
may indicate the sub-pixel resolution of the motion vector, and a threshold value, which may indicate a maximum
magnitude and/or resolution of the motion vector difference value. In one example, entropy decoding unit 70 may decode
the jointly coded x- and y- components of the motion vector difference value using CABAC in the bypass mode. Using
the bypass mode of CABAC may allow entropy coding unit 70 to decode the jointly coded motion vector difference values
with increased throughput, relative to entropy decoding the x- and y- components of the motion vector difference values
separately. Entropy decoding unit 70 and inverse quantization unit 76 may also receive one or more values that represent
the sign of the x- and/or y-components of the motion vector difference value, and values that represent the absolute
value of the magnitude of each component of the motion vector difference value. Entropy decoding unit 70 and inverse
quantization unit 76 may use the values that represent whether the x- and y-components of motion vector difference
values are greater than zero, as well as the values that represent the absolute value of the magnitude of each component
of the motion vector difference value to reconstruct the amplitude, sign, precision, x- and y-components of motion vector
difference values.

[0072] Inverse transform unit 58 applies an inverse transform, e.g., an inverse DCT, an inverse integer transform, or
a conceptually similar inverse transform process, to the transform coefficients in order to produce residual blocks in the
pixel domain. Motion compensation unit 72 produces motion compensated blocks, possibly performing interpolation
based on interpolation filters. Identifiers for interpolation filters to be used for motion estimation with sub-pixel precision
may be included in the syntax elements. Motion compensation unit 72 may use interpolation filters as used by video
encoder 20 during encoding of the video block to calculate interpolated values for sub-integer pixels of a reference block.
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Motion compensation unit 72 may determine the interpolation filters used by video encoder 20 according to received
syntax information and use the interpolation filters to produce predictive blocks.

[0073] Motion compensation unit 72 uses some of the syntax information to determine sizes of macroblocks used to
encode frame(s) of the encoded video sequence, partition information that describes how each macroblock of a frame
of the encoded video sequence is partitioned, modes indicating how each partition is encoded, one or more reference
frames (and reference frame lists) for each inter-encoded macroblock or partition, and other information to decode the
encoded video sequence. As an example, motion compensation unit 72 may receive an MVD value and a motion vector
predictor. Motion compensation unit 72 may further determine a calculated vector for a current block as a sum of the
MVD value and the motion vector predictor of the current block. The calculated motion vector for the current block may
further indicate the location of a prediction block. In some examples, motion compensation unit 72 may calculate pixel
values for the prediction block, e.g., when the motion vector has sub-pixel precision, such as quarter- or eighth-pixel
precision.

[0074] Summer 80 sums the residual blocks with the corresponding prediction blocks generated by motion compen-
sation unit 72 or intra-prediction unit to form decoded blocks. If desired, a deblocking filter may also be applied to filter
the decoded blocks in order to remove blockiness artifacts. The decoded video blocks are then stored in reference frame
memory 82, which provides reference blocks for subsequent motion compensation and also produces decoded video
for presentation on a display device (such as display device 32 of FIG. 1).

[0075] Based on the motion vector for the current block, motion compensation unit may determine a predictive block
from one or more frame stored in reference frame memory 82. Motion compensation unit 72 may be needed to calculate
sub-pixels of the predictive block that motion compensation unit 72 generates. The prediction blocks such as sub-pixels
of reference frames, at various precisions, e.g. one-eighth and one-quarter sub-pixels. In order to interpolate sub-pixels,
motion compensation unit 72 may utilize a variety of techniques. As examples, motion compensation unit 72 may utilize
bilinear interpolation or utilize N-tap finite response filters (FIRs) to interpolate a sub-pixel. When a device such as motion
compensation unit 72 calculates a value for a fractional pixel by averaging two pixels or sub-pixels, it may round, and/or
scale the resulting value. In some cases, motion compensation unit 72 may average values for two sub-pixels which
are the result of averaging to a sub-integer pixel

[0076] Motion compensation unit 72 may calculate values for sub-integer pixel positions, such as one-eighth pixel
positions, by applying interpolation filters to sets of support. Support generally refers to values for one or more reference
pixels, e.g., pixels in a common line or region. The pixels may correspond to full pixel positions or sub-integer pixel
positions that were previously calculated. In some examples, motion compensation unit 72 may calculate values for sub-
integer pixels using bilinear interpolation, and may use similar bilinear interpolation filters to calculate values for two or
more different sub-integer pixel positions by applying the one or more of the bilinear interpolation filters to different sets
of support for the respective sub-integer pixel positions.

[0077] In some other cases, motion compensation unit 42 may utilize an N-tap finite response filter (FIR) to interpolate
sub-pixel values. A FIR, such as a 6-tap or 12-tap Wiener filter, may utilize nearby support pixel values to interpolate a
sub-integer pixel value. A support pixel is a pixel or sub-pixel value used as an input to the FIR. A FIR may have one or
more dimensions. In a one-dimensional FIR, a device such as motion compensation unit 72 may apply a filter to a number
of support pixels or sub-pixels in a line, for example, horizontally, vertically, or atan angle. In contrast to a one-dimensional
FIR, which may use support pixels in a straight line, a two-dimensional FIR, may use nearby support pixels or sub-pixels
which form a square or rectangle to compute the interpolated pixel value.

[0078] Video decoder 30 represents an example of a video encoder configured to decode video data representative
of whether an absolute value of an x-component of a motion vector difference value for a current block of video data is
greater than zero and to decode video data representative of whether an absolute value of a y-component of the motion
vector difference value is greater than zero. Video decoder 30 may be configured to decode video data representative
ofthe absolute value of the x-component of the motion vector difference value when the absolute value of the x-component
of the motion vector difference value is greater than zero, and to decode video data representative of the absolute value
of the y-component of the motion vector difference value when the absolute value of the y-component of the motion
vector difference value is greater than zero. Video decoder 30 may also be configured to decode video data representative
of a sign of the x-component of the motion vector difference value when the absolute value of the x-component of the
motion vector difference value is greater than zero, and to decode a sign of the y-component of the motion vector
difference value when the absolute value of the y-component of the motion vector difference value is greater than zero.
[0079] FIG. 4 is a flowchart illustrating an example method for jointly encoding the x-and y-components of a motion
vector difference value and entropy coding a current block. In method 150, motion estimation unit 42 of video encoder
20 may predict a current block (152). As part of predicting the current block, motion estimation unit 42 may calculate a
motion vector. The motion vector may indicate a displacement of a predictive block relative to the current block. The
displacement of the motion vector may have x- and y- components, MV_x, and MV_y. The predictive block may closely
match the current block in terms of pixel difference, which may be determined by sum of absolute difference (SAD), sum
of square difference (SSD), or other difference metrics. In the case where the current frame is inter-predicted, the
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predictive block may comprise a block of a different frame, such as one of one or more reference frames in reference
frame memory 64 of FIG. 2.

[0080] Motion compensation unit 44 or another unit of video encoder 20 may then determine a motion vector predictor
for the motion vector of the current block (154). A motion vector predictor is a motion vector that motion compensation
unit 44 uses to calculate motion vector difference values for the current block. In some examples, the motion vector
predictor may be the motion vector of one of a plurality of blocks that neighbor the PU of the current block. Motion
compensation unit 44 may also determine the motion vector predictor from a co-located block of one of the reference
frames stored in reference frame memory 64. The motion vector predictor may have an x-component of p_x and a y-
component of p_y. Video encoder 20 may determine the motion vector predictor such that the motion vector predictor
minimizes the difference of the motion vector for the current block and the motion vector predictor.

[0081] Based on the motion vector predictor, motion compensation unit 44 of video encoder 20, or another unit of
video encoder 20, such as entropy coding unit 56, may calculate a motion vector difference value for the current block
(156). Motion compensation unit 44 may calculate the motion vector difference for the current block as a difference of
the motion vector for the current block and the motion vector predictor for the current block. Thus, motion compensation
unit 44 may calculate the motion vector predictor for the current block as <p_x - MV_x, p_y - MV_y>, where p_x and
p_y are the x- and y- components of the motion vector predictor, and MV_x and MV_y are the x- and y-components of
the motion vector for the current block.

[0082] Entropy coding unit 56 may then jointly code elements of the motion vector difference value for the current
block (158). For example, entropy coding unit 56 may jointly code elements of the motion vector difference value, which
include the x- and y-components of the motion vector difference as explained with respect to FIGS. 6 and 7 in greater
detail below. The elements of the motion vector difference may also include one or more values representative of whether
or not the x- and y-components of the motion vector difference are zero, a value representative of the sign value of the
x-and/or y-components of the motion vector difference value, and a value representative of the absolute value of the
component of the motion vector difference value, as some non-limiting examples.

[0083] Transform processing unit 52 or motion compensation unit 44 may calculate a residual block for the current
block (160). The residual block may comprise pixel differences between the predictive video block, which is indicated
by the motion vector for the current block, and the current video block. Transform processing unit 52 may then apply a
transform, such as a discrete cosine transform (DCT), to the residual block for the current block, while quantization unit
54 may quantize the transform coefficients from transform processing unit 52 (162).

[0084] Entropy coding unit 56 may scan the transformed coefficients resulting from the transform of 162. In some
cases, entropy coding unit 56 may apply a zig-zag scan or other scan pattern to scan the transform coefficients of the
transformed residual block (164). Entropy coding unit 56 may entropy encode the coefficients comprising runs of zeros
resulting from the scanning of 164, for example using run-length coding, for further compression (166). Entropy coding
unit 56 may then output the entropy coded coefficients and the jointly coded MVD value (168). That is, entropy coding
unit 56 may output jointly coded data for x- and y-components of the MVD value, in addition to entropy coded quantized
transform coefficients.

