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CODING AND DECODING FOR INTERLACED VIDEO

COPYRIGHT AUTHORIZATION

A portion of the disclosure of this patent document contains material which is subject to
copyright protection. The copyright owner has no objection to the facsimile reproduction by
anyone of the patent disclosure, as it appears in the Patent and Trademark Office patent file or

records, but otherwise reserves all copyright rights whatsoever.

TECHNICAL FIELD

Techniques and tools for interlaced video coding and decoding are described.

BACKGROUND

Digital video consumes large amounts of storage and transmission capacity. A typical
raw digital video sequence includes 15 or 30 frames per second. Each frame can include tens or
hundreds of thousands of pixels (also called pels), where each pixel represents a tiny element of
the picture. In raw form, a computer commonly represents a pixel as a set of three samples
totaling 24 bits. For instance, a pixel may include an eight-bit luminance sample (also called a
luma sample, as the terms “luminance” and “luma” are used interchangeably herein) that defines
the grayscale component of the pixel and two eight-bit chrominance samples (also called chroma
samples, as the terms “chrominance” and “chroma” are used interchangeably herein) that define
the color component of the pixel. Thus, the number of bits per second, or bit rate, of a typical
raw digital video sequence may be 5 million bits per second or more.

Many computers and computer networks lack the resources to process raw digital video.
For this reason, engineers use compression (also called coding or encoding) to reduce the bit rate
of digital video. Compression decreases the cost of storing and transmitting video by converting
the video into a lower bit rate form. Decompression (also called decoding) reconstructs a
version of the original video from the compressed form. A “codec” is an encoder/decoder
system. Compression can be lossless, in which the quality of the video does not suffer, but
decreases in bit rate are limited by the inherent amount of variability (sometimes called entropy)
of the video data. Or, compression can be lossy, in whicH the quality of the video suffers, but
achievable decreases in bit rate are more dramatic. Lossy compression is often used in
conjunction with lossless compression — the lossy compression establishes an approximation of
information, and the lossless compression is applied to represent the approximation.

In general, video compression techniques include “intra-picture” compression and
“inter-picture” compression, where a picture is, for example, a progressively scanned video
frame, an interlaced video frame (having alternating lines for video fields), or an interlaced video

field. For progressive frames, intra-picture compression techniques compress individual frames
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(typically called I-frames or key frames), and inter-picture compression techniques compress
frames (typically called predicted frames, P-frames, or B-frames) with reference to a preceding
and/or following frame (typically called a reference or anchor frame) or frames (for B-frames).
Inter-picture compression techniques often use motion estimation and motion
compensation. For motion estimation, for example, an encoder divides a current predicted frame
into 8x8 or 16x16 pixel units. For a unit of the current frame, a similar unit in a reference frame
is found for use as a predictor. A motion vector indicates the location of the predictor in the
reference frame. In other words, the motion vector for a unit of the current frame indicates the
displacement between the spatial location of the unit in the current frame and the spatial location
of the predictor in the reference frame. The encoder computes the sample-by-sample difference
between the current unit and the predictor to determine a residual (also called error signal). If
the current unit size is 16x16, the residual is divided into four 8x8 blocks. To each 8x8 residual,
the encoder applies a reversible frequency transform operation, which generates a set of
frequency domain (i.e., spectral) coefficients. A discrete cosine transform [“DCT”] is a type of
frequency transform. The resulting blocks of spectral coefficients are quantized and entropy
encoded. If the predicted frame is used as a reference for subsequent motion compensation, the
encoder reconstructs the predicted frame. When reconstructing residuals, the encoder
reconstructs transforms coefficients (e.g., DCT coefficients) that were quantized and performs an
inverse frequency transform such as an inverse DCT [“IDCT”]. The encoder performs motion
compensation to compute the predictors, and combines the predictors with the residuals. During
decoding, a decoder typically entropy decodes information and performs analogous operations to
reconstruct residuals, perform motion compensation, and combine the predictors with the

residuals.

L Inter Compression in Windows Media Video, Versions 8 and 9
Microsoft Corporation’s Windows Media Video, Version 8 [“WMV8”] includes a video

encoder and a video decoder. The WMV8 encoder uses intra and inter compression, and the
WMV8 decoder uses intra and inter decompression. Windows Media Video, Version 9
[“WMV9”] uses a similar architecture for many operations.

Inter compression in the WMV8 encoder uses block-based motion-compensated
prediction coding followed by transform coding of the residual error. Figures 1 and 2 illustrate
the block-based inter compression for a predicted frame in the WMV8 encoder. In particular,
Figure 1 illustrates motion estimation for a predicted frame (110) and Figure 2 illustrates
compression of a prediction residual for a motion-compensated block of a predicted frame.

For example, in Figure 1, the WMV8 encoder computes a motion vector for a
macroblock (115) in the predicted frame (110). To compute the motion vector, the encoder

searches in a search area (135) of a reference frame (130). Within the search area (135), the



WO 2005/027496 PCT/US2004/029034

10

15

20

25

30

35

encoder compares the macroblock (115) from the predicted frame (110) to various candidate
macroblocks in order to find a candidate macroblock that is a good match. The encoder outputs
information specifying the motion vector (entropy coded) for the matching macroblock.

Since a motion vector value is often correlated with the values of spatially surrounding
motion vectors, compression of the data used to transmit the motion vector information can be
achieved by determining or selecting a motion vector predictor from neighboring macroblocks
and predicting the motion vector for the current macroblock using the motion vector predictor.
The encoder can encode the differential between the motion vector and the motion vector
predictor. For example, the encoder computes the difference between the horizontal component
of the motion vector and the horizontal component of the motion vector predictor, computes the
difference between the vertical component of the motion vector and the vertical component of
the motion vector predictor, and encodes the differences.

After reconstructing the motion vector by adding the differential to the motion vector
predictor, a decoder uses the motion vector to compute a prediction macroblock for the
macroblock (115) using information from the reference frame (130), which is a previously
reconstructed frame available at the encoder and the decoder. The prediction is rarely perfect, so
the encoder usually encodes blocks of pixel differences (also called the error or residual blocks)
between the prediction macroblock and the macroblock (115) itself.

Figure 2 illustrates an example of computation and encoding of an error block (235) in
the WMV8 encoder. The error block (235) is the difference between the predicted block (215)
and the original current block (225). The encoder applies a discrete cosine transform [“DCT”]
(240) to the error block (235), resulting in an 8x8 block (245) of coefficients. The encoder then
quantizes (250) the DCT coefficients, resulting in an 8x8 block of quantized DCT coefficients
(255). The encoder scans (260) the 8x8 block (255) into a one-dimensional array (265) such that
coefficients are generally ordered from lowest frequency to highest frequency. The encoder
entropy encodes the scanned coefficients using a variation of run length coding (270). The
encoder selects an entropy code from one or more run/level/last tables (275) and outputs the
entropy code.

Figure 3 shows an example of a corresponding decoding process (300) for an inter-
coded block. In summary of Figure 3, a decoder decodes (310, 320) entropy-coded information
representing a prediction residual using variable length decoding 310 with one or more
run/level/last tables (315) and run length decoding (320). The decoder inverse scans (330) a
one-dimensional array (325) storing the entropy-decoded information into a two-dimensional
block (335). The decoder inverse quantizes and inverse discrete cosine transforms (together,
340) the data, resulting in a reconstructed error block (345). In a separate motion compensation

path, the decoder computes a predicted block (365) using motion vector information (355) for
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displacement from a reference frame. The decoder combines (370) the predicted block (365)
with the reconstructed error block (345) to form the reconstructed block (375).

II. Interlaced Video and Progressive Video

A video frame contains lines of spatial information of a video signal. For progressive
video, these lines contain samples starting from one time instant and continuing in raster scan
fashion through successive lines to the bottom of the frame. A progressive I-frame is an intra-
coded progressive video frame. A progressive P-frame is a progressive video frame coded using
forward prediction, and a progressive B-frame is a progressive video frame coded using bi-
directional prediction.

The primary aspect of interlaced video is that the raster scan of an entire video frame is
performed in two passes by scanning alternate lines in each pass. For example, the first scan is
made up of the even lines of the frame and the second scan is made up of the odd lines of the
scan. This results in each frame containing two fields representing two different time epochs.
Figure 4 shows an interlaced video frame (400) that includes top field (410) and bottom field
(420). In the frame (400), the even-numbered lines (top field) are scanned starting at one time
(e.g., time 7), and the odd-numbered lines (bottom field) are scanned starting at a different
(typically later) time (e.g., time ¢ + ). This timing can create jagged tooth-like features in
regions of an interlaced video frame where motion is present when the two fields are scanned
starting at different times. For this reason, interlaced video frames can be rearranged according
to a field structure, with the odd lines grouped together in one field, and the even lines grouped
together in another field. This arrangement, known as field coding, is useful in high-motion
pictures for reduction of such jagged edge artifacts. On the other hand, in stationary regions,
image detail in the interlaced video frame may be more efficiently preserved without such a
rearrangement. Accordingly, frame coding is often used in stationary or low-motion interlaced
video frames, in which the original alternating field line arrangement is preserved.

A typical progressive video frame consists of one frame of content with non-alternating
lines. In contrast to interlaced video, progressive video does not divide video frames into

separate fields, and an entire frame is scanned left to right, top to bottom starting at a single time.

II1. Previous Coding and Decoding in a WMYV Encoder and Decoder

Previous software for a WMV encoder and decoder, released in executable form, has
used coding and decoding of progressive and interlaced P-frames. While the encoder and
decoder are efficient for many different encoding/decoding scenarios and types of content, there

is room for improvement in several places.
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A. Reference Pictures for Motion Compensation

The encoder and decoder use motion compensation for progressive and interlaced
forward-predicted frames. For a progressive P-frame, motion compensation is relative to a
single reference frame, which is the previously reconstructed I-frame or P-frame that
immediately precedes the current P-frame. Since the reference frame for the current P-frame is
known and only one reference frame is possible, information used to select between multiple
reference frames is not needed.

The macroblocks of an interlaced P-frame may be field-coded or frame-coded. Ina
field-coded macroblock, up to two motion vectors are associated with the macroblock, one for
the top field and one for the bottom field. In a frame-coded macroblock, up to one motion
vector is associated with the macroblock. For a frame-coded macroblock in an interlaced P-
frame, motion compensation is relative to a single reference frame, which is the previously
reconstructed I-frame or P-frame that immediately precedes the current P-frame. For a field-
coded macroblock in an interlaced P-frame, motion compensation is still relative to the single
reference frame, but only the lines of the top field of the reference frame are considered for a
motion vector for the top field of the field-coded macroblock, and only the lines of the bottom
field of the reference frame are considered for a motion vector for the bottom field of the field-
coded macroblock. Again, since the reference frame is known and only one reference frame is
possible, information used to select between multiple reference frames is not needed.

In certain encoding/decoding scenarios (e.g., high bit rate interlaced video with lots of
motion), limiting motion compensation for forward prediction to be relative to a single reference

can hurt overall compression efficiency.

B. Signaling Macroblock Information
The encoder and decoder use signaling of macroblock information for progressive or

interlaced P-frames.

1. Signaling Macroblock Information for Progressive P-frames

Progressive P-frames can be 1MV or mixed-MV frames. A 1MV progressive P-frame
includes 1MV macroblocks. A 1MV macroblock has one motion vector to indicate the
displacement of the predicted blocks for all six blocks in the macroblock. A mixed-MV
progressive P-frame includes 1MV and/or 4MV macroblocks. A 4MV macroblock has from 0
to 4 motijon vectors, where each motion vector is for one of the up to four luminance blocks of
the macroblock. Macroblocks in progressive P-frames can be one of three possible types: IMV,
4MYV, and skipped. In addition, IMV and 4MV macroblocks may be intra coded. The

macroblock type is indicated by a combination of picture and macroblock layer elements.
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Thus, 1MV macroblocks can occur in IMV and mixed-MV progressive P-frames. A
single motion vector data MVDATA element is assocjated with all blocks ina IMV
macroblock. MVDATA signals whether the blocks are coded as intra or inter type. If they are
coded as inter, then MVDATA also indicates the motion vector differentiai.

If the progressive P-frame is 1MV, then all the macroblocks in it are 1MV macroblocks,
so there is no need to individually signal the macroblock type. If the progressive P-frame is
mixed-MV, then the macroblocks in it can be IMV or 4MV. In this case the macroblock type
(1MV or 4MYV) is signaled for each macroblock in the frame by a bitplane at the picture layer in
the bitstream. The decoded bitplane represents the IMV/4MYV status for the macroblocks as a
plane of one-bit values in raster scan order from upper left to lower right. A value of 0 indicates
that a corresponding macroblock is coded in IMV mode. A value of 1 indicates that the
corresponding macroblock is coded in 4MV mode. In one coding mode, IMV/AMYV status
information is signaled per macroblock at the macroblock layer of the bitstream (instead of as a
plane for the progressive P-frame).

4MV macroblocks occur in mixed-MV progressive P-frames. Individual blocks within
a 4MV macroblock can be coded as intra blocks. For each of the four luminance blocks of a
4MV macroblock, the intra/inter state is signaled by the block motion vector data
BLKMVDATA element associated with that block. For a 4MV macroblock, the coded block
pattern CBPCY element indicates which blocks have BLKMVDATA elements present in the
bitstream. The inter/intra state for the chroma blocks is derived from the luminance inter/intra
states. If two or more of the luminance blocks are coded as intra then the chroma blocks are also
coded as intra.

In addition, the skipped/not skipped status of each macroblock in the frame is also
signaled by a bitplane for the progressive P-frame. A skipped macroblock may still have
associated information for hybrid motion vector prediction.

CBCPY is a variable-length code [“VLC”] that decodes to a six-bit field. CBPCY
appears at different positions in the bitstream for IMV and 4MV macroblocks and has different
semantics for IMV and 4MV macroblocks.

CBPCY is present in the 1MV macroblock layer if: (1) MVDATA indicates that the
macroblock is inter-coded, and (2) MVDATA indicates that at least one block of the IMV
macroblock contains coefficient information (indicated by the “last” value decoded from
MVDATA). If CBPCY is present, then it decodes to a six-bit field indicating which of the
corresponding six blocks contain at least one non-zero coefficient.

CBPCY is always present in the 4MV macroblock layer. The CBPCY bit positions for
the luminance blocks (bits 0-3) have a slightly different meaning than the bit positions for
chroma blocks (bits 4 and 5). For a bit position for a luminance block, a 0 indicates that the

corresponding block does not contain motion vector information or any non-zero coefficients.



WO 2005/027496 PCT/US2004/029034

10

15

20

25

30

35

For such a block, BLKMVDATA is not present, the predicted motion vector is used as the
motion vector, and there is no residual data. If the motion vector predictors indicate that hybrid
motion vector prediction is used, then a single bit is present indicating the motion vector
predictor candidate to use. A 1 in a bit position for a luminance block indicates that
BLKMVDATA is present for the block. BLKMVDATA indicates whether the block is inter or
intra and, if it is inter, indicates the motion vector differential. BLKMVDATA also indicates
whether there is coefficient data for the block (with the “last” value decoded from
BLKMVDATA). For a bit position for a chroma block, the 0 or 1 indicates whether the
corresponding block contains non-zero coefficient information.

The encoder and decoder use code table selection for VLC tables for MVDATA,
BLKMVDATA, and CBPCY, respectively.

2. Signaling Macroblock Information for Interlaced P-frames

Interlaced P-frames may have a mixture of frame-coded and field-coded macroblocks.
In a field-coded macroblock, up to two motion vectors are associated with the macroblock. In a
frame-coded macroblock, up to one motion vector is associated with the macroblock. If the
sequence layer element INTERLACE is 1, then a picture layer element INTRLCF is present in
the bitstream. INTRLCF is a one-bit element that indicates the mode used to code the
macroblocks in that frame. If INTRLCF = 0 then all macroblocks in the frame are coded in
frame mode. If INTRLCF = 1 then the macroblocks may be coded in field or frame mode, and a
bitplane INTRLCMB present in the picture layer indicates the field/frame coding status for each
macroblock in the interlaced P-frame.

Macroblocks in interlaced P-frames can be one of three possible types: frame-coded,
field-coded, and skipped. The macroblock type is indicated by a combination of picture and
macroblock layer elements.

A single MVDATA is associated with all blocks in a frame-coded macroblock. The
MVDATA signals whether the blocks are coded as intra or inter type. If they are coded as inter,
then MVDATA also indicates the motion vector differential.

In a field-coded macroblock, a top field motion vector data TOPMVDATA element is
associated with the top field blocks, and a bottom field motion vector data BOTMVDATA
element is associated with the bottom field blocks. The elements are signaled at the first block
of each field. More specifically, TOPMVDATA is signaled along with the left top field block
and BOTMVDATA is signaled along with left bottom field block. TOPMVDATA indicates
whether the top field blocks are intra or inter. If they are inter, then TOPMVDATA also
indicates the motion vector differential for the top field blocks. Likewise, BOTMVDATA

signals the inter/intra state for the bottom field blocks, and potential motion vector differential
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information for the bottom field blocks. CBPCY indicates which fields have motion vector data
elements present in the bitstream.

A skipped macroblock is signaled by a SKIPMB bitplane in the picture layer.

CBPCY and the motion vector data elements are used to specify whether blocks have AC
coefficients. CBPCY is present for a frame-coded macroblock of an interlaced P-frame if the
“last” value decoded from MVDATA indicates that there are data following the motion vector to
decode. If CBPCY is present, it decodes to a six-bit field, one bit for each the four Y blocks,
one bit for both U blocks (top field and bottom field), and one bit for both V blocks (top field
and bottom field).

CBPCY is always present for a field-coded macroblock. CBPCY and the two field
motion vector data elements are used to determine the presence AC coefficients in the blocks of
the macroblock. The meaning of CBPCY is the same as for frame-coded macroblocks for bits 1,
3,4 and 5. That is, they indicate the presence or absence of AC coefficients in the right top field
Y block, right bottom field Y block, top/bottom U blocks, and top/bottom V blocks,
respectively. For bit positions 0 and 2, the meaning is slightly different. A 0 in bit position 0
indicates that TOPMVDATA is not present and the motion vector predictor is used as the
motion vector for the top field blocks. It also indicates that the left top field block does not
contain any non-zero coefficients. A 1 in bit position 0 indicates that TOPMVDATA is present.
TOPMVDATA indicates whether the top field blocks are inter or intra and, if they are inter, also
indicates the motion vector differential. If the “last” value decoded from TOPMVDATA
decodes to 1, then no AC coefficients are present for the left top field block, otherwise, there arer
non-zero AC coefficients for the left top field block. Similarly, the above rules apply to bit
position 2 for BOTMVDATA and the left bottom field block.

The encoder and decoder use code table selection for VLC tables for MVDATA,
TOPMVDATA, BOTMVDATA, and CBPCY, respectively.

3. Problems with Previous Signaling of Macroblock Information

In summary, various information for macroblocks of progressive P-frames and
interlaced P-frames is signaled with separate codes (or combinations of codes) at the frame and
macroblock layers. This separately signaled information includes number of motion vectors,
macroblock intra/inter status, whether CBPCY is present or absent (e.g., with the “last” value for
IMV and frame-coded macroblocks), and whether motion vector data is present or absent (e.g.,
with CBPCY for 4MV and field-coded macroblocks). While this signaling provides good
overall performance in many cases, it does not adequately exploit statistical dependencies
between different signaled information in various common cases. Further, it does not allow and
address various useful configurations such as presence/absence of CBPCY for AMV

macroblocks, or presence/absence of motion vector data for IMV macroblocks.



WO 2005/027496 PCT/US2004/029034

10

15

20

25

30

35

Moreover, to the extent presence/absence of motion vector data is signaled (e.g., with
CBPCY for 4MYV and field-coded macroblocks), it requires a confusing redefinition of the
conventional role of the CBPCY element. This in turn requires signaling of the conventional
CBPCY information with different elements (e.g., BLKMVDATA, TOPMVDATA,
BOTMVDATA) not conventionally used for that purpose. And, the signaling does not allow
and address various useful configurations such as presence of coefficient information when

motion vector data is absent.

C. Motion Vector Prediction

For a motion vector for a macroblock (or block, or field of a macroblock, etc.) in an
interlaced or progressive P-frame, the encoder encodes the motion vector by computing a motion
vector predictor based on neighboring motion vectors, computing a differential between the
motion vector and the motion vector predictor, and encoding the differential. The decoder
reconstructs the motion vector by computing the motion vector predictor (again based on
neighboring motion vectors), decoding the motion vector differential, and adding the motion
vector differential to the motion vector predictor.

Figures 5A and 5B show the locations of macroblocks considered for candidate motion
vector predictors for a IMV macroblock in a 1MV progressive P-frame. The candidate
predictors are taken from the left, top and top-right macroblocks, except in the case where the
macroblock is the last macroblock in the row. In this case, Predictor B is taken from the top-left
macroblock instead of the top-right. For the special case where the frame is one macroblock
wide, the predictor is always Predictor A (the top predictor). When Predictor A is out of bounds
because the macroblock is in the top row, the predictor is Predictor C. Various other rules
address other special cases such as intra-coded predictors.

Figures 6A-10 show the locations of the blocks or macroblocks considered for the up-
to-three candidate motion vectors for a motion vector for a IMV or 4MV macroblock in a
mixed-MV progressive P-frame. In the figures, the larger squares are macroblock boundaries
and the smaller squares are block boundaries. For the special case where the frame is one
macroblock wide, the predictor is always Predictor A (the top predictor). Various other rules
address other special cases such as top row blocks for top row 4MV macroblocks, top row 1MV
macroblocks, and intra-coded predictors.

Specifically, Figures 6A and 6B show locations of blocks considered for candidate
motion vector predictors for a IMV current macroblock in a mixed-MV progressive P-frame.
The neighboring macroblocks may be 1MV or 4MV macroblocks. Figures 6A and 6B show the
locations for the candidate motion vectors assuming the neighbors are 4MV (i.e., predictor A is
the motion vector for block 2 in the macroblock above the current macroblock, and predictor C

is the motion vector for block 1 in the macroblock immediately to the left of the current
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macroblock). If any of the neighbors is a 1MV macroblock, then the motion vector predictor
shown in Figures 5A and 5B is taken to be the motion vector predictor for the entire macroblock.
As Figure 6B shows, if the macroblock is the last macroblock in the row, then Predictor B is
from block 3 of the top-left macroblock instead of from block 2 in the top-right macroblock as is
the case otherwise.

Figures 7A-10 show the locations of blocks considered for candidate motion vector
predictors for each of the 4 luminance blocks in a 4MV macroblock of a mixed-MV progressive
P-frame. Figures 7A and 7B show the locations of blocks considered for candidate motion
vector predictors for a block at position 0; Figures 8A and 8B show the locations of blocks
considered for candidate motion vector predictors for a block at position 1; Figure 9 shows the
locations of blocks considered for candidate motion vector predictors for a block at position 2;

and Figure 10 show the locations of blocks considered for candidate motion vector predictors for

- a block at position 3. Again, if a neighbor is a 1MV macroblock, the motion vector predictor for

the macroblock is used for the blocks of the macroblock.

For the case where the macroblock is the first macroblock in the row, Predictor B for
block 0 is handled differently than block 0 for the remaining macroblocks in the row (see
Figures 7A and 7B). In this case, Predictor B is taken from block 3 in the macroblock
immediately above the current macroblock instead of from block 3 in the macroblock above and
to the left of current macroblock, as is the case otherwise. Similarly, for the case where the
macroblock is the last macroblock in the row, Predictor B for block 1 is handled differently
(Figures 8A and 8B). In this case, the predictor is taken from block 2 in the macroblock
immediately above the current macroblock instead of from block 2 in the macroblock above and
to the right of the current macroblock, as is the case otherwise. In general, if the macroblock is in
the first macroblock column, then Predictor C for blocks 0 and 2 are set equal to 0.

If a macroblock of a progressive P-frame is coded as skipped, the motion vector
predictor for it is used as the motion vector for the macroblock (or the predictors for its blocks
are used for the blocks, etc.). A single bit may still be present to indicate which predictor to use
in hybrid motion vector prediction.

Figures 11 and 12A-B show examples of candidate predictors for motion vector
prediction for frame-coded macroblocks and field-coded macroblocks, respectively, in interlaced
P-frames. Figure 11 shows candidate predictors A, B and C for a current frame-coded
macroblock in an interior position in an interlaced P-frame (not the first or last macroblock in a
macroblock row, not in the top row). Predictors can be obtained from different candidate
directions other than those labeled A, B, and C (e.g., in special cases such as when the current
macroblock is the first macroblock or last macroblock in a row, or in the top row, since certain
predictors are unavailable for such cases). For a current frame-coded macroblock, predictor

candidates are calculated differently depending on whether the neighboring macroblocks are
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field-coded or frame-coded. For a neighboring frame-coded macroblock, the motion vector for
it is simply taken as the predictor candidate. For a neighboring field-coded macroblock, the
candidate motion vector is determined by averaging the top and bottom field motion vectors.

Figures 12A-B show candidate predictors A, B and C for a current field in a field-coded
macroblock in an interior position in the field. In Figure 12A, the current field is a bottom field,
and the bottom field motion vectors in the neighboring macroblocks are used as candidate
predictors. In Figure 12B, the current field is a top field, and the top field motion vectors in the
neighboring macroblocks are used as candidate predictors. For each field in a current field-
coded macroblock, the number of motion vector predictor candidates for each field is at most
three, with each candidate coming from the same field type (e.g., top or bottom) as the current
field. If a neighboring macroblock is frame-coded, the motion vector for it is used as its top
field predictor and bottom field predictor. Again, various special cases (not shown) apply when
the current macroblock is the first macroblock or last macroblock in a row, or in the top row,
since certain predictors are unavailable for such cases. If the frame is one macroblock wide, the
motion vector predictor is Predictor A. If a neighboring macroblock is intra, the motion vector
predictor for it is 0.

Figures 13A and 13B show pseudocode for calculating motion vector predictors given a
set of Predictors A, B, and C. To select a predictor from a set of predictor candidates, the
encoder and decoder use a selection algorithm such as the median-of-three algorithm shown in
13C.

D. Hybrid Motion Vector Prediction for Progressive P-frames

Hybrid motion vector prediction is allowed for motion vectors of progressive P-frames.
For a motion vector of a macroblock or block, whether the progressive P-frame is 1MV or
mixed-MV, the motion vector predictor calculated in the previous section is tested relative to the
A and C predictors to determine if a predictor selection is explicitly coded in the bitstream. If
so, then a bit is decoded that indicates whether to use predictor A or predictor C as the motion
vector predictor for the motion vector (instead of using the motion vector predictor computed in
section C, above). Hybrid motion vector prediction is not used in motion vector prediction for
interlaced P-frames or any representation of interlaced video.

The pseudocode in Figures 14A and 14B illustrates hybrid motion vector prediction for
motion vectors of progressive P-frames. In the pseudocode, the variables predictor_pre_x and
predictor_pre_y are the horizontal and vertical motion vector predictors, respectively, as
calculated in the previous section. The variables predictor_post_x and predictor_post_y are the
horizontal and vertical motion vector predictors, respectively, after checking for hybrid motion

vector prediction.
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E. Decoding Motion Vector Differentials

For macroblocks or blocks of progressive P-frames, the MVDATA or BLKMVDATA
elements signal motion vector differential information. A 1MV macroblock has a single
MVDATA. A 4MV macroblock has between zero and four BLKMVDATA elements (whose
presence is indicated by CBPCY).

A MVDATA or BLKMVDATA jointly encodes three things: (1) the horizontal motion
vector differential component; (2) the vertical motion vector differential component; and (3) 2
binary “last” flag that generally indicates whether transform coefficients are present. Whether
the macroblock (or block, for 4MV) is intra or inter-coded is signaled as one of the motion
vector differential possibilities. The pseudocode in Figures 15A and 15B illustrates how the
motion vector differential information, inter/intra type, and last flag information are decoded for
MVDATA or BLKMVDATA. In the pseudocode, the variable last_flag is a binary flag whose
use is described in the section on signaling macroblock information. The variable intra_flag is a
binary flag indicating whether the block or macroblock is intra. The variables dmv_x and
dmv_y are differential horizontal and vertical motion vector components, respectively. The
variables k_x and k_y are fixed lengths for extended range motion vectors, whose values vary as
shown in the table in Figure 15C. The variable halfpel flag is a binary value indicating whether
half-pixel of quarter-pixel precision is used for the motion vector, and whose value is set based
on picture layer syntax elements. Finally, the tables size_table and offset_table are arrays
defined as follows:

size_table[6] = {0, 2, 3,4, 5, 8}, and

offset_table[6] = {0, 1, 3, 7, 15, 31}.

For frame-coded or field-coded macroblocks of interlaced P-frames, the MVDATA,
TOPMVDATA, and BOTMVDATA elements are decoded the same way.

F. Reconstructing and Deriving Motion Vectors

Luminance motion vectors are reconstructed from encoded motion vector differential
information and motion vector predictors, and chrominance motion vectors are derived from the
reconstructed luminance motion vectors.

For 1MV and 4MV macroblocks of progressive P-frames, a luminance motion vector is
reconstructed by adding the differential to the motion vector predictor as follows:

mv_x = (dmv_x + predictor_x) smod range_x,

myv_y = (dmv_y + predictor_y) smod range_y,
where smod is a signed modulus operation defined as follows:

Asmodb=((A+b)%2b)-b, |

which ensures that the reconstructed vectors are valid.
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In a 1MV macroblock, there is a single motion vector for the four blocks that make up
the luminance component of the macroblock. If the macroblock is intra, then no motion vectors
are associated with the macroblock. If the macroblock is skipped then dmv_x =0 and dmv_y =
0, so mv_x = predictor_x and mv_y = predictor_y.

Each inter luminance block in a 4MV macroblock has its own motion vector.
Therefore, there will be between 0 and 4 luminance motion vectors in a 4MV macroblock. A
non-coded block in a 4MV macroblock can occur if the 4MV macroblock is skipped or if
CBPCY for the 4MV macroblock indicates that the block is non-coded. If a block is not coded
then dmv_x = 0 and dmv_y=0, so mv_x = predictor_x and mv_y = predictor_y.

For progressive P-frames, the chroma motion vectors are derived from the luminance
motion vectors. Also, for 4MV macroblocks, the decision of whether to code chroma blocks as
inter or intra is made based on the status of the luminance blocks. The chroma vectors are
reconstructed in two steps.

In the first step, a nominal chroma motion vector is obtained by combining and scaling
luminance motion vectors appropriately. The scaling is performed in such a way that half-pixel
offsets are preferred over quarter-pixel offsets. Figure 16A shows pseudocode for scaling when
deriving a chroma motion vector from a luminance motion vector for a 1MV macroblock.
Figure 16B shows pseudocode for combining up to four luminance motion vectors and scaling
when deriving a chroma motion vector for a 4MV macroblock. Figure 13C shows pseudocode
for the median3() function, and Figure 16C shows pseudocode for the median4() function.

In the second step, a sequence level one-bit element is used to determine if further
rounding of chroma motion vectors is necessary. If so, the chroma motion vectors that are at
quarter-pixel offsets are rounded to the nearest full-pixel positions.

For frame-coded and field-coded macroblocks of interlaced P-frames, a luminance
motion vector is reconstructed as done for progressive P-frames. In a frame-coded macroblock,
there is a single motion vector for the four blocks that make up the luminance component of the
macroblock. If the macroblock is intra, then no motion vectors are associated with the
macroblock. If the macroblock is skipped then dmv_x =0 and dmv_y =0, somv_x =
predictor_x and mv_y = predictor_y. In a field-coded macroblock, each field may have its own
motion vector. Therefore, there will be between 0 and 2 luminance motion vectors in a field-
coded macroblock. A non-coded field in a field-coded macroblock can occur if the field-coded
macroblock is skipped or if CBPCY for the field-coded macroblock indicates that the field is
non-coded. Ifa field is not coded then dmv_x = 0 and dmv_y=0, so mv_x = predictor_x and
mv_y = predictor_y.

For interlaced P-frames, chroma motion vectors are derived from the luminance motion
vectors. For a frame-coded macroblock, there is one chrominance motion vector corresponding

to the single luminance motion vector. For a field-coded macroblock, there are two chrominance
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motion vectors. One is for the top field and one is for the bottom field, corresponding to the top
and bottom field luminance motion vectors. The rules for deriving a chroma motion vector are
the same for both field-coded and frame-coded macroblocks. They depend on the luminance
motion vector, not the type of macroblock. Figure 17 shows pseudocode for deriving a chroma
motion vector from a luminance motion vector for a frame-coded or field-coded macroblock of
an interlaced P-frame. Basically, the x component of the chrominance motion vector is scaled
by four while the y component of the chrominance motion vector remains the same (because of
4:1:1 macroblock chroma sub-sampling). The scaled x component of the chrominance motion
vector is also rounded to a neighboring quarter-pixel location. If cmv_x or cmv_y is out of

bounds, it is pulled back to a valid range.

G. Intensity Compensation

For a progressive P-frame, the picture layer contains syntax elements that control the
motion compensation mode and intensity compensation for the frame. If intensity compensation
is signaled, then the LUMSCALE and LUMSHIFT elements foltow in the picture layer.
LUMSCALE and LUMSHIFT are six-bit values that specify parameters used in the intensity
compensation process.

When intensity compensation is used for the progressive P-frame, the pixels in the
reference frame are remapped prior to using them in motion-compensated prediction for the P-
frame. The pseudocode in Figure 18 illustrates how the LUMSCALE and LUMSHIFT elements
are used to build the lookup table used to remap the reference frame pixels. The Y component
of the reference frame is remapped using the LUTY[] table, and the U and V components are
remapped using the LUTUV[] table, as follows:

py =LUTY[p,], and

Pur =LUTUV[pUV]’

where p, is the original luminance pixel value in the reference frame, ;}, is the remapped

luminance pixel value in the reference frame, py,, is the original U or V pixel value in the

reference frame, and ; yy s the remapped U or V pixel value in the reference frame.

For an interlaced P-frame, a one-bit picture-layer INTCOMP value signals whether
intensity compensation is used for the frame. If intensity compensation is used, then the
LUMSCALE and LUMSHIFT elements follow in the picture layer, where LUMSCALE and
LUMSHIFT are six-bit values which specify parameters used in the intensity compensation
process for the whole interlaced P-frame. The intensity compensation itself is the same as for

progressive P-frames.
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VL Standards for Video Compression and Decompression

Aside from previous WMV encoders and decoders, several international standards
relate to video compression and decompression. These standards include the Motion Picture
Experts Group [“MPEG”] 1, 2, and 4 standards and the H.261, H.262 (another name for MPEG
2), H.263, and H.264 standards from the International Telecommunication Union [“ITU”]. An

- encoder and decoder complying with one of these standards typically use motion estimation and

compensation to reduce the temporal redundancy between pictures.

Al Reference Pictures for Motion Compensation

For several standards, motion compensation for a forward-predicted frame is relative to
a single reference frame, which is the previously reconstructed I- or P-frame that immediately
precedes the current forward-predicted frame. Since the reference frame for the current forward-

predicted frame is known and only one reference frame is possible, information used to select

~ between multiple reference frames is not needed. See, e.g., the H.261 and MPEG 1 standards.

In certain encoding/decoding scenarios (e.g., high bit rate interlaced video with lots of motion),
limiting motion compensation for forward prediction to be relative to a single reference can hurt
overall compression efficiency.

The H.262 standard allows an interlaced video frame to be encoded as a single frame or
as two fields, where the frame encoding or field encoding can be adaptively selected on a frame-
by-frame basis. For field-based prediction of a current field, the motion compensation uses a
previously reconstructed top field or bottom field. [H.262 standard, sections 7.6.1 and 7.6.2.1.]
The H.262 standard describes selecting between the two reference fields to use for motion
compensation with a motion vector for a current field. [H.262 standard, sections 6.2.5.2,
6.3.17.2, and 7.6.4.] For a given motion vector for a 16x16 macroblock (or top 16x8 half of the
macroblock, or bottom 16x8 half of the macroblock), a single bit is signaled to indicate whether
to apply the motion vector to the top reference field or the bottom reference field. [/d.] For
additional detail, see the H.262 standard.

While such reference field selection provides some flexibility and prediction
improvement in motion compensation in some cases, it has several disadvantages relating to bit
rate. The reference field selection signals for the motion vectors can consume a lot of bits. For
example, for a single 720x288 field with 810 macroblocks, each macroblock having 0, 1, or 2
motion vectors, the reference field selection bits for the motion vectors consume up to 1620 bits.
No attempt is made to reduce the bit rate of reference field selection information by predicting
which reference fields will be selected for the respective motion vectors. The signaling of
reference field selection information is inefficient in terms of pure coding efficiency. Moreover,
for some scenarios, however the information is encoded, the reference field selection

information may consume so many bits that the benefits of prediction improvements from
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having multiple available references in motion compensation are outweighed. No option is
given to disable reference field selection to address such scenarios.

The H.262 standard also describes dual-prime prediction, which is a prediction mode in
which two forward field-based predictions are averaged for a 16x16 block in an interlaced P-
picture. [H.262 standard, section 7.6.3.6.]

The MPEG-4 standard allows macroblocks of an interlaced video frame to be frame-
coded or field-coded. [MPEG-4 standard, section 6.1.3.8.] For field-based prediction of top or
bottom field lines of a field-coded macroblock, the motion compensation uses a previously
reconstructed top field or bottom field. [MPEG-4 standard, sections 6.3.7.3 and 7.6.2.] The
MPEG-4 standard describes selecting between the two reference fields to use for motion
compensation. [MPEG-4 standard, sections 6.3.7.3.] For a given motion vector for top field
lines or bottom field lines of a macroblock, a single bit is signaled to indicate whether to apply
the motion vector to the top reference field or the bottom reference field. [/d.] For additional
detail, see the MPEG-4 standard. Such signaling of reference field selection information has
problems similar to those described above for H.262.

The H.263 standard describes motion compensation for progressive P-frames, including
an optional reference picture selection mode. [H.263 standard, section 3.4.12, Annex N.]
Normally, the most recent temporally previous anchor picture is used for motion compensation.
When reference picture selection mode is used, however, temporal prediction is allowed from
pictures other than the most recent reference picture. [Id.] This can improve the performance of
real-time video communication over error-prone channels by allowing the encoder to optimize
its video encoding for the conditions of the channel (e.g., to stop error propagation due to loss of
information needed for reference in inter-frame coding). [Zd.] When used, for a given group of
blocks or slice within a picture, a 10-bit value indicates the reference used for prediction of the
group of blocks or slice. [/d.] The reference picture selection mechanism described in H.263 is
for progressive video and is adapted to address the problem of error propagation in error-prone
channels, not to improve compression efficiency per se.

In draft JVT-D157 of the H.264 standard, the inter prediction process for motion-
compensated prediction of a block can involve selection of the reference picture from a number
of stored, previously decoded pictures. [JVT-D157, section 0.4.3.] At the picture level, one or
more parameters specify the number of reference pictures that are used to decode the picture.
[JVT-D157, sections 7.3.2.2 and 7.4.2.2.] At the slice level, the number of reference pictures
available may be changed, and additional parameters may be received to reorder and manage
which reference pictures are in a list. [JVT-D157, sections 7.3.3 and 7.4.3.] For a given motion
vector (for a macroblock or sub-macroblock part), a reference index when present indicates the
reference picture to be used for prediction. [JVT-D157, sections 7.3.5.1 and 7.4.5.1.] The

reference index indicates the first, second, third, etc. frame or field in the list. [Id.] If there is
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only one active reference picture in the list, the reference index is not present. [/d.] If there are
only two active reference pictures in the list, a single encoded bit is used to represent the
reference index. [Id.] For additional detail, see draft JVT-D157 of the H.264 standard.

The reference picture selection of JVT-D157 provides flexibility and thereby can
improve prediction for motion compensation. However, the processes of managing reference
picture lists and signaling reference picture selections are complex and consume an inefficient

number of bits in some scenarios.

B. Signaling Macroblock Modes

The various standards use different mechanisms to signal macroblock information. In
the H.261 standard, for example, a macroblock header for a macroblock includes a macroblock
type MTYPE element, which is signaled as a VLC. [H.261 standard, section 4.2.3.] A MTYPE
element indicates a prediction mode (intra, inter, inter + MC, inter + MC +oop filtering), |
whether a quantizer MQUANT element is present for the macroblock, whether a motion vector
data MVD element is present for the macroblock, whether a coded block pattern CBP element is
present for the macroblock, and whether transform coefficient TCOEFF elements are present for
blocks of the macroblock. [/d.] A MVD element is present for every motion-compensated
macroblock. [/d.]

In the MPEG-1 standard, a macroblock has a macroblock_type element, which is
signaled as a VLC. [MPEG-1 standard, section 2.4.3.6, Tables B.2a through B.2d, D.6.4.2.] For
a macroblock in a forward-predicted picture, the macroblock_type element indicates whether a
quantizer scale element is present for the macroblock, whether forward motion vector data is
present for the macroblock, whether a coded block pattern element is present for the macroblock,
and whether the macroblock is intra. [Id.] Forward motion vector data is always present if the
macroblock uses forward motion compensation. [/d.]

In the H.262 standard, a macroblock has a macroblock_type element, which is signaled
asa VLC. [H.261 standard, section 6.2.5.1, 6.3.17.1, and Tables B.2 through B.8.] Fora
macroblock in a forward-predicted picture, the macroblock_type element indicates whether a
quantizer_scale_code element is present for the macroblock, whether forward motion vector data
is present for the macroblock, whether a coded block pattern element is present for the
macroblock, whether the macroblock is intra, and scalability options for the macroblock. [/d.]
Forward motion vector data is always present if the macroblock uses forward motion
compensation. [Id.] A separate code (frame_motion_type or field motion_type) may further
indicate the macroblock prediction type, including the count of motion vectors and motion
vector format for the macroblock. [/d.]

In the H.263 standard, a macroblock has macroblock type and coded block pattern for
chrominance MCBPC element, which is signaled as a VLC. [H.263 standard, section 5.3.2,
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Tables 8 and 9, and F.2.] The macroblock type gives information about the macroblock (e.g.,
inter, inter4V, intra). [/d.] For a coded macroblock in an inter-coded picture, MCBPC and
coded block pattern for luminance are always present, and the macroblock type indicates
whether a quantizer information element is present for the macroblock. A forward motion-
compensated macroblock always has motion vector data for the macroblock (or blocks for
inter4V type) present. [Id.] The MPEG-4 standard similarly specifies a MCBPC element that is
signaled as a VLC. [MPEG-4 standard, sections 6.2.7, 6.3.7, 11.1.1]

In JVT-D157, the mb_type element is part of the macroblock layer. [JVT-D157,
sections 7.3.5 and 7.4.5.] The mb_type indicates the macroblock type and various associated
information. [Id.] For example, for a P-slice, the mb_type element indicates the type of
prediction (intra or forward), various intra mode coding parameters if the macroblock is intra

coded, the macroblock partitions (e.g., 16x16, 16x8, 8x16, or 8x8) and hence the number of

‘motion vectors if the macroblock is forward predicted, and whether reference picture selection

information is present (if the partitions are 8x8). [/d.] The type of prediction and mb_type also
collectively indicate whether a coded block pattern element is present for the macroblock. [/d.]
For each 16x16, 16x8, or 8x16 partition in a forward motion-compensated macroblock, motion
vector data is signaled. [Id.] For a forward-predicted macroblock with 8x8 partitions, a
sub_mb_type element per 8x8 partition indicates the type of prediction (intra or forward) for it.
[Zd.] If the 8x8 partition is forward predicted, sub_mb_type indicates the sub-partitions (e.g.,
8x8, 8x4, 4x8, or 4x4), and hence the number of motion vectors, for the 8x8 partition. [Id.] For
each sub-partition in a forward motion-compensated 8x8 partition, motion vector data is
signaled. [Id.]

The various standards use a large variety of signaling mechanisms for macroblock
information. Whatever advantages these signaling mechanisms may have, they also have the
following disadvantages. First, they at times do not efficiently signal macroblock type,
presence/absence of coded block pattern information, and presence/absence of motion vector
differential information for motion-compensated macroblocks. In fact, the standards typically
do not signal presence/absence of motion vector differential information for motion-
compensated macroblocks (or blocks or fields thereof) at all, instead assuming that the motion
vector differential information is signaled if motion compensation is used. Finally, the standards

are inflexible in their decisions of which code tables to use for macroblock mode information.

C. Motion Vector Prediction

Each of H.261, H.262, H.263, MPEG-1, MPEG-4, and JVT-D157 specifies some form
of motion vector prediction, although the details of the motion vector prediction vary widely
between the standards. Motion vector prediction is simplest in the H.261 standard, for example,

in which the motion vector predictor for the motion vector of a current macroblock is the motion
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vector of the previously coded/decoded macroblock. [H.261 standard, section 4.2.3.4.] The
motion vector predictor is 0 for various special cases (e.g., the current macroblock is the first in a
row). Motion vector prediction is similar in the MPEG-1 standard. [MPEG-1 standard, sections
2.4.4.2 and D.6.2.3.]

Other standards (such as H.262) specify much more complex motion vector prediction,
but still typically determine a motion vector predictor from a single neighbor. [H.262 standard,
section 7.6.3.] Determining a motion vector predictor from a single neighbor suffices when
motion is uniform, but is inefficient in many other cases.

So, still other standards (such as H.263, MPEG-4, JVT-D157) determine a motion
vector predictor from multiple different neighbors with different candidate motion vector
predictors. [H.263 standard, sections 6.1.1; MPEG-4 standard, sections 7.5.5 and 7.6.2; and F.2;
JVT-D157, section 8.4.1.] These are efficient for more kinds of motion, but still do not
adequately address scenarios in which there is a high degree of variance between the different
candidate motion vector predictors, indicating discontinuity in motion patterns.

For additional detail, see the respective standards.

D. Decoding Motion Vector Differentials

Each of H.261, H.262, H.263, MPEG-1, MPEG-4, and JVT-D157 specifies some form
of differential motion vector coding and decoding, although the details of the coding and
decoding vary widely between the standards. Motion vector coding and decoding is simplest in
the H.261 standard, for example, in which one VLC represents the horizontal differential
component, and another VLC represents the vertical differential component. [H.261 standard,
section 4.2.3.4.] Other standards specify more complex coding and decoding for motion vector

differential information. For additional detail, see the respective standards.

E. Reconstructing and Deriving Motion Vectors

In general, a motion vector in H.261, H.262, H.263, MPEG-1, MPEG-4, or JVT-D157
is reconstructed by combining a motion vector predictor and a motion vector differential. Again,
the details of the reconstruction vary from standard to standard.

Chrominance motion vectors (which are not signaled) are typically derived from
luminance motion vectors (which are signaled). For example, in the H.261 standard, luminance
motion vectors are halved and truncated towards zero to derive chrominance motion vectors.
[H.261 standard, section 3.2.2.] Similarly, luminance motion vectors are halved to derive
chrominance motion vector in the MPEG-1 standard and JVT-D157. [MPEG-1 standard,
section 2.4.4.2; JVT-D157, section 8.4.1.4.]
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In the H.262 standard, luminance motion vectors are scaled down to chroma motion
vectors by factors that depend on the chrominance sub-sampling mode (e.g., 4:2:0, 4:2:2, or
4:4:4). [H.262 standard, section 7.6.3.7.]

In the H.263 standard, for a macroblock with a single luminance motion vector for all
four luminance blocks, a chrominance motion vector is derived by dividing the luminance
motion vector by two and rounding to a half-pixel position. [H.263 standard, section 6.1.1.] For
a macroblock with four luminance motion vectors (one per block), a chrominance motion vector
is derived by summing the four luminance motion vectors, dividing by eight, and rounding to a
half-pixel position. [H.263 standard, section F.2.] Chrominance motion vectors are similarly
derived in the MPEG-4 standard. [MPEG-4 standard, sections 7.5.5 and 7.6.2.]

F. Weighted Prediction

Draft JVT-D157 of the H.264 standard describes weighted prediction. A weighted
prediction flag for a picture indicates whether or not weighted prediction is used for predicted
slices in the picture. [JVT-D157, sections 7.3.2.2 and 7.4.2.2.] If weighted prediction is used
for a picture, each predicted slice in the picture has a table of prediction weights. [JVT-D157,
sections 7.3.3, 7.3.3.2, 7.4.3.3, and 10.4.1.] For the table, a denominator for luma weight
parameters and a denominator for chroma weight parameters are signaled. [/d.] Then, for each
reference picture available for the slice, a luma weight flag indicates whether luma weight and
luma offset numerator parameters are signaled for the picture (followed by the parameters, when
signaled), and a chroma weight flag indicates whether chroma weight and chroma offset
numerator parameters are signaled for the picture (followed by the patameters, when signaled).
[Id.] Numerator weight parameters that are not signaled are given default values relating to the
signaled denominator values. [Id.] While JVT-D157 provides some flexibility in signaling
weighted prediction parameters, the signaling mechanism is inefficient in various scenarios.

Given the critical importance of video compression and decompression to digital video,
it is not surprising that video compression and decompression are richly developed fields.
Whatever the benefits of previous video compression and decompression techniques, however,

they do not have the advantages of the following techniques and tools.

SUMMARY

In summary, the detailed description is directed to various techniques and tools for
coding and decoding interlaced video. The various techniques and tools can be used in
combination or independently.

Parts of the detailed description are directed to various techniques and tools for hybrid
motion vector prediction for interlaced forward-predicted fields. The described techniques and

tools include, but are not limited to, the following:
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A tool such as a video encoder or decoder checks a hybrid motion vector prediction
condition based at least in part on a predictor polarity signal applicable to a motion vector
predictor. For example, the predictor polarity signal is for selecting dominant polarity or non-
dominant polarity for the motion vector predictor. The tool then determines the motion vector
predictor.

Or, a tool such as a video encoder or decoder determines an initial, derived motion
vector predictor for a motion vector of an interlaced forward-predicted field. The tool then
checks a variation condition based at least in part on the initial, derived motion vector predictor
and one or more neighbor motion vectors. If the variation condition is satisfied, the tool uses
one of the one or more neighbor motion vectors as a final motion vector predictor for the motion
vector. Otherwise, the tool uses the initial, derived motion vector predictor as the final motion
vector predictor.

Parts of the detailed description are directed to various techniques and tools for using
motion vector block patterns that signal the presence or absence of motion vector data for
macroblocks with multiple motion vectors. The described techniques and tools include, but are
not limited to, the following:

A tool such as a video encoder or decoder processes a first variable length code that
represents first information for a macroblock with multiple luminance motion vectors. The first
information includes one motion vector data presence indicator per luminance motion vector of
the macroblock. The tool also processes a second variable length code that represents second
information for the macroblock. The second information includes multiple transform coefficient
data presence indicators for multiple blocks of the macroblock.

Or, a tool such as a video encoder or decoder, for a macroblock with a first number of
luminance motion vectors (where the first number is > 1), processes a motion vector block
pattern that consists of a second number of bits (where the second number = the first number).
Each of the bits indicates whether or not a corresponding one of the luminance motion vectors
has associated motion vector data signaled in a bitstream. The tool also processes associated
motion vector data for each of the luminance motion vectors for which the associated motion
vector data is indicated to be signaled in the bitstream.

Parts of the detailed description are directed to various techniques and tools for
selecting between dominant and non-dominant polarities for motion vector predictors. The
described techniques and tools include, but are not limited to, the following:

A tool such as a video encoder or decoder determines a dominant polarity for a motion
vector predictor. The tool processes the motion vector predictor based at least in part on the
dominant polarity, and processes a motion vector based at least in part on the motion vector

predictor. For example, the motion vector is for a current block or macroblock of an interlaced
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forward-predicted field, and the dominant polarity is based at least in part on polarity of each of
multiple previous motion vectors for neighboring blocks or macroblocks.

Or, a tool such as a video encoder or decoder processes information that indicates a
selection between dominant and non-dominant polarities for a motion vector predictor, and
processes a motion vector based at least in part on the motion vector predictor. For example, a
decoder determines the dominant and non-dominant polarities, then determines the motion
vector predictor based at least in part on the dominant and non-dominant polarities and the
information that indicates the selection between them.

Parts of the detailed description are directed to various techniques and tools for joint
coding and decoding of reference field selection information and differential motion vector
information. The described techniques and tools include, but are not limited to, the following:

A tool such as a video decoder decodes a variable length code that jointly represents
differential motion vector information and a motion vector predictor selection for a motion
vector. The decoder then reconstructs the motion vector based at least in part on the differential
motion vector information and the motion vector predictor selection.

Or, a tool such as a video encoder determines a dominant/non-dominant predictor
selection for a motion vector. The encoder determines differential motion vector information for
the motion vector, and jointly codes the dominant/non-dominant predictor selection with the
differential motion vector information.

Parts of the detailed description are directed to various techniques and tools for code
table selection and joint coding/decoding of macroblock mode information for macroblocks of
interlaced forward-predicted fields. The described techniques and tools include, but are not
limited to, the following:

A tool such as a video encoder or decoder processes a variable length code that jointly
signals macroblock mode information for a macroblock. The macroblock is motion-
compensated, and the jointly signaled macroblock mode information includes (1) a macroblock
type, (2) whether a coded block pattern is present or absent, and (3) whether motion vector data
is present or absent for the motion-compensated macroblock.

Or, a tool such as a video encoder or decoder selects a code table from among multiple
available code tables for macroblock mode information for interlaced forward-predicted fields.
The tool uses the selected code table to process a variable length code that indicates macroblock
mode information for a macroblock. The macroblock mode information includes (1) a
macroblock type, (2) whether a coded block pattern is present or absent, and (3) when applicable
for the macroblock type, whether motion vector data is present or absent.

Parts of the detailed description is directed to various techniques and tools for using a
signal of the number of reference fields available for an interlaced forward-predicted field. The

described techniques and tools include, but are not limited to, the following:
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A tool such as a video encoder or decoder processes a first signal indicating whether an
interlaced forward-predicted field has one reference field or two possible reference fields for
motion compensation. If the first signal indicates the interlaced forward-predicted field has one
reference field, the tool processes a second signal identifying the one reference field from among
the two possible reference fields. On the other hand, if the first signal indicates the interlaced
forward-predicted field has two possible reference fields, for each of multiple motion vectors for
blocks and/or macroblocks of the interlaced forward-predicted field, the tool may process a third
signal for selecting between the two possible reference fields. The tool then performs motion
compensation for the interlaced forward-predicted field.

Or, a tool such as a video encoder or decoder processes a signal indicating whether an

interlaced forward-predicted field has one reference field or two possible reference fields for

" motion compensation. The tool performs motion compensation for the interlaced forward-

predicted field. The tool also updates a reference field buffer for subsequent motion
compensation without processing additional signals for managing the reference field buffer.

Parts of the detailed description are directed to various techniques and tools for deriving
chroma motion vectors for macroblocks of interlaced forward-predicted fields. The described
techniques and tools include, but are not limited to, the following:

A tool such as a video encoder or decoder, for a macroblock with one or more luma
motion vectors, derives a chroma motion vector based at least in part on polarity evaluation of
the one or more luma motion vectors. For example, each of the one or more luma motion
vectors is odd or even polarity, and the polarity evaluation includes determining which polarity
is more common among the one or more luma motion vectors.

Or, a tool such as a video encoder or decoder determines a prevailing polarity among
multiple luma motion vectors for a macroblock. The tool then derives a chroma motion vector
for the macroblock based at least in part upon one or more of the multiple luma motion vectors
that has the prevailing polarity.

Additional features and advantages will be made apparent from the following detailed
description of different embodiments that proceeds with reference to the accompanying

drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 is a diagram showing motion estimation in a video encoder according to the
prior art.

Figure 2 is a diagram showing block-based compression for an 8x8 block of prediction
residuals in a video encoder according to the prior art.

Figure 3 is a diagram showing block-based decompression for an 8x8 block of

prediction residuals in a video decoder according to the prior art.
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Figure 4 is a diagram showing an interlaced frame according to the prior art.

Figures 5A and 5B are diagrams showing locations of macroblocks for candidate
motion vector predictors for a IMV macroblock in a progressive P-frame according to the prior
art.

Figures 6A and 6B are diagrams showing locations of blocks for candidate motion
vector predictors for a 1MV macroblock in a mixed 1MV/4MV progressive P-frame according
to the prior art.

Figures 7A, 7B, 8A, 8B, 9, and 10 are diagrams showing the locations of blocks for
candidate motion vector predictors for a block at various positions in a 4MV macroblock in a
mixed 1MV/4MV progressive P-frame according to the prior art.

Figure 11 is a diagram showing candidate motion vector predictors for a current frame-
coded macroblock in an interlaced P-frame according to the prior art.

Figures 12A-12B are diagrams showing candidate motion vector predictors for a current
field-coded macroblock in an interlaced P-frame according to the prior art.

Figures 13A-13C are pseudocode for calculating motion vector predictors according to
the prior art.

Figure 14A and 14B are pseudocode illustrating hybrid motion vector prediction for
progressive P-frames according to the prior art.

Figure 15A-15C are pseudocode and a table illustrating decoding of motion vector
differential information according to the prior art.

Figure 16A-16C and 13C are pseudocode illustrating derivation of chroma motion
vectors for progressive P-frames according to the prior art.

Figure 17 is pseudocode illustrating derivation of chroma motion vectors for interlaced
P-frames according to the prior art.

Figure 18 is pseudocode illustrating intensity compensation for progressive P-frames
according to the prior art.

Figure 19 is a block diagram of a suitable computing environment in conjunction with
which several described embodiments may be implemented.

Figure 20 is a block diagram of a generalized video encoder system in conjunction with
which several described embodiments may be implemented.

Figure 21 is a block diagram of a generalized video decoder system in conjunction with
which several described embodiments may be implemented.

Figure 22 is a diagram of a macroblock format used in several described embodiments.

Figure 23A is a diagram of part of an interlaced video frame, showing alternating lines
of a top field and a bottom field. Figure 23B is a diagram of the interlaced video frame
organized for encoding/decoding as a frame, and Figure 23C is a diagram of the interlaced video

frame organized for encoding/decoding as fields.
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Figures 24A - 24F are charts showing examples of reference fields for an interlaced P-
field.

Figures 25A and 25B are flowcharts showing techniques for encoding and decoding,
respectively, of reference field number and selection information.

Figures 26 and 27 are tables showing MBMODE values.

Figures 28 A and 28B are flowcharts showing techniques for encoding and decoding,
respectively, of macroblock mode information for macroblocks of interlaced P-fields.

Figure 29 is pseudocode for determining dominant and non-dominant reference fields.

Figure 30 is pseudocode for signaling whether a dominant or non-dominant reference
field is used for a motion vector.

Figures 31A and 31B are flowcharts showing techniques for determining dominant and
non-dominant polarities for motion vector prediction in encoding and decoding, respectively, of
motion vectors for two reference field interlaced P-fields.

Figure 32 is pseudocode for hybrid motion vector prediction during decoding.

Figures 33A and 33B are flowcharts showing techniques for hybrid motion vector
prediction during encoding and decoding, respectively.

Figure 34 is a diagram showing an association between luma blocks and the 4MVBP
element.

Figures 35A and 35B are flowcharts showing techniques for encoding and decoding,
respectively, using a motion vector block pattern.

Figure 36 is pseudocode for encoding motion vector differential information and a
dominant/non-dominant predictor selection for two reference field interlaced P-fields.

Figures 37A and 37B are flowcharts showing techniques for encoding and decoding,
respectively, of motion vector differential information and a dominant/non-dominant predictor
selection for two reference field interlaced P-fields.

Figure 38 is a diagram of the chroma sub-sampling pattern for a 4:2:0 macroblock.

Figure 39 is a diagram showing relationships between current and reference fields for
vertical motion vector components

Figure 40 is pseudocode for selecting luminance motion vectors that contribute to
chroma motion vectors for motion-compensated macroblocks of interlaced P-fields.

Figure 41 is a flowchart showing a technique for deriving chroma motion vectors from
luma motion vectors for macroblocks of interlaced P-fields.

Figures 42 and 43 are diagrams of an encoder framework and decoder framework,
respectively, in which intensity compensation is performed for interlaced P-fields.

Figure 44 is a table showing syntax elements for signaling intensity compensation

reference field patterns for interlaced P-fields.
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Figures 45A and 45B are flowcharts showing techniques for performing fading
estimation in encoding and fading compensation in decoding, respectively, for interlaced P-
fields.

Figures 46A - 46E are syntax diagrams for layers of a bitstream according to a first
combined implementation.

Figures 47A - 47K are tables for codes in the first combined implementation.

Figure 48 is a diagram showing relationships between current and reference fields for
vertical motion vector components in the first combined implementation.

Figures 49A and 49B are pseudocode and a table, respectively, for motion vector
differential decoding for one reference field interlaced P-fields in the first combined
implementation.

Figure 50 is pseudocode for decoding motion vector differential information and a
dominant/non-dominant predictor selection for two reference field interlaced P-fields in the first
combined implementation.

Figures 51A and 51B are pseudocode for motion vector prediction for one reference
field interlaced P-fields in the first combined implementation.

Figures 52A - 527 are pseudocode and tables for motion vector prediction for two
reference field interlaced P-fields in the first combined implementation. Figures 52K through
52N are pseudocode and tables for scaling operations that are alternatives to those shown in
Figures 52H through 5217.

Figure 53 is pseudocode for hybrid motion vector prediction for interlaced P-fields in
the first combined implementation.

Figure 54 is pseudocode for motion vector reconstruction for two reference field
interlaced P-fields in the first combined implementation.

Figures 55A and 55B are pseudocode for chroma motion vector derivation for interlaced
P-fields in the first combined impleﬁlentation.

Figure 56 is pseudocode for intensity compensation for interlaced P-fields in the first
combined implementation.

Figures 57A - 57C are syntax diagrams for layers of a bitstream according to a second
combined implementation.

Figures 58A and 58B are pseudocode and a table, respectively, for motion vector
differential decoding for one reference field interlaced P-fields in the second combined
implementation.

Figure 59 is pseudocode for decoding motion vector differential information and a
dominant/non-dominant predictor selection for two reference field interlaced P-fields in the

second combined implementation.
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Figure 60A and 60B are pseudocode for motion vector prediction for one reference field
interlaced P-fields in the second combined implementation.
Figures 61A - 61F are pseudocode for motion vector prediction for two reference field

interlaced P-fields in the second combined implementation.

DETAILED DESCRIPTION

The present application relates to techniques and tools for efficient compression and
decompression of interlaced video. Compression and decompression of interlaced video content
are improved with various techniques and tools that are specifically designed to deal with the
particular properties of interlaced video representation. In various described embodiments, a
video encoder and decoder incorporate techniques for encoding and decoding interlaced
forward-predicted fields, along with corresponding signaling techniques for use with a bitstream
format or syntax comprising different layers or levels (e.g., sequence level, frame level, field
level, slice level, macroblock level, and/or block level).

Interlaced video content is commonly used in digital video broadcasting systems,
whether over cable, satellite, or DSL. Efficient techniques and tools for compressing and
decompressing interlaced video content are important parts of a video codec.

Various alternatives to the implementations described herein are possible. For example,
techniques described with reference to flowchart diagrams can be altered by changing the
ordering of stages shown in the flowcharts, by repeating or omitting certain stages, etc. As
another example, although some implementations are described with reference to specific
macroblock formats, other formats also can be used. Further, techniques and tools described
with reference to interlaced forward-predicted fields may also be applicable to other types of
pictures. |

In various embodiments, an encoder and decoder use flags and/or signals in a bitstream.
While specific flags and signals are described, it should be understood that this manner of
description encompasses different conventions (e.g., Os rather than 1s) for the flags and signals.

The various techniques and tools can be used in combination or independently.
Different embodiments implement one or more of the described techniques and tools. Some
techniques and tools described herein can be used in a video encoder or decoder, or in some

other system not specifically limited to video encoding or decoding.

1. Computing Environment

Figure 19 illustrates a generalized example of a suitable computing environment (1900)
in which several of the described embodiments may be implemented. The computing

environment (1900) is not intended to suggest any limitation as to scope of use or functionality,
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as the techniques and tools may be implemented in diverse general-purpose or special-purpose
computing environments.

With reference to Figure 19, the computing environment (1900) includes at least one
processing unit (1910) and memory (1920). In Figure 19, this most basic configuration (1930) is
included within a dashed line. The processing unit (1910) executes computer-executable
instructions and may be a real or a virtual processor. In a multi-processing system, multiple
processing units execute computer-executable instructions to increase processing power. The
memory (1920) may be volatile memory (e.g., registers, cache, RAM), non-volatile memory
(e.g., ROM, EEPROM, flash memory, etc.), or some combination of the two. The memory
(1920) stores software (1980) implementing a video encoder or decoder.

A computing environment may have additional features. For example, the computing
environment (1900) includes storage (1940), one or more input devices (1950), one or more
output devices (1960), and one or more communication connections (1970). An interconnection
mechanism (not shown) such as a bus, controller, or network interconnects the components of
the computing environment (1900). Typically, operating system software (not shown) provides
an operating environment for other software executing in the computing environment (1900),
and coordinates activities of the components of the computing environment (1900).

The storage (1940) may be removable or non-removable, and includes magnetic disks,
magnetic tapes or cassettes, CD-ROMs, DVDs, or any other medium which can be used to store
information and which can be accessed within the computing environment (1900). The storage
(1940) stores instructions for the software (1980) implementing the video encoder or decoder.

The input device(s) (1950) may be a touch input device such as a keyboard, mouse, pen,
or trackball, a voice input device, a scanning device, or another device that provides input to the
computing environment (1900). For audio or video encoding, the input device(s) (1950) may be
a sound card, video card, TV tuner card, or similar device that accepts audio or video input in
analog or digital form, or a CD-ROM or CD-RW that reads audio or video samples into the
computing environment (1900). The output device(s) (1960) may be a display, printer, speaker,
CD-writer, or another device that provides output from the computing environment (1900).

The communication connection(s) (1970) enable communication over a communication
medium to another computing entity. The communication medium conveys information such as
computer-executable instructions, audio or video input or output, or other data in a modulated
data signal. A modulated data signal is a signal that has one or more of its characteristics set or
changed in such a manner as to encode information in the signal. By way of example, and not
limitation, communication media include wired or wireless techniques implemented with an
electrical, optical, RF, infrared, acoustic, or other carrier.

The techniques and tools can be described in the general context of computer-readable

media. Computer-readable media are any available media that can be accessed within a
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computing environment. By way of example, and not limitation, with the computing
environment (1900), computer-readable media include memory (1920), storage (1940),
communication media, and combinations of any of the above.

The techniques and tools can be described in the general context of computer-
executable instructions, such as those included in program modules, being executed in a
computing environment on a target real or virtual processor. Generally, program modules
include routines, programs, libraries, objects, classes, components, data structures, etc. that
perform particular tasks or implement particular abstract data types. The functionality of the
program modules may be combined or split between program modules as desired in various
embodiments. Computer-executable instructions for program modules may be executed within a
local or distributed computing environment.

For the sake of presentation, the detailed description uses terms like “estimate,”
“compensate,” “predict,” and “apply” to describe computer operations in a computing
environment. These terms are high-level abstractions for operations performed by a computer,
and should not be confused with acts performed by a human being. The actual computer

operations corresponding to these terms vary depending on implementation.

1L Generalized Video Encoder and Decoder

Figure 20 is a block diagram of a generalized video encoder system (2000), and Figure
21 is a block diagram of a video decoder system (2100), in conjunction with which various
described embodiments may be implemented.

The relationships shown between modules within the encoder and decoder indicate the
main flow of information in the encoder and decoder; other relationships are not shown for the
sake of simplicity. In particular, Figures 20 and 21 usually do not show side information
indicating the encoder settings, modes, tables, etc. used for a video sequence, frame,
macroblock, block, etc. Such side information is sent in the output bitstream, typically after
entropy encoding of the side information. The format of the output bitstream can be 2 Windows
Media Video version 9 or other format.

The encoder (2000) and decoder (2100) process video pictures, which may be video
frames, video fields or combinations of frames and fields. The bitstream syntax and semantics at
the picture and macroblock levels may depend on whether frames or fields are used. There may
be changes to macroblock organization and overall timing as well. The encoder (2000) and
decoder (2100) are block-based and use a 4:2:0 macroblock format for frames, with each
macroblock including four 8x8 luminance blocks (at times treated as one 16x16 macroblock)
and two 8x8 chrominance blocks. For fields, the same or a different macroblock organization

and format may be used. The 8x8 blocks may be further sub-divided at different stages, e.g., at
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the frequency transform and entropy encoding stages. Example video frame organizations are
described in the next section.

Depending on implementation and the type of compression desired, modules of the
encoder or decoder can be added, omitted, split into multiple modules, combined with other
modules, and/or replaced with like modules. In alternative embodiments, encoders or decoders
with different modules and/or other configurations of modules perform one or more of the

described techniques.

A. Video Frame Organizations

In some implementations, the encoder (2000) and decoder (2100) process video frames
organized as follows. A frame contains lines of spatial information of a video signal. For
progressive video, these lines contain samples starting from one time instant and continuing
through successive lines to the bottom of the frame. A progressive video frame is divided into
macroblocks such as the macroblock (2200) shown in Figure 22. The macroblock (2200)
includes four 8x8 luminance blocks (Y1 through Y4) and two 8x8 chrominance blocks that are
co-located with the four luminance blocks but half resolution horizontally and vertically,
following the conventional 4:2:0 macroblock format. The 8x8 blocks may be further sub-
divided at different stages, e.g., at the frequency transform (e.g., 8x4, 4x8 or 4x4 DCTs) and
entropy encoding stages. A progressive I-frame is an intra-coded progressive video frame. A
progressive P-frame is a progressive video frame coded using forward prediction, and a
progressive B-frame is a progressive video frame coded using bi-directional prediction.
Progressive P- and B-frames may include intra-coded macroblocks as well as different types of
predicted macroblocks.

An interlaced video frame consists of two scans of a frame — one comprising the even
lines of the frame (the top field) and the other comprising the odd lines of the frame (the bottom
field). The two fields may represent two different time periods or they may be from the same
time period. Figure 23A shows part of an interlaced video frame (2300), including the
alternating lines of the top field and bottom field at the top left part of the interlaced video frame
(2300).

Figure 23B shows the interlaced video frame (2300) of Figure 23A organized for
encoding/decoding as a frame (2330). The interlaced video frame (2300) has been partitioned
into macroblocks such as the macroblocks (2331) and (2332), which use a 4:2:0 format as shown
in Figure 22. In the luminance plane, each macroblock (2331, 2332) includes 8 lines from the
top field alternating with 8 lines from the bottom field for 16 lines total, and each line is 16
pixels long. (The actual organization and placement of luminance blocks and chrominance
blocks within the macroblocks (2331, 2332) are not shown, and in fact may vary for different

encoding decisions.) Within a given macroblock, the top-field information and bottom-field
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information may be coded jointly or separately at any of various phases. An interlaced I-frame
is two intra-coded fields of an interlaced video frame, where a macroblock includes information
for the two fields. An interlaced P-frame is two fields of an intertaced video frame coded using
forward prediction, and an interlaced B-frame is two fields of an interlaced video frame coded
using bi-directional prediction, where a macroblock includes information for the two fields.
Interlaced P and B-frames may include intra-coded macroblocks as well as different types of
predicted macroblocks.

Figure 23C shows the interlaced video frame (2300) of Figure 23A organized for
encoding/decoding as fields (2360). Each of the two fields of the interlaced video frame (2300)
is partitioned into macroblocks. The top field is partitioned into macroblocks such as the
macroblock (2361), and the bottom field is partitioned into macroblocks such as the macroblock
(2362). (Again, the macroblocks use a 4:2:0 format as shown in Figure 22, and the organization
and placement of luminance blocks and chrominance blocks within the macroblocks are not
shown.) In the luminance plane, the macroblock (2361) includes 16 lines from the top field and |
the macroblock (2362) includes 16 lines from the bottom field, and each line is 16 pixels long.
An interlaced I-field is a single, separately represented field of an interlaced video frame. An
interlaced P-field is a single, separately represented field of an interlaced video frame coded
using forward prediction, and an interlaced B-field is a single, separately represented field of an
interlaced video frame coded using bi-directional prediction. Interlaced P- and B-fields may
include intra-coded macroblocks as well as different types of predicted macroblocks.

The term picture generally refers to source, coded or reconstructed image data. For
progressive video, a picture is a progressive video frame. For interlaced video, a picture may
refer to an interlaced video frame, the top field of the frame, or the bottom field of the frame,
depending on the context.

Alternatively, the encoder (2000) and decoder (2100) are object-based, use a different
macroblock or block format, or perform operations on sets of pixels of different size or

configuration than 8x8 blocks and 16x16 macroblocks.

B. Video Encoder

Figure 20 is a block diagram of a generalized video encoder system (2000). The
encoder system (2000) receives a sequence of video pictures including a current picture (2005)
(e.g., progressive video frame, interlaced video frame, or field of an interlaced video frame}, and
produces compressed video information (2095) as output. Particular embodiments of video
encoders typically use a variation or supplemented version of the generalized encoder (2000).

The encoder system (2000) compresses predicted pictures and key pictures. For the
sake of presentation, Figure 20 shows a path for key pictures through the encoder system (2000)

and a path for forward-predicted pictures. Many of the components of the encoder system
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(2000) are used for compressing both key pictures and predicted pictures. The exact operations
performed by those components can vary depending on the type of information being
compressed.

A predicted picture (also called p-picture, b-picture for bi-directional prediction, or
inter-coded picture) is represented in terms of prediction (or difference) from one or more other
pictures. A prediction residual is the difference between what was predicted and the original
picture. In contrast, a key picture (also called an I- picture or intra-coded picture) is compressed
without reference to other pictures.

If the current picture (2005) is a forward-predicted picture, 2 motion estimator (2010)-
estimates motion of macroblocks or other sets of pixels of the current picture (2005) with respect
to a reference picture, which is a reconstructed previous picture (2025) buffered in the picture
store (2020). In alternative embodiments, the reference picture is a later picture or the current
picture is bi-directionally predicted. The motion estimator (2010) can estimate motion by pixel,
Y, pixel, Y4 pixel, or other increments, and can switch the precision of the motion estimation on a
picture-by-picture basis or other basis. The precision of the motion estimation can be the same
or different horizontally and vertically. The motion estimator (2010) outputs as side information
motion information (2015) such as motion vectors. A motion compensator (2030) applies the
motion information (2015) to the reconstructed previous picture (2025) to form a motion-
compensated current picture (2035). The prediction is rarely perfect, however, and the
difference between the motion-compensated current picture (2035) and the original current
picture (2005) is the prediction residual (2045). Alternatively, a motion estimator and motion
compensator apply another type of motion estimation/compensation.