[0085] Thetechniques of FIG 4 may generally be performed by any processing unitor processor, whether implemented
in hardware, software, firmware, or a combination thereof, and when implemented in software or firmware, corresponding
hardware may be provided to execute instructions for the software or firmware. For purposes of example, the techniques
of FIG. 4 are described with respect to a video coding device, which may include components substantially similar to
those of video encoder 20 (FIGS. 1 and 2), although it should be understood that other devices may be configured to
perform similar techniques. Moreover, the steps illustrated in FIG. 4 may be performed in a different order or in parallel,
and additional steps may be added and certain steps omitted, without departing from the techniques of this disclosure.
[0086] FIG. 5 is aflowchart illustrating a method of separately signaling motion vector a motion vector difference value
in accordance with the techniques described in HEVC test model 3.0 (HM3.0, also referred to as HM3). According to
the method proposedin HM3, and illustrated in FIG. 5, mvd_x and mvd_y values, corresponding the x- and y-components
of a motion vector difference value, are signaled separately. Method 180 illustrates how one or more syntax elements
related to mvd_x may be signaled, and method 192 illustrates how one or more syntax elements related to mvd_y may
be signaled.

[0087] In method 180, a unit of video encoder 20, such as motion compensation unit 44 or entropy coding unit 56,
may signal an mvd_x==0 flag (182). The mvd_x==0 flag represents whether the difference between the x-components
of a calculated motion vector for a PU of a CU and a motion vector predictor for the motion vector are equal, and
accordingly, whether the corresponding difference between the two x-components is equal to zero.

[0088] If the mvd_x==0 flag is set, then mvd_x, the x-component of the MVD, is equal to zero ("Yes" branch of 184),
and the method ends (190). However, if mvd_x is nonzero ("No" branch of 184), video encoder 20 may signal abs_mvd_x-
1(186). Abs_mvd_x-1 may represent the absolute value of mvd_x value minus one. Video encoder 20 may further signal
a value that represents the sign of mvd_x (188). The sign may be for example, positive or negative.

[0089] Similarly, in method 192, a video encoder, such as video encoder 20 of FIG. 1, may signal an mvd_y==0 flag
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(194). The mvd_y==0 flag represents whether the difference between the y-components of a calculated motion vector
for a PU of a CU and a motion vector predictor for the motion vector are equal, and accordingly, whether the corresponding
difference between the two y-components is equal to zero.

[0090] If the mvd_y==0 flag is set, then mvd_y, the y-component of the MVD, is equal to zero ("Yes" branch of 196),
and the method ends (202). However, if mvd_y is nonzero ("No" branch of 196), video encoder 20 may signal abs_mvd_y-
1(198). Abs_mvd_y-1 may be a value that represents the absolute value of the mvd_y value minus one. Video encoder
20 may further signal a value that represents a sign of mvd_y (200). The sign may be for example, positive or negative.
[0091] FIG. 6 is a flowchart illustrating an example method 220 of jointly encoding motion vector difference values for
jointly encoding the x- and y-components of a motion vector difference value. In general, method 220 of FIG. 6 corresponds
to step 158 of FIG. 4. Thus, method 220 of FIG. 6 represents an example method for jointly coding data of x- and y-
components of a motion vector difference value. Moreover, it is presumed that prior to performance of the example
method of FIG. 6, motion compensation unit 44 of video encoder 20, or another unit of video encoder 20, such as entropy
coding unit 56 of video encoder 20 may calculate a motion vector for the current block of video data and calculate the
motion vector difference value as a difference between the motion vector for the current block of video data and a motion
vector predictor determined for the current block of video data, e.g., as discussed with respect to step 156 of FIG. 4. To
jointly code data for the x- and y-components of the motion vector difference value, entropy coding unit 56 may encode
information representative of whether the absolute value of mvd_x, the x-component of the motion vector difference
value, is greater than zero (222). Entropy coding unit 56 may then encode information representative of whether an
absolute value of a y-component (mvd_y) of the motion vector difference value is greater than zero (224).

[0092] When the absolute value of the x-component of the motion vector difference value is greater than zero, entropy
coding unit 56 may encode information representative of the absolute value of the x-component of the motion vector
difference value (226). And when the absolute value of the y-component of the motion vector difference value is greater
than zero, entropy coding unit 56 may encode information representative of the absolute value of the y-component of
the motion vector difference value (228). In some examples, entropy coding unit 56 may encode the information repre-
sentative of the absolute value of the x- and y-components of the motion vector difference values as the absolute values
of mvd_x/2 -1, and mvd_y/2 -1, respectively.

[0093] When the absolute value of the x-component of the motion vector difference value is greater than zero, entropy
coding unit 56 may encode a sign of the x-component of the motion vector difference value (230). When the absolute
value of the y-component of the motion vector difference value is greater than zero, entropy coding unit 56 may encode
a sign of the y-component of the motion vector difference value (232).

[0094] Thetechniques of FIG 6 may generally be performed by any processing unit or processor, whether implemented
in hardware, software, firmware, or a combination thereof, and when implemented in software or firmware, corresponding
hardware may be provided to execute instructions for the software or firmware. For purposes of example, the techniques
of FIG. 6 are described with respect to a video coding device, which may include components substantially similar to
those of video encoder 20 (FIGS. 1 and 2), although it should be understood that other devices may be configured to
perform similar techniques. Moreover, the steps illustrated in FIG. 6 may be performed in a different order or in parallel,
and additional steps may be added and certain steps omitted, without departing from the techniques of this disclosure.
[0095] In this manner, the method of FIG. 6 represents an example of a method including coding information repre-
sentative of whether an absolute value of an x-component of a motion vector difference value for a current block of video
data is greater than zero, coding information representative of whether an absolute value of a y-component of the motion
vector difference value is greater than zero, when the absolute value of the x-component of the motion vector difference
value is greater than zero, coding information representative of the absolute value of the x-component of the motion
vector difference value, when the absolute value of the y-component of the motion vector difference value is greater
than zero, coding information representative of the absolute value of the y-component of the motion vector difference
value, when the absolute value of the x-component of the motion vector difference value is greater than zero, coding a
sign of the x-component of the motion vector difference value, and when the absolute value of the y-component of the
motion vector difference value is greater than zero, coding a sign of the y-component of the motion vector difference
value. Thus, the method of FIG. 6 represents an example of jointly coding elements of x- and y-components of a motion
vector difference value calculated for a motion vector of a current block of video data.

[0096] FIG. 7 is a flowchart illustrating a method for signaling values for mvd_x and mvd_y values. Unlike methods
180 and 192 of FIG. 5, which illustrate coding the x-and y-components of an MVD separately, and similar to the method
of FIG. 6, the method of FIG. 7 may also allow an encoder to jointly encode the x- and y-components of a motion vector
difference value, that is, mvd_x and mvd_y. In this example, one syntax element signaled in the bitstream by an encoder,
such as video encoder 20 of FIGS. 1 and 2, may contain magnitude, sign and/or other information related to the x-and
y-components of a motion vector difference value.

[0097] In the example of FIG. 7, as explained below, video encoder 20 may encode a motion resolution flag, which is
a value representative of whether a motion vector of the current block of video data has a first sub-pixel precision, e.g.,
quarter-pixel precision, or a second sub-pixel precision, e.g., eighth-pixel precision. In this example, the motion resolution
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flag has a value of one to indicate that the motion vector of the current block has quarter-pixel precision, and has a value
of zero to indicate that the motion resolution flag has eighth-pixel precision. Video encoder 20 may also encode a value,
"abs_mvd equal_2," which represents whether the magnitude of one or both of the components of the motion vector
difference have an absolute value of two. Video encoder 20 may assign a value to abs_mvd_equal_2 based on the
example of Table 1 below.

[0098] In the example of method 240 of FIG. 7, motion compensation unit 44 or another unit of video encoder 20 may
signal an mvd_x==0 flag, (242) and an mvd_y==0 flag (244). These flags may be set when the corresponding mvd_x
or mvd_y values are equal to zero. If both mvd_y and mvd_x are zero ("Yes" branch of 246), no further data need be
signaled, and method 240 ends (266).

[0099] If either mvd_x or mvd_y are nonzero ("No" branch of 246), motion compensation unit 44 may signal or encode
a motion resolution flag (246). The motion resolution flag (mvres_flag) is an example of a syntax element that may
indicate a motion vector resolution (also referred to as motion vector precision) for a motion vector corresponding to the
motion vector difference values. The motion resolution flag may indicate whether the motion vector of the current block
of video data has a first sub-pixel precision or a second sub-pixel precision, e.g., one-quarter-pixel precision or one-
eighth pixel precision.

[0100] Video encoder 20 may also determine a threshold for a current frame, which is also associated with the motion
vector for the current block, and which may be signaled in the slice header or another data structure, e.g., a slice
parameter set (SPS) or picture parameter set (PPS). The video encoder 20 may use the threshold to restrict the amplitude
of eighth-pixel motion vector difference values and may indicate that the motion vector has the first sub-pixel precision
when both the x-component of the motion vector difference value (mvd_x) and the y-component of the motion vector
difference value (mvd_y) are greater than the threshold. For example, as shown below with respect to Table 1 below,
the video encoder (e.g., video encoder 20) may restrict the magnitude of the x- and y- components of an eighth-pixel
precision motion vector difference value to values of one or two. The video encoder may signal the value of the threshold
using a threshold flag.

[0101] If the MVD calculated for an x- or y-component of a motion vector for a PU is greater than the determined
threshold, the motion resolution flag may be set to true. If the motion resolution flag is set to true, the flag which represent
that the motion vector has one-quarter-pixel precision. If the MVD value is less than or equal to the selected threshold,
the video encoder may set a value for the motion resolution flag to indicate whether a corresponding motion vector has
one-quarter or one-eighth pixel precision.

[0102] Method 240 may further comprise video encoder 20 determining whether the motion resolution flag is equal to
one (250). The motion resolution flag may be equal to one, for example if the motion vector precision is one-quarter
precision. If the motion resolution flag is set to one, video encoder 20 may signal or encode a value representative of
the value abs_mvd_x/2 - 1 if mvd_x is nonzero, where abs_mvd_x is a value that represents is the absolute value of
the x-component of the MVD (252). Video encoder 20 may similarly encode a value representative of abs_mvd_y/2 - 1
if mvd_x is nonzero, where abs_mvd_y is the absolute value of the y-component of the MVD (254). In some examples,
video encoder 20 may signal abs_mvd_y/2 - 1 if mvd_y is nonzero, rather than if mvd_x is non-zero.