A frequency transformer (2060) converts the spatial domain video information into
frequency domain (i.e., spectral) data. For block-based video pictures, the frequency
transformer (2060) applies a DCT or variant of DCT to blocks of the pixel data or prediction
residual data, producing blocks of DCT coefficients. Alternatively, the frequency transformer
(2060) applies another conventional frequency transform such as a Fourier transform or uses
wavelet or subband analysis. The frequency transformer (2060) applies an 8x8, 8x4, 4x8, or
other size frequency transforms (e.g., DCT) to prediction residuals for predicted pictures.

A quantizer (2070) then quantizes the blocks of spectral data coefficients. The
quantizer applies uniform, scalar quantization to the spectral data with a step-size that varies on a
picture-by-picture basis or other basis. Alternatively, the quantizer applies another type of
quantization to the spectral data coefficients, for example, a non-uniform, vector, or non-
adaptive quantization, or directly quantizes spatial domain data in an encoder system that does
not use frequency transformations, In addition to adaptive quantization, the encoder (2000) can

use frame dropping, adaptive filtering, or other techniques for rate control.
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If a given macroblock in a predicted picture has no information of certain types (e.g., no
motion information for the macroblock and no residual information), the encoder (2000) may
encode the macroblock as a skipped macroblock. If so, the encoder signals the skipped
macroblock in the output bitstream of compressed video information (2095).

When a reconstructed current picture is needed for subsequent motion
estimation/compensation, an inverse quantizer (2076) performs inverse quantization on the
quantized spectral data coefficients. An inverse frequency transformer (2066) then performs the
inverse of the operations of the frequency transformer (2060), producing a reconstructed
prediction residual (for a predicted picture) or reconstructed samples (for an intra-coded picture).
If the picture (2005) being encoded is an intra-coded picture, then the reconstructed samples
form the reconstructed current picture (not shown). If the picture (2005) being encoded is a
predicted picture, the reconstructed prediction residual is added to the motion-compensated
predictions (2035) to form the reconstructed current picture. The picture store (2020) buffers the
reconstructed current picture for use in predicting a next picture. In some embodiments, the
encoder applies a deblocking filter to the reconstructed frame to adaptively smooth
discontinuities between the blocks of the frame.

The entropy coder (2080) compresses the output of the quantizer (2070) as well as
certain side information (e.g., motion information (2015), quantization step size). Typical
entropy coding techniques include arithmetic coding, differential coding, Huffman coding, run
length coding, LZ coding, dictionary coding, and combinations of the above. The entropy coder
(2080) typically uses different coding techniques for different kinds of information (e.g., DC
coefficients, AC coefficients, different kinds of side information), and can choose from among
multiple code tables within a particular coding technique.

The entropy coder (2080) puts compressed video information (2095) in the buffer
(2090). A buffer level indicator is fed back to bit rate adaptive modules. The compressed video
information (2095) is depleted from the buffer (2090) at a constant or relatively constant bit rate
and stored for subsequent streaming at that bit rate. Therefore, the level of the buffer (2090) is
primarily a function of the entropy of the filtered, quantized video information, which affects the
efficiency of the entropy coding. Alternatively, the encoder system (2000) streams compressed
video information immediately following compression, and the level of the buffer (2090) also
depends on the rate at which information is depleted from the buffer (2090) for transmission.

Before or after the buffer (2090}, the compressed video information (2095) can be
chamnel coded for transmission over the network. The channel coding can apply error detection

and correction data to the compressed video information (2095).
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C. Video Decoder

Figure 21 is a block diagram of a general video decoder system (2100). The decoder
system (2100) receives information (2195) for a compressed sequence of video pictures and
produces output including a reconstructed picture (2105) (e.g., progressive video frame,
interlaced video frame, or field of an interlaced video frame). Particular embodiments of video
decoders typically use a variation or supplemented version of the generalized decoder (2100).

The decoder system (2100) decompresses predicted pictures and key pictures. For the
sake of presentation, Figure 21 shows a path for key pictures through the decoder system (2100)
and a path for forward-predicted pictures. Many of the components of the decoder system
(2100) are used for decompressing both key pictures and predicted pictures. The exact
operations performed by those components can vary depending on the type of information being
decompressed.

A buffer (2190) receives the information (2195) for the compressed video sequence and
makes the received information available to the entropy decoder (2180). The buffer (2190)
typically receives the information at a rate that is fairly constant over time, and includes a jitter
buffer to smooth short-term variations in bandwidth or transmission. The buffer (2190) can
include a playback buffer and other buffers as well. Alternatively, the buffer (2190) receives
information at a varying rate. Before or after the buffer (2190), the compressed video
information can be channel decoded and' processed for error detection and correction.

The entropy decoder (2180) entropy decodes entropy-coded quantized data as well as
entropy-coded side information (e.g., motion information (2115), quantization step size),
typically applying the inverse of the entropy encoding performed in the encoder. Entropy
decoding techniques include arithmetic decoding, differential decoding, Huffman decoding, run
length decoding, LZ decoding, dictionary decoding, and combinations of the above. The
entropy decoder (2180) frequently uses different decoding techniques for different kinds of
information (e.g., DC coefficients, AC coefficients, different kinds of side information), and can
choose from among multiple code tables within a particular decoding technique.

If the picture (2105) to be reconstructed is a forward-predicted picture, a motion
compensator (2130) applies motion information (2115) to a reference picture (2125) to form a
prediction (2135) of the picture (2105) being reconstructed. For example, the motion
compensator (2130) uses a macroblock motion vector to find a macroblock in the reference
picture (2125). A picture buffer (2120) stores previous reconstructed pictures for use as
reference pictures. The motion compensator (2130) can compensate for motion at pixel, 2 pixel,
Y4 pixel, or other increments, and can switch the precision of the motion compensation on a
picture-by-picture basis or other basis. The precision of the motion compensation can be the

same or different horizontally and vertically. Alternatively, a motion compensator applies
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another type of motion compensation. The prediction by the motion compensator is rarely
perfect, so the decoder (2100) also reconstructs prediction residuals.

When the decoder needs a reconstructed picture for subsequent motion compensation,
the picture store (2120) buffers the reconstructed picture for use in predicting a next picture. In
some embodiments, the encoder applies a deblocking filter to the reconstructed frame to
adaptively smooth discontinuities between the blocks of the frame.

An inverse quantizer (2170) inverse quantizes entropy-decoded data. In general, the
inverse quantizer applies uniform, scalar inverse quantization to the entropy-decoded data with a
step-size that varies on a picture-by-picture basis or other basis. Alternatively, the inverse
quantizer applies another type of inverse quantization to the data, for example, a non-uniform,
vector, or non-adaptive inverse quantization, or directly inverse quantizes spatial domain data in
a decoder system that does not use inverse frequency transformations.

An inverse frequency transformer (2160) converts the quantized, frequency domain data
into spatial domain video information. For block-based video pictures, the inverse frequency
transformer (2160) applies an IDCT or variant of IDCT to blocks of the DCT coefficients,
producing pixel data or prediction residual data for key pictures or predicted pictures,
respectively. Alternatively, the frequency transformer (2160) applies another conventional
inverse frequency transform such as a Fourier transform or uses wavelet or subband synthesis.
The inverse frequency transformer (2160) applies an 8x8, 8x4, 4x8, or other size inverse

frequency transforms (e.g., IDCT) to prediction residuals for predicted pictures.

IIL Interlaced P-fields and Interlaced P-frames

A typical interlaced video frame consists of two fields (e.g., a top field and a bottom
field) scanned at different times. In general, it is more efficient to encode stationary regions of
an interlaced video frame by coding fields together (“frame mode” coding). On the other hand,
it is often more efficient to code moving regions of an interlaced video frame by coding fields
separately (“field mode” coding), because the two fields tend to have different motion. A
forward-predicted interlaced video frame may be coded as two separate forward-predicted fields
-- interlaced P-fields. Coding fields separately for a forward-predicted interlaced video frame
may be efficient, for example, when there is high motion throughout the interlaced video frames,
and hence much difference between the fields.

Or, a forward-predicted interlaced video frame may be coded using a mixture of field
coding and frame coding, as an interlaced P-frame. For a macroblock of an interlaced P-frame,
the macroblock includes lines of pixels for the top and bottom fields, and the lines may be coded
collectively in a frame-coding mode or separately in a field-coding mode.

An interlaced P-field references one or more previously decoded fields. For example, in

some implementations, an interlaced P-field references either one or two previously decoded
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fields, whereas interlaced B-fields refer to up to two previous and two future reference fields
(i.e., up to a total of four reference fields). (Encoding and decoding techniques for interlaced P-
fields are described in detail below.) Or, for more information about interlaced P-fields and two-
reference interlaced P-fields in particular, according to some embodiments, see U.S. Patent
Application Serial No. 10/857,473, entitled, “Predicting Motion Vectors for Fields of Forward-
predicted Interlaced Video Frames," filed May 27, 2004.

IV. Number of Reference Fields in Interlaced P-Fields

In some embodiments, two previously coded/decoded fields can be used as reference

fields when performing motion-compensated prediction of a single, current interlaced P-field. In
general, the ability to use two reference fields results in better compression efficiency than when
motion-compensated prediction is limited to one reference field. The signaling overhead is
higher when two reference fields are available, however, since extra information is sent to
indicate which of the two fields provides the reference for each macroblock or block having a
motion vector.

In certain situations, the benefit of having more potential motion compensation
predictors per motion vector (two reference fields vs. one reference field) does not outweigh the
overhead required to signal the reference field selections. For example, choosing to use a single
reference field instead of two can be advantageous when the best references all come from one
of the two possible reference fields. This is usually due to a scene change that causes only one
of the two reference fields to be from the same scene as the current field. Or, only one reference
field may be available, such as at the beginning of a sequence. In these cases, it is more efficient
to signal at the field level for the current P-field that only one reference field is used and what
that one reference field is, and to have that decision apply to the macroblocks and blocks within
the current P-field. Reference field selection information then no longer needs to be sent with

every macroblock or block having a motion vector.

A. Numbers of Reference Fields in Different Schemes

One scheme allows two previously coded/decoded fields to be used as reference fields
for the current P-field. The reference field that a motion vector (for a macroblock or block) uses
is signaled for the motion vector, as is other information for the motion vector. For example, for
a motion vector, the signaled information indicates: (1) the reference field; and (2) the location
in the reference field for the block or macroblock predictor for the current block or macroblock
associated with the motion vector. Or, the reference field information and motion vector
information are signaled as described in one of the combined implementations in section XIL

In another scheme, only one previously coded/decoded field is used as a reference field

for the current P-field. For a motion vector, there is no need to indicate the reference field that
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the motion vector references. For example, for a motion vector, the signaled information
indicates only the location in the reference field for the predictor for the current block or
macroblock associated with the motion vector. Or, the motion vector information is signaled as
described in one of the combined implementations in section XII. Motion vectors in the one
reference field scheme are typically coded with fewer bits than the same motion vectors in the
two reference field scheme.

For either scheme, updating of the buffer or picture stores for the reference fields for
subsequent motion compensation is simple. The reference field or fields for a current P-field are
one or both of the most recent and second most recent I- or P-fields before the current P-field.
Since the positions of the candidate reference fields are known, an encoder and decoder may
automatically and without buffer management signals update the reference picture buffer for
motion compensation of the next P-field.

Alternatively, an encoder and decoder use one or more additional schemes for numbers

of reference fields for interlaced P-fields.

B. Signaling Examples

Specific examples of signaling, described in this section and in the combined
implementations in section XII, signal how many reference fields are used for a current P-field
and, when one reference field is used, which candidate reference field is used. For example, a
one-bit field (called NUMREF) in a P-field header indicates whether the P-field uses one or two
previous fields as references. If NUMREF = 0, then only one reference field is used. If
NUMBREF = 1, then two reference fields are used. If NUMREF = 0, then another one-bit field
(called REFFIELD) is present and indicates which of the two fields is used as the reference. If
REFFIELD = 0, then the temporally closer field is used as a reference field. If REFFIELD =1,
then the temporally further of the two candidate reference fields is used as the reference field for
the current P-field. Alternatively, the encoder and decoder use other and/or additional signals

for reference field selection.

C. Positions of Reference Fields

Figures 24A - 24F illustrate positions of reference fields available for use in motion-
compensated prediction for interlaced P-fields. A P-field can use either one or two previously
coded/decoded fields as references. Specifically, Figures 24A - 24F show examples of reference
fields for NUMREF = 0 and NUMREF = 1.

Figures 24 A and 24B show examples where two reference fields are used for a current
P-field. (NUMREF = 1.) In Figure 24A, the current field refers to a top field and bottom field
in a temporally previous interlaced video frame. Intermediate interlaced B-fields are not used as

reference fields. In Figure 24B, the current field refers to a top field and bottom field in an
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interlaced video frame immediately before the interlaced video frame containing the current
field.

Figures 24C and 24D show examples where one reference field is used for a current P-
field NUMREF = 0), and the one reference field is the temporally most recent reference field
(REFFIELD = 0). The polarity of the reference field is opposite the polarity of the current P-
field, meaning, for example, that if the current P-field is from even lines then the reference field
is from odd lines. In Figure 24C, the current field refers to a bottom field in a temporally
previous interlaced video frame, and does not refer to the less recent top field in the interlaced
video frame. Again, intermediate interlaced B-fields are not allowable reference fields. In
Figure 24D, the current field refers to bottom field in an interlaced video frame immediately
before the interlaced video frame containing the current field, rather than the less recent top
field.

Figures 24E and 24F show examples where one reference field is used for a current P-
field NUMREF = 0), and the one reference field is the temporally second-most recent reference
field (REFFIELD = 1). The polarity of the reference field is the same as the polarity of the
current field, meaning, for example, that if the current field is from even lines then the reference
field is also from even lines. In Figure 24E, the current field refers to a top field in a temporally
previous interlaced video frame, but does not refer to the more recent bottom field. Again,
intermediate interlaced B-fields are not allowable reference fields. In Figure 24F, the current
field refers to top field rather than the more recent bottom field.

Alternatively, an encoder and decoder use reference fields at other and/or additional
positions or timing for motion-compensated prediction for interlaced P-fields. For example,

reference fields within the same frame as a current P-field are allowed. Or, either the top field or

- bottom field of a frame may be coded/decoded first.

D. Encoding Techniques

An encoder such as the encoder (2000) of Figure 20 signals which of multiple reference
field schemes is used for coding interlaced P-fields. For example, the encoder performs the
technique (2500) shown in Figure 25A.

For a given interlaced P-field, the encoder signals (2510) the number of reference fields
used in motion-compensated prediction for the interlaced P-field. For example, the encoder uses
a single bit to indicate whether one or two reference fields are used. Alternatively, the encoder
uses another signaling/encoding mechanism for the number of reference fields.

The encoder determines (2520) whether one or two reference fields are used. If one
reference field is used, the encoder signals (2530) a reference field selection for the interlaced P-
field. For example, the encoder uses a single bit to indicate whether the temporally most recent

or the temporally second most recent reference field (previous I- or P-field) is used.
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Alternatively, the encoder uses another signaling/encoding mechanism for the reference field
selection for the P-field.

If two reference fields are used, the encoder signals (2540) a reference field selection
for a motion vector of a block, macroblock, or other portion of the interlaced P-field. For
example, the encoder jointly codes a reference field selection for a motion vector with
differential motion vector information for the motion vector. Alternatively, the encoder uses
another signaling/encoding mechanism for the reference field selection for a motion vector. The
encoder repeats (2545, 2540) the signaling for the next motion vector until there are no more
motion vectors to signal for the P-field. (For the sake of simplicity, Figure 25A does not show
the various stages of macroblock and block encoding and corresponding signaling that can occur
after or around the signaling (2540) of a reference field selection. Instead, Figure 25A focuses
on the repeated signaling of the reference field selections for multiple motion vectors in the P-
field.)

Alternatively, the encoder performs another technique to indicate which of multiple
reference field schemes is used for coding interlaced P-fields. For example, the encoder has
more and/or different options for the number of reference fields.

For the sake of simplicity, Figure 25A does not show the various ways in which the
technique (2500) may be integrated with other aspects of encoding and decoding. Various

combined implementations are described in detail in section XIL

E. Decoding Techniques

A decoder such as the decoder (2100) of Figure 21 receives and decodes signals that
indicate which of multiple schemes to use for decoding interlaced P-fields. For example, the
decoder performs the technique (2550) shown in Figure 25B.

For a given interlaced P-field, the decoder receives and decodes (2560) a signal for the
number of reference fields used in motion-compensated prediction for the interlaced P-field. For
example, the decoder receives and decodes a single bit to indicate whether one or two reference
fields are used. Alternatively, the decoder uses another decoding mechanism for the number of
reference fields.

The decoder determines (2570) whether one or two reference fields are used. If one
reference field is used, the decoder receives and decodes (2580 a signal for a reference field
selection for the interlaced P-field. For example, the decoder receives and decodes a single bit to
indicate whether the temporally most recent or the temporally second most recent reference field
(previous I- or P-field) is used. Alternatively, the decoder uses another decoding mechanism for
the reference field selection for the P-field.

If two reference fields are used, the decoder receives and decodes (2590) a signal for a

reference field selection for a motion vector of a block, macroblock, or other portion of the
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interlaced P-field. For example, the decoder decodes a reference field selection for a motion
vector jointly coded with differential motion vector information for the motion vector.
Alternatively, the decoder uses another decoding mechanism for the reference field selection for
a motion vector. The decoder repeats (2595, 2590) the receiving and decoding for the next
motion vector until there are no more motion vectors signaled for the P-field. (For the sake of
simplicity, Figure 25B does not show the various stages of macroblock and block decoding that
can occur after or around the receiving and decoding (2590) of a reference field selection.
Instead, Figure 25B focuses on the repeated receiving/decoding of the reference field selections
for multiple motion vectors in the P-field.)

Alternatively, the decoder performs another technique to determine which of multiple
reference field schemes is used for decoding interlaced P-fields. For example, the decoder has
more and/or different options for the number of reference fields.

For the sake of simplicity, Figure 25B does not show the various ways in which the
technique (2550) may be integrated with other aspects of encoding and decoding. Various

combined implementations are described in detail in section XII.

V. Signaling Macroblock Mode Information for Interlaced P-Fields

In some embodiments, various macroblock mode information for macroblocks of
interlaced P-fields is jointly grouped for signaling. A macroblock of an interlaced P-field may
be encoded in many different modes, with any of several different syntax elements being present
or absent. In particular, the type of motion compensation (e.g., IMV, 4MV, or intra), whether a
coded block pattern is present in the bitstream for the macroblock, and (for the IMV case)
whether motion vector data is present in the bitstream for the macroblock, are jointly coded.
Different code tables may be used for different scenarios for the macroblock mode information,
which result in more efficient overall compression of the information.

Specific examples of signaling, described in this section and in the combined
implementations in section XII, signal macroblock mode information with a variable length
coded MBMODE syntax element. Table selection for MBMODE is signaled through a field-
level element MBMODETAB, which is fixed length coded. Alternatively, an encoder and
decoder use other and/or additional signals for signaling macroblock mode information.

A. Macroblock Modes for Different Types of Interlaced P-Fields

In general, the macroblock mode indicates the macroblock type (IMV, 4MV or intra),
the presence/absence of a coded block pattern for the macroblock, and the presence/absence of
motion vector data for the macroblock. The information indicated by the macroblock mode

syntax element depends on whether the interlaced P-field is encoded as a IMV field (having
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intra and/or 1MV macroblocks) or a mixed-MYV field (having intra, IMV, and/or 4MV
macroblocks).

In a IMV interlaced P-field, the macroblock mode element for a macroblock jointly
represents the macroblock type (intra or 1IMV), the presence/absence of a coded block pattern
element for the macroblock, and the presence/absence of motion vector data (when the
macroblock type is 1MV, but not when it is intra). The table in Figure 26 shows the complete
event space for macroblock information signaled by MBMODE in 1MV interlaced P-fields.

In a mixed-MV interlaced P-field, the macroblock mode element for a macroblock
jointly represents the macroblock type (intra or IMV or 4MV), the presence/absence of a coded
block pattern for the macroblock, and the presence/absence of motion vector data (when the
macroblock type is IMV, but not when it is intra or 4MV). The table in Figure 27 shows the
complete event space for macroblock information signaled by MBMODE in mixed-MV
interlaced P-fields.

If macroblock mode indicates that motion vector data is present, then the motion vector
data is present in the macroblock layer and signals the motion vector differential, which is
combined with the motion vector predictor to reconstruct the motion vector. If the macroblock
mode element indicates that motion vector data is not present then the motion vector differential
is assumed to be zero, and therefore the motion vector is equal to the motion vector predictor.
The macroblock mode element thus efficiently signals when motion compensation with a motion
vector predictor only (not modified by any motion vector differential) is to be used.

One of multiple different VLC tables is used to signal the macroblock mode element for
an interlaced P-field. For example, eight different code tables for MBMODE for macroblocks of
mixed-MYV interlaced P-fields are shown in Figure 47H, and eight different code tables for
MBMODE for macroblocks of 1MV interlaced P-fields are shown in Figure 471. The table
selection is indicated by a MBMODETAB element signaled at the field layer. Alternatively, an
encoder and decoder use other and/or additional codes for signaling macroblock mode

information and table selections.

B. Encoding Techniques

An encoder such as the encoder (2000) of Figure 20 encodes macroblock mode
information for macroblocks of interlaced P-fields. For example, the encoder performs the
technique (2800) shown in Figure 28A.

For a given interlaced P-field, the encoder selects (2810) the code table to be used to
encode macroblock mode information for macroblocks of the interlaced P-field. For example,
the encoder selects one of the VLC tables for MBMODE shown in Figure 47H or 471.

Alternatively, the encoder selects from among other and/or additional tables.
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The encoder signals (2820) the selected code table in the bitstream. For example, the
encoder signals a FLC indicating the selected code table, given the type of the interlaced P-field.
Alternatively, the encoder uses a different signaling mechanism for the code table selection, for
example, using a VLC for the code table selection.

The encoder selects (2830) the macroblock mode for a macroblock from among
multiple available macroblock modes. For example, the encoder selects a macroblock mode that
indicates a macroblock type, whether or not a coded block pattern is present, and (if applicable
for the macroblock type) whether or not motion vector data is present. Various combinations of
options for MBMODE are listed in Figures 26 and 27. Alternatively, the encoder selects from
among other and/or additional macroblock modes for other and/or additional combinations of
macroblock options.

The encoder signals (2840) the selected macroblock mode using the selected code table.
Typically, the encoder signals the macroblock mode as a VLC using a selected VLC table. The
encoder repeats (2845, 2830, 2840) the selection and signaling of macroblock mode until there
are no more macroblock modes to signal for the P-field. (For the sake of simplicity, Figure 28A
does not show the various stages of macroblock and block encoding and corresponding signaling
that can occur after or around the signaling (2840) of the selected macroblock mode. Instead,
Figure 28A focuses on the repeated signaling of macroblock modes for macroblocks in the P-
field using the selected code table for the P-field.)

Alternatively, the encoder performs another technique to encode macroblock mode
information for macroblocks of interlaced P-fields. For example, although Figure 28A shows
the code table selection before the mode selection, in many common encoding scenarios, the
encoder first selects the macroblock modes for the macroblocks, then selects a code table for
efficiently signaling those selected macroblock modes, then signals the code table selection and
the modes. Moreover, although Figure 28 A shows the code table selection occurring per
interlaced P-field, alternatively the code table is selected on a more frequent, less frequent, or
non-periodic basis, or the encoder skips the code table selection entirely (always using the same
code table). Or, the encoder may select a code table from contextual information (making
signaling the code table selection unnecessary).

For the sake of simplicity, Figure 28A does not show the various ways in which the
technique (2800) may be integrated with other aspects of encoding and decoding. Various

combined implementations are described in detail in section XII.

C. Decoding Techniques
A decoder such as the decoder (2100) of Figure 21 receives and decodes macroblock
mode information for macroblocks of interlaced P-fields. For example, the decoder performs the

technique (2850) shown in Figure 28B.
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For a given interlaced P-field, the decoder receives and decodes (2860) a code table
selection for a code table to be used to decode macroblock mode information for macroblocks of
the interlaced P-field. For example, the decoder receives and decodes a FLC indicating the
selected code table, given a type of the interlaced P-field. Alternatively, the decoder works with
a different signaling mechanism for the code table selection, for example, one that uses a VLC
for the code table selection.

The decoder selects (2870) the code table based upon the decoded code table selection
(and potentially other information). For example, the decoder selects one of the VLC tables for
MBMODE shown in Figure 47H or 471. Alternatively, the decoder selects from among other
and/or additional tables.

The decoder receives and decodes (2880) a macroblock mode selection for a
macroblock. For example, the macroblock mode selection indicates a macroblock type, whether

or not a coded block pattern is present, and (if applicable for the macroblock type) whether or

. not motion vector data is present. Various combinations of these options for MBMODE are

listed in Figures 26 and 27. Alternatively, the macroblock mode is one of other and/or
additional macroblock modes for other and/or additional combinations of macroblock options.
The decoder repeats (2885, 2880) the receiving and decoding for a macroblock mode for the
next macroblock until there are no more macroblock modes to receive and decode for the P-
field. (For the sake of simplicity, Figure 28B does not show the various stages of macroblock
and block decoding that can occur after or around the receiving and decoding (2880) of the
macroblock mode selection. Instead, Figure 28B focuses on the repeated receiving/decoding of
macroblock mode selections for macroblocks in the P-field using the selected code table for the
P-field.)

Alternatively, the decoder performs another technique to decode macroblock mode
information for macroblocks of interlaced P-fields. For example, although Figure 28B shows
the code table selection occurring per interlaced P-field, alternatively a code table is selected on
a more frequent, less frequent, or non-periodic basis, or the decoder skips the code table
selection entirely (always using the same code table). Or, the decoder may select a code table
from contextual information (making the receiving and decoding of the code table selection
unnecessary).

For the sake of simplicity, Figure 28B does not show the various ways in which the
technique (2850) may be integrated with other aspects of encoding and decoding. Various

combined implementations are described in detail in section XII.

V1. Reference Field Selection in Two Reference Field Interlaced P-Fields

In some embodiments, two previously coded/decoded fields are used as reference fields

when performing motion-compensated prediction for a single, current interlaced P-field. (For
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example, see section IV.) Signaled information indicates which of the two fields provides the
reference for each macroblock (or block) having a motion vector.

In this section, various techniques and tools are described for efficiently signaling which
of multiple previously coded/decoded reference fields are used to provide motion-compensated
prediction information when coding or decoding a current macroblock or block. For example,
an encoder and decoder implicitly derive dominant and non-dominant reference fields for the
current macroblock or block based on previously coded motion vectors in the interlaced P-field.
(Or, correspondingly, the encoder and decoder derive dominant and non-dominant motion vector
predictor polarities.) Signaled information then indicates whether the dominant or non-dominant

reference field is used for motion compensation of the current macroblock or block.

A. Dominant and Non-dominant Reference Fields and Predictors

Interlaced fields may be coded using no motion compensation (I-fields), forward motion
compensation (P-fields), or forward and backward motion compensation (B-fields). Interlaced
P-fields may reference two reference fields, which are previously coded/decoded I- or P-fields.
Figures 24A and 24B show examples where two reference fields are used for a current P-field.
The two reference fields are of opposite polarities. One reference field represents odd lines of a
video frame, and the other reference field represents even lines of a video frame (which is not
necessarily the same frame that includes the odd lines reference field). The P-field currently
being coded or decoded can use either one or both of the two previously coded/decoded fields as
references in motion compensation. Thus, motion vector data for a macroblock or block of the
P-field typically indicates in some way: (1) which field to use as a reference field in motion
compensation; and (2) the displacement/location in that reference field of sample values to use
in the motion compensation.

Signaling reference field selection information can consume an inefficient number of
bits. The number of bits may be reduced, however, by predicting, for a given motion vector,
which reference field will be used for the motion vector, and then signaling whether or not the
predicted reference field is actually used as the reference field for the motion vector.

For example, for each macroblock or block that uses motion compensation in an
interlaced P-field, an encoder or decoder analyzes up to three previously coded/decoded motion
vectors from neighboring macroblocks or blocks. From them, the encoder or decoder derives a
dominant and non-dominant reference field. In essence, the encoder or decoder determines
which of the two possible reference fields is used by the majority of the motion vectors of the
neighboring macroblocks or blocks. The field that is referenced by more of the motion vectors
of neighbors is the dominant reference field, and the other reference field is the non-dominant

reference field. Similarly, the polarity of the dominant reference field is the dominant motion
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vector predictor polarity, and the polarity of the non-dominant reference field is the non-
dominant motion vector predictor polarity.

The pseudocode in Figure 29 shows one technique for an encoder or decoder to
determine dominant and non-dominant reference fields. In the pseudocode, the terms “same
field” and “opposite field” are relative to the current interlaced P-field. If the current P-field is
an even field, for example, the “same field” is the even line reference field, and the “opposite
field” is the odd line reference field. Figures SA through 10 show locations of neighboring
macroblocks and blocks from which the Predictors A, B, and C are taken. In the pseudocode of
Figure 29, the dominant field is the field referenced by the majority of the motion vector
predictor candidates. In the case of a tie, the motion vector derived from the opposite field is
considered to be the dominant motion vector predictor. Intra-coded macroblocks are not
considered in the calculation of the dominant/non-dominant predictor. If all candidate predictor
macroblocks are intra-coded, then the dominant and non-dominant motion vector predictors are
set to zero, and the dominant predictor is taken to be from the opposite field.

Alternatively, the encoder and decoder analyze other and/or additional motion vectors
from neighboring macroblock or blocks, and/or apply different decision logic to determine
dominant and non-dominant reference fields. Or, the encoder and decoder use a different
mechanism to predict which reference field will be selected for a given motion vector in an

interlaced P-field.

In some cases, the one bit of information that indicates whether the dominant or non-
dominant field is used is jointly coded with the differential motion vector information.
Therefore, the bits/symbol for this one bit of information can more accurately match the true
symbol entropy. For example, the dominant/non-dominant selector is signaled as part of the
vertical component of a motion vector differential as shown in the pseudocode in Figure 30. In
it, MVY is the vertical component of the motion vector, and PMVY is the vertical component of
the motion vector predictor. In essence, the vertical motion vector differential jointly codes the
reference field selector and vertical offset differential as follows:

DMVY = (MVY —PMVY) *2 +p,
where p = 0 if the dominant reference field is used, and p = 1 if the non-dominant reference field
is used. As a numerical example: suppose a current block is even polarity, the actual reference
field for the motion vector is even polarity, and the dominant predictor is oppfield (in other
words, the dominant reference field is the odd potarity reference field). Also, suppose the
vertical displacement of the motion vector is 7 units (MVY = 7) and the vertical component of
the motion vector predictor is 4 units (PMVY =4). Since the current reference field and the

dominant predictor are of opposite polarity, DMVY = (7-4)*2+1=7.
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Alternatively, the dominant/non-dominant selector is jointly coded with motion vector
differential information in some other way. Or, the dominant/non-dominant selector is signaled

with another mechanism.

B. Encoding Techniques

An encoder such as the encoder (2000) of Figure 20 determines dominant and non-
dominant reference field polarities for motion vector predictor candidates during encoding of
motion vectors for two reference field interlaced P-fields. For example, the encoder performs
the technique (3100) shown in Figure 31A for a motion vector of a current macroblock or block.
Typically, the encoder performs some form of motion estimation in the two reference fields to
obtain the motion vector and reference field. The motion vector is then coded according to the
technique (3100).

The encoder determines (3110) a motion vector predictor of the same reference field
polarity as the motion vector. For example, the encoder determines the motion vector predictor
as described in section VII for the reference field associated with the motion vector.
Alternatively, the encoder determines the motion vector predictor with another mechanism.

The encoder determines (3120) the dominant and non-dominant reference field
polarities of the motion vector. For example, the encoder follows the pseudocode shown in
Figure 29. Alternatively, the encoder uses another technique to determine the dominant and
non-dominant polarities.

The encoder signals (3125) a dominant/non-dominant polarity selector in the bitstream,
which indicates whether the dominant or non-dominant polarity should be used for the motion
vector predictor and reference field associated with the motion vector. For example, the encoder
jointly encodes the dominant/non-dominant polarity selector with other information using a joint
VLC. Alternatively, the encoder signals the selector using another mechanism, for
example,arithmetic coding of a bit that indicates the selector. Prediction of reference field
polarity for motion vector predictors lowers the entropy of the selector information, which
enables more efficient encoding of the selector information..

The encoder calculates (3130) a motion vector differential from the motion vector
predictor and motion vector, and signals (3140) information for the motion vector differential
information.

Alternatively, the encoder performs another technique to determine dominant and non-
dominant polarities for motion vector prediction during encoding of motion vectors for two
reference field interlaced P-fields. Moreover, although Figure 31A shows separate signaling of
the dominant/non-dominant selector and the motion vector differential information, in various

embodiments, this exact information is jointly signaled. Various other reordering is possible,
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including determining the motion vector after determining the dominant/non-dominant polarity

(so as to factor the cost of selector signaling overhead into the motion vector selection process).
For the sake of simplicity, Figure 31A does not show the various ways in which the

technique (3100) may be integrated with other aspects of encoding and decoding. Various

combined implementations are described in detail in section XIL

C. Decoding Techniques

A decoder such as the decoder (2100) of Figure 21 determines dominant and non-
dominant reference field polarities for motion vector predictor candidates during decoding of
motion vectors for two reference field interlaced P-fields. For example, the decoder performs
the technique (3150) shown in Figure 31B.

The decoder determines (3160) the dominant and non-dominant reference field
polarities of a motion vector of a current macroblock or block. For example, the decoder follows
the pseudocode shown in Figure 29. Alternatively, the decoder uses another technique to
determine the dominant and non-dominant polarities.

The decoder receives and decodes (3165) a dominant/non-dominant polarity selector in
the bitstream, which indicates whether the dominant or non-dominant polarity should be used for
the motion vector predictor and reference field associated with the motion vector. For example,
the decoder receives and decodes a dominant/non-dominant polarity selector that has been
jointly coded with other information using a joint VLC. Alternatively, the decoder receives and
decodes a selector signaled using another mechanism, for example, arithmetic decoding of a bit
that indicates the selector.

The decoder determines (3170) the motion vector predictor for the reference field to be
used with the motion vector. For example, the decoder determines the motion vector predictor
as described in section VII for the signaled polarity. Alternatively, the decoder determines the
motion vector predictor with another mechanism.

The decoder receives and decodes (3180) information for a motion vector differential,
and reconstructs (3190) the motion vector from the motion vector differential and the motion
vector predictor.

Alternatively, the decoder performs another technique to determine dominant and non-
dominant polarities for motion vector prediction during decoding of motion vectors for two
reference field interlaced P-fields. For example, although Figure 31B shows separate signaling
of the dominant/non-dominant selector and the motion vector differential information,
alternatively, this information is jointly signaled. Various other reordering is also possible.

For the sake of simplicity, Figure 31B does not show the various ways in which the
technique (3150) may be integrated with other aspects of encoding and decoding. Various

combined implementations are described in detail in section XIIL
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VII. Hybrid Motion Vector Prediction for Interlaced P-Fields

In some embodiments, motion vectors are signaled as differentials relative to motion

vector predictors so as to reduce the bit rate associated with signaling the motion vectors. The
performance of the motion vector differential signaling depends in part on the quality of the
motion vector prediction, which usually improves when multiple candidate motion vector
predictors are considered from the area around a current macroblock, block, etc. In some cases,
however, the use of multiple candidate predictors hurts the quality of motion vector prediction.
This occurs, for example, when a motion vector predictor is computed as the median of a set of
candidate predictors that are diverse (e.g., have a high variance between the motion vector
predictors).

Therefore, in some embodiments, an encoder and decoder perform hybrid motion vector
prediction for motion vectors of interlaced P-fields. When the vectors that make up the causal
neighborhood of the current macroblock or block are diverse according to some criteria, the
hybrid motion vector prediction mode is employed. In this mode, instead of using the median of
the set of candidate predictors as the motion vector predictor, a specific motion vector from the
set (e.g., top predictor, left predictor) is signaled by a selector bit or codeword. This helps
improve motion vector prediction at motion discontinuities in an interlaced P-field. For two
reference field interlaced P-fields, the dominant polarity is also taken into consideration when

checking the hybrid motion vector prediction condition.

A. Motion Vector Prediction for Interlaced P-fields

Hybrid motion vector prediction is a special case of normal motion vector prediction for
interlaced P-fields. As previously explained, a motion vector is reconstructed by adding a
motion vector differential (which is signaled in the bitstream) to a motion vector predictor. The
predictor is computed from up to three neighboring motion vectors. Figures SA through 10
show locations of neighboring macroblocks and blocks from which Predictors A, B, and C are
taken for motion vector prediction. (These figures show macroblocks and blocks of progressive
P-frames, but also apply to macroblocks and blocks of interlaced P-fields, as described in section
VL)

If an interlaced P-field refers to only one previous field, a single motion vector predictor
is calculated for each motion vector of the P-field. For example, the pseudocode in Figures 51A
and 51B (or, alternatively, Figures 60A and 60B) shows how motion vector predictors are
calculated for motion vectors of a one reference field interlaced P-field, as discussed in detail in
section XIL

If two reference fields are used for an interlaced P-field, then two motion vector

predictors are possible for each motion vector of the P-field. Both motion vector predictors may
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be computed then one selected, or only one motion vector predictor may be computed by
determining the predictor selection first. One potential motion vector predictor is from the
dominant reference field and another potential motion vector predictor is from the non-dominant
reference field, where the terms dominant and non-dominant are as described in section VI, for
example. The dominant and non-dominant reference fields have opposite polarities, so one
motion vector predictor is from a reference field of the same polarity as the current P-field, and
the other motion vector predictor is from a reference field with the opposite polarity. For
example, the pseudocode and tables in Figures 52A through 52N illustrate the process of
calculating the motion vector predictors for motion vectors of two reference field P-fields, as
discussed in detail section XII. The variables samefieldpred_x and samefieldpred_y represent
the horizontal and vertical components, respectively, of the motion vector predictor from the
same field, and the variables oppositefieldpred_x and oppositefieldpred y represent the
horizontal and vertical components, respectively, of the motion vector predictor from the
opposite field. The variable dominantpredictor indicates which field contains the dominant
predictor. A predictor_flag indicates whether the dominant or non-dominant predictor is used

for the motion vector. Alternatively, the pseudocode in Figures 61A through 61F is used.

B. Hybrid Motion Vector Prediction for Interlaced P-fields

For hybrid motion vector prediction for a motion vector, the encoder and decoder check
a hybrid motion vector prediction condition for the motion vector. In general, the condition
relates to the degree of variation in motion vector predictors. The evaluated predictors may be
the candidate motion vector predictors and/or the motion vector predictor calculated using
normal motion vector prediction. If the condition is satisfied (e.g., the degree of variation is
high), one of the original candidate motion vector predictors is typically used instead of the
normal motion vector predictor. The encoder signals which hybrid motion vector predictor to
use, and the decoder receives and decodes the signal. Hybrid motion vector predictors are not
used when inter-predictor variation is low, which is the common case.

The encoder and decoder check the hybrid motion vector condition for each motion
vector of an interlaced P-field, whether the motion vector is for a macroblock, block, etc. In
other words, the encoder and decoder determine for each motion vector whether the condition is
triggered and a predictor selection signal is thus to be expected. Alternatively, the encoder and
decoder check the hybrid motion vector condition for only some motion vectors of interlaced P-
fields.

An advantage of the hybrid motion vector prediction for interlaced P-fields is that it
uses computed predictors and the dominant polarity to select a good motion vector predictor.
Extensive experimental results suggest hybrid motion vector prediction as described below

offers significant compression/quality improvements over motion vector prediction without it,
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and also over earlier implementations of hybrid motion vector prediction. Moreover, the
additional computations for the hybrid vector prediction checking are not very expensive.

In some embodiments, the encoder or decoder tests the normal motion vector predictor
(as determined by a technique described in section VILA.) against the set of original candidate
motion vector predictors. The normal motion vector predictor is a component-wise median of
Predictors A, B, and/or C, and the encoder or decoder tests it relative to Predictor A and
Predictor C. The test checks whether the variance between the normal motion vector predictor
and the candidates is high. If so, the true motion vector is likely to be closer to one of these
candidate predictors (A, B or C) than to the predictor derived from the median operation. When
the candidate predictors are far apart, their component-wise median does not provide good
prediction, and it is more efficient to send an additional signal that indicates whether the true
motion vector is closer to A or to C. If predictor A is the closer one, then it is used as the motion
vector predictor for the current motion vector, and if predictor C is the closer one, then it is used
as the motion vector predictor for the current motion vector.

The pseudocode in Figure 32 illustrates such hybrid motion vector prediction during
decoding. The variables predictor_pre x and predictor_pre_y are horizontal and vertical motion
vector predictors, respectively, as calculated using normal hybrid motion vector prediction. The
variables predictor_post_x and predictor_post_y are horizontal and vertical motion vector
predictors, respectively, after hybrid motion vector prediction. In the pseudocode, the normal
motion vector predictor is tested relative to predictors A and C to see if a motion vector predictor
selection is explicitly coded in the bitstream. If so, then a single bit is present in the bitstream
that indicates whether to use predictor A or predictor C as the motion vector predictor.
Otherwise, the normal motion vector predictor is used. Various other conditions (e.g., the
magnitude of the normal motion vector if A or C is intra) may also be checked. When either A
or C is intra, the motion corresponding to A or C respectively is deemed to be zero.

For a motion vector of a two reference field P-field, all of the predictors are of identical
polarity. The reference field polarity is determined, in some embodiments, by a dominant/non-
dominant predictor polarity and a selector signal obtained in the differential motion vector
decoding process. For example, if the opposite field predictor is used then: predictor_pre x =
oppositefieldpred x, predictor_pre_x = oppositefieldpred y, predictorA_x =
oppositefieldpredA_x, predictorA_y = oppositefieldpredA vy, predictorC_x =
oppositefieldpredC_x, and predictorC_y = oppositefieldpredC_y. If the same field predictor is
used then: predictor_pre_x = samefieldpred_x, predictor_pre_x = samefieldpred vy,
predictorA_x = samefieldpredA_x, predictorA_y = samefieldpredA_y, predictorC_x =
samefieldpredC_x, and predictorC_y = samefieldpredC_y. The values of oppositefieldpred and
samefieldpred are calculated as in the pseudocode of Figures 52A through 527 or 61A through
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61F, for example. Figure 53 shows alternative pseudocode for hybrid motion vector prediction
in a combined implementation (see section XII).

Alternatively, an encoder and decoder test a different hybrid motion vector prediction
condition, for example, one that considers other and/or additional predictors, one that uses
different decision logic to detect motion discontinuities, and/or one that uses a different
threshold for variation (other than 32).

A simple signal for selecting between two candidate predictors (e.g., A and C) is a
single bit per motion vector. Alternatively, the encoder and decoder use a different signaling
mechanism, for example, jointly signaling a selector bit with other information such as motion

vector data.

C. Encoding Techniques

An encoder such as the encoder (2000) of Figure 20 performs hybrid motion vector
prediction during encoding of motion vectors for interlaced P-fields. For example, the encoder
performs the technique (3300) shown in Figure 33A for a motion vector of a current macroblock
or block.

The encoder determines (3310) a motion vector predictor for the motion vector. For
example, the encoder uses a technique described in section VILA to determine the motion vector
predictor. Alternatively, the encoder determines the motion vector predictor with another
technique.

The encoder then checks (3320) a hybrid motion vector prediction condition for the
motion vector predictor. For example, the encoder uses a technique that mirrors the decoder-
side pseudocode shown in Figure 32. Alternatively, the encoder checks a different hybrid
motion vector prediction condition. (A corresponding decoder checks the same hybrid motion
vector prediction condition as the encoder, whatever that condition is, since the presence/absence
of predictor signal information is implicitly derived by the encoder and corresponding decoder.)

If the hybrid motion vector condition is not triggered (the “No” path out of decision
3325), the encoder uses the initially determined motion vector predictor.

On the other hand, if the hybrid motion vector condition is triggered (the “Yes” path out
of decision 3325), the encoder selects (3330) a hybrid motion vector predictor to use. For
example, the encoder selects between a top candidate predictor and left candidate predictor that
are neighbor motion vectors. Alternatively, the encoder selects between other and/or additional
predictors.

The encoder then signals (3340) the selected hybrid motion vector predictor. For
example, the encoder transmits a single bit that indicates whether a top candidate predictor or
left candidate predictor is to be used as the motion vector predictor. Alternatively, the encoder

uses another signaling mechanism.
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The encoder performs the technique (3300) for every motion vector of an interlaced P-
field, or only for certain motion vectors of the interlaced P-field (for example, depending on
macroblock type). For the sake of simplicity, Figure 33A does not show the various ways in
which the technique (3300) may be integrated with other aspects of encoding and decoding.

Various combined implementations are described in detail in section XII.

D. Decoding Techniques

A decoder such as the decoder (2100) of Figure 21 performs hybrid motion vector
prediction during decoding of motion vectors for interlaced P-fields. For example, the decoder
performs the technique (3350) shown in Figure 33B for a motion vector of a current macroblock
or block.

The decoder determines (3360) a motion vector predictor for the motion vector. For
example, the decoder uses a technique described in section VII.A to determine the motion vector
predictor. Alternatively, the decoder determines the motion vector predictor with another
technique.

The decoder then checks (3370) a hybrid motion vector prediction condition for the
motion vector predictor. For example, the decoder follows the pseudocode shown in Figure 32.
Alternatively, the decoder checks a different hybrid motion vector prediction condition. (The
decoder checks the same hybrid motion vector prediction condition as a corresponding encoder,
whatever that condition is.)

If the hybrid motion vector condition is not triggered (the “No” path out of decision
3375), the decoder uses the mitially determined motion vector predictor.

On the other hand, if the hybrid motion vector condition is triggered (the “Yes” path out
of decision 3375), the decoder receives and decodes (3380) a signal that indicates the selected
hybrid motion vector predictor. For example, the decoder gets a single bit that indicates whether
a top candidate predictor or left candidate predictor is to be used as the motion vector predictor.
Alternatively, the decoder operates in conjunction with another signaling mechanism.

The decoder then selects (3390) the hybrid motion vector predictor to use. For example,
the decoder selects between a top candidate predictor and left candidate predictor that are
neighbor motion vectors. Alternatively, the decoder selects between other and/or additional
predictors.

The decoder performs the technique (3350) for every motion vector of an interlaced P-
field, or only for certain motion vectors of the interlaced P-field (for example, depending on
macroblock type). For the sake of simplicity, Figure 33B does not show the various ways in
which the technique (3350) may be integrated with other aspects of encoding and decoding.

Various combined implementations are described in detail in section XII.
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VIII. Motion Vector Block Patterns

In some embodiments, a macroblock may have multiple motion vectors. For example, a
macroblock of a mixed-MYV interlaced P-field may have one motion vector, four motion vectors
(one per luminance block of the macroblock), or be intra coded (no motion vectors). Similarly, a
field-coded macroblock of an interlaced P-frame may have two motion vectors (one per field) or
four motion vectors (two per field), and a frame-coded macroblock of an interlaced P-frame may
have one motion vector or four motion vectors (one per luminance block).

A 2MV or 4MV macroblock may be signaled as “skipped” if the macroblock has no
associated motion vector data (e.g., differentials) to signal. If so, motion vector predictors are
typically used as the motion vectors of the macroblock. Or, the macroblock may have non-zero
motion vector data to signal for one motion vector, but not for another motion vector (which has
a (0, 0) motion vector differential). For a 2MV or 4MV macroblock that has (0, 0) differentials
for at least one but not all motion vectors, signaling the motion vector data can consume an
inefficient number of bits.

Therefore, in some embodiments, an encoder and decoder use a signaling mechanism
that efficiently signals the presence or absence of motion vector data for a macroblock with
multiple motion vectors. A motion vector coded block pattern (or “motion vector block
pattern,” for short) for a macroblock indicates, on a motion vector by motion vector basis, which
blocks, fields, halves of fields, etc. have motion vector data signaled in a bitstream, and which
do not. The motion vector block pattern jointly signals the pattern of motion vector data for the
macroblock, which allows the encoder and decoder to exploit the spatial correlation that exists
between blocks. Moreover, signaling the presence/absence of motion vector data with motion
vector block patterns provides a simple way to signal this information, in a manner decoupled
from signaling about presence/absence of transform coefficient data (such as with a CBPCY
element).

Specific examples of signaling, described in this section and in the combined
implementations in section XII, signal motion vector block patterns with variable length coded
2MVBP and 4MVBP syntax elements. Table selections for 2MVBP and 4MVBP are signaled
through the 2MVBPTAB and 4MVBPTAB elements, respectively, which are fixed length
coded. Alternatively, an encoder and decoder use other and/or additional signals for signaling

motion vector block patterns.

A. Motion Vector Block Patterns

A motion vector block pattern indicates which motion vectors are “coded” and which
are “not coded” for a macroblock that has multiple motion vectors. A motion vector is coded if
the differential motion vector for it is non-zero (i.e., the motion vector to be signaled is different

from its motion vector predictor). Otherwise, the motion vector is not coded.
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1

If 2 macroblock has four motion vectors, then a motion vector block pattern has 4 bits,
one for each of the four motion vectors. The ordering of the bits in the motion vector block
pattern follows the block order shown in Figure 34 for a 4 MV macroblock in an interlaced P-
field or 4MV frame-coded macroblock in an interlaced P-frame. For a 4MV field-coded
macroblock in an interlaced P-frame, the bit ordering of the motion vector block pattern is top-
left field motion vector, top-right field motion vector, bottom-left field motion vector, and
bottom-right field motion vector.

If a macroblock has two motion vectors, then a motion vector block pattern has 2 bits,
one for each of the two motion vectors. For a 2MV field-code macroblock of an interlaced P-
frame, the bit ordering of the motion vector block pattern is simply top field motion vector then
bottom field motion vector.

One of multiple different VLC tables may be used to signal the motion vector block
pattern elements. For example, four different code tables for 4AMVBP are shown in Figure 477,
and four different code tables for 2MVBP are shown in Figure 47K. The table selection is
indicated by a 4AMVBPTAB or 2MVBPTAB element signaled at the picture layer. Alternatively,
an encoder and decoder use other and/or additional codes for signaling motion vector block
pattern information and table selections.

An additional rule applies for determining which motion vectors are coded for
macroblocks of two reference field interlaced P-fields. A “not coded” motion vector has the
dominant predictor, as described in section VI. A “coded” motion vector may have a zero-value
motion vector differential but signal the non-dominant predictor. Or, a “coded” motion vector
may have a non-zero differential motion vector and signal either the dominant or non-dominant
predictor.

Alternatively, an encoder and decoder use motion vector block patterns for other and/or
additional kinds of pictures, for other and/or additional kinds of macroblocks, for other and/or

additional numbers of motion vectors, and/or with different bit positions.

B. Encoding Techniques

An encoder such as the encoder (2000) of Figure 20 encodes motion vector data for a
macroblock using a motion vector block pattern. For example, the encoder performs the
technique (3500) shown in Figure 35A.

For a given macroblock with multiple motion vectors, the encoder determines (3510)
the motion vector block pattern for the macroblock. For example, the encoder determines a four
motion vector block pattern for a 4MV macroblock in an interlaced P-field, or for a 4MYV field-
coded or frame-coded macroblock in an interlaced P-frame. Or, the encoder determines a two

motion vector block pattern for a 2MV field-coded macroblock in an interlaced P-frame.
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Alternatively, the encoder determines a motion vector block pattern for another kind macroblock
and/or number of motion vectors.

The encoder then signals (3520) the motion vector block pattern. Typically, the encoder
signals a VLC for the motion vector block pattern using a code table such as one shown in
Figures 47] and 47K. Alternatively, the encoder uses another mechanism for signaling the
motion vector block pattern.

If there is at least one motion vector for which motion vector data is to be signaled (the
“Yes” path out of decision 3525), the encoder signals (3530) the motion vector data for the
motion vector. For example, the encoder encodes the motion vector data as a BLKMVDATA,
TOPMVDATA, or BOTMVDATA element using a technique described in section IX.
Alternatively, the encoder uses a different signaling technique.

The encoder repeats (3525, 3530) the encoding of motion vector data until there are no
more motion vectors for which motion vector data is to be signaled (the “No” path out of
decision 3525).

The encoder may select between multiple code tables to encode the motion vector block
pattern (not shown in Figure 35A). For example, the encoder selects a code table for the
interlaced P-field or P-frame, then use the table for encoding motion vector block patterns for
macroblocks in the picture. Alternatively, the encoder selects a code table on a more frequent,
less frequent, or non-periodic basis, or the encoder skips the code table selection entirely (always
using the same code table). Or, the encoder may select a code table from contextual information
(making signaling the code table selection unnecessary). The code tables may be the tables
shown in Figures 47J and 47K, other tables, and/or additional tables. The encoder signals the
selected code table in the bitstream, for example, with a FLC indicating the selected code table,
with a VLC indicating the selected code table, or with a different signaling mechanism.

Alternatively, the encoder performs another technique to encode motion vector data for
a macroblock using a motion vector block pattern. For the sake of simplicity, Figure 35A does
not show the various ways in which the technique (3500) may be integrated with other aspects of
encoding and decoding. Various combined implementations are described in detail in section
XIIL.

C. Decoding Techniques

A decoder such as the decoder (2100) of Figure 21 receives and decodes motion vector
data for a macroblock of an interlaced P-field or interlaced P-frame using a motion vector block
pattern. For example, the decoder performs the technique (3550) shown in Figure 35B.

For a given macroblock with multiple motion vectors, the decoder receives and decodes
(3560) a motion vector block pattern for the macroblock. For example, the decoder receives and

decodes a four motion vector block pattern, two motion vector block pattern, or other motion
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vector block pattern described in the previous section. Typically, the decoder receives a VLC
for the motion vector block pattern and decodes it using a code table such as one shown in
Figures 47J and 47K. Alternatively, the decoder receives and decodes the motion vector block
pattern in conjunction with another signaling mechanism.

If there is at least one motion vector for which motion vector data is signaled (the “Yes”
path out of decision 3565), the decoder receives and decodes (3570) the motion vector data for
the motion vector. For example, the decoder receives'and decodes motion vector data encoded
as a BLKMVDATA, TOPMVDATA, or BOTMVDATA element using a technique described in
section IX. Alternatively, the decoder uses a different decoding technique.

The decoder repeats (3565, 3570) the receiving and decoding of motion vector data until
there are no more motion vectors for which motion vector data is signaled (the “No” path out of
decision 3565).

The decoder may select between multiple code tables to decode the motion vector block
pattern (not shown in Figure 35B). For example, the table selection and table selection signaling
options mirror those described for the encoder in the previous section.

Alternatively, the decoder performs another technique to decode motion vector data for
a macroblock using a motion vector block pattern. For the sake of simplicity, Figure 35B does
not show the various ways in which the technique (3550) may be integrated with other aspects of
encoding and decoding. Various combined implementations are described in detail in section
XIL

X, Motion Vector Differentials in Interlaced P-Fields

In some embodiments, two previously coded/decoded fields are used as reference fields
when performing motion-compensated prediction for a single, current interlaced P-field. (For
examples, see sections IV, VI, and VIL) Signaled information for a motion vector in the P-field
indicates: (1) which of the two fields provides the reference for the motion vector; and (2) the
motion vector value. The motion vector value is typically signaled as a differential relative to a
motion vector predictor. The selection between the two possible reference fields may be
signaled with a single additional bit for the motion vector, but that manner of signaling is
inefficient in many cases. Usually, the two reference fields are not equally likely for a given
motion vector, and the selection for the motion vector is not independent of the selection for
other (e.g., neighboring) motion vectors. Thus, in practice, signaling reference field selections
with a single bit per selection is usually inefficient.

Therefore, in some embodiments, an encoder jointly encodes motion vector differential
information and reference field selection information. A decoder performs corresponding

decoding of the jointly coded information.
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A. Theory and Experimental Results

For a two reference field interlaced P-field, the two reference fields have the following
spatial and temporal relationships to the P-field. The polarity of the closest reference field in
temporal order is opposite the polarity of the current P-ﬁeld. For example, if the current P-field
is an even field (made up of the even lines of the interlaced frame), then the closest reference
field in temporal order is an odd field, and the other reference field (the farther field in temporal
order) is an even field.

The encoder and decoder predict the reference field selection for a current motion
vector using causal information. For example, reference field selection information from
neighboring, previously coded motion vectors is used to predict the reference field used for the
current motion vector. Then, a binary value indicates whether the predicted reference field is
used or not. One value indicates that the actual reference field for the current motion vector is
the predicted reference field, and the other value indicates that the actual reference field for the
current motion vector is the other reference field. In some implementations, the reference field
prediction is expressed in terms of the polarities of the previously used reference fields and
expected reference field for the current motion vector (for example, as dominant or non-
dominant polarity, see section VI). In most scenarios, with such prediction, the probability
distribution of the binary value reference field selector is consistent and skewed towards the
predicted reference field. In experiments, the predicted reference field is used for around 70% of
the motion vectors, with around 30% of the motion vectors using the other reference field.

Transmitting a single bit to signal reference field selection information with such a
probability distribution is not efficient. A more efficient method is to jointly code the reference

field selection information with the differential motion vector information.

B. Examples of Signaling Mechanisms

Various examples of signaling mechanisms for jointly encoding and decoding motion
vector differential information and reference field selection information are provided.
Alternatively, an encoder and decoder jointly encode and decode the information in conjunction
with another mechanism.

The pseudocode in Figure 36 shows joint coding of motion vector differential
information and reference field selection information according to a generalized signaling
mechanism. In the pseudocode, the variables DMVX and DMVY are horizontal and vertical
differential motion vector components, respectively. The variables AX and AY are the absolute
values of the differential components, and the variables SX and SY are the signs of the
differential components. The horizontal motion vector range is from -RX to RX+1, and the
vertical motion vector range is from -RY to RY+1. RX and RY are powers of two, with
exponents of MX and MY, respectively. The variables ESCX and ESCY (which are powers of
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two with exponents KX and K, respectively) indicate the thresholds above which escape
coding is used. The variable R is a binary value for a reference field selection.

When the escape condition is triggered (AX > ESCX or AY > ESCY), the encoder
sends a VLC that jointly represents the escape mode signal and R. The encoder then sends
DMVX and DMVY as fixed length codes of lengths MX+1 and MY+1, respectively. Thus, two
elements in the VLC table are used to signal (1) that DMVX and DMVY are coded using
(MX+MY+2) bits collectively, and (2) the associated R value. In other words, the two elements
are escape codes corresponding to R=0 and R=1.

For other events, the variables NX and NY indicate how many bits are used to signal
different values of AX and AY, respectively. AX is in the interval (2NX <= AX < 21 where
NX=0,1,2,...KX-1, and AX = 0 when NX = -1. AY is in the interval 2" <= AY <2,
where NY =0, 1, 2, ...KY-1, and AY =0 when NY = -1.

The VLC table used to code the size information NX and NY and the field reference
information R is a table of (KX+1) * (KY+1)*2 + 1 elements, where each element is a
(codeword, codesize) pair. Of the elements in the table, all but two are used to jointly signal
values of NX, NY, and R. The other two elements are the escape codes.

For events signaled with NX and NY, the encoder sends a VLC indicating a
combination of NX, NY, and R values. The encoder then sends AX as NX bits, sends SX as one
bit, sends AY as N bits, and sends SY as one bit. IfNX is 0 or—1, AX does not need to be
sent, and the same is true for NY and AY, since the value of AX or AY may be directly derived
from NX or NY in those cases.

The event where AX =0, AY = 0, and R=0 is signaled by another mechanism such as a
skip macroblock mechanism or motion vector block pattern (see section VIII). The [0,0,0]
element is not present in the VLC table for the pseudocode in Figure 36 or addressed in the
pseudocode.

A corresponding decoder performs joint decoding that mirrors the encoding shown in
Figure 36. For example, the decoder receives bits instead of sending bits, performs variable
length decoding instead of variable length encoding, etc.

The pseudocode in Figure 50 shows decoding of motion vector differential information
and reference field selection information that have been jointly coded according to a signaling
mechanism in one combined implementation. The pseudocode in Figure 59 shows decoding of
motion vector differential information and reference field selection information that have been
jointly coded according to a signaling mechanism in another combined implementation. The
pseudocode in Figures 50 and 59 is explained in detail in section XII. In particular, the
pseudocode illustrates joint coding and decoding of a prediction selector with a vertical

differential value, or with sizes of vertical and horizontal differential values.
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A corresponding encoder performs joint encoding that mirrors the decoding shown in
Figure 50 or 59. For example, the encoder sends bits instead of receiving bits, performs variable

Jength encoding instead of variable length decoding, etc.

C. Encoding Techniques

An encoder such as the encoder (2000) of Figure 20 jointly codes reference field
prediction selector information and differential motion vector information. For example, the
encoder performs the technique (3700) shown in Figure 37A to jointly encode the information.
Typically, the encoder performs some form of motion estimation in the two reference fields to
obtain the motion vector and reference field. The motion vector is then coded according to the
technique (3700), at which point one of the two possible reference fields is associated with the
motion vector by jointly coding the selector information with, for example, a vertical motion
vector differential.

The encoder determines (3710) a motion vector predictor for the motion vector. For

- example, the encoder determines the motion vector predictor as described in section VIL

Alternatively, the encoder determines the motion vector predictor with another mechanism.
The encoder determines (3720) the motion vector differential for the motion vector
relative to the motion vector predictor. Typically, the differential is the component-wise
differences between the motion vector and the motion vector predictor.
The encoder also determines (3730) the reference field prediction selector information.
For example, the encoder determines the dominant and non-dominant polarities for the motion

vector (and hence the dominant reference field, dominant polarity for the motion vector

_ predictor, etc., see section VI), in which case the selector indicates whether or not the dominant

polarity is used. Alternatively, the encoder uses a different technique to determine the reference
field prediction selector information. For example, the encoder uses a different type of reference
field prediction.

The encoder then jointly codes (3740) motion vector differential information and the
reference field prediction selector information for the motion vector. For example, the encoder
encodes the information using one of the mechanisms described in the previous section.
Alternatively, the encoder uses another mechanism.

For the sake of simplicity, Figure 37A does not show the various ways in which the

. technique (3700) may be integrated with other aspects of encoding and decoding. Various

combined implementations are described in detail in section XII.

D. Decoding Techniques
A decoder such as the decoder (2100) of Figure 21 decodes jointly coded reference field

prediction selector information and differential motion vector information. For example, the
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decoder performs the technique (3750) shown in Figure 37B to decode such jointly coded
information.

The decoder decodes (3760) jointly coded motion vector differential information and
the reference field prediction selector information for a motion vector. For example, the decoder
decodes information signaled using one of the mechanisms described in section IX.B.
Alternatively, the decoder decodes information signaled using another mechanism.

The decoder then determines (3770) the motion vector predictor for the motion vector.
For example, the decoder determines dominant and non-dominant polarities for the motion
vector (see section VI), applies the selector information, and determines the motion vector
predictor as described in section VII for the selected polarity. Alternatively, the decoder uses a
different mechanism to determine the motion vector predictor. For example, the decoder uses a
different type of reference field prediction.

Finally, the decoder reconstructs (3780) the motion vector by combining the motion
vector differential with the motion vector predictor.

For the sake of simplicity, Figure 37B does not show the various ways in which the
technique (3750) may be integrated with other aspects of encoding and decoding. Various

combined implementations are described in detail in section XIL

X. Deriving Chroma Motion Vectors in Interlaced P-Fields

In some embodiments, an encoder and decoder derive chroma motion vectors from
luma motion vectors that are signaled for macroblocks of interlaced P-fields. The chroma
motion vectors are not explicitly signaled in the bitstream. Rather, they are determined from the
luma motion vectors for the macroblocks. The encoder and decoder may use chroma motion
vector derivation adapted for progressive P-frames or interlaced P-frames, but this typically
provide inadequate performance for interlaced P-fields. So, the encoder and decoder use chroma
motion vector derivation adapted to the reference field organization of interlaced P-fields.

Chroma motion vector derivation has two phases: (1) selection, and (2) sub-sampling
and chroma rounding. Of these phases, the selection phase in particular is adapted for chroma
motion vector derivation in interlaced P-fields. The output of the selection phase is an initial
chroma motion vector, which depends on the number (and potentially the polarities) of the luma
motion vectors for the macroblock. If no luma motion is used for the macroblock (an intra
macroblock), no chroma motion vector is derived. If a single luma motion vector is used for the
macroblock (a 1MV macroblock), the single luma motion vector is selected for use in the second
and third phases. If four luma motion vectors are used for the macroblock (a 4MV macroblock),
an initial chroma motion vector is selected using logic that favors the more common polarity

among the four luma motion vectors.



WO 2005/027496 PCT/US2004/029034

10

15

20

25

30

35

61

A. Chroma Sub-sampling and Motion Vector Representations

Chroma motion vector derivation for macroblocks of interlaced P-fields depends on the
type of chroma sub-sampling used for the macroblocks and also on the motion vector
representation.

Some common chroma sub-sampling formats are 4:2:0 and 4:1:1. Figure 38 shows a
sampling grid for 2 YUV 4:2:0 macroblock, according to which chroma samples are sub-
sampled with respect to luma samples in a regular 4:1 pattern. Figure 38 shows the spatial
relationships between the luma and chroma samples for a 16x16 macroblock with four 8x8 luma
blocks, one 8x8 chroma “U” block, and one 8x8 chroma “V” block (such as represented in

Figure 22). Overall, the resolution of the chroma grid is half the resolution of the luma grid in

. both x and y directions, which is the basis for downsampling in chroma motion vector

derivation. In order to scale motion vector distances for the luma grid to corresponding
distances on the chroma grid, motion vector values are divided by a factor of 2. The selection
phase techniques described herein may be applied to YUV 4:2:0 macroblocks or to macroblocks
with another chroma sub-sampling format.

The representation of luma and chroma motion vectors for interlaced P-fields depends
in part on the precision of the motion vectors and motion compensation. Typical motion vector
precisions are ¥ pixel and ¥ pixel, which work with % pixel and % pixel interpolation in motion
compensation, respectively.

In some embodiments, a motion vector for an interlaced P-field may reference a
reference field of top or bottom, or same or opposite, polarity. The vertical displacement
specified by a motion vector value depends on the polarities of the current P-field and reference
field. Motion vector units are typically expressed in field picture units. For example, if the
vertical component of a motion vector is +6 (in Ys-pixel units), this generally indicates a vertical
displacement of 1% field picture lines (before adjusting for different polarities of the current P-
field and reference field, if necessary).

For various vertical motion vector component values and combinations of field
polarities, Figure 39 shows corresponding spatial locations in current and reference fields
according to a first convention. Each combination of field polarities has a pair of columns, one
(left column) for pixels for the lines in the current field (numbered line N=0, 1, 2, etc.) and
another (right column) for pixels for the lines in a reference field (also numbered line N=0, 1, 2,
etc.). The circles represent samples at integer pixel positions, and the Xs represent interpolated
samples at sub-pixel positions. With this convention, a vertical motion vector component value
of 0 references an integer pixel position (i.e., a sample on an actual line) in a reference field. If
the current field and reference field have the same polarity, a vertical component value of 0 from
line N of the current field references line N in the reference field, which is at the same actual

offset in a frame. If the current field and reference field have opposite polarities, a vertical
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component value of 0 from line N in the current field still references line N in the reference
frame, but the referenced location is at a Y2-pixel actual offset in the frame due to the interlacing
of the odd and even lines. |

Figure 48 shows corresponding spatial locations in current and reference fields
according to a second convention. With this convention, a vertical motion vector component
value of 0 references a sample at the same actual offset in an interlaced frame. The referenced
sample is at an integer-pixel position in a same polarity reference field, or at a Y%-pixel position
in an opposite reference field.

Alternatively, motion vectors for interlaced P-fields use another representation and/or

follow another convention for handling vertical displacements for polarity.

B. Selection Phase Examples

In some embodiments, the selection phase of chroma motion vector derivation is
adapted to the reference field patterns used in motion compensation for interlaced P-fields with
one or two reference fields. For example, the result of the selection phase for a macroblock
depends on the number and the polarities of the luma motion vectors for the macroblock.

The simplest case is when an entire macroblock is intra coded. In this case, there is no
chroma motion vector, and the second and third phases of chroma motion vector derivation are
skipped. The chroma blocks of the macroblock are intra coded/decoded, not motion
compensated.

The next simplest case is when the macroblock has a single luma motion vector for all
four luma blocks. Whether the current P-field has one reference field or two reference fields,
there is no selection operation per se, as the single luma motion vector is simply carried forward
to the rounding and sub-sampling.

When the macroblock is has up to four luma motion vectors, the selection phase is more
complex. Overall, the selection phase favors the dominant polarity among the luma motion
vectors of the macroblock. If the P-field has only one reference field, the polarity is identical for
all of the luma motion vectors of the macroblock. If the P-field has two reference fields,
however, different luma motion vectors of the macroblock may point to different reference
fields. For example, if the polarity of the current P-field is odd, the macroblock may have two
opposite polarity luma motion vectors (referencing the even polarity reference field) and two
same polarity luma motion vectors (referencing the odd polarity reference field). An encoder or
decoder determines the dominant polarity for the luma motion vectors of the macroblock and
determines an initial chroma motion vector from the luma motion vectors of the dominant
polarity.

In some implementations, a 4MV macroblock has from zero to four motion vectors. A

luma block of such a 4MV macroblock is intra coded, or has an associated same polarity luma
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motion vector, or has an associated same polarity luma motion vector. In other implementations,
a 4MV macroblock always has four luma motion vectors, even if some of them are not signaled
(e.g., because they have a (0, 0) differential). A luma block of such a 4MV macroblock has
either an opposite polarity motion vector or a same polarity motion vector. The selection phase

logic is slightly different for these different implementations.

1. 4MY Macroblocks with 0 to 4 Luma Motion Vectors

The pseudocode in Figure 40 shows one example of selection phase logic, which applies
for 4MV macroblocks that have between 0 and 4 luma motion vectors. Of the luma motion
vectors, if the number of luma motion vectors that reference the same polarity reference field is
greater than the number that reference the opposite polarity reference field, the encoder/decoder
derives the initial chroma motion vector from the luma motion vectors that reference the same
polarity reference field. Otherwise, the encoder/decoder derives the initial chroma motion vector
from the luma motion vectors that reference the opposite polarity reference field.

If four luma motion vectors have the dominant polarity (e.g., all odd reference field or

- all even reference field), the encoder/decoder computes the median of the four luma motion

vectors. If only three luma motion vectors have the dominant polarity (e.g., because one luma
block is intra or has a non-dominant polarity motion vector), the encoder/decoder computes the
median of the three luma motion vectors. If two luma motion vectors have the dominant
polarity, the encoder/decoder computes the average of the two luma motion vectors. (In case of
a tie between same and opposite polarity counts, the same polarity (as the current P-field) is
favored.) Finally, if there is only one luma motion vector of the dominant polarity (e.g., because
three luma blocks are intra), the one luma motion vector is taken as the output of the selection
phase. If all luma blocks are intra, the macroblock is intra, and the pseudocode in Figure 40

does not apply.

2. 4MY Macroblocks with 4 Luma Motion Vectors

The pseudocode in Figures 55A and 55B shows another example of selection phase
logic, which applies for 4AMV macroblocks that always have 4 luma motion vectors (e.g.,
because intra coded luma blocks are not allowed). Figure S5A addresses chroma motion vector
derivation for such 4MV macroblocks in one reference field interlaced P-fields, and Figure 55B
addresses chroma motion vector derivation for such 4MV macroblocks in two reference field
interlaced P-fields.

With reference to Figure 55B, an encoder/decoder determines which polarity
predominates among the four luma motion vectors of a 4MV macroblock (e.g., odd or even). If
all four luma motion vectors are from the same field (e.g., all odd or all even), the median of the

four luma motion vectors is determined. If three of the four are from the same field, the median
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of the three luma motion vectors is determined. Finally, if there are two luma motion vectors for
each of the polarities, the two luma motion vectors that have the same polarity as the current P-
field are favored, and their average is determined. (The cases of only one luma motion vector
and no luma motion vector having the dominant polarity are not possible if a 4MV macroblock
always has four luma motion vectors.)

Alternatively, an encoder or decoder uses different selection logic when deriving a
chroma motion vector from multiple luma motion vectors of a macroblock of an interlaced P-
field. Or, an encoder or decoder considers luma motion vector polarity in chroma motion vector
derivation for another type of macroblock (e.g., a macroblock with a different number of luma

motion vectors and/or in a type of picture other than interlaced P-field).

C. Sub-sampling/Rounding Phase

For the second phase of chroma motion vector derivation, the encoder or decoder
typically applies rounding logic to eliminate certain pixel positions from initial chroma motion
vectors (e.g., to round up ¥-pixel positions so that such chroma motion vectors after
downsampling do not indicate Y:-pixel displacements). The use of rounding may be adjusted to
tradeoff quality of prediction vs. complexity of interpolation. With more aggressive rounding,
for example, the encoder or decoder eliminate all V4-pixel chroma displacements in the resultant
chroma motion vectors, so that just integer-pixel and %-pixel displacements are allowed, which
simplifies interpolation in motion compensation for the chroma blocks.

In the second phase, the encoder and decoder also downsample the initial chroma
motion vector to obtain a chroma motion vector at the appropriate scale for the chroma
resolution. For example, if the chroma resolution is % the luma resolution both horizontally and
vertically, the horizontal and vertical motion vector components are downsampled by a factor of
two.

Alternatively, the encoder or decoder applies other and/or additional
mechanisms for rounding, sub-sampling, pullback, or other adjustment of the chroma motion .

vectors.

D. Derivation Techniques )

An encoder such as the encoder (2000) of Figure 20 derives chroma motion vectors for
macroblocks of interlaced P-fields. Or, a decoder such as the decoder (2100) of Figure 21
derives chroma motion vectors for macroblocks of interlaced P-fields. For example, the
encoder/decoder performs the technique (4100) shown in Figure 41 to derive a chroma motion

vector.
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The encoder/decoder determines (4110) whether or not a current macroblock is an intra
macroblock. If so, the encoder/decoder skips chroma motion vector derivation and, instead of
motion compensation, intra coding/decoding is used for the macroblock.