[0103] If the motion resolution flag is not equal to one ("No" branch of 250), video encoder 20 may determine whether
the threshold is equal to one. The threshold can have a value of either one or two in this example. In an example, the
threshold may have a value of two. Because the motion vector can only have eighth-pixel precision when the mvd_x
and mvd_y values do not exceed the threshold, the values of mvd_x and mvd_y are restricted to one or two in this
example. Moreover, if the threshold is equal to one ("Yes" branch of 256), and the motion vector has quarter-pixel
precision (as indicated by the motion resolution flag, which in this example must be true following step 250), the video
encoder need not signal any additional information for the mvd values. That is, the values of mvd_x and mvd_y can be
determined to be either zero or one using other information. In particular, whether mvd_x and mvd_y are zero or one
can be indicated based on whether sign values are signhaled in steps 248 and 264. If the threshold is equal to two ("No"
branch of 256), video encoder 20 may determine whether either of the mvd_x or mvd_y values are equal to zero. If
mvd_x or mvd_y is equal to zero ("Yes" branch of 260), video encoder 20 may proceed to signaling the signs of the non-
zero one of mvd_x and mvd_y (258, 264). In some examples, video encoder 20 may additionally signal a value for the
non-zero one of mvd_x and mvd_y, and thus, instead may proceed to step 252, rather than 258.

[0104] However, if both mvd_x and mvd_y are nonzero, that is, neither mvd_x nor mvd_y has a value of zero ("No"
branch of 260), then video encoder 20 may signal an abs_mvd_equal_2 flag. The abs_mvd_equal_2 flag is an example
of a jointly coded value for mvd_x and mvd_y. A video encoder may assign a value to abs_mvd_equal_2 based on Table
1 below.

TABLE 1

abs_mvd_equal_2 abs_mvd_x abs_mvd_y

0 1 1
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(continued)

abs_mvd_equal_2 abs_mvd_x abs_mvd_y
1 1 2
2 2 1

[0105] Basedonthevaluesofabs_mvd_xandabs_mvd_y, video encoder 20 may signal the value of abs_mvd_equal_2
(262), e.g., according to Table 1. Video encoder 20 may signal the value of abs_mvd_equal_2 using unary binarization.
Video encoder 20 may further signal the sign of mvd_x if mvd_x is nonzero (258) and similarly signal the sign of mvd_y
if mvd_x is nonzero (264). In some examples, video encoder 20 may signal the sign of mvd_y if mvd_y is nonzero.
[0106] In some examples, the motion resolution flag, mvd_x==0 flag, and mvd_y==0 flag are jointly coded. Optionally,
and as one example, VLC codes may be used according to Table 2 below:

TABLE 2
mvd_x=0 mvd_y== motion resolution flag | VLC codeword
true true X 00
true false 1 101
true false 0 1110
false true 1 100
false true 0 110
false false 0 1111
false false 1 01

[0107] Video encoder 20 may signal the motion resolution flag to indicate one of one-quarter, and one-eighth pixel
motion vector resolution. For example, video encoder 20 may signal the resolution of motion vector difference between
1/4th pel or 1/8t pel. Video encoder 20 may signal the motion resolution flag to indicate a difference between one-quarter
and one-eighth pixel motion vector precision when the MVD is smaller than a threshold value. Video encoder 20 may
also signal the motion resolution flag to indicate a difference between one-quarter and one-eighth pixel motion vector
precision when one or both of the components of the MVD is greater than a threshold value.

[0108] A video decoding device, such as video decoder 30 may operate in an essentially reciprocal manner to video
encoder 20 to perform the techniques illustrated in FIG. 7. In this manner, video decoder 30 may adaptively select the
motion vector accuracy for each motion vector, based on receiving and decoding a value that represents the motion
vector, such as the motion resolution flag. Video decoder 30 may also receive and decode the threshold value from
(256). Video decoder 30 may receive and decode the threshold value for each reference frame to restrict the amplitude
of one-eighth sub-pixel motion vector difference values for the frame. The threshold may be received in the slice header.
The threshold may have values of zero, one or two. The threshold is not restricted, and may be extended to other values.
By coding information about the x-and y-components of motion vector difference values, the complexity of a coded video
bitstream may be reduced, which may result in a lower overall bitrate for encoded video data.

[0109] In an example, a video coding device, such as video encoder 20 or video decoder 30 may code a value, such
as the motion resolution flag of FIG. 7, which is representative of whether a motion vector of the current block of video
data has a first sub-pixel precision or a second sub-pixel precision, such as one-quarter or one-eighth sub-pixel precision.
The second sub-pixel precision may be greater than the first sub-pixel precision. When the motion vector has the second
sub-pixel precision, e.g., one-eighth pixel precision, when the x-component of the motion vector difference value is not
equal to zero, and when the y-component of the motion vector difference value is not equal to zero, the video encoder
20 or video decoder 30 may code information representative of the absolute value of the x-component of the motion
vector difference value and code information representative of the absolute value of the y-component of the motion
vector difference value. Video encoder 20 or video decoder 30 may code a jointly coded value representative of both
the x-component of the motion vector difference value and the y-component of the motion vector difference value.
[0110] Thetechniques of FIG 7 may generally be performed by any processing unit or processor, whether implemented
in hardware, software, firmware, or a combination thereof, and when implemented in software or firmware, corresponding
hardware may be provided to execute instructions for the software or firmware. For purposes of example, the techniques
of FIG. 7 are described with respect to a video coding device, which may include components substantially similar to
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those of video encoder 20 (FIGS. 1 and 2). Video decoder 30 of FIGS. 1 and 3 may perform generally reciprocal operations
of those illustrated and described in FIG. 7 to decode a bitstream encoded according to the techniques illustrated in FIG.
7. It should also be understood that other devices may be configured to perform similar techniques. Moreover, the steps
illustrated in FIG. 7 may be performed in a different order or in parallel, and additional steps may be added and certain
steps omitted, without departing from the techniques of this disclosure.

[0111] The method of FIG. 7 represents an example of a method including determining whether to use a motion vector
having a first sub-pixel precision or a second sub-pixel precision to encode a prediction unit of a coding unit of video
data, wherein the second sub-pixel precision is greater than the first sub-pixel precision, calculating an x-component
and a y-component of the motion vector having either the first sub-pixel precision or the second sub-pixel precision
based on the determination, when the x-component and the y-component have the second sub-pixel precision, deter-
mining motion vector difference values based on the values of the x-component and the y-component of the motion
vector and values of a predicted x-component and a predicted y-component for the motion vector, and encoding a jointly
coded value representative of the motion vector difference values for the x-component and the y-component for the
motion vector.

[0112] A reciprocal method may be performed by a video decoder. The reciprocal method may, for example, include
determining whether a motion vector of a prediction unit of a coding unit of video data has a first sub-pixel precision or
a second sub-pixel precision using a value of a motion resolution flag for the motion vector, wherein the second sub-
pixel precision is greater than the first sub-pixel precision, when the motion vector has the second sub-pixel precision,
decoding a jointly coded value representative of motion vector difference values for an x-component and a y-component
of the motion vector, and decoding the motion vector based on the motion vector difference values and values of a
predicted x-component and a predicted y-component for the motion vector, and forming prediction data for the coding
unit using the decoded motion vector.

[0113] Video encoder 20 or video decoder 30 may determine the resolution of the motion vector for the current block
based on the threshold value illustrated in FIG. 7. More specifically, video encoder 20 or video decoder 30 may determine
whether the motion vector for the current block has the first sub-pixel precision or the second sub-pixel precision by
determining a threshold value associated with the motion vector. Video encoder 20 or video decoder 30 may determine
that the motion vector has the first sub-pixel precision when both the x-component of a motion vector difference value
of the current block and the y-component of the motion vector difference value are greater than the threshold.

[0114] When at least one of the x-component of the motion vector difference value and the y-component of the motion
vector difference value is less than or equal to the threshold, video encoder 20 or video decoder 30 may determine
whether the motion vector has the first sub-pixel precision or the second sub-pixel precision based on the value of the
motion vector resolution flag.

[0115] Itis to be recognized that depending on the example, certain acts or events of any of the techniques described
herein can be performed in a different sequence, may be added, merged, or left out altogether (e.g., not all described
acts or events are necessary for the practice of the techniques). Moreover, in certain examples, acts or events may be
performed concurrently, e.g., through multi-threaded processing, interrupt processing, or multiple processors, rather
than sequentially.

[0116] FIG. 8 is a flowchart illustrating an example method for jointly decoding the x-and y-components of a motion
vector difference value and decoding entropy coded data to produce a current block. The steps of method 280 of FIG.
8 are generally reciprocal to method 150 of FIG. 4. In method 280, motion compensation unit 72 or another unit of video
decoder 30 may predict a current block (282). As part of predicting the current block, motion compensation unit 72 may
decode jointly coded components of a motion vector difference value (284). Video decoder may decode the jointly coded
components of the motion vector difference in accordance with the techniques of method 320 illustrated in FIG. 9. The
motion vector difference value for the current block may have an x-component of mvd_x and a y-component of mvd_y.
The jointly coded components of the motion vector difference value may include x- and y-components of the motion
vector difference value for the current block, as well as other information related to the motion vector difference value,
such as one or more values representative of whether or not the x- and y-components of the motion vector difference
are zero, a value representative of the sign value of the x- and/or y-components of the motion vector difference value,
and a value representative of the absolute value of the component of the motion vector difference value, as some non-
limiting examples.

[0117] Motion compensation unit 44 of video encoder 20 may also receive a motion vector predictor for the motion
vector of the current block (286). A motion vector predictor is a motion vector that motion compensation unit 72 uses to
calculate motion vector difference values for the current block. In some examples, the motion vector predictor may be
the motion vector of one of a plurality of blocks neighboring the PU of the current block. Motion compensation unit 72
may also determine the motion vector predictor from a co-located block of one of the reference frames stored in reference
frame memory 82. The motion vector predictor may have an x-component of p_x and a y-component of p_y. The motion
vector predictor may have been determined by video encoder 20 during the encoding phase such that the motion vector
predictor minimizes the difference of the motion vector for the current block and the motion vector predictor. Based on
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the motion vector predictor, motion compensation unit 72 of video encoder 20 may calculate a motion vector for the
current block (286). Video decoder 30 may calculate the motion vector as a sum of the motion vector difference com-
ponents and the motion vector predictor, <p_x + mvd_x, p_y + mvd_y> (288).

[0118] Entropy decoding unit 70 may receive entropy coded data for the current block (290), and decode data, such
as the transformed run-length coded coefficients of a block to reproduce the transformed coefficients of the block (292).
Entropy decoding unit 70 may inverse scan the reproduced coefficients to re-arrange the coefficients from one or more
one-dimensional vectors of coefficients into a two-dimensional block of transformed coefficients (294).

[0119] Inverse quantization unit 76 may inversely quantize the two-dimensional block of transform coefficients, and
inverse transform unit 78 may inversely transform the coefficients inversely quantized coefficients to produce a block of
non-transformed pixels (296). The residual block may comprise pixel differences between the predictive video block,
which is indicated by the motion vector for the current block, and the current video block. Video decoder 30 may then
combine the residual block with the predictive block to form the current block of the current frame (298).

[0120] Thetechniques of FIG 8 may generally be performed by any processing unit or processor, whether implemented
in hardware, software, firmware, or a combination thereof, and when implemented in software or firmware, corresponding
hardware may be provided to execute instructions for the software or firmware. For purposes of example, the techniques
of FIG. 8 are described with respect to a video decoding device, which may include components substantially similar to
those of video decoder 30 (FIGS. 1 and 3), although it should be understood that other devices may be configured to
perform similar techniques. Moreover, the steps illustrated in FIG. 8 may be performed in a different order or in parallel,
and additional steps may be added and certain steps omitted, without departing from the techniques of this disclosure.
[0121] FIG. 9 is a flowchart illustrating an example method for jointly decoding the x-and y-components of a motion
vector difference value. The steps of method 320 of FIG. 9 are generally reciprocal to the steps of method 220 of FIG.
6. Likewise, method 320 may generally correspond to step 284 of FIG. 8. In method 320 of FIG. 9, motion compensation
unit 72 of video decoder 30 or another unit of video decoder 30 may receive a jointly coded representation of a motion
vector for the current block of video data. Video decoder 30 may also determine a motion vector predictor, which a video
decoder, such as video encoder 20 may have previously determined and encoded. Video decoder 30 may calculate a
motion vector for the current block as sum difference of the motion vector predictor for the current block of video data
and the motion vector predictor determined for the current block of video data.

[0122] To determine the components of the motion vector difference value, motion compensation unit 72 of video
decoder 30 may decode information representative of whether the absolute value of mvd_x, the x-component of the
motion vector difference value, is greater than zero (322). Motion compensation unit 72 may then decode information
representative of whether an absolute value of a y-component (mvd_y) of the motion vector difference value is greater
than zero (324).

[0123] When the absolute value of the x-component of the motion vector difference value is greater than zero, motion
compensation unit 72 may decode information representative of the absolute value of the x-component of the motion
vector difference value (326). And when the absolute value of the y-component of the motion vector difference value is
greater than zero, motion compensation unit 72 may decode information representative of the absolute value of the y-
component of the motion vector difference value (328). In some examples, video decoder 30 may decode the information
representative of the absolute value of the x- and y-components of the motion vector difference values as the absolute
values of mvd_x/2 -1, and mvd_y/2 -1, respectively.

[0124] When the absolute value of the x-component of the motion vector difference value is greater than zero, motion
compensation unit 72 may decode a sign of the x-component of the motion vector difference value (330). When the
absolute value of the y-component of the motion vector difference value is greater than zero, motion compensation unit
72 may decode a sign of the y-component of the motion vector difference value (332).

[0125] Thetechniques of FIG 9 may generally be performed by any processing unit or processor, whether implemented
in hardware, software, firmware, or a combination thereof, and when implemented in software or firmware, corresponding
hardware may be provided to execute instructions for the software or firmware. For purposes of example, the techniques
of FIG. 9 are described with respect to a video coding device, which may include components substantially similar to
those of video decoder 30 (FIGS. 1 and 3), although it should be understood that other devices may be configured to
perform similar techniques. Moreover, the steps illustrated in FIG. 9 may be performed in a different order or in parallel,
and additional steps may be added and certain steps omitted, without departing from the techniques of this disclosure.
[0126] In this manner, the method of FIG. 9 represents an example of a method including coding information repre-
sentative of whether an absolute value of an x-component of a motion vector difference value for a current block of video
data is greater than zero, coding information representative of whether an absolute value of a y-component of the motion
vector difference value is greater than zero, when the absolute value of the x-component of the motion vector difference
value is greater than zero, coding information representative of the absolute value of the x-component of the motion
vector difference value, when the absolute value of the y-component of the motion vector difference value is greater
than zero, coding information representative of the absolute value of the y-component of the motion vector difference
value, when the absolute value of the x-component of the motion vector difference value is greater than zero, coding a
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sign of the x-component of the motion vector difference value, and when the absolute value of the y-component of the
motion vector difference value is greater than zero, coding a sign of the y-component of the motion vector difference
value. Thus, the method of FIG. 9 represents another example of a method for jointly coding data of a motion vector
difference value. Moreover, video decoder 30 may also be configured to perform a video decoding method substantially
similar to the method of FIG. 7. Certain techniques of this disclosure have been experimentally evaluated. Specifically,
techniques of this disclosure related to adaptive sub-pixel precision signaling were implemented for HM3.0 and simulated
under common test conditions. The performance is compared to HM3.0 anchor in terms of Bjgntegaard Delta (BD) Bit
Rate. Simulation results showed an average 0.4 % BD-rate saving on the high efficiency configurations and an average
0.6 % BD-rate saving on the low complexity configurations. Table 3 below summarizes the experimental results:

TABLE 3
Random Access HE Random Access LC
Y U \ Y U \
Class A 0.0 -0.3 0.0 0.0 -0.4 -0.1
ClassB -0.3 -0.3 -0.4 -03 -0.2 -0.2
Class C -0.5 -0.4 -03 -0.6 -0.7 -0.7
Class D -0.9 -0.7 -1.0 -1.3 -0.9 -1.0
Class E
Overall -0.4 -0.4 -0.4 -0.6 -0.6 -0.5
Enc Time[%] 110% 116%
Dec Time[%] 101% : 102%
Low delay B HE Low delay B LC
Y U \" Y u. \Y%
Class A
Class B -0.1 0.1 01 -0.1 -0.4
Class C -0.6 -0.6 -0.6 -0.8 -0.4
Class D 1.2 1.4 17 138 0.9
Class E 0.4 -0.4 -0.8 0.7 1.1
Overall -04 -0.5 -0.8 -0.6 0.2 04
Enc Time[%)] 110% 117%
Dec Time[%] 101% 103%

[0127] Itis to be recognized that depending on the example, certain acts or events of any of the techniques described
herein can be performed in a different sequence, may be added, merged, or left out altogether (e.g., not all described
acts or events are necessary for the practice of the techniques). Moreover, in certain examples, acts or events may be
performed concurrently, e.g., through multi-threaded processing, interrupt processing, or multiple processors, rather
than sequentially.

[0128] In one or more examples, the functions described may be implemented in hardware, software, firmware, or
any combination thereof. If implemented in software, the functions may be stored on or transmitted over as one or more
instructions or code on a computer-readable medium and executed by a hardware-based processing unit. Computer-
readable media may include computer-readable storage media, which corresponds to a tangible medium such as data
storage media, or communication media including any medium that facilitates transfer of a computer program from one
place to another, e.g., according to a communication protocol. In this manner, computer-readable media generally may
correspond to (1) tangible computer-readable storage media which is non-transitory or (2) a communication medium
such as a signal or carrier wave. Data storage media may be any available media that can be accessed by one or more

20



10

15

20

25

30

35

40

45

50

55

EP 2 727 353 B1

computers or one or more processors to retrieve instructions, code and/or data structures for implementation of the
techniques described in this disclosure. A computer program product may include a computer-readable medium.
[0129] By way of example, and not limitation, such computer-readable storage media can comprise RAM, ROM,
EEPROM, CD-ROM or other optical disk storage, magnetic disk storage, or other magnetic storage devices, flash
memory, or any other medium that can be used to store desired program code in the form of instructions or data structures
and that can be accessed by a computer. Also, any connection is properly termed a computer-readable medium. For
example, if instructions are transmitted from a website, server, or other remote source using a coaxial cable, fiber optic
cable, twisted pair, digital subscriber line (DSL), or wireless technologies such as infrared, radio, and microwave, then
the coaxial cable, fiber optic cable, twisted pair, DSL, or wireless technologies such as infrared, radio, and microwave
are included in the definition of medium. It should be understood, however, that computer-readable storage media and
data storage media do not include connections, carrier waves, signals, or other transitory media, but are instead directed
to non-transitory, tangible storage media. Disk and disc, as used herein, includes compact disc (CD), laser disc, optical
disc, digital versatile disc (DVD), floppy disk and blu-ray disc where disks usually reproduce data magnetically, while
discs reproduce data optically with lasers. Combinations of the above should also be included within the scope of
computer-readable media.

[0130] Instructions may be executed by one or more processors, such as one or more digital signal processors (DSPs),
general purpose microprocessors, application specific integrated circuits (ASICs), field programmable logic arrays (FP-
GAs), 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 hardware and/or
software modules configured for encoding and decoding, or incorporated in a combined codec. Also, the techniques
could be fully implemented in one or more circuits or logic elements.

[0131] The techniques of this disclosure may be implemented in a wide variety of devices or apparatuses, including
a wireless handset, an integrated circuit (IC) or a set of ICs (e.g., a chip set). Various components, modules, or units
are described in this disclosure to emphasize functional aspects of devices configured to perform the disclosed tech-
niques, but do not necessarily require realization by different hardware units. Rather, as described above, various units
may be combined in a codec hardware unit or provided by a collection of interoperative hardware units, including one
or more processors as described above, in conjunction with suitable software and/or firmware.

[0132] Various examples have been described. These and other examples are within the scope of the following claims.

Claims
1. A method (220; 320) of entropy coding video data, the method comprising:

when an absolute value of an x-component of a motion vector difference value for a current block is greater
than zero (226; 326), and when an absolute value of a y-component of the motion vector difference value for
the current block is greater than zero (228; 328), entropy coding information representative of a motion vector
difference value, wherein entropy coding the information representative of the motion vector difference value
comprises:

interleaving information representative of whether the absolute value of the x-component of a motion vector
difference value for the current block of video data is greater than zero, and information representative of
whether the absolute value of the y-component of the motion vector difference value is greater than zero; and
interleaving information representative of the absolute value of the x-component of the motion vector dif-
ference value, information representative of the absolute value of the y-component of the motion vector
difference value,

a sign of the x-component of the motion vector difference value (230; 330), and a sign of the y-component
of the motion vector difference value (232; 332).