Tf the macroblock is not an intra macroblock, the encoder/decoder determines (4120)
whether or not the macroblock is 2 1MV macroblock. If so, the encoder/decoder uses the single
luma motion vector for the macroblock as the initial chroma motion vector passed to the later
adjustment stage(s) (4150) of the technique (4100).

If the macroblock is not a 1MV macroblock, the encoder/decoder determines (4130) the
dominant polarity among the luma motion vectors of the macroblock. For example, the
encoder/decoder determines the prevailing polarity among the one or more luma motion vectors
of the macroblock as described in Figures 40 or 55A and 55B. Alternatively, the
encoder/decoder applies other and/or additional decision logic to determine the prevailing
polarity. If the P-field that includes the macroblock has only one reference field, the dominant.
polarity among the luma motion vectors is simply the polarity of that one reference field.

The encoder/decoder then determines (4140) an initial chroma motion vector from those
luma motion vectors of the macroblock that have the dominant polarity. For example, the
encoder/decoder determines the initial chroma motion vector as shown in Figures 40 or 55A and

55B. Alternatively, the encoder/decoder determines the initial chroma motion vector as the

. median, average, or other combination of the dominant polarity motion vectors using other

and/or additional logic.

Finally, the encoder/decoder adjusts (4150) the initial chroma motion vector produced
by one of the preceding stages. For example, the encoder/decoder performs rounding and sub-
sampling as described above. Alternatively, the encoder/decoder performs other and/or
additional adjustments.

Alternatively, the encoder/decoder checks the various macroblock type and polarity
conditions in a different order. Or, the encoder/decoder derives chroma motion vectors for other
and/or additional types of macroblocks in interlaced P-fields or other types of pictures.

For the sake of simplicity, Figure 41 does not show the various ways in which the
technique (4100) may be integrated with other aspects of encoding and decoding. Various

combined implementations are described in detail in section XIL

XI. Intensity Compensation for Interlaced P-Fields

Fading, morphing, and blending are widely used in the creation and editing of video
content. These techniques smooth the visual evolution of video across content transitions. In
addition, certain video sequences include fading naturally due to changes in illumination. Fora
predicted picture affected by fading, morphing, blending, etc., global changes in luminance

compared to a reference picture reduce the effectiveness of conventional motion estimation and
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compensation. As a result, motion-compensated prediction is worse, and the predicted picture
requires more bits to represent it. This problem is further complicated for interlaced P-fields that
have either one reference field or multiple reference fields.

In some embodiments, an encoder and decoder perform fading compensation (also
called intensity compensation) on reference fields for interlaced P-fields. The encoder performs
corresponding fading estimation. The fading estimation and compensation, and the signaling
mechanism for fading compensation parameters, are adapted to the reference field organization
of interlaced P-fields. For example, for an interlaced P-field that has one reference field or two
reference fields, the decision whether or not to perform fading compensation is made separately
for each of the reference fields. Each reference field that uses fading compensation may have its
own fading compensation parameters. The signaling mechanism for the fading compensation
decisions and parameters efficiently represents this information. As a result, the quality of the

interlaced video is improved and/or the bit rate is reduced.

A. Fading Estimation and Compensation on Reference Fields

Fading compensation involves performing a change to one or more reference fields to
compensate for fading, blending, morphing, etc. Generally, fading compensation includes any
compensation for fading (i.e., fade-to-black or fade-from-black), blending, morphing, or other
natural or synthetic lighting effects that affect pixel value intensities. For example, a global
luminance change may be expressed as a change in the brightness and/or contrast of the scene.
Typically, the change is linear, but it can also be defined as including any smooth, nonlinear
mapping within the same framework. A current P-field is then predicted by motion
estimation/compensation from the adjusted one or more reference fields.

For a reference field in YUV color space, adjustments occur by adjusting samples in the
tuminance and chrominance channels. The adjustments may include scaling and shifting
luminance values and scaling and shifting chrominance values. Alternatively, the color‘space is
different (e.g., YIQ or RGB) and/or the compensation uses other adjustment techniques.

An encoder/decoder performs fading estimation/compensation on a field-by-field basis.
Alternatively, an encoder/decoder performs fading estimation/ compensation on some other
basis. So, fading compensation adjustments affect a defined region, which may be a field or a
part of a field (e.g., an individual block or macroblock, or a group of macroblocks), and fading
compensation parameters are for the defined region. Or, fading compensation parameters are for

an entire field, but are applied selectively and as needed to regions within the field.

B. Reference Field Organization for Interlaced P-fields
In some embodiments, an interlaced P-field has either one or two reference fields for

motion compensation. (For example, see section IV.) Figures 24A-24F illustrate positions of
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reference fields available for use in motion-compensated prediction for interlaced P-fields. An
encoder and decoder may use reference fields at other and/or additional positions or timing for
motion-compensated prediction for P-fields. For example, reference fields within the same
frame as a current P-field are allowed. Or, either the top field or bottom field of a frame may be
coded/decoded first.

For interlaced P-fields that have either one or two reference fields for motion
compensation, a P-field have only one reference field. Or, a P-field may have two reference
fields and switch between the two reference fields for different motion vectors or on some other
basis.

Alternatively, a P-field has more reference fields and/or reference fields at different

positions.

C. Encoders and Decoders

Figure 42 shows an exemplary encoder framework (4200) for performing intensity
estimation and compensation for interlaced P-fields that have one or two reference fields. In this
framework (4200), the encoder conditionally remaps a reference field using parameters obtained
by fading estimation. The encoder performs remapping, or fading compensation, when the
encoder detects fading with a good degree of certainty and consistency across the field.
Otherwise, fading compensation is an identity operation (i.e., output = input).

Referring to Figure 42, the encoder compares a current P-field (4210) with a first
reference field (4220) using a fading detection module (4230) to determine whether fading
occurs between the fields (4220, 4210). The encoder separately compares the current P-field
(4210) with a second reference field (4225) using the fading detection module (4230) to
determine whether fading occurs between those fields (4225, 4210). The encoder produces a
“fading on” or “fading off” signal or signals (4240) based on the results of the fading detection.
The signal(s) indicate whether fading compensation will be used at all and, if so, whether on
only the first, only the second, or both of the reference fields (4220, 4225).

If fading compensation is on for the first reference field (4220), the fading estimation
module (4250) estimates fading parameters (4260) for the first reference field (4220). (Fading
estimation details are discussed below.) Similarly, if fading compensation is on for the second
reference field (4225), the fading estimation module (4250) separately estimates fading
parameters (4260) for the second reference field.

The fading compensation modules (4270, 4275) use the fading parameters (4260) to
remap one or both of the reference fields (4220). Although Figure 42 shows two fading
compensation modules (4270, 4275) (one per reference field), alternatively, the encoder
framework (4200) includes a single fading compensation module that operates on either

reference field (4220, 4225).
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Other encoder modules (4280) (e.g., motion estimation and compensation, frequency
transformer, and quantization modules) compress the current P-field (4210). The encoder
outputs motion vectors, residuals and other information (4290) that define the encoded P-field
(4210). Aside from motion estimation/compensation with translational motion vectors, the
framework (4200) is applicable across a wide variety of motion compensation-based video
codecs.

Figure 43 shows an exemplary decoder framework (4300) for performing intensity
compensation. The decoder produces a decoded P-field (4310). To decode an encoded fading-
compensated P-field, the decoder performs fading compensation on one or two previously
decoded reference fields (4320, 4325) using fading compensation modules (4370, 4375).
Alternatively, the decoder framework (4300) includes a single fading compensation module that
operates on either reference field (4320, 4325).

The decoder performs fading compensation on the first reference field (4320) if the
fading on/off signal(s) (4340) indicate that fading compensation is used for the first reference
field (4320) and P-field (4310). Similarly, the decoder performs fading compensation on the
second reference field (4325) if the fading on/off signal(s) (4340) indicate that fading
compensation is used for the second reference field (4325) and P-field (4310). The decoder
performs fading compensation (as done in the encoder) using the respective sets of fading
parameters (4360) obtained during fading estimation for the first and second reference fields
(4320, 4325). If fading compensation is off, fading compensation is an identity operation (i.e.,
output = input).

Other decoder modules (4360).(e.g., motion compensation, inverse frequency
transformer, and inverse quantization modules) decompress the encoded P-field (4310) using

motion vectors, residuals and other information (4390) provided by the encoder.

D. Parameterization and Compensation

Between a P-field and a first reference field and/or between the P-field and a second
reference field, parameters represent the fading, blending, morphing, or other change. The
parameters are then applied in fading compensation.

In video editing, synthetic fading is sometimes realized by applying a simple, pixel-wise
linear transform to the luminance and chrominance channels. Likewise, cross-fading is
sometimes realized as linear sums of two video sequences, with the composition changing over
time. Accordingly, in some embodiments, fading or other intensity compensation adjustment is
parameterized as a pixel-wise linear transform, and cross-fading is parameterized as a linear

sum.
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Suppose I(n) is P-field # and I(n - 1) is one reference field. Where motion is small,
simple fading is modeled by the first order relationship in following equation. The relation in
the equation is approximate because of possible motion in the video sequence.

I(n)~ C1I(n-1)+B1,
where the fading parameters B1 and C1 correspond to brightness and contrast changes,
respectively, for the reference field. (Parameters B2 and C2 correspond to brightness and
contrast changes, respectively, for the other reference field.) When nonlinear fading occurs, the
first order component typically accounts for the bulk of the change.

Cross-fades from an image sequence U(n) to an image sequence V{(n) can be modeled
by the relationship in the following equation. Again, the relation in the equation is approximate
because of possible motion in the sequences.

In)~anV +(1-an)U

~I(n-1)+al -U) 3
. (1-a)I(n-1) n=0
N{(l+a)[(n—1) nz%!

where n ~0 represents the beginning of the cross-fade, and #n =1/a represents the end of the
cross-fade. For cross-fades spanning several fields, ozis small. At the start of the cross-fade, the
™ field is close to an attenuated (contrast < 1) version of the n-1™ field. Towards the end, the
" field is an amplified (contrast > 1) version of the n-1" field. ’

The encoder carries out intensity compensation by remapping a reference field. The
encoder remaps the reference field on a pixel-by-pixel basis, or on some other basis. The
original, un-remapped reference field is essentially discarded (although in certain
implementations, the un-remapped reference field may still be used for motion compensation).

The following linear rule remaps the luminance values of a reference field R to the
remapped reference field R in terms of the two parameters B1 and C1:

R~CIR+BI,
The luminance values of the reference field are scaled (or, “weighted”) by the contrast value and
shifted (i.e., by adding an offset) by the brightness value. For chrominance, the remapping
follows the rule:

R~Cl(R-p)+ 2,
where pi is the mean of the chrominance values. In one embodiment, 128 is assumed to be the
mean for unsigned eight-bit representation of chrominance values. This rule for chrominance
remapping does not use a brightness component. In some embodiments, the two-parameter
linear remapping is extended to higher order terms. For example, a second-order equation that

remaps the luminance values of R to R is:
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R~C1,R*+Cl,R+B1.
Other embodiments use other remapping rules. In one category of such remapping rules, for
non-linear fading, linear mappings are replaced with non-linear mappings.
The fading compensation may be applied to a reference field before motion
5  compensation. Or, it may be applied to the reference field as needed during motion
compensation, e.g., only to those areas of the reference field that are actually referenced by

motion vectors.

E. Estimation of Parameters

10 Estimation is the process of computing compensation parameters during the encoding
process. An encoder such as one shown in the framework (4200) of Figure 42 computes
brightness (B1, B2) and contrast (C1, C2) parameters during the encoding process.
Alternatively, such an encoder computes other compensation parameters.

To speed up estimation, the encoder considers and estimates parameters for each

15  reference field independently. Also, the encoder analyzes only the luminance channel.
Alternatively, the encoder includes chrominance in the analysis when more computational
resources are available. For example, the encoder solves for C1 (or C2) in the luminance and
chrominance remapping equations for the first reference field, not just the luminance one, to
make C1 (or C2) more robust. ‘

20 Motion in the scene is ignored during the fading estimation process. This is based on
the observations that: (a) fades and cross fades typically happen at still or low-motion scenes,
and (b) the utility of intensity compensation in high motion scenes is very low. Alternatively,
the encoder jointly solves for fading compensation parameters and motion information. Motion
information is then used to refine the accuracy of fading compensation parameters at the later

25  stages of the technique or at some other time. One way to use motion information is to omit
from the fading estimation computation those portions of the reference field in which movement

is detected.

The absolute error sums of Zabs(] (n)— R) or Zabs([ (n)— fz) serve as metrics for

determining the existence and parameters of fading. Alternatively, the encoder uses other or
30  additional metrics such as sum of squared errors or mean squared error over the same error term,
or the encoder uses a different error term.
The encoder may end estimation upon satisfaction of an exit condition such as described
below. For another exit condition, the encoder checks whether the contrast parameter C1 (or
C2) is close to 1.0 (in one implementation, .99 < C <1.02) at the start or at an intermediate stage

35  ofthe estimation and, if so, ends the technique.
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The encoder begins the estimation by downsampling the current field and the selected
reference field (first or second). In one implementation, the encoder downsamples by a factor of
4 horizontally and vertically. Alternatively, the encoder downsamples by another factor, or does
not downsample at all.

The encoder then computes the absolute error sum z abs(I,(n)- R, ) over the lower-

resolution versions I(n) and R, of the current and reference fields. The absolute error sum
measures differences in values between the downsampled current field and the downsampled
reference field. If the absolute error sum is smaller than a certain threshold (e.g., a pre-
determined difference measure), the encoder concludes that no fading has occurred and fading
compensation is not used.

Otherwise, the encoder estimates brightness B1 (or B2) and contrast C1 (or C2)
parameters. First cut estimates are obtained by modeling Z,(») in terms of R, for different
parameter values. For example, the brightness and contrast parameters are obtained through
linear regression over the entire downsampled field. Or, the encoder uses other forms of
statistical analysis such as total least squares, least median of squares, etc. for more robust

analysis. For example, the encoder minimizes the MSE or SSE of the error term 1,(s)-R,. In

some circumstances, MSE and SSE are not robust, so the encoder also tests the absolute error

sum for the error term. The encoder discards high error values for particular points (which may

~ be due to motion rather than fading).

The first cut parameters are quantized and dequantized to ensure that they lie within the
permissible range and to test for compliance. In some embodiments, for typical eight-bit depth
imagery, the parameters are quantized to 6 bits each. B1 (or B2) takes on integer values from -
32 to 31 represented as a signed six-bit integer. C1 (or C2) varies from 0.5 to 1.484375, in
uniform steps of 0.015625 (1/64), corresponding to quantized values 0 through 63 for C1 (or
C2). Quantization is performed by rounding B1 (or B2) and C1 (or'C2) to the nearest valid
dequantized value and picking the appropriate bin index.

The encoder calculates the original bounded absolute error sum (Sorgana) and remapped
bounded absolute error sum (Sgmppng). In some embodiments, the encoder calculates the sums
using a goodness-of-fit analysis. For a random or pseudorandom set of pixels at the original
resolution, the encoder computes the remapped bounded absolute error sum

Zbabs([(n)—c R-B f), where babs(x) = min(abs(x), 1) for some bound 3/ such as a multiple

of the quantization parameter of the field being encoded. The bound M is higher when the
quantization parameter is coarse, and lower when the quantization parameter is fine. The

encoder also accumulates the original bounded absolute error sum Zbabs(] (n)— R). If

computational resources are available, the encoder may compute the bounded error sums over

the entire fields.
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Based on the relative values of the original and remapped bounded absolute error sums,
the encoder determines whether or not to use fading compensation. For example, in some
embodiments, the encoder does not perform fading compensation unless the remapped bounded
absolute error sum is less than or equal to some threshold percentage o of the original bounded
absolute error sum. In one implementation, o =.95.

If fading compensation is used, the encoder re-computes the fading parameters, this
time based on a linear regression between /(n)-and R, but at the full resolution. To save
computation time, the encoder can perform the repeated linear regression over the random or
pseudorandom sampling of the field. Again, the encoder can alternatively use other forms of
statistical analysis (e.g., total least squares, least median of squares, etc.) for more robust
analysis.

In some implementations, the encoder allows a special case in which the reconstructed
value of C1 (or C2) is -1. The special case is signaled by the syntax element for C1 (or C2)
being equal to 0. In this “invert” mode, the reference field is inverted before shifting by B1 (or
B2), and the range of B1 (or B2) is 193 to 319 in uniform steps of two. Alternatively, some or
all of the fading compensation parameters use another representation, or other and/or additional

parameters are used.

F. Signaling

At a high level, signaled fading compensation information includes (1) compensation
on/off information and (2) compensation parameters. The on/off information may in turn
include: (a) whether or not fading compensation is allowed or not allowed overall (e.g., for an
entire sequence); (b) if fading compensation is allowed, whether or not fading compensation is
used for a particular P-field; and (c) if fading compensation is used for a particular P-field,
which reference fields should be adjusted by fading compensation. When fading compensation

is used for a reference field, the fading compensation parameters to be applied follow.

1. Overall On/Off Signaling
At the sequence level, one bit indicates whether or not fading compensation is enabled
for the sequence. If fading compensation is allowed, later elements indicate when and how it is
performed. Alternatively, fading compensation is enabled/disabled at some other syntax level.

Or, fading compensation is always allowed and the overall on/off signaling is skipped.

2. P-field On/Off Signaling
If fading compensation is allowed, one or more additional signals indicate when to use
fading compensation. Among fields in a typical interlaced video sequence, the occurrence of

intensity compensation is rare. It is possible to signal use of fading compensation for a P-field
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by adding one bit per field (e.g., one bit signaled at field level). However, it is more economical
to signal use of fading compensation jointly with other information.

One option is to signal the use of fading compensation for a P-field jointly with motion
vector mode (e.g., the number and configuration of motion vectors, the sub-pixel interpolation
scheme, etc.). For example, a VLC jointly indicates a least frequent motion vector mode and the
activation of fading compensation for a P-field. For additional detail, see U.S. Patent
Application Publication No. 2003-0206593-A1, entitled “Fading Estimation/Compensation.”

Or, use/non-use of fading compensation for a P-field is signaled with motion vector mode
information as described in several combined implementations below. See section XII, the
MVMODE and MVMODE?2 elements. Alternatively, another mechanism for signaling P-field

fading compensation on/off information is used.

3. Reference Field On/Off Signaling

If fading compensation is used for a P-field, there may be several options for which
reference fields undergo fading compensation. When a P-field uses fading compensation and
has two reference fields, there are three cases. Fading compensation is performed for: (1) both
reference fields; (2) only the first reference field (e.g., the temporally second-most recent
reference field); or (3) only the second reference field (e.g., the temporally most recent reference
field). Fading compensation reference field pattern information may be signaled as a FLC or
VLC per P-field. The table in Figure 44 shows one set of VLCs for pattern information for an
element INTCOMPFIELD, which is signaled in a P-field header. Alternatively, the table shown
in Figure 47G or another table is used at the field level or another syntax level.

In some implementations, the reference field pattern for fading compensation is signaled
for all P-fields. Alternatively, for a one reference field P-field that uses fading compensation,
signaling of the reference field pattern is skipped, since the fading compensation automatically

applies to the single reference field.

4, Fading Compensation Parameter Signaling

If fading compensation is used for a reference field, the fading compensation parameters
for the reference field are signaled. For example, a first set of fading compensation parameters
is present in a header for the P-field. If fading compensation is used for only one reference field,
the first set of parameters is for that one reference field. If fading compensation is used for two
reference fields of the P-field, however, the first set of parameters is for one reference field, and
a second set of fading compensation parameters is present in the header for fading compensation
of the other reference field.

Each set of fading compensation parameters includes, for example, a contrast parameter

and a brightness parameter. In one combined implementation, the first set of parameters
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includes LUMSCALE1 and LUMSHIFT1 elements, which are present in the P-field header
when intensity compensation is signaled for the P-field. If INTCOMPFIELD indicates both
reference fields or only the second-most recent reference field uses fading compensation,
LUMSCALEI and LUMSHIFT1 are applied to the second-most recent reference field.
Otherwise (INTCOMPFIELD indicates only the most recent reference field uses fading
compensation), LUMSCALE1 and LUMSHIFT]1 are applied to the most reference recent field.
The second set of parameters, including the LUMSCALE2 and LUMSHIFT2 elements, is
present in the P-field header when intensity compensation is signaled for the P-field and
INTCOMPFIELD indicates that both reference fields use fading compensation. LUMSCALE2
and LUMSHIFT?2 are applied to the more recent reference field.

LUMSHIFT1, LUMSCALE1, LUMSHIFT2, and LUMSCALE2 correspond to the
parameters B1, C1, B2, and C2. LUMSCALE1, LUMSCALE2, LUMSHIFT1, and
LUMSHIFT?2 are each signaled using a six-bit FLC. Alternatively, the parameters are signaled
using VLCs. Figure 56 shows pseudocode for performing fading compensation on a first
reference field based upon LUMSHIFT1 and LUMSCALEL. An analogous process is
performed for fading compensation on a second reference field based upon LUMSHIFT2 and
LUMSCALEZ2.

Alternatively, fading compensation parameters have a different representation and/or

are signaled with a different signaling mechanism.

G. Estimation and Signaling Techniques

An encoder such as the encoder (2000) of Figure 20 or the encoder in the framework
(4200) of Figure 42 performs fading estimation and corresponding signaling for an interlaced P-
field that has two reference fields. For example, the encoder performs the technique (4500)
shown in Figure 45A.

The encoder performs fading detection (4510) on the first of the two reference fields for
the P-field. If fading is detected (the “Yes” path out of decision 4512), the encoder performs
fading estimation (4514) for the P-field relative to the first reference field, which yields fading
compensation parameters for the first reference field. The encoder also performs fading
detection (4520) on the second of the two reference fields for the P-field. If fading is detected
(the “Yes” path out of decision 4522), the encoder performs fading estimation (4524) for the P-
field relative to the second reference field, which yields fading compensation parameters for the
second reference field. For example, the encoder performs fading detection and estimation as
described in the section entitled “Estimation of Fading Parameters.” Alternatively, the encoder
uses a different technique to detect fading and/or obtain fading compensation parameters. If the
current P-field has only one reference field, the operations for the second reference field may be

skipped.
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The encoder signals (4530) whether fading compensation is on or off for the P-field.
For example, the encoder jointly codes the information with motion vector mode information for
the P-field. Alternatively, the encoder uses other and/or additional signals to indicate whether
fading compensation is on or off for the P-field. If fading compensation is not on for the current
P-field (the “No” path out of decision 4532), the technique (4500) ends.

Otherwise (the “Yes” path out of decision 4532), the encoder signals (4540) the
reference field pattern for fading compensation. For example, the encoder signals a VLC that
indicates whether fading compensation is used for both reference fields, only the first reference
field, or only the second reference field. Alternatively, the encoder uses another signaling
mechanism (e.g., a FLC) to indicate the reference field pattern. In this path, the encoder

also signals (4542) a first set and/or second set of fading compensation parameters, which were

. computed in the fading estimation. For example, the encoder uses signaling as described in

section XL.F. Alternatively, the encoder uses other signaling.

Although the encoder typically also performs fading compensation, motion estimation,
and motion compensation, for the sake of simplicity, Figure 45A does not show these operations.
Moreover, fading estimation may be performed before or concurrently with motion estimation.
Figure 45A does not show the various ways in which the technique (4500) may be integrated
with other aspects of encoding and decoding. Various combined implementations are described

in detail in section XII.

H. Decoding and Compensation Techniques

A decoder such as the decoder (2100) of Figure 21 or the decoder in the framework
(4300) of Figure 43 performs decoding and fading compensation for an interlaced P-field that
has two reference fields. For example, the decoder performs the technique (4550) shown in
Figure 45B.

The decoder receives and decodes (4560) one or more signals that indicate whether
fading compensation is on or off for the P-field. For example, the information is jointly coded
with motion vector mode information for the P-field. Alternatively, the decoder receives and
decodes other and/or additional signals to indicate whether fading compensation is on or off for
the P-field. If fading compensation is not on for the P-field (the “No” path out of decision
4562}, the technique (4550) ends.

Otherwise (the “Yes” path out of decision 4562), the decoder receives and decodes
(4570) the reference field pattern for fading compensation. For example, the decoder receives
and decodes a VLC that indicates whether fading compensation is used for both reference fields,
only the first reference field, or only the second reference field. Alternatively, the decoder
operates in conjunction with another signaling mechanism (e.g., a FLC) to determine the

reference field pattern.
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In this path, the decoder also receives and decodes (4572) a first set of fading
compensation parameters. For example, the decoder works with signaling as described in
section XLF. Alternatively, the decoder works with other signaling.

If fading compensation is performed for only one of the two reference fields (the “No”
path out of decision 4575), the first set of parameters is for the first or second reference field, as
indicated by the reference field pattern. The decoder performs fading compensation (4592) on
the indicated reference field with the first set of fading compensation parameters, and the
technique (4500) ends.

Otherwise, fading compensation is performed for both of the two reference fields (the
“Yes” path out of decision 4575), and the decoder receives and decodes (4580) a second set of
fading compensation parameters. For example, the decoder works with signaling as described in
section XLF. Alternatively, the decoder works with other signaling. In this case, the first set of
parameters is for one of the two reference fields, and the second set of parameters is for the
other. The decoder performs fading compensation (4592) on one reference field with the first set
of parameters, and performs fading compensation (4582) on the other reference field with the
second set of parameters.

For the sake of simplicity, Figure 45B does not show the various ways in which the
technique (4550) may be integrated with other aspects of encoding and decoding. Various

combined implementations are described in detail in section XIL

XII. __ Combined Implementations

Detailed combined implementations for bitstream syntaxes, semantics, and decoders are
now described, with an emphasis on interlaced P-fields. The following description includes a
first combined implementation and an alternative, second combined implementation. In
addition, U.S. Patent Application Serial No. 10/857,473, filed May 27, 2004, discloses aspects of
a third combined implementation.

Although the emphasis is on interlaced P-fields, in various places in this section, the
applicability of syntax elements, semantics, and decoding for other picture types (e.g., interlaced

P- and B-frames, interlaced I, BI, PL, and B-fields) is addressed.

A. Sequence and Semantics in the First Combined Implementation

In the first combined implementation, a compressed video sequence is made up of data
structured into hierarchical layers: the picture layer, macroblock layer, and block layer. A
sequence layer precedes the sequence, and entry point layers may be interspersed in the

sequence. Figures 46A through 46E show the bitstream elements that make up various layers.
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1. Sequence Layer Syntax and Semantics

A sequence-level header contains sequence-level parameters used to decode the
sequence of compressed pictures. In some profiles, the sequence-related metadata is
communicated to the decoder by the transport layer or other means. For the profile with
interlaced P-fields (the advanced profile), however, this header syntax is part of the video data
bitstream.

Figure 46A shows the syntax elements that make up the sequence header for the
advanced profile. The PROFILE (4601) and LEVEL (4602) elements specify the profile used to
encode the sequence and the encoding level in the profile, respectively. Of particular interest for
interlaced P-fields, the INTERLACE (4603) element is a one-bit syntax element that signals
whether the source content is progressive (INTERLACE=0) or interlaced (INTERLACE=1).
The individual frames may still be coded using the progressive or interlaced syntax when
INTERLACE = 1.

2. Entry-point Layer Syntax and Semantics

An entry-point header is present in the advanced profile. The entry point has two
purposes. First, it is used to signal a random access point within the bitstream. Second, it is used
to signal changes in the coding control parameters.

Figure 46B shows the syntax elements that make up the entry-point layer. Of particular
interest for interlaced P-fields, the reference frame distance flag REFDIST_FLAG (4611)
element is a one-bit syntax element. REFDIST_FLAG = 1 indicates that the REFDIST (4624)
element is present in I/I, /P, P/ or P/P field picture headers. REFDIST_FLAG = 0 indicates
that the REFDIST (4624) element is not present in I/I, /P, P/I or P/P field picture headers.

The extended motion vector flag EXTENDED_MV (4612) element is a one-bit element
that indicates whether extended motion vector capability is turned on (EXTENDED_MV =1) or
off (EXTENDED_MV =0). The extended differential motion vector range flag
EXTENDED DMV (4613) element is a one-bit syntax element that is present if
EXTENDED _MV=1. If EXTEND&ED_DMV=1 , motion vector differentials in an extended
differential motion vector range are signaled at the picture layer within the entry point segment.
If EXTENDED DMV=0, motion vector differentials in the extended differential motion vector
range are not signaled. Extended differential motion vector range is an option for interlaced P-

and B- pictures, including interlaced P-fields and P-frames and interlaced B-fields and B-frames.

3. Picture Layer Syntax and Semantics
Data for a picture consists of a picture header followed by data for the macroblock
layer. Figure 46C shows the bitstream elements that make up the frame header for interlaced

field pictures. In the following description, emphasis is placed on elements used with interlaced
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P-fields, but the header shown in Figure 46C is applicable to various combinations of interlaced
I-, P-, B-, and Bl-fields.

The frame coding mode FCM (4621) element is present only in the advanced profile
and only if the sequence layer INTERLACE (4603) has the value 1. FCM (4621) indicates
whether the picture is coded as progressive, interlace-field or interlace-frame. The table in
Figure 47A includes the VLCs used to indicate picture coding type with FCM.

The field picture type FPTYPE (4622) element is a three-bit syntax element present in
picture headers for interlaced field pictures. FPTYPE is decoded according to the table in Figure
47B. As the table shows, an i;terlaced frame may include two interlaced I-fields, one interlaced
I-field and one interlaced P-field, two interlaced P-fields, two interlaced B-fields, one interlaced
B-field and one interlaced BI-field, or two interlaced BI-fields.

The top field first TFF (4623) element is a one-bit element present in advanced profile
picture headers if the sequence header element PULLDOWN=1 and the sequence header
element INTERLACE=1. TFF = 1 implies that the top field is the first decoded field. If TFF =
0, the bottom field is the first decoded field.

The P reference distance REFDIST (4624) element is a variable-size syntax element
present in interlaced field picture headers if the entry-level flag REFDIST FLAG=1 and if the
picture type is not B/B, B/BI, BUB, BI/BL. If REFDIST FLAG=0, REFDIST (4624) is set to the
default value of 0. REFDIST (4624) indicates the number of frames between the current frame
and the reference frame. The table in Figure 47C includes the VLCs used for REFDIST (4624)
values. The last row in the table indicates the codewords used to represent reference frame
distances greater than 2. These are coded as (binary) 11 followed by N-3 1s, where N is the
reference frame distance. The last bit in the codeword is 0. The value of REFDIST (4624) is
less than or equal to 16. For example:

N =3, VLC Codeword = 110, VLC Size = 3,

N =4, VLC Codeword = 1110, VLC Size = 4, and

N=35, VLC Codeword = 11110, VLC Size = 5.

The field picture layer FIELDPICLAYER (4625) element is data for one of the separate
interlaced fields of the interlaced frame. If the interlaced frame is a P/P frame (FPTYPE=011),
the bitstream includes two FIELDPICLAYER (4625) elements for the two interlaced P-fields.
Figure 46D shows the bitstream elements that make up the field picture header for an interlaced
P-field picture.

The number of reference pictures NUMREF (4631) element is a one-bit syntax element
present in interlaced P-field headers. It indicates whether an interlaced P-field has 1
(NUMREF=0) or 2 (NUMREF=1) reference pictures. The reference field picture indicator
REFFIELD (4632) is a one-bit syntax element present in interlaced P-field headers if NUMREF

= 0. It indicates which of two possible reference pictures the interlaced P-field uses.
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The extended MV range flag MVRANGE (4633) is a variable-size syntax element that,
in general, indicates an extended range for motion vectors (i.e., longer possible horizontal and/or
vertical displacements for the motion vectors). The extended differential MV range flag
DMVRANGE (4634) is a variable-size syntax element present if EXTENDED_DMV=1. The
table in Figure 47D is used for the DMVRANGE (4634) element. Both MVRANGE (4633) and
DMVRANGE (4634) are used in decoding motion vector differentials and extended differential
motion vector range is an option for interlaced P-fields, interlaced P-frames, interlaced B-fields
and interlaced B-frames.

The motion vector mode MVMODE (4635) element is a variable-size syntax element
that signals one of four motion vector coding modes or one intensity compensation mode. The
motion vector coding modes include three “1MV” modes with different sub-pixel interpolation
rules for motion compensation. The 1MV signifies that each macroblock in the picture has at
most one motion vector. In the “mixed-MV” mode, each macroblock in the picture may have
either one or four motion vectors, or be skipped. Depending on the value of PQUANT (a
quantization factor for the picture), either one of the tables shown in Figure 47E is used for the
MVMODE (4635) element.

The motion vector mode 2 MVMODE2 (4636) element is a variable-size syntax
element present in interlaced P-field headers if MVMODE (4635) signals intensity
compensation. Depending on the value of PQUANT, either of the tables shown in Figure 47F is
used to for the MVMODE (4635) element.

The intensity compensation field INTCOMPFIELD (4637) is a variable-size syntax
element present in interlaced P-field picture headers. As shown in the table in Figure 47G,
INTCOMPFIELD (4637) is used to indicate which reference field(s) undergoes intensity
compensation. INTCOMPFIELD (4637) is present even if NUMREF=0.

The field picture luma scale 1 LUMSCALE] (4638), field picture luma shift 1
LUMSHIFT1 (4639), field picture luma scale 2 LUMSCALE2 (4640), and field picture luma
shift 2 LUMSHIFT2 (4641) elements are each a six-bit value used in intensity compensation.
The LUMSCALE1 (4638) and LUMSHIFT1 (4639) elements are present if MVMODE (4635)
signals intensity compensation. If the INTCOMPFIELD (4637) element is ‘1’ or “00’, then
LUMSCALE! (4638) and LUMSHIFT1 (4639) are applied to the top field. Otherwise,
LUMSCALE] (4638) and LUMSHIFT1 (4639) are applied to the bottom field. The
LUMSCALE2 (4640) and LUMSHIFT2 (4641) elements are present if MVMODE (4635)
signals intensity compensation and the INTCOMPFIELD (4637) element is ‘1’. LUMSCALE2
(4640) and LUMSHIFT2 (4641) are applied to the bottom field.

The macroblock mode table MBMODETAB (4642) element is a fixed length field with
a three-bit value for an interlaced P-field header. MBMODETAB (4642) indicates which of
eight code tables (tables O through 7 as specified with the three-bit value) is used to
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encode/decode the macroblock mode MBMODE (4661) syntax element in the macroblock layer.
There are two sets of eight code tables, and the set used depends on whether 4MV macroblocks
are possible or not in the picture, as indicated by MVMODE (4635). Figure 47H shows the
eight tables available for MBMODE (4661) in an interlaced P-field in mixed-MV mode. Figure
471 shows the eight tables available for MBMODE (4661) in an interlaced P-field in a IMV
mode.

The motion vector table MVTAB (4643) element is a fixed-length field. For interlaced
P-fields in which NUMREF = 0, MVTAB (4643) is a two-bit syntax element that indicates
which of four code tables (tables 0 through 3 as specified with the two-bit value) is used to
decode motion vector data. For interlaced P-fields in which NUMREF = 1, MVTAB (4643) is a
three-bit syntax element that indicates which of eight code tables (tables 0 through 7 as specified
with the three-bit value) is used to encode/decode the motion vector data.

In an interlaced P-field header, the 4MV block pattern table sAMVBPTAB (4644)
element is a two-bit value present if MVMODE (4635) (or MVMODE?2 (4636), if MVMODE
(4635) is set to intensity compensation) indicates that the picture is of mixed-MV type. The
4MVBPTAB (4644) syntax element signals which of four tables (tables 0 through 3 as specified
with the two-bit value) is used for the 4MV block pattern 4AMVBP (4664) syntax element in
4AMYV macroblocks. Figure 47J shows the four tables available for AMVBP (4664).

An interlaced P-frame header (not shown) has many of the same elements as the field-
coded interlaced frame header shown in Figure 46C and the interlaced P-field header shown in
Figure 46D. These include FCM (4621), MVRANGE (4633), DMVRANGE (4634),
MBMODETAB (4642), and MVTAB (4643), although the exact syntax and semantics for
interlaced P-frames may differ from interlaced P-fields. An interlaced P-frame header also
includes different elements for picture type, switching between 1MV and 4MV modes, and
intensity compensation signaling.

Since an interlaced P-frame may include field-coded macroblocks with two motion
vectors per macroblock, the interlaced P-frame header includes a two motion vector block
pattern table 2MVBPTAB element. 2MVBPTAB is a two two-bit value present in interlaced P-
frames. This syntax element signals which one of four tables (tables 0 through 3 as specified
with the two-bit value) is used to decode the 2MV block pattern (2MVBP) element in 2MV
field-coded macroblocks. Figure 47K shows the four tables available for 2MVBP.

Interlaced B-fields and interlaced B-frames have many of the same elements of
interlaced P-fields and interlaced P-frames. In particular, an interlaced B-field may include a
AMVBPTAB (4644) syntax element. An interlaced B-frame includes both 2MVBPTAB and
AMVBPTAB (4644) syntax elements, although the semantics of the elements can be different.
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4. Macroblock Layer Syntax and Semantics

Data for a macroblock consists of a macroblock header followed by the block layer.
Figure 46E shows the macroblock layer structure for interlaced P-fields.