2. The method of claim, 1, wherein entropy coding comprises context-adaptive binary arithmetic coding, CABAC,
encoding, the method further comprising:

calculating a motion vector for the current block of video data; and
calculating (156) the motion vector difference value as a difference between the motion vector for the current

block of video data and a motion vector predictor determined for the current block of video data.

3. The method of claim 1, wherein entropy coding comprises context-adaptive binary arithmetic coding, CABAC,

21



10

15

20

25

30

35

40

45

50

55

EP 2 727 353 B1
decoding, the method further comprising:
determining (286) a motion vector predictor for the current block of video data; and

calculating (288) a motion vector for the current block of video data as a sum of the motion vector difference
value and the motion vector predictor.

4. The method of claim 1, further comprising:

coding a value representative of whether a motion vector of the current block of video data has a first sub-pixel
precision or a second sub-pixel precision, wherein the second sub-pixel precision is greater than the first sub-
pixel precision; and

when the motion vector has the second sub-pixel precision, when the x-component of the motion vectordifference
value is not equal to zero, and when the y-component of the motion vector difference value is not equal to zero,
wherein coding information representative of the absolute value of the x-component of the motion vector differ-
ence value and coding information representative of the absolute value of the y-component of the motion vector
difference value comprises coding a jointly coded value representative of both the x-component of the motion
vector difference value and the y-component of the motion vector difference value.

The method of claim 4, further comprising determining whether the motion vector has the first sub-pixel precision
or the second sub-pixel precision, comprising:

determining a threshold value associated with the motion vector; and
determining that the motion vector has the first sub-pixel precision when both the x-component of the motion
vector difference value and the y-component of the motion vector difference value are greater than the threshold.

The method of claim 5, wherein determining whether the motion vector has the first sub-pixel precision or the second
sub-pixel precision comprises, when at least one of the x-component of the motion vector difference value and the
y-component of the motion vector difference value is less than or equal to the threshold, determining whether the
motion vector has the first sub-pixel precision or the second sub-pixel precision based on a value of a motion vector
resolution flag.

The method of claim 1,

wherein coding information representative of the absolute value of the x-component of the motion vector difference
values comprises coding the absolute value of the x-component of the motion vector difference values as mvd_x/2
- 1, wherein mvd_x comprises the x-component of the motion vector difference value; and

wherein coding information representative of the absolute value of the y-component of the motion vector difference
values comprises coding the absolute value of the y-component of the motion vector difference values as mvd_y/2
- 1, wherein mvd_y comprises the y-component of the motion vector difference value.

An apparatus (56; 70) for entropy coding video data, the apparatus comprising:

means for entropy coding information representative of a motion vector difference value when the absolute
value of the x-component of the motion vector difference value is greater than zero and when the absolute value
of the y-component of the motion vector difference value is greater than zero, wherein the means for entropy
coding the information representative of the motion vector difference value comprises:

means for interleaving information representative of whether an absolute value of an x-component of a
motion vector difference value for a current block of video data is greater than zero and information repre-
sentative of whether an absolute value of a y-component of the motion vector difference value is greater
than zero;

means for interleaving information representative of the absolute value of the x-component of the motion
vector difference value, information representative of the absolute value of the y-component of the motion
vector difference value,

a sign of the x-component of the motion vector difference value, and a sign of the y-component of the motion
vector difference value.

9. The apparatus of claim 8, wherein the means for entropy coding comprises means for context-adaptive binary

arithmetic coding, CABAC, encoding, the apparatus further comprising:
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means for calculating a motion vector for the current block of video data; and
means for calculating the motion vector difference value as a difference between the motion vector for the
current block of video data and a motion vector predictor determined for the current block of video data.

10. The apparatus of claim 8, wherein the means for entropy coding comprises means for context-adaptive binary
arithmetic coding, CABAC, decoding, the apparatus further comprising:

means for determining a motion vector predictor for the current block of video data; and
means for calculating a motion vector for the current block of video data as a sum of the motion vector difference
value and the motion vector predictor.

11. The apparatus of claim 8, further comprising:

means for coding a value representative of whether a motion vector of the current block of video data has a
first sub-pixel precision or a second sub-pixel precision, wherein the second sub-pixel precision is greater than
the first sub-pixel precision; and

means for coding a jointly coded value representative of both the x-component of the motion vector difference
value and the y-component of the motion vector difference value when the motion vector has the second sub-
pixel precision, when the x-component of the motion vector difference value is not equal to zero, and when the
y-component of the motion vector difference value is not equal to zero.

12. The apparatus of claim 11, further comprising means for determining whether the motion vector has the first sub-
pixel precision or the second sub-pixel precision, comprising:

means for determining a threshold value associated with the motion vector; and

means for determining that the motion vector has the first sub-pixel precision when both the x-component of
the motion vector difference value and the y-component of the motion vector difference value are greater than
the threshold.

13. The apparatus of claim 12, wherein the means for determining whether the motion vector has the first sub-pixel
precision or the second sub-pixel precision comprises means for determining whether the motion vector has the
first sub-pixel precision or the second sub-pixel precision based on a value of a motion vector resolution flag when
at least one of the x-component of the motion vector difference value and the y-component of the motion vector
difference value is less than or equal the threshold.

14. The apparatus of claim 8,

wherein the means for coding information representative of the absolute value of the x-component of the motion
vector difference values comprises means for coding the absolute value of the x-component of the motion vector
difference values as mvd_x/2 - 1, wherein mvd_x comprises the x-component of the motion vector difference value;
and

wherein the means for coding information representative of the absolute value of the y-component of the motion
vector difference values comprises means for coding the absolute value of the y-component of the motion vector
difference values as mvd_y/2-1, wherein mvd_y comprises the y-component of the motion vector difference value.

15. A computer program product comprising a computer-readable storage medium having stored thereon instructions
that, when executed, cause one or more processors of a device for coding video data to carry out the method of
any of claims 1to 7.

Patentanspriiche

1. Verfahren (220; 320) zum Entropiecodieren von Videodaten, wobei das Verfahren Folgendes umfasst:
Entropiecodieren von Daten, die flr einen Bewegungsvektor-Differenzwert stehen, wenn ein Absolutwert einer
x-Komponente eines Bewegungsvektor-Differenzwerts fir einen gegenwartigen Block groRer Null ist (226; 326)
und wenn ein Absolutwert einer y-Komponente eines Bewegungsvektor-Differenzwerts fir den gegenwartigen

Block groRer Null ist (228; 328), wobei das Entropiecodieren der Daten, die fur einen Bewegungsvektor-Diffe-
renzwert stehen, Folgendes umfasst:
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Verschranken von Daten, die dafiir stehen, ob der Absolutwert der x-Komponente eines Bewegungsvektor-
Differenzwerts flr den gegenwartigen Block von Videodaten grofRer Nullist, und von Daten, die daflr stehen,
ob der Absolutwert der y-Komponente des Bewegungsvektor-Differenzwerts gréRer Null ist; und
Verschranken von Daten, die fir den Absolutwert der x-Komponente des Bewegungsvektor-Differenzwerts
stehen, und von Daten, die fir den Absolutwert der y-Komponente des Bewegungsvektor-Differenzwerts
stehen,

ein Zeichen der x-Komponente des Bewegungsvektor-Differenzwerts (230; 330) und ein Zeichen der y-
Komponente des Bewegungsvektor-Differenzwerts (232; 332).

Verfahren nach Anspruch 1, wobei das Entropiecodieren Codieren nach Context-based Adaptive Binary Arithmetic
Coding (CABAC) umfasst, wobei das Verfahren ferner Folgendes umfasst:

Berechnen eines Bewegungsvektors fir den gegenwartigen Block von Videodaten; und

Berechnen (156) des Bewegungsvektor-Differenzwerts als Differenz zwischen dem Bewegungsvektor flir den
gegenwartigen Block von Videodaten und einem flir den gegenwartigen Block von Videodaten bestimmten
Bewegungsvektor-Pradiktor.

Verfahren nach Anspruch 1, wobeidas Entropiecodieren Decodieren nach Context-based Adaptive Binary Arithmetic
Coding (CABAC) umfasst, wobei das Verfahren ferner Folgendes umfasst:

Bestimmen (286) eines Bewegungsvektor-Pradiktors flr den gegenwartigen Block von Videodaten; und
Berechnen (288) eines Bewegungsvektors fiir den gegenwartigen Block von Videodaten als Summe des Be-
wegungsvektor-Differenzwerts und des Bewegungsvektor-Pradiktors.

Verfahren nach Anspruch 1, ferner umfassend:

Codieren eines Wertes, der daflr steht, ob ein Bewegungsvektor des gegenwartigen Blocks von Videodaten
eine erste Subpixelprazision oder eine zweite Subpixelprazision aufweist, wobei die zweite Subpixelprazision
groRer ist als die erste Subpixelprazision; und

wenn der Bewegungsvektor die zweite Subpixelprazision aufweist, wenn die x-Komponente des Bewegungs-
vektor-Differenzwerts nicht gleich Null ist und wenn die y-Komponente des Bewegungsvektor-Differenzwerts
nicht gleich Null ist, wobei das Codieren von Daten, die fiir den Absolutwert der x-Komponente des Bewegungs-
vektor-Differenzwerts stehen und das Codieren von Daten, die fir den Absolutwert der y-Komponente des
Bewegungsvektor-Differenzwerts stehen, das Codieren eines gemeinsam codierten Wertes umfasst, der sowohl
fur die x-Komponente des Bewegungsvektor-Differenzwerts als auch fir die y-Komponente des Bewegungs-
vektor-Differenzwerts steht.

Verfahren nach Anspruch 4, ferner umfassend das Bestimmen, ob der Bewegungsvektor die erste Subpixelprazision
oder die zweite Subpixelprazision aufweist, Folgendes umfassend:

Bestimmen eines mit dem Bewegungsvektor assoziierten Schwellenwertes; und

Feststellen, dass der Bewegungsvektor die erste Subpixelprazision aufweist, wenn sowohl die x-Komponente
des Bewegungsvektor-Differenzwerts als auch die y-Komponente des Bewegungsvektor-Differenzwerts den
Schwellenwert Ubersteigen.

Verfahren nach Anspruch 5, wobei das Bestimmen, ob der Bewegungsvektor die erste Subpixelprazision oder die
zweite Subpixelprazision aufweist, das Bestimmen auf der Grundlage einer Bewegungsvektor-Auflésungsflag um-
fasst, ob der Bewegungsvektor die erste Subpixelprazision oder die zweite Subpixelprazision aufweist, wenn die x-
Komponente des Bewegungsvektor-Differenzwerts und / oder die y-Komponente des Bewegungsvektor-Differenz-
werts gleich dem Schwellenwert ist oder unter dem Schwellenwert liegt.

Verfahren nach Anspruch 1,

wobei das Codieren von Daten, die flir den Absolutwert der x-Komponente der Bewegungsvektor-Differenzwerte
stehen, das Codieren des Absolutwerts der x-Komponente der Bewegungsvektor-Differenzwerte als mvd_x/2 - 1
umfasst, wobei mvd_x die x-Komponente des Bewegungsvektor-Differenzwerts umfasst; und

wobei das Codieren von Daten, die fir den Absolutwert der y-Komponente der Bewegungsvektor-Differenzwerte
stehen, das Codieren des Absolutwerts der y-Komponente der Bewegungsvektor-Differenzwerte als mvd_y/2 - 1
umfasst, wobei mvd_y die y-Komponente des Bewegungsvektor-Differenzwerts umfasst.
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Vorrichtung (56; 70) zum Entropiecodieren von Videodaten, wobei die Vorrichtung Folgendes umfasst:

Mittel zum Entropiecodieren von Daten, die firr einen Bewegungsvektor-Differenzwert stehen, wenn der Abso-
lutwert der x-Komponente des Bewegungsvektor-Differenzwerts groRer Null ist und wenn der Absolutwert der
y-Komponente des Bewegungsvektor-Differenzwerts groRer Null ist, wobei das Mittel zum Entropiecodieren
der Daten, die fur den Bewegungsvektor-Differenzwert stehen, Folgendes umfasst:

Mittel zum Verschranken von Daten, die dafiir stehen, ob der Absolutwert einer x-Komponente eines Be-
wegungsvektor-Differenzwerts fir einen gegenwartigen Block von Videodaten gréRer Null ist, und von
Daten, die daflr stehen, ob ein Absolutwert einer y-Komponente des Bewegungsvektor-Differenzwerts
grofRer Null ist;

Mittel zum Verschranken von Daten, die fir den Absolutwert der x-Komponente des Bewegungsvektor-
Differenzwerts stehen, und von Daten, die flir den Absolutwert der y-Komponente des Bewegungsvektor-
Differenzwerts stehen,

ein Zeichen der x-Komponente des Bewegungsvektor-Differenzwerts und ein Zeichen der y-Komponente
des Bewegungsvektor-Differenzwerts.

Vorrichtung nach Anspruch 8, wobei das Mittel fir das Entropiecodieren Mittel zum Codieren nach Context-based
Adaptive Binary Arithmetic Coding (CABAC) umfasst, wobei die Vorrichtung ferner Folgendes umfasst:

Mittel zum Berechnen eines Bewegungsvektors fiir den gegenwartigen Block von Videodaten; und

Mittel zum Berechnen des Bewegungsvektor-Differenzwerts als Differenz zwischen dem Bewegungsvektor flir
den gegenwartigen Block von Videodaten und einem fiir den gegenwartigen Block von Videodaten bestimmten
Bewegungsvektor-Pradiktor.

Vorrichtung nach Anspruch 8, wobei das Mittel fiir das Entropiecodieren Mittel zum Decodieren nach Context-based
Adaptive Binary Arithmetic Coding (CABAC) umfasst, wobei die Vorrichtung ferner Folgendes umfasst:

Mittel zum Bestimmen eines Bewegungsvektor-Pradiktors fiir den gegenwartigen Block von Videodaten; und
Mittel zum Berechnen eines Bewegungsvektors fir den gegenwartigen Block von Videodaten als Summe des
Bewegungsvektor-Differenzwerts und des Bewegungsvektor-Pradiktors.

Vorrichtung nach Anspruch 8, ferner umfassend:

Mittel zum Codieren eines Wertes, der dafir steht, ob ein Bewegungsvektor des gegenwartigen Blocks von
Videodaten eine erste Subpixelprazision oder eine zweite Subpixelprazision aufweist, wobei die zweite Subpi-
xelprazision gréRer ist als die erste Subpixelprazision; und

Mittel zum Codieren eines gemeinsam codierten Werts, der fiir sowohldie x-Komponente des Bewegungsvektor-
Differenzwerts als auch die y-Komponente des Bewegungsvektor-Differenzwerts steht, wenn der Bewegungs-
vektor die zweite Subpixelprazision aufweist, wenn die x-Komponente des Bewegungsvektor-Differenzwerts
nicht gleich Null ist und wenn die y-Komponente des Bewegungsvektor-Differenzwerts nicht gleich Null ist.

Vorrichtung nach Anspruch 11, ferner umfassend Mittel zum Bestimmen, ob der Bewegungsvektor die erste Sub-
pixelprazision oder die zweite Subpixelprazision aufweist, Folgendes umfassend:

Mittel zum Bestimmen eines mit dem Bewegungsvektor assoziierten Schwellenwertes; und

Mittel zum Feststellen, dass der Bewegungsvektor die erste Subpixelprazision aufweist, wenn sowohl die x-
Komponente des Bewegungsvektor-Differenzwerts als auch die y-Komponente des Bewegungsvektor-Diffe-
renzwerts den Schwellenwert Uibersteigen.

Vorrichtung nach Anspruch 12, wobei das Mittel zum Bestimmen, ob der Bewegungsvektor die erste Subpixelpra-
zision oder die zweite Subpixelprazision aufweist, Mittel umfasst, um auf der Grundlage einer Bewegungsvektor-
Aufldsungsflag zu bestimmen, ob der Bewegungsvektor die erste Subpixelprazision oder die zweite Subpixelpra-
zision aufweist, wenn die x-Komponente des Bewegungsvektor-Differenzwerts und / oder die y-Komponente des
Bewegungsvektor-Differenzwerts gleich dem Schwellenwert ist oder den Schwellenwert nicht Ubersteigt.

Vorrichtung nach Anspruch 8,
wobei das Mittel zum Codieren von Daten, die flr den Absolutwert der x-Komponente der Bewegungsvektor-Diffe-
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renzwerte stehen, Mittel zum Codieren des Absolutwerts der x-Komponente der Bewegungsvektor-Differenzwerte
als mvd_x/2 - 1 umfasst, wobei mvd_x die x-Komponente des Bewegungsvektor-Differenzwerts umfasst; und
wobei das Mittel zum Codieren von Daten, die flr den Absolutwert der y-Komponente der Bewegungsvektor-Diffe-
renzwerte stehen, Mittel zum Codieren des Absolutwerts der y-Komponente der Bewegungsvektor-Differenzwerte
als mvd_y/2 - 1 umfasst, wobei mvd_y die y-Komponente des Bewegungsvektor-Differenzwerts umfasst.

Computerprogrammprodukt, umfassend ein computerlesbares Speichermedium mit darauf gespeicherten Anwei-
sungen die, wenn sie ausgefiihrt werden, einen oder mehrere Prozessoren eines Gerats zum Codieren von Vide-
odaten dazu veranlassen, das Verfahren nach einem der Anspriiche 1 bis 7 auszufiihren.

Revendications

1.

Procédé (220 ; 320) de codage entropique de données vidéo, le procédé comprenant :

lorsqu’une valeur absolue d’'une composante x d’une valeur de différence de vecteur de mouvement pour un
bloc actuel est supérieure a zéro (226 ; 326), et lorsqu’une valeur absolue d’'une composante y de la valeur de
différence de vecteur de mouvement pour le bloc actuel est supérieure a zéro (228 ; 328), le codage entropique
d’informations représentatives d’une valeur de différence de vecteur de mouvement, dans lequel le codage
entropique des informations représentatives de la valeur de différence de vecteur de mouvement comprend :

I'entrelacement d’informations indiquant si la valeur absolue de la composante x d’une valeur de différence
de vecteur de mouvement pour le bloc actuel de données vidéo est supérieure a zéro, et d’informations
indiquant si la valeur absolue de la composante y de la valeur de différence de vecteur de mouvement est
supérieure a zéro ; et

'entrelacement d’informations représentatives de la valeur absolue de la composante x de la valeur de
différence de vecteur de mouvement, d’informations représentatives de la valeur absolue de la composante
y de la valeur de différence de vecteur de mouvement,

un signe de la composante x de la valeur de différence de vecteur de mouvement (230 ; 330), et un signe
de la composante y de la valeur de différence de vecteur de mouvement (232 ; 332).

Procédé selon la revendication 1, dans lequel le codage entropique comprend un encodage de codage arithmétique
binaire adaptatif selon le contexte, CABAC, le procédé comprenant en outre :

le calcul d’un vecteur de mouvement pour le bloc actuel de données vidéo ; et

le calcul (156) de la valeur de différence de vecteur de mouvement comme une différence entre le vecteur de
mouvement pour le bloc actuel de données vidéo et un prédicteur de vecteur de mouvement déterminé pour
le bloc actuel de données vidéo.

Procédé selon la revendication 1, dans lequel le codage entropique comprend un décodage de codage arithmétique
binaire adaptatif selon le contexte, CABAC, le procédé comprenant en outre :

la détermination (286) d’un prédicteur de vecteur de mouvement pour le bloc actuel de données vidéo ; et
le calcul (288) d’un vecteur de mouvement pour le bloc actuel de données vidéo comme une somme de la
valeur de différence de vecteur de mouvement et du prédicteur de vecteur de mouvement.