The macroblock mode MBMODE (4661) element is a variable-size element. It jointly
indicates information such as the number of motion vectors for a macroblock (IMV, 4MV, or
intra), whether a coded block pattern CBPCY (4662) element is present for the macroblock, and
(in some cases) whether motion vector differential data is present for the macroblock. Figures
47H and 471 show tables available for MBMODE (4661) for an interlaced P-field.

The motion vector data MVDATA (4663) element is a variable-size element that
encodes motion vector information (e.g., horizontal and vertical differentials) for a motion
vector. For an interlaced P-field with two reference fields, MVDATA (4663) also encodes
information for selecting between multiple possible motion vector predictors for the motion
vector.

The four motion vector block pattern 4MVBP (4664) element is a variable-size syntax
element that may be present in macroblocks for interlaced P-fields, B-fields, P-frames, and B-
frames. In macroblocks for interlaced P-fields, B-fields, and P-frames, the AMVBP (4664)
element is present if MBMODE (4661) indicates that the macroblock has 4 motion vectors. In
this case, 4MVBP (4664) indicates which of the 4 luma blocks contain non-zero motion vector
differentials.

In macroblocks for interlaced B-frame, 4MVBP (4664) is present if MBMODE (4661)
indicates that the macroblock contains 2 field motion vectors, and if the macroblock is an
interpolated macroblock. In this case, 4dMVBP (4664) indicates which of the four motion
vectors (the top and bottom field forward motion vectors, and the top and bottom field backward
motion vectors) are present.

The two motion vector block pattern 2MVBP element (not shown) is a variable-size
syntax element present in macroblocks in interlaced P-frames and B-frames. In interlaced P-
frame macroblocks, ZMVBP is present if MBMODE (4661) indicates that the macroblock has 2
field motion vectors. In this case, 2MVBP indicates which of the 2 fields (top and bottom)
contain non-zero motion vector differentials. In interlaced B-frame macroblocks, 2MVBP is
present if MBMODE (4661) indicates that the macroblock contains 1 motion vector and the
macroblock is an interpolated macroblock. In this case, 2MVBP indicates which of the two
motion vectors (forward and backward motion vectors) are present.

The block-level motion vector data BLKMVDATA (4665) element is a variable-size
element present in certain situations. It contains motion information for a block of a
macroblock.

The hybrid motion vector prediction HYBRIDPRED (4666) element is a one-bit syntax

element per motion vector that may be present in macroblocks in interlaced P-fields. When
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hybrid motion vector prediction is used, HYBRIDPRED (4666) indicates which of two motion

vector predictors to use.

5. Block Layer Syntax and Semantics
The block layer for interlaced pictures follows the syntax and semantics of the block
layer for progressive pictures. In general, information for DC and AC coefficients of blocks and

sub-blocks is signaled at the block layer.

B. Decoding in the First Combined Implementation

When a video sequence consists of interlaced video frames or includes a mix of
interlaced and progressive frames, the FCM (4621) element indicates whether a given picture is
coded as a progressive frame, interlaced fields or an interlaced frame. For a frame coded as
interlaced fields, FPTYPE (4622) indicates whether the frame includes two interlaced I-fields,
one interlaced I-field and one interlaced P-field, two interlaced P-fields, two interlaced B-fields,
one interlaced B-field and one interlaced BI-field, or two interlaced BI-fields. Decoding of the
interlaced fields follows. The following sections focus on the decoding process for interlaced P-
fields.

1. References for Interlaced P-Field Decoding

An interlaced P-field may reference either one or two previously decoded fields in
motion compensation. The NUMREF (4631) element indicates whether the current P-field may
reference one or two previous reference fields. If NUMREF = 0, then the current P-field may
only reference one field. In this case, the REFFIELD (4632) element follows in the bitstream.
REFFIELD (4632) indicates which previously decoded field is used as a reference. If
REFFIELD = 0, then the temporally closest (in display order) I-field or P-field is used as a
reference. If REFFIELD = 1, then the second most temporally recent I-field or P-field is used as
reference. If NUMREEF = 1, then the current P-field uses the two temporally closest (in display
order) I-fields or P-fields as references. The examples of reference field pictures for NUMREF
= 0 and NUMREF = 1 shown in Figures 24A - 24F, as described above, apply to the first

combined implementation.

2. Picture Types
Interlaced P-fields may be one of two types: 1MV or mixed-MV. In IMV P-fields,
each macroblock is a 1MV macroblock. In mixed-MV P-fields, each macroblock may be
encoded as a IMV or a 4MV macroblock, as indicated by the MBMODE (4661) element at
every macroblock. 1MV or mixed-MV mode is signaled for an interlaced P-field by the
MVMODE (4635) and MVMODE2 (4636) elements.
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3. Macroblock Modes

Macroblocks in interlaced P-fields may be one of 3 possible types: 1MV, 4MV, and
intra. The MBMODE (4661) element indicates the macroblock type (IMV, 4MV or intra) and
also the presence of the CBP and MV data. Depending on whether the MVMODE
(4635)/MVMODE?2 (4636) syntax elements indicate the interlaced P-field is mixed-MV or all
1MV, MBMODE (4661) signals the information as follows.

The table in Figure 26 shows how MBMODE (4661) signals information about the
macroblocks in all IMV P-fields. As shown iﬂ Figure 471, one of 8 tables is used to
encode/decode MBMODE (4661) for IMV P-fields. The table in Figure 27 shows how
MBMODE (4661) signals information about the macroblock in mixed-MV P-fields. As shown
in Figure 47H, one of 8 tables is used encode/decode MBMODE (4661) for mixed-MV P-fields.

Thus, 1MV macroblocks may occur in 1-MV and mixed-MV interlaced P-fields. A
IMV macroblock is one where a single motion vector represents the displacement between the
current and reference pictures for all 6 blocks in the macroblock. For 1MV macroblocks, the
MBMODE (4661) element indicates three things: (1) that the macroblock type is IMV; (2)
whether the CBPCY (4662) element is present for the macroblock; and (3) whether the
MVDATA (4663) element is present for the macroblock.

If the MBMODE (4661) element indicates that the CBPCY (4662) element is present,
then the CBPCY (4662) element is present in the macroblock layer in the corresponding
position. CBPCY (4662) indicates which of the 6 blocks are coded in the block layer. If the
MBMODE (4661) element indicates that CBPCY (4662) is not present, then CBPCY (4662) is
assumed to equal 0 and no block data is present for any of the 6 blocks in the macroblock.

If the MBMODE (4661) element indicates that the MVDATA (4663) element is
present, then the MVDATA (4663) element is present in the macroblock layer in the
corresponding position. The MVDATA (4663) element encodes the motion vector differential,
which is combined with the motion vector predictor to reconstruct the motion vector. If the
MBMODE (4661) element indicates that the MVDATA (4663) element is not present, then the
motion vector differential is assumed to be zero and therefore the motion vector is equal to the
motion vector predictor.

AMV macroblocks occur in mixed-MV P-fields. A 4MV macroblock is one where each
of the 4 luma blocks in the macroblock may have an associated motion vector that indicates the
displacement between the current and reference pictures for that block. The displacement for the
chroma blocks is derived from the 4 luma motion vectors. The difference between the current
and reference blocks is encoded in the block layer. For 4MV macroblocks, the MBMODE
(4661) element indicates two things: (1) that the macroblock type is 4MV; and (2) whether the
CBPCY (4662) element is present.
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Intra macroblocks may occur in 1MV or mixed-MV P-fields. An intra macroblock is
one where all six blocks are coded without referencing any previous picture data. For Intra
macroblocks, the MBMODE (4661) element indicates two things: (1) that the macroblock type
is intra; and (2) whether the CBPCY (4662) element is present. For intra macroblocks, the
CBPCY (4662) element, when present, indicates which of the 6 blocks has AC coefficient data

coded in the block layer. The DC coefficient is still present for each block in all cases.

4. Motion Vector Block Patterns

The 4MVBP (4664) element indicates which of the 4 luma blocks contain non-zero
motion vector differentials. 4AMVBP (4664) decodes to a value between 0 and 15, which when
expressed as a binary value represents a bit syntax element that indicates whether the motion
vector for the corresponding luma block is present. The table in Figure 34 shows an association
of luma blocks to bits in 4MVBP (4664). As shown in Figure 47J, one of 4 tables is used to
encode/decode 4MVBP (4664).

For each of the 4 bit positions in the 4AMVBP (4664), a value of 0 indicates that no
motion vector differential (in BLKMVDATA) is present for the block in the corresponding
position, and the motion vector differential is assumed to be 0. A value of 1 indicates that a
motion vector differential (in BLKMVDATA) is present for the block in the corresponding
position. For example, if dMVBP (4664) decodes to a binary value of 1100, then the bitstream
contains BLKMVDATA (4665) for blocks 0 and 1, and no BLKMVDATA (4665) is present for
blocks 2 and 3. The AMVBP (4664) is similarly used to indicate the presence/absence of motion
vector differential information for 4MV macroblocks in interlaced B-fields and interlaced P-
frames.

A field-coded macroblock in an interlaced P-frame or interlaced B-frame may include 2
motion vectors. In the case of 2 field MV macroblocks, the 2MVBP element indicates which of
the two fields have non-zero differential motion vectors. As shown in Figure 47K, one of 4
tables is used to encode/decode 2MVBP.

5. Field Picture Coordinate System

In the following sections, motion vector units are expressed in field picture units. For
example, if the vertical component a motion vector indicates that the displacement is +6 (in
quarter-pel units), then this indicates a displacement of 1 % field picture lines.

Figure 48 shows the relationship between the vertical component of the motion vector
and the spatial location for both combinations of current and reference field polarities (opposite
and same). Figure 48 shows one vertical column of pixels in the current and reference fields.
The circles represent integer pixel positions and the x’s represent quarter-pixel positions. A

value of 0 indicates no vertical displacement between the current and reference field positions.
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If the current and reference fields are of opposite polarities, then the 0 vertical vector points to a
position halfway between the field lines (a ¥4-pixel shift) in the reference field. If the current
and reference fields are of the same polarity, then the 0 vertical vector points to the

corresponding field line in the reference field.

6. Decoding Motion Vector Differentials

The MVDATA (4663) and BLKMVDATA (4665) elements encode motion information
for the macroblock or blocks in the macroblock. 1MV macroblocks have a single MVDATA
(4663) element, and 4MV macroblocks may have between zero and four BLKMVDATA (4665).
The process of computing a motion vector differential from MVDATA (4663) or
BLKMVDATA (4665) is different for the one-reference (NUMREF = 0) case and two-reference
(NUMREF = 1) case.

In field pictures that have only one reference field, each MVDATA (4663) or
BLKMVDATA (4665) syntax element jointly encodes two things: (1) the horizontal motion
vector differential component; and 2) the vertical motion vector differential component. The
MVDATA (4663) or BLKMVDATA (4665) element is a VLC followed by a FLC. The value of
the VLC determines the size of the FLC. The MVTAB (4643) syntax element specifies the table
used to decode the VLC.

Figure 49A shows pseudocode that illustrates motion vector differential decoding for
motion vectors of blocks or macroblocks in field pictures that have one reference field. In the
pseudocode, the values dmv_x and dmv_y are computed, where dmv_x is the differential
horizontal motion vector component and dmv_y is the differential vertical motion vector
component. The variables k_x and k_y are fixed length values that depend on the motion vector
range as defined by MVRANGE (4633) according to the table shown in Figure 49B.

The variable extend x is for an extended range horizontal motion vector differential,
and the variable extend y is for an extended range vertical motion vector differential. The
variables extend x and extend_y are derived from the DMVRANGE (4634) syntax element. If
DMVRANGE (4634) indicates that extended range for the horizontal component is used, then
extend x = 1. Otherwise extend x,=0. Similarly, if DMVRANGE (4634) indicates that
extended range for the vertical component is used, then extend_y = 1. Otherwise, extend y =0.
The offset_table is an array defined as follows:

offset_table1[9]= {0, 1,2, 4, 8, 16, 32, 64, 128,}, and

offset_table2[9] = {0, 1, 3, 7, 15, 31, 63, 127, 255},
where the offset_table2[] is used for a horizontal or vertical component when the differential
range is extended for that component. Although Figures 49A and 49B show extended

differential motion vector decoding for interlaced P-fields, extended differential motion vector
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decoding is also used for interlaced B-fields, interlaced P-frames, and interlaced B-frames in the
first combined implementation.

In field pictures that have two reference fields, each MVDATA (4663) or
BLKMVDATA (4665) syntax element jointly encodes three things: (1) the horizontal motion
vector differential component; (2) the vertical motion vector differential component; and 3)
whether the dominant or non-dominant predictor is used, i.e., which of the two fields is
referenced by the motion vector. As in the one reference field case, the MVDATA (4663) or
BLKMVDATA (4665) element is a VLC followed by a FLC, the value of the VLC determines
the size of the FLC, and the MVTAB (4643) syntax element specifies the table used to decode
the VLC.

Figure 50 shows pseudocode that illustrates motion vector differential and
dominant/non-dominant predictor decoding for motion vectors of blocks or macroblocks in field
pictures that have two reference fields. In the pseudocode, the value predictor_flag is a binary
flag indicating whether the dominant or non-dominant motion vector predictor is used. If
predictor_flag = 0, the dominant predictor is used, and if predictor_flag = 1, the non-dominant
predictor is used. Various other variables (including dmv_x, dmv_y, k x, k .y, extend_x,
extend_y, offset_tablel[], and offset_table2[]) are as described for the one reference field case.
The table size_table is an array defined as follows:

size_table[16]= {0,0,1,1,2,2,3,3,4,4,5,5,6,6,7,7}.

7. Motion Vector Predictors

A motion vector is computed by adding the motion vector differential computed in the
previous section to a motion vector predictor. The predictor is computed from ﬁp to three
neighboring motion vectors. Computations for motion vector predictors are done in ¥ pixel
units, even if the motion vector mode is half-pel.

Ina IMV interlaced P-field, up to three neighboring motion vectors are used to compute
the predictor for the current macroblock. The locations of the neighboring macroblocks with
motion vectors considered are as shown in Figures 5A and 5B and described for IMV
progressive P-frames.

In a mixed-MX interlaced P-field, up to three neighboring motion vectors are used to
compute the predictor for the current block or macroblock. The locations of the neighboring
blocks and/or macroblocks with motion vectors considered are as shown in Figures 6A-10 and
described for mixed-MV progressive P-frames.

If the NUMREF (4631) syntax element in the picture header is 0, then the current
interlaced P-field may refer to only one previously coded field. If NUMREF = 1, then the
current interlaced P-field may refer to the two most recent reference field pictures. In the former

case, a single predictor is calculated for each motion vector. In the latter case, two motion vector

t



WO 2005/027496 PCT/US2004/029034

10

15

20

25

30

35

87

predictors are calculated. The pseudocode in Figures 51A and 51B describes how motion vector
predictors are calculated for the one reference field case. The variables fieldpred x and
fieldpred_y in the pseudocode represent the horizontal and vertical components of the motion
vector predictor.

In two reference field interlaced P-fields (NUMREEF = 1), the current field may
reference the two most recent reference fields. In this case, two motion vector predictors are
computed for each inter-coded macroblock. One predictor is from the reference field of the
same polarity and the other is from the reference field with the opposite polarity. Of the same
polarity field and opposite polarity field, one is the dominant field and the other is the non-
dominant field. The dominant field is the field containing the majority of the motion vector
predictor candidates. In the case of a tie, the motion vector derived from the opposite field is
considered to be the dominant predictor. Intra-coded macroblocks are not considered in the
calculation of the dominant/non-dominant predictor. If all candidate predictor macroblocks are
intra-coded, then the dominant and non-dominant motion vector predictors are set to zero, and
the dominant predictor is taken to be from the opposite field.

The pseudocode in Figures 52A - 52F describes how motion vector predictors are
calculated for the two reference field case, given the 3 motion vector predictor candidates. The
variables samefieldpred_x and samefieldpred _y represent the horizontal and vertical components
of the motion vector predictor from the same field, and the variables oppositefieldpred_x and
oppositefieldpred y represent the horizontal and vertical components of the motion vector
predictor from the opposite field. The variables samecount and oppositecount are initialized to
0. The variable dominantpredictor indicates which field contains the dominant predictor. The
value predictor_flag (decoded from the motion vector differential) indicates whether the
dominant or non-dominant predictor is used.

The pseudocode in Figures 52G and 52H shows the scaling operations referenced in the
pseudocode in Figures 52A - 52F, which are used to derive one field’s predictor from another
field’s predictor. The values of SCALEOPP, SCALESAME1, SCALESAME2,
SCALEZONE1_X, SCALEZONE1_Y, ZONE1OFFSET_X and ZONE1OFFSET_Y are shown
in the table in Figure 521 for the case where the current field is the first field, and in the table in
Figure 527 for the case where the current field is the second field. The reference frame distance
is encoded in the REFDIST (4624) field in the picture header. The reference frame distance is
REFDIST + 1.

Figures 52K through 52N are pseudocode and tables for scaling operations that are
alternatives to those shown in Figures 52H through 52J. In place of the scaling pseudocode and
tables in Figures 52H through 527 (but still using the pseudocode in Figures 52A through 52G),
the scaling pseudocode and tables in Figures 52K through 52N are used. The reference frame
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distance is obtained from an element of the field layer header. The value of N is dependent on

the motion vector range, as shown in the table in Figure 52N.

8. Hybrid Motion Vector Prediction

The motion predictor calculated in the previous section is tested relative to the A (top)
and C (left) predictors to determine whether the predictor is explicitly coded in the bitstream. If
so, then a bit is present that indicates whether to use predictor A or predictor C as the motion
vector predictor. The pseudocode in Figure 53 illustrates hybrid motion vector prediction
decoding. In the pseudocode, the variables predictor_pre_x and predictor_pre_y are the
horizontal and vertical motion vector predictors, respectively, as calculated in the previous
section. The variables predictor_post_x and predictor_post_y are the horizontal and vertical
motion vector predictors, respectively, after checking for hybrid motion vector prediction. The
variables predictor_pre, predictor_post, predictorA, predictorB, and predictorC all represent
fields of the polarity indicated by the value of predictor_flag. For example, if the predictor_flag
indicates that the opposite field predictor is used then:

predictor_pre x = oppositefieldpred x

predictor_pre_x = oppositefieldpred y

predictorA_x = oppositefieldpredA_x

predictorA_y = oppositefieldpredA_y

predictorB_x = oppositefieldpredB_x

predictorB_y = oppositefieldpredB_y

predictorC_x = oppositefieldpredC_x

predictorC_vy = oppositefieldpredC y

Likewise if predictor_flag indicates that the same field predictor is used then:
predictor_pre_x = samefieldpred x

predictor_pre x = samefieldpred y

predictorA_x = samefieldpredA_x

predictorA_y = samefieldpredA_y

predictorB_x = samefieldpredB_x

predictorB_y = samefieldpredB_y

predictorC_x = samefieldpredC_x

predictorC_y = samefieldpredC_y

where the values of oppositefieldpred and samefieldpred are calculated as described in the

previous section.
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9. Reconstructing Luma Motion Vectors
For both 1MV and 4MV macroblocks, a luma motion vector is reconstructed by adding
the differential to the predictor as follows, where the variables range_x and range_y depend on
MVRANGE (4633) and are specified in the table shown in Figure 49B. For NUMREF = 0 (one
reference field interlaced P-field):
mv_x = (dmv_x + predictor_x) smod range_x, and

mv_y = (dmv_y + predictor_y) smod (range_y).

For NUMREEF = 1 (two reference field interlaced P-field):
mv_x = (dmv_x + predictor_x) smod range_x, and

mv_y = (dmv_y + predictor_y) smod (range_y / 2).

If the interlaced P-field uses two reference pictures NUMREF = 1), then the
predictor_flag (derived in decoding the motion vector differential) is combined with the value of
dominantpredictor (derived in motion vector prediction) to determine which field is used as
reference, as shown in Figure 54.

In a IMV macroblock, there is a single motion vector for the 4 blocks that make up the
luma component of the macroblock. If the MBMODE (4661) syntax element indicates that no
MV data is present in the macroblock layer, then dmv_x =0 and dmv_y =0 (mv_x =
predictor x and mv_y = predictor_y).

In a 4MV macroblock, each of the inter-coded luma blocks in the macroblock has its
own motion vector. Therefore, there are 4 luma motion vectors in each 4MV macroblock. If the
4AMVBP (4664) syntax element indicates that no motion vector information is present for a

block, then dmv_x =0 and dmv_y for that block (mv_x = predictor_x and mv_y = predictor_y).

10. Deriving Chroma Motion Vectors

Chroma motion vectors are derived from the luma motion vectors. The chroma motion
vectors are reconstructed in two steps. As a first step, the nominal chroma motion vector is
obtained by combining and scaling the luma motion vectors appropriately. The scaling is
performed in such a way that half-pixel offsets are preferred over quarter-pixel offsets. In the
second stage, a one-bit FASTUVMC syntax element is used to determine if further rounding of
chroma motion vectors is necessary. If FASTUVMC = 0, no rounding is performed in the
second stage. If FASTUVMC = 1, the chroma motion vectors that are at quarter-pel offsets shall
be rounded to the nearest half and full-pel positions. Only bilinear filtering is used for all
chroma interpolation. The variables cmv_x and cmv_y denote the chroma motion vector
components, respectively, and Imv_x and Imv_y denote the luma motion vector components,

respectively.
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In a 1MV macroblock, the chroma motion vectors are derived from the luma motion
vectors as follows:

cmv_x = (Imv_x +round[lmv_x & 3])>>1, and

cmv_y=(Imv_y +round[lmv_y & 3)>>1,
where round[0] = 0, round[1] = 0, round[2] = 0, round[3] = 1.

The pseudocode in Figures 55A and 55B illustrates the first stage of how chroma
motion vectors are derived from the motion information in the four luma blocks in 4MV
macroblocks. In the pseudocode, ix and iy are temporary variables. Figure S5A is pseudocode
for chroma motion vector derivation for one reference field interlaced P-fields, and Figure 55B

is pseudocode for chroma motion vector derivation for two reference field interlaced P-fields.

11. Intensity Compensation

If MVMODE (4635) indicates that intensity compensation is used for the interlaced P-
field, then the pixels in one or both of the reference fields are remapped prior to using them as
predictors for the current P-field. When intensity compensation is used, the LUMSCALE1
(4638) and LUMSHIFT 1 (4639) syntax elements are present in the bitstream for a first
reference field, and the LUMSCALE2 (4640) and LUMSHIFT2 (4641) elements may be present
as well for a second reference field. The pseudocode in Figure 56 illustrates how LUMSCALE1
(4638) and LUMSHIFT1 (4639) values are used to build the lookup table used to remap
reference field pixels for the first reference field. (The pseudocode is similarly applicable for
LUMSCALE2 (4640) and LUMSHIFT2 (4641) for the second reference field.)

The Y component of the reference field is remapped using the LUTYT] table, and the
Cy/C; components are remapped using the LUTUVT] table as follows:

py =LUTY[py],and
Py =LUTUY[py, 1,

where py is the original luma pixel value in the reference field, ; v is the remapped luma pixel

value in the reference field, p,, is the original C, or C; pixel value in the reference field, and

; v is the remapped C;, or C; pixel value in the reference field.

12, Remaining Decoding
The decoder decodes the CBPCY (4662) element for a macroblock, when that element
is present, where the CBPCY (4662) element indicates the presence/absence of coefficient data.
At the block layer, the decoder decodes coefficient data for inter-coded blocks and intra-coded
blocks (except for 4MV macroblocks). To reconstruct an inter-coded block, the decoder: €))
selects a transform type (8x8, 8x4, 4x8, or 4x4), (2) decodes sub-block pattern(s), (3) decodes
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coefficients, (4) performs an inverse transform, (5) performs inverse quantization, (6) obtains the

prediction for the block, and (7) adds the prediction and the error block.

C. Sequence and Semantics in the Second Combined Implementation

In the second combined implementation, a compressed video sequence is made up of
data structured into hierarchical layers. From top to bottom the layers are: the picture layer,
macroblock layer, and block layer. A sequence layer precedes the sequence. Figures S7TA

through 57C show the bitstream elements that make up various layers.

1. Sequence Layer Syntax and Semantics

A sequence-level header contains sequence-level parameters used to decode the
sequence of compressed pictures. This header is made available to the decoder either as
externally communicated decoder configuration information or as part of the video data
bitstream. Figure 57A is a syntax diagram for the sequence layer bitstream that shows the
elements that make up the sequence layer. The clip profile PROFILE (5701) element specifies
the encoding profile used to produce the clip. If the PROFILE is the “advanced” profile, the clip
level LEVEL (5702) element specifies the encoding level for the clip. Alternatively (e.g., for
other profiles), the clip level is communicated to the decoder by external means.

The INTERLACE (5703) element is a one-bit field that is present if the PROFILE is the
advanced profile. INTERLACE (5703) specifies whether the video is coded in progressive or
interlaced mode. If INTERLACE=0, then the video frames are coded in progressive mode. If
INTERLACE=1, then the video frames are coded in interlaced mode. If the PROFILE (5701) is
not the advanced profile, the video is coded in progressive mode.

The extended motion vectors EXTENDED_MYV (5704) element is a one-bit field that
indicates whether extended motion vector capability is turned on or off. If EXTENDED MV=1,
the motion vectors have extended range. If EXTENDED_MV=0, the motion vectors do not

have extended range.

2. Picture Layer Syntax and Semantics

Data for a picture consists of a picture header followed by data for the macroblock
layer. Figure 57B is a syntax diagram for the picture layer bitstream that shows the elements
that make up the picture layer for an interlaced P-field.

The picture type PTYPE (5722) element is either a one-bit field or a variable-size field.
If there are no B-pictures, then only I- and P-pictures are present in the sequence, and PTYPE is
encoded with a single bit. If PTYPE=0, then the picture type is I. If PTYPE=1, then the picture
type is P. If the number of B-pictures is greater than 0, then PTYPE (5722) is a variable sized
field indicating the picture type of the frame. If PTYPE=1, then the picture type is P. If
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PTYPE=01 in binary, then the picture type is I. And, if PTYPE=00 in binary, then the picture
type is B.

The number of reference pictures NUMREF (5731) element is a one-bit syntax element
present in intertaced P-field headers. It indicates whether an interlaced P-field has 1
(NUMREF=0) or 2 (NUMREF=1) reference pictures. The reference field picture indicator
REFFIELD (5732) is a one-bit syntax element present in interlaced P-field headers if NUMREF
=0. It indicates which of two possible reference pictures the interlaced P-field uses.

The extended MV range flag MVRANGE (5733) is a variable-size syntax element
present in P-pictures of sequences coded using a particular profile (“main” profile) and for which
the BROADCAST element is set to 1. In general, MVRANGE (5733) indicates an extended
range for motion vectors (i.e., longer possible horizontal and/or vertical displacements for the
motion vectors). MVRANGE (5733) is used in decoding motion vector differentials.

The motion vector mode MVMODE (5735) element is a variable-size syntax element
that signals one of four motion vector coding modes or one intensity compensation mode. The
motion vector coding modes include three “1MV” modes with different sub-pixel interpolation
rules for motion compensation. The IMV signifies that each macroblock in the picture has at
most one motion vector. In the “mixed-MV” mode, each macroblock in the picture may have
either one or four motion vectors, or be skipped. Depending on the value of PQUANT (a
quantization factor for the picture), either one of the tables shown in Figure 47E is used for the -
MVMODE (5735) eleﬁent.

The motion vector mode 2 MVMODE2 (5736) element is a variable-size syntax
element present in interlaced P-field headers if MVMODE (5735) signals intensity
compensation. The preceding tables (minus the codes for intensity compensation) may be used
for MVMODE2 (5736).

The luminance scale LUMSCALE (5738) and luminance shift LUMSHIFT (5739)
elements are each a six-bit value used in intensity compensation. LUMSCALE (5738) and
LUMSHIFT (5739) are present in an interlaced P-field header if MVMODE (5735) signals
intensity compensation.

The macroblock mode table MBMODETAB (5742) element is a two-bit field for an
interlaced P-field header. MBMODETAB (5742) indicates which of four code tables (tables 0
through 3 as specified with the two-bit value) is used to encode/decode the macroblock mode
MBMODE (5761) syntax element in the macroblock layer.

The motion vector table MVTAB (5743) element is a two-bit field for interlaced P-
fields. MVTAB (5743) indicates which of four code tables (tables 0 through 3 as specified with
the two-bit value) is used to encode/decode motion vector data.

The 4MV block pattern table AMVBPTAB (5744) element is a two-bit value present in
an interlaced P-field if MVMODE (5735) (or MVMODE2 (5736), if MVMODE (5735) is set to
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intensity compensation) indicates that the picture is of mixed-MV type. 4MVBPTAB (5744)
signals which of four code tables (tables 0 through 3 as specified with the two-bit value) is used
to encode/decode the 4MV block pattern AMVBP (5764) field in 4MV macroblocks.

An interlaced P-frame header (not shown) has many of the same elements as the
interlaced P-field header shown in Figure 57B. These include PTYPE (5722), MBMODETAB
(5742), MVTAB (5743), and 4AMVBPTAB (5744), although the exact syntax and semantics for
interlaced P-frames may differ from interlaced P-fields. For example, 4MVBPTAB is again a
two-bit field that indicates which of four code tables (tables 0 through 3 as specified with the
two-bit value) is used to encode/decode the 4MV block pattern 4MVBP element in 4MV
macroblocks. An interlaced P-frame header also includes different elements for switching
between 1MV and 4MV modes and for intensity compensation signaling.

Since an interlaced P-frame may include field-coded macroblocks with two motion
vectors per macroblock, the interlaced P-frame header includes a two motion vector block
pattern table 2MVBPTAB element. 2MVBPTAB is a two-bit field present in interlaced P-
frames. This syntax element signals which one of four tables (tables O through 3 as specified
with the two-bit value) is used to encode/decode the 2MV block pattern (2MVBP) element in
2MV field-coded macroblocks. Figure 47K shows four tables available for 2MVBP.

Interlaced B-fields and interlaced B-frames have many of the same elements of
interlaced P-fields and interlaced P-frames. In particular, an interlaced B-frame includes both
2MVBPTAB and 4MVBPTAB (5721) syntax elements, although the semantics of the elements

can be different from interlaced P-fields and P-frames.

3. Macroblock Layer Syntax and Semantics

Data for a macroblock consists of a macroblock header followed by the block layer.
Figure 57C is a syntax diagram for the macroblock layer bitstream that shows the elements that
make up the macroblock layer for macroblocks of an interlaced P-field.

The macroblock mode MBMODE (5761) element is a variable-size element. It jointly
indicates information such as the number of motion vectors for a macroblock (IMV, 4dMV, or
intra), whether a coded block pattern CBPCY (5762) element is present for the macroblock, and
(in some cases) whether motion vector differential data is present for the macroblock.

The motion vector data MVDATA (5763) element is a variable-size element that
encodes motion vector information (e.g., horizontal and vertical differentials) for a motion
vector for a macroblock. For an interlaced P-field with two reference fields, MVDATA (5763)
also encodes information for selecting between dominant and non-dominant motion vector
predictors for the motion vector.

The four motion vector block pattern 4MVBP (5764) element is present if the
MBMODE (5761) indicates the macroblock has four motion vectors. The 4MVBP (5764)
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element indicates which of the four luminance blocks contain non-zero motion vector
differentials. A code table is used to decode the 4AMVBP (5764) element to a value between 0
and 14. This decoded value, when expressed as a binary value, represents a bit field indicating
whether the motion vector for the corresponding luminance block is present, as shown in Figure
34.

The two motion vector block pattern 2MVBP element (not shown) is a variable-size
syntax element present in macroblocks in interlaced P-frames. In interlaced P-frame
macroblocks, 2MVBP is present if MBMODE (5761) indicates that the macroblock has 2 field
motion vectors. In this case, 2MVBP indicates which of the 2 fields (top and bottom) contain
non-zero motion vector differentials.

The block-level motion vector data BLKMVDATA (5765) element is a variable-size
element present in certain situations. It contains motion information for a block of a
macroblock.

The hybrid motion vector prediction HYBRIDPRED (5766) element is a one-bit syntax
element per motion vector that may be present in macroblocks in interlaced P-fields. When
hybrid motion vector prediction is used, HYBRIDPRED (5766) indicates which of two motion

vector predictors to use.

4, Block Layer Syntax and Semantics
The block layer for interlaced pictures follows the syntax and semantics of the block
layer for progressive pictures. In general, information for DC and AC coefficients of blocks and

sub-blocks is signaled at the block layer.

D. Decoding in the Second Combined Implementation

The following sections focus on the decoding process for interlaced P-fields.

1. References for Interlaced P-Field Decoding

An interlaced P-field can reference either one or two previously decoded fields in
motion compensation. The NUMREF (5731) field in the picture layer indicates whether the
current field can reference one or two previous reference field picture‘s. If NUMREF = 0, then
the current interlaced P-field can only reference one field. In this case, the REFFIELD (5732)
element follows in the picture layer bitstream and indicates which field is used as a reference. If
REFFIELD = 0, then the temporally closest (in display order) I or P-field is used as a reference.
If REFFIELD = 1 then the second most temporally recent I or P-field picture is used as
reference. If NUMREF = 1, then the current interlaced P-field picture uses the two temporally

closest (in display order) I or P field pictures as references. The examples of reference field
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pictures for NUMREF = 0 and NUMREF = 1 shown in Figures 24A - 24F, as described above,

apply to the second combined implementation.

2. Picture Types and Picture Layer Table Selections

Interlaced P-fields can be one of two types: 1MV or mixed-MV. In 1MV P-fields, for a
1MV macroblock, a single motion vector is used to indicate the displacement of the predicted
blocks for all 6 blocks in the macroblock. In mixed-MV P-fields, a macroblock can be encoded
as 2 IMV or a 4MV macroblock. For a 4MV macroblock, each of the four luminance blocks
may have a motion vector associated with it. 1MV mode or mixed-MV mode is signaled by the
MVMODE (5735) and MVMODE?2 (5736) picture layer fields.

For an interlaced P-field, the picture layer contains syntax elements that control the
motion compensation mode and intensity compensation for the field. MVMODE (5735) signals
either: 1) one of four motion vector modes for the field or 2) that intensity compensation is used
in the field. If intensity compensation is signaled then the MVMODE?2 (5736), LUMSCALE
(5738) and LUMSHIFT (5739) fields follow in the picture layer. One of the two tables in Figure
A7E are used to decode the MVMODE (5735) and MVMODE?2 (5736) fields, depending on
whether PQUANT is greater than 12.

If the motion vector mode is mixed-MV mode, then MBMODETAB (5742) signals
which of four mixed-MV MBMODE tables is used to signal the mode for each macroblock in
the field. If the motion \lfector mode is not mixed MV (in which case all inter-coded
macroblocks use 1 motion vector), then MBMODETAB (5742) signals which of four IMV
MBMODE tables is used to signal the mode of each macroblock in the field.

MVTAB (5743) indicates the code table used to decode motion vector differentials for
the macroblocks in an interlaced P-field. 4AMVBPTAB (5744) indicates the code table used to
decode the 4AMVBP (5764) for 4MV macroblocks in an interlaced P-field.

3. Macroblock Modes and Motion Vector Block Patterns

Macroblocks in interlaced P-fields can be one of 3 possible types: IMV, 4MV, and
Intra. The macroblock type is signaled by MBMODE (5761) in the macroblock layer.

1MV macroblocks can occur in 1MV and mixed-MV P-fields. A IMV macroblock is
one where a single motion vector represents the displacement between the current and reference
pictures for all 6 blocks in the macroblock. The difference between the current and reference
blocks is encoded in the block layer. For a IMV macroblock, the MBMODE (5761) indicates
three things: (1) that the macroblock type is 1MV (2) whether CBPCY (5762) is present; and
(3) whether MVDATA (5763) is present.

If MBMODE (5761) indicates that CBPCY (5762) is present, then CBPCY (5762) is

present in the macroblock layer and indicates which of the 6 blocks are coded in the block layer.
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If MBMODE (5761) indicates that CBPCY (5762) is not present, then CBPCY (5762) is
assumed to equal 0 and no block data is present for any of the 6 blocks in the macroblock.

If MBMODE (5761) indicates that MVDATA (5763) is present, then MVDATA (5763)
is present in the macroblock layer and encodes the motion vector differential, which is combined
with the motion vector predictor to reconstruct the motion vector. If MBMODE (5761) indicates
that MVDATA (5763) is not present then the motion vector differential is assumed to be zero
and therefore the motion vector is equal to the motion vector predictor.

4MYV macroblocks only occur in mixed-MV P-fields. A 4MV macroblock is one where
each of the four luminance blocks in a macroblock may have an associated motion vector that
indicates the displacement between the current and reference pictures for that block. The
displacement for the chroma blocks is derived from the four luminance motion vectors. The
difference between the current and reference blocks is encoded in the block layer. For a 4MV
macroblock, MBMODE (5761) indicates three things: (1) that the macroblock type is 4MV; (2)
whether CBPCY (5762) is present; and (3) whether 4{MVBP (5764) is present.

If MBMODE (5761) indicates that 4dMVBP (5764) is present, then 4MVBP (5764) is
present in the macroblock layer and indicates which of the four luminance blocks contain non-
zero motion vector differentials. 4MVBP (5764) decodes to a value between 0 and 14, which
when expressed as a binary value represents a bit field that indicates whether motion vector data
for the corresponding luminance blocks is present, as shown in Figure 27. For each of the four
bit positions in 4AMVBP (5764), a value of 0 indicates that no motion vector differential
(BLKMVDATA (5765)) is present for that block, and the motion vector differential is assumed
to be 0. A value of 1 indicates that a motion vector differential (BLKMVDATA (5765)) is
present for that block. If MBMODE (5761) indicates 4AMVBP (5764) is not present, then it is
assumed that motion vector differential data (BLKMVDATA (5765)) is present for all four
luminance blocks.

A field-coded macroblock in an interlaced P-frame may include 2 motion vectors. In
the case of 2 field MV macroblocks, the ZMVBP element indicates which of the two fields have
non-zero differential motion vectors.

Intra macroblocks can occur in 1MV or mixed-MV P-fields. An intra macroblock is
one where all six blocks are coded without referencing any previous picture data. The difference
between the current block pixels and a constant value of 128 is encoded in the block layer. For
an intra macroblock, MBMODE (5761) indicates two things: (1) that the macroblock type is
intra; and (2) whether CBPCY (5762) is present. For intra macroblocks, CBPCY (5762), when
present, indicates which of the six blocks has AC coefficient data coded in the block layer.
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4. Decoding Motion Vector Differentials

The MVDATA (5763) and BLKMVDATA (5765) fields encode motion information for
the macroblock or the blocks in the macroblock. 1MV macroblocks have a single MVDATA
(5763) field, and 4MV macroblocks can have between zero and four BLKMVDATA (5765).
Computing the motion vector differential is performed differently for the one-reference
(NUMREF = 0) case and the two-reference (NUMREF = 1) case.

In field pictures that have only one reference field, each MVDATA (5763) or
BLKMVDATA (5765) field in the macroblock layer jointly encodes two things: (1) the
horizontal motion vector differential component; and (2) the vertical motion vector differential
component. The MVDATA (5763) or BLKMVDATA (5765) field is a Huffman VLC followed
by a FLC. The value of the VLC determines the size of the FLC. The MVTAB (5743) field in
the picture layer specifies the table used to decode the VLC.

Figure 58A shows pseudocode that illustrates motion vector differential decoding for
motion vectors of blocks or macroblocks in field pictures that have one reference field. In the
pseudocode, the values dmv_x and dmv_y are computed. The value dmv_x is the differential
horizontal motion vector component, and the value dmv_y is the differential vertical motion
vector component. The variables k_x and k_y are fixed length values for long motion vectors
and depend on the motion vector range as defined by MVRANGE (5733), as shown in the table
in Figure 58B. The value halfpel_flag is a binary value indicating whether half-pel or quarter-
pel precision is used for motion compensation for the picture. The value of halfpel_flag is
determined by the motion vector mode. If the mode is IMV or mixed-MV, then halfpel flag=0
and quarter-pel precision is used for motion compensation. If the mode is IMV half-pel or IMV
half-pel bilinear, then halfpel_flag = 1 and half-pel precision is used. The offset_table is an
array defined as follows:

offset table[9]= {0, 1, 2, 4, 8, 16, 32, 64, 128}.

In field pictures that have two reference fields, each MVDATA (5763) or
BLKMVDATA (5765) field in the macroblock layer jointly encodes three things: (1) the
horizontal motion vector differential component; (2) the vertical motion vector differential
component; and (3) whether the dominant or non-dominant motion vector predictor is used. The
MVDATA (5763) or BLKMVDATA (5765) field is a Huffman VLC followed by a FLC, and
the value of the VLC determines the size of the FLC. The MVTAB (5743) field specifies the
table used to decode the VLC.

Figure 59 shows pseudocode that illustrates motion vector differential and
dominant/non-dominant predictor decoding for motion vectors of blocks or macroblocks in field
pictures that have two reference fields. In the pseudocode, the value predictor_flag is a binary
flag indicating whether the dominant or non-dominant motion vector predictor is used (0 =

dominant predictor used, 1 = non-dominant predictor used). The various other variables
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(including dmv_x, dmv_y, k_x, k_y, halfpel_flag, and offset_table[]) are as described for the one
reference field case. The table size_table is an array defined as follows:
size_table[14]= {0,0,1,1,2,2,3,3,4,4,5,5, 6, 6}.

S. Motion Vector Predictors
A motion vector is computed by adding the motion vector differential computed in the previous
section to a motion vector predictor. The predictor is computed from up to three neighboring
motion vectors.

In a 1MV interlaced P-field, up to three motion vectors are used to compute the
predictor for the current macroblock. The locations of neighboring predictors A, B, and C are
shown in Figures 5A and 5B. As described for progressive P-frames, the neighboring predictors
are taken from the left, top, and top-right macroblocks, except in the case where the current
macroblock is the last macroblock in the row. In this case, the predictor B is taken from the top-
Jeft macroblock instead of the top-right. For the special case where the frame is one macroblock
wide then the predictor is always Predictor A (the top predictor).

In a mixed-MV interlaced P-field, up to three motion vectors are used to compute the
predictor for the current block or macroblock. Figures 6A-10 show the three candidate motion
vectors for IMV and 4MV macroblocks in mixed-MV P-fields, as described for progressive P-
frames. For the special case where the frame is one macroblock wide then the predictor is
always Predictor A (the top predictor).

If the NUMREF (5731) field in the picture header is 0, then the current interlaced P-
field can refer to only one previously coded picture. If NUMREF = 1, then the current interlaced
P-field can refer to the two most recent reference field pictures. In the former case, a single
predictor is calculated for each motion vector. In the latter case, two motion vector predictors
are calculated. The pseudocode in Figures 60A and 60B shows how motion vector predictors
are calculated for the one reference field case. The variables fieldpred_x and fieldpred_y
represent the horizontal and vertical components of the motion vector predictor.

In two reference field interlaced P-fields (NUMREF = 1), the current field can reference
the two most recent reference fields. In this case, two motion vector predictors are computed for
each inter-coded macroblock. One predictor is from the reference field of the same polarity and
the other is from the reference field with the opposite polarity.

The pseudocode in Figures 61A - 61F describes how motion vector predictors are
calculated for the two reference field case, given the 3 motion vector predictor candidates. The
variables samefieldpred_x and samefieldpred_y represent the horizontal and vertical components
of the motion vector predictor from the same field, and the variables oppositefieldpred_x and
oppositefieldpred_y represent the horizontal and vertical components of the motion vector

predictor from the opposite field. The variable dominantpredictor indicates which field contains
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the dominant predictor. The value predictor_flag (decoded from the motion vector differential)

indicates whether the dominant or non-dominant predictor is used.

6. Hybrid Motion Vector Prediction

If the interlaced P-field is IMV or mixed-MV, then the motion vector predictor
calculated in the previous section is tested relative to the A (top) and C (left) predictors to
determine whether the predictor is explicitly coded in the bitstream. If so, then a bit is present
that indicates whether to use predictor A or predictor C as the motion vector predictor. The
pseudocode in Figures 14A and 14B illustrates the hybrid motion vector prediction decoding,
using variables as follows. The variables predictor_pre_x and predictor_pre_y and the candidate
Predictors A, B, and C are as calculated in the previous section (i.., they are the opposite field
predictors, or they are the same field predictors, as indicated by the predictor flag). The
variables predictor_post_x and predictor_post_y are the horizontal and vertical motion vector

predictors, respectively, after checking for hybrid motion vector prediction.

7. Reconstructing Motion Vectors

For both 1MV and 4MV macroblocks, a luminance motion vector is reconstructed by
adding the differential to the predictor as follows:

mv_x = (dmv_x + predictor_x) smod range_x, and

mv_y = (dmv_y + predictor_y) smod range vy,
where the variables range_x and range_y depend on MVRANGE (5733) and are specified in the
table shown in Figure 58B, and where the operation “smod” is a signed modulus defined as
follows:

Asmodb=((A+b)%2Db)-b,
which ensures that the reconstructed vectors are valid. (A smod b) lies within—b andb— 1.

In a 1MV macroblock, there will be a single motion vector for the four blocks that make
up the luminance component of the macroblock. If dmv_x indicates that the macroblock is
intra-coded, then no motion vector is associated with the macroblock. If the macroblock is
skipped, then dmv_x = 0 and dmv_y = 0, so mv_x = predictor_x and mv_y = predictor_y.

In a 4MV macroblock, each of the inter-coded luminance blocks in the macroblock has
its own motion vector. Therefore, there will be between 0 and 4 luminance motion vectors for
each 4MV macroblock. A non-coded block in a 4MV macroblock can occur in one of two ways:
(1) if the macroblock is skipped and the macroblock is 4MV (all blocks in the macroblock are
skipped in this case); or (2) if the CBPCY (5762) for the macroblock indicates that the block is
non-coded. If a block is not coded then dmv_x = 0 and dmv_y = 0, so mv_x = predictor_x and

mv_y = predictor_y.
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8. Deriving Chroma Motion Vectors

Chroma motion vectors are derived from the luminance motion vectors. Also, for 4AMV
macroblocks, the decision of whether to code the chroma blocks as inter or intra is made based
on the status of the luminance blocks. The chroma motion vectors are reconstructed in two
steps. As a first step, the nominal chroma motion vector is obtained by combining and scaling
the luminance motion vectors appropriately. The scaling is performed in such a way that half-
pixel offsets are preferred over quarter-pixel offsets. In the second stage, a sequence level one-
bit field FASTUVMC field is used to determine if further rounding of chroma motion vectors is
necessary. If FASTUVMC = 0, no rounding is performed in the second stage. If FASTUVMC
= 1, the chroma motion vectors that are at quarter-pel offsets will be rounded to the nearest full-
pel positions. In addition, when FASTUVMC = 1 only bilinear filtering will be used for all
chroma interpolation.

In a 1MV macroblock, the chroma motion vectors are derived from the lJuminance
motion vectors as follows:

//'s_RndTbI[0] = 0, s_RndTbl[1] =0, s_RndTbl[2] =0, s_RndTbl[3] =1

cmv_x=(lmv_x +s RndTbl[lmv_x & 3])>>1

cmv_y=(lmv_y +s RondTbl[Ilmv_y & 3]) >>1

The pseudocode in Figure 16B illustrates the first stage of how chroma motion vectors
are derived from the motion information for the four luminance blocks in 4MV macroblocks,
using variables as follows. The dominant polarity among the up to four luminance motion
vectors for the 4AMV macroblock is determined, and the chroma motion vector is determined
from the luminance motion vectors with the dominant polarity (but not from luminance motion

vectors of the other polarity).

9. Intensity Compensation
If intensity compensation is used for a reference field, then the pixels in the reference
field are remapped prior to using them as predictors. When intensity compensation is used,
LUMSCALE (5738) and LUMSHIFT (5739) are present in the picture bitstream. The
pseudocode in Figure 18 or 56 illustrates how LUMSCALE (5738) and LUMSHIFT (5739) are
used to remap the reference field pixels. The Y component of the reference is remapped using
the LUTYT] table, and the U and V components are remapped using the LUTUV[] table as

follows:

p, =LUTY[p,],and

Puy =LUTUV[pyy ]
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where p), is the original luminance pixel value in the reference field, :z; y is the remapped

luminance pixel value in the reference field, p,, is the original U or V pixel value in the

reference field, and ; ur 18 the remapped U or V pixel value in the reference field.

10. Remaining Decoding
The decoder decodes the CBPCY (5762) element for a macroblock, when that element
is present, where the CBPCY (5762) element indicates the presence/absence of coefficient data.
At the block layer, the decoder decodes coefficient data for inter-coded blocks and intra-coded
blocks. To reconstruct an inter-coded block, the decoder: (1) selects a transform type (8x8, 8x4,
4x8, or 4x4), (2) decodes sub-block pattern(s), (3) decodes coefficients, (4) performs an inverse
transform, (5) performs inverse quantization, (6) obtains the prediction for the block, and (7)

adds the prediction and the error block.

Having described and illustrated the principles of our invention with reference to
various embodiments, it will be recognized that the various embodiments can be modified in
arrangement and detail without departing from such principles. It should be understood that the
programs, processes, or methods described herein are not related or limited to any particular type
of computing environment, unless indicated otherwise. Various types of general purpose or
specialized computing environments may be used with or perform operations in accordance with
the teachings described herein. Elements of embodiments shown in software may be
implemented in hardware and vice versa.

In view of the many possible embodiments to which the principles of our invention may
be applied, we claim as our invention all such embodiments as may come within the scope and

spirit of the following claims and equivalents thereto.
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WE CLAIM:

1. A method comprising:

checking a hybrid motion vector prediction condition based at least in part on a
predictor polarity signal applicable to a motion vector predictor; and

determining the motion vector predictor.

2. The method of claim 1 wherein the predictor polarity signal is for selecting dominant

polarity or non-dominant polarity for the motion vector predictor.

3. The method of claim 2 wherein the motion vector predictor is for a block or
macroblock of a current interlaced forward-predicted field, and wherein the dominant polarity is
opposite when neighbor motion vectors predominantly reference a reference field having the

opposite polarity as the current interlaced forward-predicted field.

4. The method of claim 2 wherein the motion vector predictor is for a block or
macroblock of a current interlaced forward-predicted field, and wherein the dominant polarity is
same when neighbor motion vectors predominantly reference a reference field having the same

polarity as the current interlaced forward-predicted field.

5. The method of claim 1 wherein the determining includes, if the hybrid motion vector
prediction condition is satisfied, explicitly signaling which neighboring motion vector is to be

used as the motion vector predictor.

6. The method of claim 5 wherein the neighbor motion vector is a scaled motion vector

derived from an actual (non-scaled) motion vector for a neighboring block or macroblock.

7. The method of claim 5 wherein the neighbor motion vector is an actual (non-scaled)

motion vector for a neighboring block or macroblock.

8. The method of claim 1 wherein the determining includes, if the hybrid motion vector
prediction condition is satisfied, receiving a signal that indicates which of plural neighbor

motion vectors to use as the motion vector predictor.

9. The method of claim 1 wherein a video encoder performs the checking and the

determining.
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10. The method of claim 1 wherein a video decoder performs the checking and the

determining.

11. The method of claim 1 wherein the motion vector predictor is for a motion vector

for a block or macroblock of a two reference field interlaced forward-predicted field.

12. A method comprising:

determining an initial, derived motion vector predictor for a motion vector of an
interlaced forward-predicted field;

checking a variation condition based at least in part on the initial, derived motion vector
predictor and one or more neighbor motion vectors; and

if the variation condition is satisfied, using one of the one or more neighbor motion
vectors as a final motion vector predictor for the motion vector, and otherwise using the initial,

derived motion vector predictor as the final motion vector predictor.

13. The method of claim 12 wherein a video encoder performs the determining, the

checking, and the using.

14. The method of claim 12 wherein a video decoder performs the determining, the

checking, and the using.

15. The method of claim 12 wherein the checking the variation condition is further

based at least in part on a predictor polarity selection.

16. The method of claim 15 wherein the checking the variation condition includes
making the predictor polarity selection by:
determining a dominant polarity of the one or more neighbor motion vectors; and

receiving a signal that indicates dominant or non-dominant polarity.

17. The method of claim 12 further comprising, if the variation condition is satisfied,
receiving a signal that indicates which of the one or more neighbor motion vectors to use as the

final motion vector predictor.

18. A decoder comprising:
means for determining a motion vector predictor for a block or macroblock of an

interlaced forward-predicted field using hybrid motion vector prediction, wherein the hybrid
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motion vector prediction includes selecting between plural motion vector predictor polarities;
and
means for reconstructing a motion vector from the motion vector predictor and a motion

vector differential.

19. The decoder of claim 18 wherein the plural motion vector predictor polarities
include same and opposite, and wherein the selecting includes:

determining a dominant polarity of plural neighbor motion vectors, wherein the
dominant polarity is either same or opposite; and

receiving a signal that indicates whether dominant or non-dominant predictor polarity is

used.

20. The decoder of claim 18 wherein the determining a motion vector predictor using
hybrid motion vector prediction includes:

determining an initial, derived motion vector predictor;

if a hybrid motion vector prediction condition is not satisfied, using the initial, derived
motion vector predictor as the determined motion vector predictor, and otherwise receiving a
signal that indicates which of plural neighbor motion vectors to use as the determined motion

vector predictor.

21. A method comprising:

processing a first variable length code that represents first information for a macroblock
with plural luminance motion vectors, wherein the first information includes one motion vector
data presence indicator per luminance motion vector of the macroblock; and

processing a second variable length code that represents second information for the
macroblock, wherein the second information includes plural transform coefficient data presence

indicators for plural blocks of the macroblock.

22. The method of claim 21 wherein each of the motion vector data presence indicators
indicates whether or not motion vector data is signaled for a corresponding one of the plural
luminance motion vectors, the method further comprising:

processing motion vector data for each of the plural luminance motion vectors for which

the motion vector data is indicated to be present by the first information.

23. The method of claim 22 wherein the motion vector data includes motion vector

differential information and/or a predictor polarity selection.
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24. The method of claim 21 wherein the macroblock has four luminance motion
vectors, and wherein the first information consists of four motion vector data presence

indicators.

25. The method of claim 21 wherein the macroblock has two luminance motion

vectors, and wherein the first information consists of two motion vector data presence indicators.

26. The method of claim 21 wherein the processing of the first and second variable

length codes comprises encoding with the first and second variable length codes.

27. The method of claim 21 wherein the processing of the first and second variable

length codes comprises decoding the first and second variable length codes.

28. The method of claim 21 wherein each motion vector data presence indicator is a

single bit.

29. The method of claim 21 further comprising processing a table selection code
indicating which of plural variable length code tables to use to process the first variable length

code.

30. The method of claim 29 wherein the table selection code is signaled at picture level

or at slice level.

31. The method of claim 29 wherein the table selection code is a fixed length code.

32. A method comprising:

for a macroblock with a first number of luminance motion vectors, wherein the first
number is greater than one, processing a motion vector block pattern that consists of a second
number of bits, wherein the second number is equal to the first number, and wherein each of the
bits indicates whether or not a corresponding one of the luminance motion vectors has associated
motion vector data signaled in a bitstream; and

processing associated motion vector data for each of the luminance motion vectors for

which the associated motion vector data is indicated to be signaled in the bitstream.

33. The method of claim 32 further comprising:
processing a coded block pattern that indicates which of plural blocks of the macroblock

have associated transform coefficient data signaled in the bitstream.
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34. The method of claim 32 wherein the associated motion vector data includes motion

vector differential information.

35. The method of claim 34 wherein the associated motion vector data further includes

a predictor polarity selection.

36. The method of claim 32 wherein the macroblock has four luminance motion vectors

for four luminance blocks of the macroblock, respectively.

37. The method of claim 32 wherein the macroblock has two luminance motion vectors

for top and bottom fields of the macroblock, respectively.

38. The method of claim 32 wherein the macroblock has four luminance motion vectors

for left and right halves of top and bottom fields of the macroblock, respectively.

39. The method of claim 32 wherein the processing of the motion vector block pattern

comprises encoding the motion vector block pattern with a variable length code.

40. The method of claim 32 wherein the processing of the motion vector block pattern

comprises decoding a variable length code representing the motion vector block pattern.

41. The method of claim 32 further comprising processing a table selection code
indicating which of plural variable length code tables to use in processing the motion vector

block pattern.

42. A decoder comprising:

means for decoding plural variable length codes that represent plural motion vector
block patterns, wherein each of the plural motion vector block patterns has one bit per
corresponding luminance motion vector of a macroblock with multiple luminance motion
vectors, the one bit indicating whether or not motion vector data for the corresponding
luminance motion vector is signaled; and

means for decoding motion vector data.

43. The decoder of claim 42 further comprising means for selecting a variable length
code table from among plural available variable length code tables for decoding the plural

variable length codes that represent the plural motion vector block patterns.
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44. A method comprising:
determining a dominant polarity for a motion vector predictor;

processing the motion vector predictor based at least in part on the dominant polarity;

~and

processing a motion vector based at least in part on the motion vector predictor.

45. The method of claim 44 wherein the motion vector is for a current block or
macroblock of an interlaced forward-predicted field, and wherein the dominant polarity is based
at least in part on polarity of each of plural previous motion vectors for neighboring blocks or

macroblocks.

46. The method of claim 45 wherein the dominant polarity is same polarity if a
majority of the plural previous motion vectors reference a field of the same polarity as the field
currently being coded or decoded, and wherein the dominant polarity is opposite polarity if a
majority of the plural previous motion vectors reference a field of the opposite polarity as the

field currently being coded or decoded.

47. The method of claim 45 wherein the plural previous motion vectors consist of up to
three previous motion vectors for the neighboring blocks or macroblocks, and wherein the
neighboring blocks or macroblocks are to the left, above, and above-right of the current block or

macroblock.

48. The method of claim 44 wherein, during encoding, the processing the motion vector
predictor includes determining the motion vector predictor then signaling polarity selection

information for the motion vector predictor.

49. The method of claim 44 wherein, during decoding, the processing the motion vector
predictor includes determining the motion vector predictor based at least in part on signaled

polarity selection information.

50. The method of claim 44 further comprising, for each of plural additional motion
vectors, repeating the determining the dominant polarity, processing the motion vector predictor,

and processing the motion vector.
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51. The method of claim 44 wherein the processing the motion vector includes, during
decoding, reconstructing the motion vector from the motion vector predictor and motion vector

differential information.

52. The method of claim 44 wherein the processing the motion vector includes, during
encoding, determining motion vector differential information from the motion vector and the

motion vector predictor.

53. The method of claim 44 wherein the motion vector predictor is constrained to

reference either one of the two most recent interlaced intra or forward-predicted fields.

54. A method comprising:
processing information that indicates a selection between dominant and non-dominant
polarities for a motion vector predictor; and

processing a motion vector based at least in part on the motion vector predictor.

55. The method of claim 54 further comprising, during decoding:
determining the dominant and non-dominant polarities;
determining the motion vector predictor based at least in part on the dominant and non-

dominant polarities and the information.

56. The method of claim 54 wherein the motion vector is for a current block or
macroblock of an interlaced forward-predicted field, the method further comprising, before
processing the information, processing a signal that indicates the interlaced forward-predicted

field has two reference fields.

57. The method of claim 54 wherein the information is signaled at macroblock level.

58. The method of claim 54 wherein, during decoding, the processing the information
includes receiving and decoding the information, and the processing the motion vector includes
reconstructing the motion vector from the motion vector predictor and motion vector differential

information.

59. The method of claim 54 wherein, during encoding, the processing the motion vector
includes determining motion vector differential information from the motion vector and the
motion vector predictor, and the processing the information that indicates a selection includes

signaling the information that indicates a selection.
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60. The method of claim 54 further comprising, for each of plural additional motion

vectors, repeating the processing the information and the processing the motion vector.

61. A decoder comprising:

means for determining dominant and non-dominant polarities for a motion vector
predictor;

means for decoding signaled information that indicates a selection between the
dominant and non-dominant polarities;

means for determining the motion vector predictor based at least in part on the dominant
and non-dominant polarities and the signaled information; and

means for reconstructing a motion vector based at least in part on the motion vector

predictor.

62. The decoder of claim 61 further comprising:
means for decoding motion vector differential information, wherein the motion vector is

further based at least in part on the motion vector differential information.

63. The decoder of claim 61 wherein the motion vector is for a current block or
macroblock of an interlaced forward-predicted field, and wherein the means for determining
dominant and non-dominant polarities considers polarity of each of plural previous motion

vectors for neighboring blocks or macroblocks.

64. The decoder of claim 61 wherein the motion vector predictor and motion vector are
constrained to reference either (1) the most recent interlaced intra or forward-predicted field, or

(2) the second most recent interlaced intra or forward-predicted field.

65. The decoder of claim 61 wherein the signaled information is signaled at

macroblock level.

66. A method comprising:

decoding a dominant/non-dominant predictor selection jointly coded with differential
motion vector information for a motion vector; and

reconstructing the motion vector based at least in part on the differential motion vector

information and the dominant/non-dominant predictor selection.
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67. The method of claim 66 wherein the decoding comprises:

decoding a variable length code;

determining a length of a code for a horizontal differential motion vector based at least
in part on the variable length code;

determining a length of a code for a vertical differential motion vector based at least in
part on the variable length code; and

determining the dominant/non-dominant predictor selection based at least in part on the

variable length code.

68. The method of claim 67 wherein the decoding the variable length code results in a
variable length code index, and wherein the determining the length of the code for the horizontal
differential motion vector comprises:

determining a code length index from the variable length code index, wherein the code
length index at least in part indicates the length of the code for the horizontal differential motion

vector.

69. The method of claim 67 wherein the decoding the variable length code results in a
variable length code index, and wherein the determining the length of the code for the vertical
differential motion vector comprises:

determining a code length index from the variable length code index; and

determining the length of the code for the vertical differential motion vector from a size

table based at least in part on the code length index.

70. The method of claim 66 wherein the decoding comprises:

decoding a variable length code, resulting in an escape index;

decoding a first escape code that represents a horizontal differential motion vector
value; and

decoding a second escape code that jointly represents the dominant/non-dominant

predictor selection and a vertical differential motion vector value.

71. The method of claim 66 wherein the decoding comprises:
decoding a variable length code that jointly represents at least a zero-value vertical

differential motion vector and the dominant/non-dominant predictor selection.

72. A method comprising:
decoding a variable length code that jointly represents differential motion vector

information and a motion vector predictor selection for a motion vector; and
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reconstructing the motion vector based at least in part on the differential motion vector

information and the motion vector predictor selection.

73. The method of claim 72 wherein the variable length code jointly represents a first
code length index for a horizontal differential motion vector, a second code length index for a

vertical differential motion vector, and the motion vector predictor selection.

74. The method of claim 72 wherein the variable length code jointly represents a zero-

value vertical differential motion vector and the motion vector predictor selection.

75. The method of claim 74 wherein the variable length code further jointly represents

a first code length index for a horizontal differential motion vector.

76. The method of claim 74 wherein the variable length code further jointly represents

a zero-valtue horizontal differential motion vector.

77. A method comprising:

determining a dominant/non-dominant predictor selection for a motion vector;
determining differential motion vector information for the motion vector; and
jointly coding the dominant/non-dominant predictor selection with the differential

motion vector information.

78. The method of claim 77 wherein the coding comprises:

determining a first code length index for a horizontal differential motion vector;
determining a second code length index for a vertical differential motion vector;
determining a variable length code that jointly represents the first code length index, the

second code length index, and the dominant/non-dominant predictor selection.

79. The method of claim 77 wherein the coding comprises:

determining a variable length code that represents an escape index;

coding a first escape code that represents a horizontal differential motion vector value;
and

coding a second escape code that jointly represents the dominant/non-dominant

predictor selection and a vertical differential motion vector value.
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80. The method of claim 77 wherein the coding comprises determining a variable
length code that jointly represents a zero-value vertical differential motion vector and the

dominant/non-dominant predictor selection.

81. The method of claim 80 wherein the variable length code also represents a zero-

value horizontal differential motion vector.

82. The method of claim 80 further comprising determining a first code length for a
horizontal differential motion vector, wherein the variable length code also represents the first

code length for the horizontal differential motion vector.

83. A method comprising:

determining a motion vector predictor selection for a motion vector;
determining differential motion vector information for the motion vector; and
coding a variable length code that jointly represents the motion vector predictor

selection and the differential motion vector information for the motion vector.

84. The method of claim 83 wherein the variable length code jointly represents a first
code length index for a horizontal differential motion vector, a second code length index for a

vertical differential motion vector, and the motion vector predictor selection.

85. The method of claim 83 wherein the variable length code jointly represents a zero-

value vertical differential motion vector and the motion vector predictor selection.

86. A method comprising:

processing a variable length code that jointly signals macroblock mode information for
a macroblock, wherein the macroblock is motion-compensated, and wherein the jointly signaled
macroblock mode information includes (1) a macroblock type, (2) whether a coded block pattern
is present or absent, and (3) whether motion vector data is present or absent for the motion-

compensated macroblock.

87. The method of claim 86 wherein the macroblock type is one motion vector.

88. The method of claim 86 wherein an interlaced forward-predicted field includes the

macroblock.
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89. The method of claim 86 further comprising processing a second variable length
code that jointly signals second macroblock mode information for a second macroblock, wherein
the second jointly signaled macroblock mode information includes (1) a macroblock type and (2)
whether a coded block pattern is present or absent, but not (3) whether motion vector data is
present or absent for the second macroblock. ‘

90. The method of claim 89 wherein the macroblock type for the second macroblock is

intra or four motion vector.
91. The method of claim 86 wherein the processing occurs during decoding.
92. The method of claim 86 wherein the processing occurs during encoding.

93. A method comprising:

selecting a code table from among plural available code tables for macroblock mode
information for interlaced forward-predicted fields; and

using the selected code table to process a variable length code that indicates macroblock
mode information for a macroblock, wherein the macroblock mode information includes (1) a
macroblock type, (2) whether a coded block pattern is present or absent, and (3) when applicable

for the macroblock type, whether motion vector data is present or absent.

94. The method of claim 93 wherein the plural available code tables include a first set
of tables for a first type of the interlaced forward-predicted fields and a second set of tables for a
second type of the interlaced forward-predicted fields.

95. The method of claim 94 wherein the first type is one motion vector, and wherein

the second type is mixed motion vector.

96. The method of claim 93 further comprising processing a fixed length code that

indicates the selection of the code table from among the plural available code tables.

97. The method of claim 93 wherein the selected code table is selected for use with

variable length codes for plural macroblocks of a single interlaced forward-predicted field.

98. The method of claim 93 wherein the macroblock type is either intra or one motion

vector.
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99. The method of claim 93 wherein the macroblock type is one of intra, one motion

vector, or four motion vectors.

100. The method of claim 99 wherein whether motion vector data is present or absent is
applicable if the macroblock type is one motion vector but not applicable if the macroblock type

is intra or four motion vectors.

101. The method of claim 93 wherein the selecting and the using occur during

decoding.

102. The method of claim 93 wherein the selecting and the using occur during

encoding.

103. A decoder comprising:

means for decoding plural variable length codes, each of the plural variable length codes
jointly signaling macroblock mode information for one of plural macroblocks, wherein for each
of the plural macroblocks the macroblock mode information includes a macroblock type and
presence indicator for a coded block pattern, and wherein for at least one motion-compensated
macroblock of the plural macroblocks the macroblock mode information further includes a
presence indicator for motion vector data; and

means for performing motion compensation.

104. The decoder of claim 103 further comprising:
means for selecting a code table from among plural available code tables for decoding

the plural variable length codes.

105. The decoder of claim 103 wherein the macroblock type is intra, one motion vector,

or four motion vector.

106. A method comprising:

processing a first signal indicating whether an interlaced forward-predicted field has one
reference field or two possible reference fields for motion compensation;

if the first signal indicates the interlaced forward-predicted field has one reference field,
processing a second signal identifying the one reference field from among the two possible
reference fields; and

performing motion compensation for the interlaced forward-predicted field.
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107. The method of claim 106 wherein the first signal is a single bit.

108. The method of claim 106 wherein the second signal is a single bit.

109. The method of claim 106 wherein the first signal is at picture level for the

interlaced forward-predicted field.

110. The method of claim 106 wherein the second signal is at picture level for the
interlaced forward-predicted field.
\
111. The method of claim 106 further comprising, if the first signal indicates the
interlaced forward-predicted field has two possible reference fields, for each of plural motion
vectors for blocks and/or macroblocks of the interlaced forward-predicted field, processing a

third signal for selecting between the two possible reference fields.

112. The method of claim 111 wherein the third signals are at macroblock level.

113. The method of claim 106 wherein the two possible reference fields are constrained
to be (1) the temporally most recent previous interlaced intra or forward-predicted field, and (2)

the temporally second most recent previous interlaced intra or forward-predicted field.

114. The method of claim 106 wherein a video encoder performs the processing and the

motion compensation.

115. The method of claim 106 wherein a video decoder performs the processing and the

motion compensation.

116. A method comprising:

processing a first signal indicating whether an interlaced forward-predicted field has one
reference field or two possible reference fields for motion compensation;

performing motion compensation for the interlaced forward-predicted field; and

updating a reference field buffer for subsequent motion compensation without

processing additional signals for managing the reference field buffer.

117. The method of claim 116 further comprising, if the first signal indicates the
interlaced forward-predicted field has one reference field, processing a second signal identifying

the one reference field from among the two possible reference fields.
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118. The method of claim 117 wherein the first and second signals are each a single bit.

119. The method of claim 117 wherein the first and second signals are each at picture

level for the interlaced forward-predicted field.

120. The method of claim 116 further comprising, if the first signal indicates the
interlaced forward-predicted field has two possible reference fields, for each of plural motion
vectors for blocks and/or macroblocks of the interlaced forward-predicted field, processing a

second signal for selecting between the two possible reference fields.

121. The method of claim 116 wherein the two possible reference fields are constrained
to be (1) the temporally most recent previous interlaced intra or forward-predicted field, and (2)

the temporally .second most recent previous interlaced intra or forward-predicted field.

122. The method of claim 116 wherein the one reference field is constrained to be
either (1) the temporally most recent previous interlaced intra or forward-predicted field, or (2)

the temporally second most recent previous interlaced intra or forward-predicted field.

123. The method of claim 116 wherein a video encoder performs the processing,

motion compensation, and updating.

124. The method of claim 116 wherein a video decoder performs the processing,

motion compensation, and updating.

125. A decoder comprising:

means for processing a first signal indicating whether an interlaced forward-predicted
field has one reference field or two possible reference fields for motion compensation;

means for processing a second signal identifying the one reference field from among the
two possible reference fields when the first signal indicates the interlaced forward-predicted field
has one reference field;

means for processing a third signal for each of plural motion vectors when the first
signal indicates the interlaced forward-predicted field has two possible reference fields, wherein
each of the third signals is for selecting between the two possible reference fields; and

means for performing motion compensation for the interlaced forward-predicted field.
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126. The decoder of claim 125 wherein the first signal is a single bit and the second

signal is a single bit.

127. The decoder of claim 125 wherein the first signal and the second signal are each at
picture level for the interlaced forward-predicted field, and wherein the third signal is at

macroblock level.

128. The decoder of claim 125 wherein the two possible reference fields are
constrained to be (1) the temporally most recent previous interlaced intra or forward-predicted
field, and (2) the temporally second most recent previous interlaced intra or forward-predicted

field.

129. The decoder of claim 125 further comprising:
means for updating a reference field buffer for subsequent motion compensation

without processing additional signals for managing the reference field buffer.

130. A method comprising:
for a macroblock with one or more luma motion vectors, deriving a chroma motion
vector based at least in part on polarity evaluation of the one or more luma motion vectors; and

performing motion compensation.

131. The method of claim 130 wherein each of the one or more luma motion vectors is
odd or even polarity, and wherein the polarity evaluation includes determining which polarity is

more common among the one or more luma motion vectors.

132. The method of claim 130 wherein the deriving the chroma motion vector includes
determining a dominant polarity for the one or more luma motion vectors, and wherein only
those luminance motion vectors that have the dominant polarity are used in the chroma motion

vector derivation.

133. The method of claim 132 wherein four of the one or more luma motion vectors
have the dominant polarity and the chroma motion vector is derived from the component-wise

median of the four luma motion vectors that have the dominant polarity.

134. The method of claim 132 wherein only three of the one or more luma motion
vectors have the dominant polarity and the chroma motion vector is derived from the

component-wise median of the three luma motion vectors that have the dominant polarity.
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135. The method of claim 132 wherein only two of the one or more luma motion
vectors have the dominant polarity and the chroma motion vector is derived from the

component-wise average of the two luma motion vectors that have the dominant polarity.

136. The method of claim 132 wherein ‘only one of the one or more luma motion
vectors has the dominant polarity, and wherein the chroma motion vector is derived from the

luma motion vector that has the dominant polarity.

10 137. The method of claim 130 wherein a two reference field interlaced P-field includes
the macroblock, and wherein the polarity evaluation includes determining which of the one or
more luma motion vectors have polarity the same as the P-field and which of the one or more

luma motion vectors have polarity opposite the P-field:

15 138. The method of claim 137 wherein, if equal numbers of the one or more luma
motion vectors have the same polarity and the opposite polarity, each of the one or more luma

motion vectors that has the same polarity contributes to the chroma motion vector derivation.

139. The method of claim 130 wherein the macroblock has four luma blocks, and
20 wherein each of the four luma blocks (1) has an odd reference field luma motion vector of the
one or more luma motion vectors, or (2) has an even reference field luma motion vector of the

one or more luma motion vectors.

140. The method of claim 130 wherein the macroblock has four luma blocks, and
25  wherein each of the four luma blocks: (1) is intra, (2) has an odd reference field luma motion
vector of the one or more luma motion vectors, or (3) has an even reference field luma motion

vector of the one or more luma motion vectors.

141. The method of claim 130 wherein a video encoder derives the chroma motion

30  vector and performs the motion compensation.

142, The method of claim 130 wherein a video decoder derives the chroma motion

vector and performs the motion compensation.

35 143. A method comprising:
determining a prevailing polarity among plural luma motion vectors for a macroblock;

and
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deriving a chroma motion vector for the macroblock based at least in part upon one or

more of the plural luma motion vectors that has the prevailing polarity.