Procédé selon la revendication 1, comprenant en outre :

le codage d’une valeur indiquant si un vecteur de mouvement du bloc actuel de données vidéo a une premiére
précision en dessous du pixel ou une seconde précision en dessous du pixel, dans lequel la seconde précision
en dessous du pixel est plus grande que la premiére précision en dessous du pixel ; et

lorsque le vecteur de mouvement a la seconde précision en dessous du pixel, lorsque la composante x de la
valeur de différence de vecteur de mouvement n’est pas égale a zéro, et lorsque la composante y de la valeur
de différence de vecteur de mouvement n’est pas égale a zéro, dans lequel le codage d’informations représen-
tatives de la valeur absolue de la composante x de la valeur de différence de vecteur de mouvement et le
codage d’informations représentatives de la valeur absolue de la composante y de la valeur de différence de
vecteur de mouvement comprend le codage d’une valeur conjointement codée représentative a la fois de la
composante x de la valeur de différence de vecteur de mouvement et de la composante y de la valeur de
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différence de vecteur de mouvement.

Procédé selon larevendication 4, comprenant en outre le fait de déterminer si le vecteur de mouvement a la premiére
précision en dessous du pixel ou la seconde précision en dessous du pixel, comprenant :

la détermination d’'une valeur de seuil associée au vecteur de mouvement ; et

la détermination selon laquelle le vecteur de mouvement a la premiére précision en dessous du pixel lorsqu’a
la fois la composante x de la valeur de différence de vecteur de mouvement et la composante y de la valeur
de différence de vecteur de mouvement sont plus grandes que le seuil.

Procédé selon larevendication 5, dans lequel le fait de déterminer sile vecteur de mouvement ala premiére précision
en dessous du pixelou la seconde précision en dessous du pixel comprend, lorsqu’au moins 'une de la composante
x de la valeur de différence de vecteur de mouvement et de la composante y de la valeur de différence de vecteur
de mouvement est inférieure ou égale au seuil, le fait de déterminer si le vecteur de mouvement a la premiére
précision en dessous du pixel ou la seconde précision en dessous du pixel en se basant sur une valeur d’un drapeau
de résolution de vecteur de mouvement.

Procédé selon la revendication 1,

dans lequel le codage d’informations représentatives de la valeur absolue de la composante x des valeurs de
différence de vecteur de mouvement comprend le codage de la valeur absolue de la composante x des valeurs de
différence de vecteur de mouvement comme mvd_x/2 - 1, dans lequel mvd_x comprend la composante x de la
valeur de différence de vecteur de mouvement ; et

dans lequel le codage d’informations représentatives de la valeur absolue de la composante y des valeurs de
différence de vecteur de mouvement comprend le codage de la valeur absolue de la composante y des valeurs de
différence de vecteur de mouvement comme mvd_y/2 - 1, dans lequel mvd_y comprend la composante y de la
valeur de différence de vecteur de mouvement.

Appareil (56 ; 70) de codage entropique de données vidéo, I'appareil comprenant :

un moyen de codage entropique d’informations représentatives d’une valeur de différence de vecteur de mou-
vement lorsque la valeur absolue de la composante x de la valeur de différence de vecteur de mouvement est
supérieure a zéro et lorsque la valeur absolue de la composante y de la valeur de différence de vecteur de
mouvement est supérieure a zéro, dans lequel le moyen de codage entropique des informations représentatives
de la valeur de différence de vecteur de mouvement comprend :

un moyen d’entrelacement d’informations indiquant si une valeur absolue d’une composante x d’une valeur
de différence de vecteur de mouvement pour un bloc actuel de données vidéo est supérieure a zéro, et
d’informations indiquant si une valeur absolue d’'une composante y de la valeur de différence de vecteur
de mouvement est supérieure a zéro ; et

un moyen d’entrelacement d’informations représentatives de la valeur absolue de la composante x de la
valeur de différence de vecteur de mouvement, d’informations représentatives de la valeur absolue de la
composante y de la valeur de différence de vecteur de mouvement,

un signe de la composante x de la valeur de différence de vecteur de mouvement et un signe de la com-
posante y de la valeur de différence de vecteur de mouvement.

9. Appareil selon la revendication 8, dans lequel le moyen de codage entropique comprend un moyen d’encodage de

codage arithmétique binaire adaptatif selon le contexte, CABAC, l'appareil comprenant en outre :

un moyen de calcul d’'un vecteur de mouvement pour le bloc actuel de données vidéo ; et

un moyen de calcul de la valeur de différence de vecteur de mouvement comme une différence entre le vecteur
de mouvement pour le bloc actuel de données vidéo et un prédicteur de vecteur de mouvement déterminé pour
le bloc actuel de données vidéo.

10. Appareil selon la revendication 8, dans lequel le moyen de codage entropique comprend un moyen de décodage

de codage arithmétique binaire adaptatif selon le contexte, CABAC, I'appareil comprenant en outre :

un moyen de détermination d’un prédicteur de vecteur de mouvement pour le bloc actuel de données vidéo ; et
un moyen de calcul d’un vecteur de mouvement pour le bloc actuel de données vidéo comme une somme de
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la valeur de différence de vecteur de mouvement et du prédicteur de vecteur de mouvement.
Appareil selon la revendication 8, comprenant en outre :

un moyen de codage d’une valeur indiquant si un vecteur de mouvement du bloc actuel de données vidéo a
une premiére précision en dessous du pixel ou une seconde précision en dessous du pixel, dans lequel la
seconde précision en dessous du pixel est plus grande que la premiére précision en dessous du pixel ; et

un moyen de codage d’une valeur conjointement codée représentative a la fois de la composante x de la valeur
de différence de vecteur de mouvement et de la composante y de la valeur de différence de vecteur de mou-
vement lorsque le vecteur de mouvement a la seconde précision en dessous du pixel, lorsque la composante
x de la valeur de différence de vecteur de mouvement n’est pas égale a zéro, et lorsque la composante y de
la valeur de différence de vecteur de mouvement n’est pas égale a zéro.

Appareil selon la revendication 11, comprenant en outre un moyen pour déterminer si le vecteur de mouvement a
la premiére précision en dessous du pixel ou la seconde précision en dessous du pixel, comprenant :

un moyen pour déterminer une valeur de seuil associée au vecteur de mouvement ; et

un moyen pour déterminer que le vecteur de mouvement a la premiére précision en dessous du pixel lorsqu’a
la fois la composante x de la valeur de différence de vecteur de mouvement et la composante y de la valeur
de différence de vecteur de mouvement sont plus grandes que le seuil.

Appareil selon la revendication 12, dans lequel le moyen pour déterminer si le vecteur de mouvement a la premiére
précision en dessous du pixel ou la seconde précision en dessous du pixel comprend un moyen pour déterminer
si le vecteur de mouvement a la premiere précision en dessous du pixel ou la seconde précision en dessous du
pixel en se basant sur une valeur d’'un drapeau de résolution de vecteur de mouvement lorsqu’au moins 'une de
la composante x de la valeur de différence de vecteur de mouvement et de la composante y de la valeur de différence
de vecteur de mouvement est inférieure ou égale au seuil.

Appareil selon la revendication 8,

dans lequel le moyen de codage d’informations représentatives de la valeur absolue de la composante x des valeurs
de différence de vecteur de mouvement comprend un moyen de codage de la valeur absolue de la composante x
desvaleurs de différence de vecteurde mouvement comme mvd_x/2 - 1,dans lequel mvd_x comprend la composante
x de la valeur de différence de vecteur de mouvement ; et

dans lequel le moyen de codage d’informations représentatives de la valeur absolue de la composante y des valeurs
de différence de vecteur de mouvement comprend un moyen de codage de la valeur absolue de la composante y
desvaleurs de différence de vecteurde mouvement comme mvd_y/2 - 1,dans lequel mvd_y comprend la composante
y de la valeur de différence de vecteur de mouvement.

Produit de programme informatique comprenant un support de stockage lisible par ordinateur sur lequel sont stoc-

kées des instructions qui, lorsqu’elles sont exécutées, aménent un ou plusieurs processeurs d’un dispositif de
codage de données vidéo a réaliser le procédé de I'une quelconque des revendications 1a 7.
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Vided hadolic adeptiv mospdsvelior fefbontds haszodlstival
Hzabadalmi igloypontok
. Eljheds (220; 320) vides adatok enirépia kideoldedrs, az eljards tartalmazza;

ha egy akiudlis blokk vonatkezisdhan egy mozgdsveltor kildubsdgl értdk x Ssszetevitisnek shszolit ke nae
gyobb, mint rulla {226, 326), $¢ ha az akteslis blokk voastkozdsdban o mozghsvekior kiltobesgl dnék sgy v
dsszctovijének abszalit dricke nsgyobb, mint nulla (238; 328), a2 egy muorgAsvekior Rilltnbad gl éridket képyise-
16 informasio entrdpla kédabisat, ahol a mozgdevektor killtnbsdget képviseld inforndcit entrdpia kédoldsa ma-

gabay fogldia

axt képviseld Informdetd Geszefistilése, hogy a vided sdutok akudlis blokkja tekinteithen egy mozpdsveltor kb
Hinbsdg drtdk k Ssszetevdiduck abszolit Sridls nagyebb-e nulldngl, ¢ ez ant képvissld jnformacis Sasnefindse,
bogy a mozgdavekior kBldnbadg ndk y Ssszetevidnek abszolit sridke sagyobb-a nulldndl; &

& mozghevekior killdnbsdy Srtdh x Ynszsteviie abszokit Srtdkdt képviseld informaeid 85 & mozgdsvekior killdnh-
s drdk y Sesesteviie absrolit értékét képviseld informacid Seszefisttidest,

morgasvektor kitltnbsdy drtek (230; 330) x Bsseeteviiének egy jelét &5 a mozgisvektor ktlonbséy snck (23

332} y Sesnetevijsnek epy Ielét.

L, Ax 1. igéaypont szerinti ofiseds, aho! 2z entripia kddolds kontextus adaptiv bingels aritetikal kédolast,
CABAC, kodoldst tartatinas, az oljdrds tartalmazza tovabla:

egy mozgisvekior kiszdmitdedt @ vided adatok aktualis blokkidhoz; ds

# sozgasvektor Kitl0nbady dridk hiszdmitaadt (156} « vides adatok aktealis bloklgdra vonatkond meagdsvektor $a
a vided adatok aktudlis blokkidra vonatkoaden meghstérozott mozgasvekior eldvebeosts kitadinl kilonbedgként,
3 A L igdmypont szerinii eljdrds, ahol aw entrdpia kddolds kontoxtus adaptiv bindris aritmietikal kédolast,
CABAC, dekidalist tartalmaz, s eljdrds tartalimazza tovibbi:

88y mozgisvektor eldrebecsit meghutdroztadt (286) & vides adatok aktuslis blokkja szdmdrn; 85

SRy mcgdsveltor kiszamitis® (288) » vided sdutok akiudlis blok¥ja ssimdre, 2 mozgdsvektor kilbabedg Srdk
¢ 1 mozgdsvektor elSrehuostd dnsk Seszepeként,

4. Az 1. igéaypont szerinti eljdrss, amely tartalmazey tovibba:

oy wxt képyiseld Sridk kddolasst, bogy a vided adatok aktudlis blokkjdnak gy mozgSsvekiora rendelkentlos exy
oled slkdppont pontossiggal vagy sgy mdsodik atképpont ponicssiggal, all & misodik alképpont pontossdg wa-
gyobly, mint az oled alkdppont pontossag; ds

ha & mozgdsveltos mésedik alképpont pontossdgd, haa ozgasvektnr hitldnbssg drisk x Ssezstevdie nom egyen
1 nolldval, € s o mozghsvektor Liltnbssg &rtsk v Saazstovie nem sgyentd nulldval, aho! 2 mozgisvekior ki
Kinbady $nidk x Goszetoviidnek abezchit drdket képviseld informicit kédaldea, &5 a mozgasvekior kitlinbssg
Sk y Beseetevdjének abszolit éricket képviseld informactd kodalass tartalmarsa sgy-egyiittesen kédol sridk

kbdoldadt, amely 2 mozgdaveldor killinbadg ek ¥ dsszetoritjét és a mozgdsvekior kilinbsdg érigk y Seezetevd.



8t is képvigeli.

7

8. A 4. igdaypont szerinti eljdrds, amely tartalmazza tovibba annak meghatdrozasit, hogy 2 mozgdvektor ¢isd

alkSppont pontossigh vagy rassadik alkdppont pontossigliee, és tartalmarzal
@ mozgisvektorral tirsitoft kandbértdk meghatirozisit; ds

annak meghatdoedss, Topy a mozghvekior slal wikdppont pontessigh, ha & mozgdsvekior kitlinbedy Sridhaek

mind az x Baszeteviie, mind pedig y dsezeteviie nagyobd, mint & kiszbbérgk

6 Az 5. jgdnypont seerinti eljaeds, abol auak meghatdrozdsy, hogy & mozgdsvekior elsd athdppont poRtosYAES
vagy misodik sliéppont pontossagl, magsban foglalia, he a morghsvektor kitbnbadg éndk x Ssazetevdie ds
moegievekior kiltnbadg srid y Gasrotevdie kil legaldhd exy Kisebb vagy eyyenld a kivadhéndkkel, annsk &
meghatiroesit, bogy 8 mozgdseekior olsd alképpont pontossagl-e vagy mésodik alképpont pontossdgh-e, u

mozpisvekior ibontds Jeled dudhe alapian

7. Az 1. igényvpont szerinti elfdrds, abol & mozgdsvehtor killbobedy Srtdhok X Sssacteviifnek abeaolt Srtdhit
képwiseld fuformaeld kodolive megdban Hglalja a mozghvvelior kitltnbség ertdhek x Suszetoviie gheachit drtd-

fének mvd x/2-1 kodolisdt, ahol vavd ¥ tanalmazze a mozgievelitor killinbady éridk x Sevrtoviien; &

alol 8 mozgisvekior killbabedy drtshek y Ssseateviidnel a2 abszolit druket képviset lnformseid kidoldes tar-
lnazza & mozgisvekior kildubsdy Sridkek v dsszetevdie abszolit Stekdnek ar mvd w2-1 kodolisdt, ahad

mvd v tarialmazza a oegdsvekior killBubsdg éridk y Gesastaviist
8. Berendezds (38; 70 vided sdutok entropia kodobisdra, a berendesds taralmaz:

camkiiat gy mozghsvekior kitlnbsty drisket képvissls informbelo entrdpia kidolisdra, ha a mozgisvekior kit-
Janbadg &rtdk x Bsszetevdidnek av abseoldt éridke nagyobd, mint mulle, €5 ha 2 mosgdsvekior kiltnhesy drtdk y
Ssszeteviiének az sbyzolit drtdke nagyohd, mint nulla, ahol a mozglavehtor killdnbedg drtdket képviseld infoe-

ardcid entrépin kodoldsdea s2olgdld ssekliz astabma:

ok Ozt et hépyiseld informdcid, hogy 8 vided adatok skiuadlis blokkja tekintetéhen ey mozgisvekior killinbodg
Gk s Dyszatevdidnek abszoldt Sridhe nagyobbeg mulidndl, &x ez aut képvieald infornticld Sssrefisliidndes, bugy o
mazgdevekior kilbobesy Sndk y deszetevijsnek abszclit dricke nagyobbee anllandl; &

ssrkiin & mozgdsvektor kitlbnbesy sk x Sssrstevije abezehil Sndkét képyiseld informitis & 8 morzgasvektor
Ko nbadg drtdk y Saszstevitje abszalit dridkst kipviseld Informéetd Duenfisttidadre,

orozgdsvekior kidSabsdg Srték x Suszetevijinek egy felét 85 8 mozgdsvektor kilinbsdg $ndk y fssreteviicnek
eRy jeld

8, A B igdaypont szerint berendesds, abof az vazkis ax entrdpia kddubisox tartalmaz evzkdat kontexius aitaptiy

bindris sritmetikat kddolbers, CARAC, 2 berenderss tartalmaz tovabbd:

eazkeiizt cay mozgdsvekior kiszinitdsdra a vided sdatok ahtudlis blekkjahoz: &s

%

sekdiat » rmozgdsvektor kilSnbsdg éridk kisndmitisda a vided adatok akiudlis blokkjara vonatkozd mozghwsk-

fav i a vided adatok skudly bhakidra vonatkozdan meghatiroeit mozgdsvekior eldrebecsit kéadt killinb-



gdgként,

1. A B igénypont szerintt berendezss, ahol sz exekdz sz eotrdpia kédolises tariabnaz esakizt Rontextus adaptiv

bividris arimetikal kédolisra, CARAC, a berenderss tartalmas tovibh
esakiet egy mozgdavekior elfireborald maghatirozasien a vided adatok sktuslis blokkja szdndra; &5

eszhEzt egy mozgdsvekior kbzdmbrdedra 3 vided adatok skiuglia blokkfa sxdmdrs, a mozgdsveltor kildnhség

Srtgk €z a mozglsvektor eltivebecsid dndk dsszogehént.
1L A igénypont szerint berendezés, amely tartalmar tovibhi

sszkizt egy olyan ének Kodolisara, amely ast jelxi, hogy a vided adatok skiualis blokkia tekintetshen QY Mo
ghsvektor eled alléppont pontossdad vagy mdsodik alképpont pontossdgd, abol 8 nidandik alkeppont pontossig

nagyobb, mint az ¢lsé alkdppont pontossdg; S

eszklat egy egvlttesen kidolt &gk kddoliedra, amely folxl g meagdsvektor kiltnksdy drtdk x daaretevdist dv a
mozgasvekior kitlonbedy dridk y Ssszetevdids, ha g mazgasvektor masodik alidppont pontossdad, ha a MAngAS-

vektor kitldnbaég érik x Ssszetevije nons nolla, &5 ha g mozglevekior kilfonhséy Stk y Seseeterdie nem nulla,

12, A LL igenypont saecinti berenderds, umely tartalimaz tovAbbs esekiia snnal ne eghatdroedsien, Sogy a oz

rdsvekior sled alképpont pontossigh vagy masodik slképpont porlassdgd, &s tarlalmaz;
aszkdat a mozgdsvekiomal tesiton kiisz8bertsk meghatirozdsdn é

eszkivet annak meghatdrozdadra, hogy a mozgsevekior ebsi atkeéppont pontossdgh, ha a mozglavektor kitltobedy

Sridkoek mind az x Ssszeteviie, mind pedig y Omszeteviiie nagyobb, nint 2 klisathénsk,

13, A 12 igénypont szerindi berendezds, ahol a2 annak 2 meghativordsies seolpdld esxkde, bogy 2 mozgdvvekior
«isd alképpont pontosségl vagy mésodik alképpont ponfossagy, ssekifet tantalmaz annak seghatérondsdrs, hogy 2
mozgasvektor ¢lsd slkdppont portossigd vagy misodik alksppont pontossagdl, egy mozgdsvektor feibontds jalad
értdke alapjdn, ha @ mozgdsvektor kittSnbady $mdk x Bssretovliie €y y Osszeterdje ktaitl logaldhb ax egyik kissbh

vagy eavendd, mint a kiisetbentsk,
18, A8 igdnypont seerintl berendezés,

shol az oszke & mozgdsvektor kiildnbséy dradkek Swvzetevie absandie Setdhd képrieald informdeld kodoldstna
egy osakiet taralngz & mozgdsvektor kislBnbség srtdkek x Saspetaviie abszolit drickdnek kodolsia myd_x/2-

I-kdnt, ahol myd x tartalmazza & mozgdsvektor kitonbedy srék x Suszatondisy; &

ahol ez eszkdz 8 mongdsvekior killinbség drickek SssrotovSie aburahit Srickdt képviseld infornndeld Lédoldstra
exy eszkizt tartalmay ¢ mozgdsvektor kilonhség drtdkek v Osazetevije absanliit értshének kodoldsdra md w2

E-kead, shol mvd_y tartalmazza s mozgdeveksor kiiitinbsdg drtdk v Bsszateviiist
18 Szémitdgdpy program teomsk, amely ofvan utesitdsokat tirols sedmitopdppel olvashatd tarolokizeget tartal.
iz, mely utasivicok végrehajtdsuk evetén epy vided adatok kadoldssen szolgald esaklz egy vagy 10bb proceses

szosdt az 1-7. igduypontek barmelyike szeving slidnis vegrebaitdades késstetik,
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