144. The method of claim 143 wherein:

if odd polarity is more common than even polarity among the plural luma motion
vectors, the prevailing polarity is odd polarity; and

if even polarity is more common than odd polarity among the plural luma motion

vectors, the prevailing polarity is even polarity.

145. The method of claim 144 wherein:
if odd polarity and even polarity are equally common among the plural luma motion
vectors, the prevailing polarity is same as polarity of an interlaced P-field that includes the

macroblock.

146. The method of claim 143 wherein four of the plural luma motion vectors have the
prevailing polarity and the chroma motion vector is derived from the component-wise median of

the four luma motion vectors that have the prevailing polarity.

147. The method of claim 143 wherein only three of the plural luma motion vectors
have the prevailing polarity and the chroma motion vector is derived from the component-wise

median of the three luma motion vectors that have the prevailing polarity.

148. The method of claim 143 wherein only two of the plural luma motion vectors have
the prevailing polarity and the chroma motion vector is derived from the component-wise

average of the two luma motion vectors that have the prevailing polarity.

149. The method of claim 143 wherein the macroblock has four luma blocks, and
wherein each of the four luma blocks has an odd or even reference field luma motion vector of

the plural luma motion vectors.
150. The method of claim 143 wherein the macroblock has four luma blocks, and
wherein each of the four luma blocks is intra or has an odd or even reference field luma motion

vector of the plural luma motion vectors.

151. A decoder comprising:
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means for deriving chroma motion vectors for macroblocks in interlaced P-fields,
including, for at least one of the plural macroblocks, deriving a chroma motion vector based at
least in part on polarity evaluation of plural luma motion vectors for the macroblock; and

means for performing motion estimation.

152. The decoder of claim 151 wherein, for a given macroblock of a given interlaced P-
field, the means for deriving chroma motion vectors:

if the macroblock is intra, skips chroma motion vector derivation;

otherwise, if the macroblock has a single luma motion vector, derives a chroma motion
vector from the single lnuma motion vector;

otherwise, if the interlaced P-field has one reference frame, derives the chroma motion
vector from plural luma motion vectors of the macroblock; and

otherwise, derives the chroma motion vector from one or more of the plural luma

motion vectors of the macroblock that have a prevailing polarity.
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Figure 13A, prior art

f (predictorA is out of bounds && predictor C is out of bounds)

{

predictor x = 0
predictor:y = 0
}
else
{

if (predictorC is out of bounds)

{

if (predictorA is intra)

{

U}

predictor_x
predictor_y

else

// use top predictor
predictor_x

predictorA x
predictor_y = predictorA_y

}

else if (predictorA is out of bounds)

{

if (predictorC is intra)

{

H
o O

predictor_x
predictor_y

else

// use left predictor
predictor_x = predictorC x
predictor_y = predictorC_y

else

if (predictorB is out of bounds)
{
// set predictorB to inter type and motion vectors to zero
set predictorB to inter
predictorB_x = 0
predictorB_y = 0
} continued in 13B
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Figure 13B, prior art

num_intra = 0

continued from 13A

if (predictorA is intra)

{

I}

predictorA x

I

predictorA_y
num_intra = num_intra + 1

}

if (predictorB is intra)

{

" predictorB_x

0
num_intra = num_intra + 1

predictorB_y

}

if (predictorC is intra)

{

predictorC x

"

predictorC_y

il

num_intra = num_ intra + 1

if (num_intra > 1)

{

]
o o

predictor_x
predictor_y

else

// calculate predictor from A, B and C predictor
candidates

predictor x = median3(predictorA_x, predictorB_x,
predictorC_x)

predictor vy = median3(predictord_ vy, predictorB_v,
predictorC_y)

}
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Figure 13C, prior art

median3 (a, b, e) {
if (a > b) {ﬁ
if (b > )
median = b
else if (a > c)
median

c
else

median a

}

else if (a > c)
median = a
else if (b > @)
median = ¢
else median = b
return median

Figure 16C, prior art

median4 (a, b, ¢, d)
{
max = min = a
if (b > max)
max = b
else if (b < min)
min = b
if (¢ > max)
max = ¢
else if (¢ < min)
min = ¢
if (d > max)
max = d
else if (d < min)
min = d
median = (a + b + ¢ + d - max - min) /'2

return median
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Figure 15A, prior art

index = vle_decode() // Use the Huffman table indicated by MVTAB in the
picture layer

index = index + 1

if (index >= 37)

{
last _flag =1
index = index - 37

else
last_flag = 0

intra flag = 0

if (index == 0)
{
dmv_x = 0
dmv_y = 0
}
else if (index == 35)
{
dmv_x = get_bits(k_x - halfpel flag)
dmv_y = get_bits(k y - halfpel_ flag)
}
else if (index == 36)
{
intra_flag = 1
dmv_x = 0
dmv_y = 0
}
else
{

index1l = index % 6
if (halfpel_flag == 1 && indexl == 5)

hpel = 1
else

hpel = ¢ ‘
val = get_bits (size_table[indexl] - hpel)
sign = 0 - (val & 1)

dmv_x = sign * ((val >> 1) + offset_table[index1])
dmv_x = dmv_x - sign

continued in 15B
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Figure 15B, prior art

indexl = index / 6

if (halfpel_flag == 1 && indexl == 5)
hpel = 1

else
hpel = 0

continued from 15A

val = get_bits (size_table[indexl] - hpel)
sign = 0 - (val & 1)

dmv_y = sign * ((val »>> 1) + offset_table[index1])
dmv_y = dmv_y- sign

Figure 15C, prior art

MVRANGE | k x | kK y | range x | range y
0 (default) 9 8 256 128
10 10 |9 512 256
110 12 110 | 2048 512
111 13 |11 | 4096 1024
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Figure 16A, prior art

/I's_RndTbl[0] =0, s RndTbl[1] =0, s RndTbl[2] =0, s RndTbl[3] =1
cmv_x = (Imv_x +s RndTbl[lmv_x & 3])>>1
cmv_y=(Imv_y +s RadTbi[lmv_y & 3]) >>1

Figure 16B, prior art

Inter-coded)

if (all 4 luminance blocks

{
// lmvo_x, lmv0_y is
// lmvl_x, lmvl_y is
// lav2_x, lmv2_y is
// luv3_x, lmv3_y is
ix = median4 (lmv0_x,
iy = median4 (lmvo_y,

}

are

the
the
the
the

motion
motion
motion
motion

vector for
vector for
vector for
vector for

PCT/US2004/029034

block 0
block 1
block 2
block 3

lmvl _x, Ilmv2_x, lmv3_x)

Imvi_y, 1lmv2_ vy,

Imv3_y)

else if (3 of the luminance blocks are Inter-coded)

{
// 1mv0o_x, 1lmv0_y is
// lmvl_x, lmvl_y is
// lmv2_x, lmv2_y is
ix = median3 (lmvo_x,
iy = median3 (lmvo_vy,

}

the motion vector for the first Inter-coded block
the motion vector for the second Inter-coded block
the motion vector for the third Inter-coded block
Imvl_x, lmv2_x)

Imvl_y, lmv2_y)

else if (2 of the luminance blocks are Inter-coded)

{

// lmvo_x, Ilmv0_y is the motion vector for the first Inter-coded block
// lmvl_x, lmvl_y is the motion vector for the second Inter-coded block

ix = (lmvo_x + lmvi_x) / 2
iy = (lmvo_y + lmvl_y) / 2

}

else

Chroma blocks are coded as Intra

// s_RndTbl[0] = 0, s_RndTbl[1]

= 0, s_RndTbl[2]

cmv_x = (ix + s_RndTbl[ix & 3]) >> 1

cmv_y = (iy + s_RndTbl[iy & 3]) >> 1

= 0, s_RndTbl[3] =1
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Figure 17, prior art

)

frac_x4 = (lmv_x << 2) % 16;
int_x4= (lmv_x << 2) - frac_x;

ChromaMvRound [16] = {0, 0, ©0, .25, .25, .25, .5, .5, .5, .5, .5,
.75, .75, .75, 1, 1};

cv_y = lmv_y;

cmv_x = Sign (lmv_x) * (int_x4 >> 2) + ChromaMvRound [frac_x4];

Figure 18, prior art

if (LUMSCALE == 0)
{
iScale = - 64
ishift = 255 * 64 + 32 - LUMSHIFT *2 * 64
1
else {

L

iScale LUMSCALE + 32
if (LUMSHIFT > 31)

ishift = LUMSHIFT * 64 - 64 * 64;
else
ishift = LUMSHIFT * 64;

// build LUTs
for (1 = 0; 1 < 256; i++)
{
j = (iScale * i + iShift + 32) >> 6
if (§ > 255)
j = 255
else if (j < 0)
j =0
LUTY [i] = j
j = (iScale * (i - 128) + 128 * 64 + 32) >>6
if (j > 255)

j = 255
else if (j < 0)

j =0
LUTUV[i] = 3
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Figure 19

[
Communication
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Input device(s) 1950

|

|

I

Processing |
unit 1910 Output device(s) 1960 | |
I

|

I

I

b
! 1 Storage 1940

Software 1980 implementing video encoder and/
or decoder
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Figure 22 /200
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Figure 24A
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Figure 24B
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Figure 24C
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Figure 24E
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Figure 26

Figure 27
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Index | Macroblock | CBP MV
Type Present | Present
0 Intra No NA
1 Intra Yes NA
2 1MV No No
3 1MV No Yes
4 1MV Yes No
5 1MV Yes Yes
Index | Macroblock | CBP MV
Type Present | Present
0 Intra No NA
1 Intra Yes NA
2 1MV No No
3 1MV No Yes
4 IMV Yes No
5 IMV Yes Yes
6 4MV No NA
7 4MV Yes NA
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Figure 29

samefieldcount = 0
oppfieldcount = 0
if (predictorA is not out of bounds and predictorA is not Intra) {

if (predictorA is from same field)

{

samefieldcount = samefieldcount + 1

}

else

{
oppositefieldcount = oppfieldcount + 1
}
}

if (predictorB is not out of bounds and predictorB is not Intra) {
i1f (predictorB is from same field)

{

samefieldcount = samefieldcount + 1

}

else

{
oppositefieldcount = oppfieldcount + 1
}
}

if (predictorC is mot out of bounds and predictorC is not Intra) |
if (predictorC is from same field)

{

samefieldcount = samefieldcount + 1

}

else

{

oppositefieldcount = oppfieldcount + 1

}

If (samfieldcount > oppfieldcount) {
dominantpredictor = samefield
nondominantpredictor = oppfield

}

else

{

dominantpredictor = oppfield
nondominantpredictor = samefield
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Figure 30

if ((dominantpredictor is samefield and current reference is samefield)
or
(dominantpredictor is oppfield and current reference is oppfield))
{
DMVY = (MVY - PMVY) * 2

else {
DMVY = (MVY — PMVY) * 2 + 1
}

Figure 31A Figure 31B

3100 3150

Start / Start /

Determine motion vector |~3110 Determine dominant and |-~ 3160
predictor non-dominant polarities
Determine dominantamd |~ 3120 Receive and decode  |~3165
non-dominant polarities polarity selector
Signal dominant/non-  |~3125 Determine motion vector ~3170
dominant polarity selector predictor
Calculate motion vector |~3130 ’ Receive and decode motion [~ 3180
differential ' vector differential
Sign al.motlor_l vector 3140 Reconstruct motion vector [~ 3190
differential
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Figure 32

if ((predictorA is out of bounds) || (predictorC is out of bounds)) {
predictor_post_x = predictor_pre x
predictor post_y = predictor_pre_y
}
else {
if (predictorA is intra)
sum = abs (predictor_pre x) + abs(predictor pre_y)
else

sum = abs (predictor pre x - predictorA x) + abs(predictor pre y -
predictora_y)

if (sum > 32) {
// read next bit to see which predictor candidate to use
if (ReadTheHybridBit == 1) { // HYBRIDPRED field
// use top predictor (predictora)
predictor post_x = predictorA x
predictor post_y = predictorA_y
}
else {
// use left predictor (predictor()
predictor_post_x = predictorC x

predictor post_y = predictorC_y

}

else {
if (predictorC is intra)
sum = abs (predictor_pre_x) + abs(predictor_pre_y)
else

sum = abs (predictor_pre x - predictorC x) + abs(predictor_ pre_ y -
predictorC_y)

if (sum > 32) {

// read next bit to see which predictor candidate to use
if (ReadTheHybridBit == 1) { // HYBRIDPRED field
// use top predictor (predictord)
predictor_post_x = prediéﬁbrA;x
predictor post_y = predictorA_y

}

else { ,
// use left predictor (predictorC)
predictor_post_x = predictorC x
predictor post_y = predictorC_y
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Figure 34
0 1
2 3
011213
Luminance block Corresponding bit
numbering position of AMVBP

Figure 36

// Coding a DMVX, DMVY motion vector differential pair:
// Horizontal Range is -RX to +RX - 1

// Vertical Range is -RY to + RY - 1

// Bbsolute value of RX = 2™

// Bbsolute value of RY = 2™

// BX = absolute value of DMVX

// AY absolute value of DMVY

// SX = sign of DMVX: SX = 1 if DMVX < 0 and SX
or equal to O

// SY = sign of DMVY: SY = 1 if DMVY < 0 and SY
or equal to 0

// ESCX = 2

// EscYy = 2

// R = The polarity of the reference field relative to the predicted
reference field (0 = same as predictor, 1 = opposite from predictor)

0 if DMVX is greater than

0 if DMVY is greater than

if (AX > ESCX or AY > ESCY)

{
SendBits (VLC_CODE [ESCAPE,R], VLC_SIZE [ESCAPE,R])
SendBits (DMVX, MX+1)
SendBits (DMVY, MY+1)

}

else
{
SendBits (VLC_CODE [NX, NY,R], VLC_SIZE [NX, NY,R])
SendBits (AX, NX)
SendBits (SX, 1)
SendBits (AY NY)
SendBits (8Y, 1)
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Figure 38

Figure 39

actual luma or chroma sample

at integer pixel position
N O 0o O N
N+1 X 0 X N+1
N+2 X O N N O ") X N+2
N+3 X \? X N+1 N+1 X X N+3
N+ O X N#2  N#2 X TH¥O N#4
N+5 X +4 X N+3 N+3 X X N+5
X O N+4 N+4 O X
X X N+5 N+5 X X
O X X O
X X
O o
Current field is top, Current field is bottom,
reference field is bottom reference field is top
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P~ - =l
A ] N N
A ~ NN [J luma sample
-~ N ™M
~ N
] - N -~ N
~ ~ - ~ O chroma sample
] ] N
allalla
- - - ™ N
] Nt N M
I ~_ N I~
N N N M
N I~ I -
-~ -
interpolated sample

at sub-pixel position

N O 5 O N
N+1 X X N+1
N+2 X N2 X Ne2
N+3 X X N+3
N+ O YO N4
N+5 X X N+5
X X
X X
O ®)
Current and reference fields
are of same polarity
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Figure 40

MotionVector SelectChromaMVFrom4MV ()

{

MotionVector SelectedMV;

if the corresponding MB used 1 MV
then use that MV
else // 4 MV’s to pick from

Count the number of same field and opposite field MV's

if (OppFieldCount > SameFieldCount)

then use only the opposite field MV’s in next step
// i.e. opposite is the chosen polarity

else use only the same field MV’s in the next step
// i.e. same is the chosen polarity:

Count the number of MV’s of the chosen polarity
if (Chosen MVs = 3) ({
SelectedMV = Median of 3 of the chosen MV’s

else if (Chosen MVs = 2} {
SelectedMV = Average of the chosen MV'’s

else if (Chosen MVs = 1) {
SelectedMV = The chosen MV

else { // all 4 are of the chosen polarity
SelectedMV = Median of 4 of the chosen MV’'s
}

}

return (SelectedMV) ;
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Figure 41

4100

Determine dominant 4130
polarity among the luma
motion vectors

!

Determine initial chroma
Adjust initial chroma motion vector from the
motion vector dominant polarity luma

motion vectors

-~ 4140
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Figure 42

4200

Current P-field
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- fading parameters 4260
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e 4250
Yy MVs, residuals,
First reference Field 1 fading Motion etc. 4290
field 4220 dh {k »| compensation [~P——estimation, etc. F—————»
4270 4280
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Second reference Field 2 fading
field 4225 P compensation
4275

Figure 43 4300
'

Current P-field
4310 < fading on/off 4340
for field1 and/or field2
¢ fading parameters
4360 for fieldl
First reference Field 1 fading Motion
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etc. 4390
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Figure 44

Figure 45B

Start

Receive and decode P-
field fading compensation
on/off signal(s)

On for P-field ?

no

End

PCT/US2004/029034
37/82
INTCOMPFIELD | Global Luminance Compensation
VLC Applied to:
1 both reference fields
00 second-most recent reference field
01 most recent reference field
4550
-~ 4560
Receive and deche _~ 4570
reference field fading
compensation pattern
Receive and de.code L~ 457
first set of fading i
compensation parameters
4580
4575 . )
Both reference Receive and deche
second set of fading
fields ? :
compensation parameters
4592 l 4590
§ §
Perform fading Perform fading
compensation on one [«—— compensation on other
* reference field reference field
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Figure 45A
e
4500
Perform fading detection |~ 4510 /
on first reference field
4512 .
Perform fading estimation | ~ 4514
relative to first reference
field
no
Perform fading detection : 4520
on second reference field
4522
Perform fading estimation | ~ 4554
’ relative to second
reference field
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Signal fading =~ 4530
compensation on/off for |«
P-field

4532 |
Signal reference field | ~ 4540
fading compensation
pattern
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( \ .
| PROFILE 4601 | | DISPLAY_EXT | Flgure 46A
.
| LEVEL4602 | | DISP_HORIZ SIZE |
¢ ¢ Sequence layer
| CHROMAFORMAT | | DISP_VERT SIZE | bitstream syntax
v
| FRMRTQ_POSTPROC | | ASPECT_RATIO_FLAG |
R
| BITRTQ POSTPROC | | ASPECT RATIO |
| POSTPROCFLAG | | ASPECT_HORIZ_SIZE |
| MAX_CODED_WIDTH | | ASPECT_VERT_SIZE |
T F / -
A
| MAX_CODED_HEIGHT | FRAMERATE FLAG |
v
| PULLDOWN | | FRAMERATEIND |
| INTERLACE 4603 | | FRAMERATEEXP | | FRAMERATENR |
v
| TFCNTRFLAG | | FRAMERATEIDR |
¢ \ 4 ¥ '
| FINTERPFLAG | COLOR_FORMAT FLAG |
y — %
| RESERVED | | COLORPRIM |
v v
| RESERVED | , | TRANSFER CHAR |
|  MATRIX COEF |
A\ A J
| HRD_PARAM FLAG |
,
\
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Figure 46B
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Entry Point Layer
Bitstream Syntax

rd

| ( N v
BROKEi\I_LINK @RD_FULLNESS))
CLOSED_ENTRY \ 4

v

CODED_SIZE_FLAG

PANSCAN FLAG

v

4611—  REFDIST FLAG

v

LOOPFILTER

v

FASTUVMC

v

4612— EXTENDED_MV

!

DQUANT

!

VSTRANSFORM

v

OVERLAP

v

QUANTIZER

R
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(_________J

RANGE_MAPY FLAG

Y

R
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Figure 46C A

FCM )
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Frame Layer
¢ Interlaced P-field
Bitstream Syntax
4622 — FPTYPE /
TFCNTR
S N
A
4
4623 — TFF
v RPTFRM
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C
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\ 2
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T
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Y
RNDCTRL
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Figure 46D
v
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Figure 46E
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Picture Coding Type

Figure 47A FCM

Progressive

10

Frame-Interlace

11

Field-Interlace

Figure 47B
FPTYPE FLC First Field Picture Type Second Field Picture Type
000 I I
001 I P
010 P I
011 P P
100 B B
101 B BI
110 BI B
111 BI BI
Figure 47C
Reference Frame Distance VLC (Binary) VLC Size
0 00 2
1 01 2
2 10 2
N 11[{(N-3) 1s]0 N
Figure 47D
Extended Horizontal Extended Vertical VLC VLC
Differential MV Range | Differential MV Range | (Binary) Size
No No 0 1
Yes No 10 2
No Yes 110 3
Yes Yes 111 3
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Figure 47E

Figure 47F

Figure 47G

45/82

P Picture Low rate (PQUANT > 12) MVMODE table

PCT/US2004/029034

MVMODE VLC Mode
1 1 MV Half-pel bilinear
01 1 MV
001 1 MV Half-pel
0000 Mixed MV
0001 Intensity Compensation

P Picture High rate (PQUANT <= 12) MVMODE table

MVMODE VLC Mode
1 1MV
01 Mixed MV
001 1 MV Half-pel
0000 1 MV Half-pel bilinear
0001 Intensity Compensation

P Picture Low rate (PQUANT > 12) MVMODE2 table

MVMODE2 VLC Mode
1 1 MV Half-pel bilinear
01 1 MV
001 1 MV Half-pel
000 Mixed MV

P Picture High rate (PQUANT <= 12) MVMODE2 table

MVMODE2 VLC Mode
1 1 MV
01 Mixed MV
001 1 MV Half-pel
000 1 MV Half-pel bilinear
INTCOMPFIELD Intensity Compensation
VLC Applied to:
1 Both fields
00 Top field
01 Bottom field




WO 2005/027496 PCT/US2004/029034

46/82

Figure 47H
Mixed-MV MB Mode Table 0 Mixed-MYV MB Mode Table 3 Mixed-MV MB Mode Table 6
MB VLC | VLC | MB | VLC | VLC MB VLC | VLC
Mode Size Mode Size Mode Size
0 16 6 0 56 6 0 16 5
1 17 6 1 57 6 1 17 5
2 3 2 2 15 4 2 6 3
3 3 3 3 4 3 3 7 3
4 0 2 4 5 3 4 0 2
5 5 4 5 6 3 5 1 2
6 9 5 6 29 5 6 9 4
7 2 2 7 0 1 7 5 3

Mixed-MV MB Mode Table 1 Mixed-MV MB Mode Table 4 Mixed-MV MB Mode Table 7

MB VLC | VLC MB | VLC | VLC MB | VLC | VLC
Mode Size Mode Size Mode Size

0 8 5 0 52 6 0 56 6

1 9 5 1 53 6 1 57 6

2 3 3 2 27 5 2 0 1

3 6 3 3 14 4 3 5 3

4 7 3 4 15 4 4 6 3

5 0 2 5 2 2 5 29 5

6 5 4 6 12 4 6 4 3

7 2 2 7 0 1 7 15 4

Mixed-MV MB Mode Table 2 Mixed-MV MB Mode Table 5

MB VI.C | VLC { MB | VLC | VLC
Mode Size Mode | Size

0 16 6 ' 0 56 6

1 17 6 1 57 6

2 5 4 2 29 . 5

3 3 3 3 5 3

4 0 2 4. 6 3

5 3 2 5 0 1

6 9 5 6 15 4

7 2 2 7 4 3
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Figure 471
1MV MB Mode Table 0 1MV MB Mode Table 4
MB | VLC | VLC MB | VLC | VLC |
Mode Size Mode Size
0 0 5 0 4 4
1 1 5 1 5 4
2 1 1 2 2 2
3 1 3 3 3 3
4 1 2 4 3 2
5 1 4 5 0 2
1MV MB Mode Table 1 1MV MB Mode Table 5
MB | VLC | VLC MB VLC | VLC
Mode Size | Mode Size
0 0 5 0 4 4
1 1 5 1 5 4
2 1 1 2 3 3
3 1 2 3 2 2
4 1 3 4 0 2
5 1 4 5 3 2
1MV MB Mode Table 2 1MY MB Mode Table 6
MB | VLC | VLC MB VLC | VLC
Mode Size Mode Size
0 16 5 0 0 5
1 17 5 1 1 5
2 3 2 2 1 3
3 0 1 3 1 4
4 9 4 4 1 1
5 5 3 5 1 2
1MY MB Mode Table 3 1MV MB Mode Table 7
MB | VLC | VLC MB VLC | VLC
Mode Size Mode Size
0 20 5 0 16 5
1 21 5 1 17 5
2 3 2 2 9 4
3 11 4 3 5 3
4 0 1 4 3 2
5 4 3 5 0 1
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Figure 47]
4MYV Block Pattern Table 0
4MV VLC VLC
Coded Size
Pattern
0 14 5
1 58 6
2 59 6
3 25 5
4 12 5
5 26 5
6 15 5
7 15 4
8 13 5
9 24 5
10 27 5
11 0 3
12 28 5
13 1 3
14 2 3
15 2 2
4MYV Block Pattern Table 1
4MV VLC VLC
Coded Size
Pattern
0 8 4
1 18 5
2 19 5
3 4 4
4 20 5
5 5 4
6 30 5
7 11 4
8 21 5
9 31 5
10 6 4
11 12 4
12 7 4
13 13 4
14 14 4
15 0 2

48/82

PCT/US2004/029034

4MYV Block Pattern Table 2
4MV VLC YLC
Coded Size
Pattern
0 15 4
1 6 4
2 7 4
3 2 4
4 8 4
5 3 4
6 28 5
7 9 4
8 10 4
9 29 5
10 4 4
11 11 4
12 5 4
13 12 4
14 13 4
15 0 3
4MY Block Pattern Table 3
4MV VLC VLC
1 Coded Size
Pattern
0 0 2
1 11 4
2 12 4
3 4 4
4 13 4
5 5 4
6 30 5
7 16 5
8 14 4
9 31 5
10 6 4
11 17 5
12 7 4
13 18 5
14 19 5
15 10 4
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Figure 47K
Interlace Frame 2 MVP Block Pattern Table 0

Top Bottom VLC VLC
Size

0 0 2 2

0 1 1 2

1 0 0 2

1 1 3 2

Interlace Frame 2 MVP Block Pattern Table 1

Top Bottom VLC VLC
Size
0 0 1 1
0 1 0 2
1 0 2 3
1 1 3 3

Interlace Frame 2 MVP Block Pattern Table 2

Top Bottom VLC | VLC
Size
0 0 2 3
0 1 0 2
1 0 3 3
1 1 1 1

Interlace Frame 2 MVP Block Pattern Table 3

Top Bottom VLC | VLC
Size
1

3
3
2

~=lolo
=IO |O
OIN | W
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Figure 48

actual lJuma or chroma sample

at integer pixel position
2 O N
X N+l
N O 5 X N+2
N+1 X X N+3
N+2 X 240 N#4
N+3 X X N+5
N+4 O X
N+5 X X
X O
X
O
Current and reference fields

are of opposite polarity
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interpolated sample
at sub-pixel position

N+1

N+2

N+3

N+4

N+5

O 5 O N
X X N+1
X 2y N2
X X N+3
o Yo N
X X N+5
X X
X X
O O

Current and reference fields
are of same polarity
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index = vlc_decode() // Use the table indicated by MVTAB in the
picture layer
if (index == 71)

{
dmv_x = get_bits (k_x)
dmv_y = get_bits(k_y)
}
else
{
if (extend x == 1)
offset_table = offset table2
else
offset_table = offset tablel
indexl = (index + 1) % 9
if (indexl != 0)

{

val = get_bits (indexl + extend x)
sign = 0 - (val & 1)
dmv_x = sign * ((val >> 1) + offset_table[indexl1])

dmv_x = dmv_x - sign
}
else
dmv_x = 0
if (extend y == 1)
offset_table = offset_table2
else
offset_table = offset_tablel
indexl = (index + 1) / 9
if (index1l != 0)

{

val = get_bits (indexl + extend_y)

sign = 0 - (val & 1)
dmv_y = sign © ((val »>> 1) + offset_table[indexl])
dmv_y = dmv_y - sign
}
else
dmv_y = 0

. MVRANGE | k x | k y | range x | range y
Flgure 49B 0 (default) | 9 | 8 256 128

10 10 | 9 512 256
110 12 | 10 2048 512
111 13 | 11 4096 1024
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index = vlc_decode () // Use the table indicated by MVTAB in the
picture layer
if (index == 125)

{
dmv_x = get_bits(k x)
get_bits (k_y)
predictor_flag = dmv_y & 1
dmv_y = (dmv_y + predictor_ flag) >> 1

dmv_y

else
{
if (extend x == 1)
offset_table = offset_table2
else
offset_table = offset_tablel
indexl = (index + 1) % 9
if (indexl != 0)

{

val = get_bits (indexl + extend_x)

sign = 0 - (val & 1) .

((val >> 1) + offset_table[index1])
dmv_x = dmv_x - sign

A~

dmv_x = sign

}

else
dmv_x = 0
if (extend_y == 1)
offset_table = offset_table2
else
offset_table = offset_tablel
indexl = (index + 1) / 9
if (indexl 1= 0)

{
val = get_bits (size_table[indexl + 2 * extend_yl)
sign = 0 - (val & 1)
dmwv_y = sign * ((val >> 1) + offset_table[indexl >> 1])
dmv_y = dmv_y - sign
predictor_flag = indexl & 1

}

else

{
dmv_y = 0
predictor_flag = 0
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Figure 51A

if (predictorA is not out of bounds) {

if

}

(predictorC is not out of bounds) {

if (predictorA is intra) {
0
0

predictorA x
predictorA_y

]

}

if (predictorB is intra) {
predictorB x = 0
predictorB_y = 0

}

if (predictorC is intra) {
predictorC x = 0
predictoxC_y = 0

}

fieldpred x

median (predictorA x, predictorB_x, predictorC x)

fieldpred_y median (predictorA y, predictorB vy, predictorC_y)

]

else {

// predictorC is out of bounds

if (only 1 macroblock per row) {
if (predictorA is intra) ({

0

0

fieldpred_x
fieldpred y

1]

}

else {
// Use predictora
fieldpred x = predictorA_x
fieldpred_y = predictorA y

}
}
else {
// Predictor C is out of bounds, use Predictor and PredictorB
predictoxC x = 0
predictorC_y = 0

if (predictorA is intra) {
predictorA x = 0
predictorA y = 0

}

if (predictorB is intra) {
predictorB x = 0
predictorB y = 0

} continued in 51B
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Figure 51B

if (predictorC is intra) {

continued from 51A

predictorC x = 0
predictorC y = 0

}

fieldpred x

]

median (predictorA x, predictorB_x, predictorC x)

fieldpred_y = median (predictorA_y, predictorB_y, predictorC_y)

}

else {

// Predictor A 1s out of bounds

if (predictorC is out of bounds) {
fieldpred_x = 0
fieldpred_y = 0

1

else {
// Use predictorcC
fieldpred x = predictorC x
fieldpred_y = predictorC_y
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Figure 53
if ((predictorA is out of bounds) || (predictorC is out of bounds) I
(predictorA is intra) || (predictorC is intra)) {

predictor_post_x = predictor_pre_x
predictor_post_y = predictor pre_y
}
else {

sumA = abs (predictor_pre_x - predictorA_x) + abs(predictor_pre y -
predictorA y)

sumC = abs (predictor_pre_x - predictorC_x) + abs(predictor_pre y -
predictorcC_y)

if (sumA > 32) {

// read next bit to see which predictor candidate to use

if (get_bits(l) == 1) { // HYBRIDPRED field
// use top predictor (predictora)
predictor_post_x = predictorA x
predictor_post_y = predictorA y

}

else {
// use left predictor (predictorC)
predictor_post_x = predictorC_x
predictor_post_y = predictorC_y

}

else if (sumC > 32){
if (get_bits(1l) == 1) {

// use top predictor (predictora)

predictor_post_x = predictorA x

predictor_post_y = predictorA y

}
else {

// use left predictor (predictoxC)
predictor_post_x = predictorC_x
predictor_post_y = predictorC_y

}

else {
predictor_post x = predictor_pre x
predictor_post_y = predictor pre_y
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Figure 54
if (predictor_flag == 0) {
if (dominantpredictor == samefield)
reference is from same field as current field
else
reference is from opposite field as current field
}
else {

// predictor_flag ==
if (dominantpredictor == samefield);

reference is from opposite field as current field
else

reference is from same field as current field

Figure 55A

// lmvo_x, lmv0_y is the motion vector for block 0
// lmvl_x, lmvl_y is the motion vector for block 1
// 1lmv2_x, lmv2_y is the motion vector for block 2
// 1lmv3_x, lmv3_y is the motion vector for block 3

ix = median4 (Imv0_x, lmvl_x, lmv2_x, lmv3_x)

iy = median4 (lmvo_y, 1lmvl_y, 1lmv2_y, Imv3_y)
cmv_X = (ix + round[ix & 3]) >> 1
cmv_y = (iy + round[iy & 3]) >> 1

Where round[0] = 0, round[l] = 0, round[2] = 0 and round{3] = 1
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Figure 55B

if (all 4 luma block motion vectors are from same field)

{
// 1luvo_x,
// lmvi_x,
// lumv2_x,
// 1lmv3_x,

lmvo_vy is
Imvl_y is
lmv2_y is
lmv3_y is

ix = median4 (1lmvo_x,

iy

}

median4 (lmvo_y,

PCT/US2004/029034

68/82

the motion vector for block 0
the motion vector for block 1
the motion vector for block 2
the motion vector for block 3
Imvl_x, lmv2_x, lmv3_x)
lmvi_y, lmv2_y, lmv3_y)

else if (3 of the luma block motion vectors are from same field)

{

// 1luvo_x,
// lmvl_x,

1lmvo_vy,
lmvl_y,

// lmv2_x, lmv2_y are the 3 motion vectors from the same field

i1X

1]

median3 (lmv0_x, Imvl_x, lmv2_x)

iy = median3 (lmvo_y, lmvl_y, 1lmv2_y)

}

else if (2 of the luma block motion vectors are from same field)

{

// Use the 2 motion vectors from the field which has the same
polarity as the current field.

// 1lmvo_x,

Imvo_vy,

// lmvl_x, lmvl_y are the motion vectors that have the same
polarity as the current field

ix = (Imvo_x + 1lmvl_x) / 2

iy = (Imvo_y + lmvl_y) / 2

cmv_X = (ix + round[ix & 3]) >> 1

cmv_y

Where round[0] =

(iy + round[iy & 3]) >> 1

0, round[l] = 0, round[2] = 0 and round[3] = 1
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Figure 56
if (LUMSCALEl == 0)
{
iScale = - 64
ishift = 255 * 64 - LUMSHIFT1 *2 * 64

if (LUMSHIFT1 > 31)
ishift += 128 * 64;
}
else {
iScale = LUMSCALELl + 32
if (LUMSHIFT1 > 31)
iShift = LUMSHIFT1 * 64 - 64 * 64;
else
ishift = LUMSHIFT1 * 64;

// build LUTs
for (i = 0; i < 256; i++)
{
j = (iScale * i + ishift + 32) >> 6
if (j > 255)
j = 255
else 1f (j < 0)
j=0
LUTY[i] = j
j = (iScale * (i - 128) + 128 * 64 + 32) >36
if (j > 255)

j = 255
else if (j < 0)

j=0
LUTUV[i] = 3
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Figure 5 7 A f__ﬂ Sequence layer

bitstream syntax
COLOR_FORMAT /
—
¢ COLOR_PRIM
PIC_SIZE FLAG 1
TRANSFER _CHAR
PIC_HORIZ_SIZE ¢
¢ MATRIX_COEF
PIC_VERT SIZE _ J
V“‘) HRD PARAM FLAG

DISP_SIZE_FLAG

HRD_PARAM
DISP_HORIZ SIZE

LOOPFILTER
DISP_VERT SIZE T
FASTUVMC
ASPECT__RATIO__FLAG ¢
EXTENDED MV
ASPECT RATIO T =
DQUANT
PROFILE 5701 Q i
_y VSTRANSFORM
LEVEL 5702 T
v OVERLAP
LEVEL _EXT T
v NUMBFRAMES
INTERLACE 5703 fAM
QUANTIZER
FRAME_RATE i
! CODINGMETHOD
CHROMA_FORMAT )
- v
POSTPROC
BROADCAST
RESERVED
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Figure 57B Picture Layer
Interlace P-field
* Bitstream Syntax
( PIYPE )——5722 »
v I
PQINDEX MBMODETAB |-—~5742
— v
T MVEAB 5743
CBPTAB
ﬁ 57344
PQUANTIZER Y
, 4MV]?PTAB
71 POSTPROC v
S P VOPDQUANT
Y
NUMREF
5732 v
N TTMBF
REFFIELD
P
TTFRM
5733 ;
GRmne ) S
MVRANGE
v ( DCTACFRM )
MVMODE  |—5735 f—
5736 Sy ——
S DCTDCTAB
MVMODE2
5738~ ¥ !
LUMSCALE
5739~ & | MBLAYER
LUMSHIFT
’ '

_ Y
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Figure 57C MY B
Intra MB IMV MB v 78
v e 5664
(_MBMODE ) (_ MBMODE ) (
- \ 5763 ( 4amveP )
(" MQDEFF ) C MVDATAS) — ~
- ] Q% 57)6;
S \ 5766 BLKMVDATA
|__ABsMQ | | HYBRIDPRE]S) 5766
5762 )
HYBRIDPRED
Y v —
ACPRED | (oY )
5762 y 762

M
g
w
Q
&

u

C cBecY ) (o)

J 1

L
ﬁ ( MQDEFF )
v P
BLOCK LAYER ABSMQ
__ )
ABSMQ
¥ P
( ™™B )
_ \
! (ms )
Pl BLOCK LAYER
Macroblock Layer v
Interlace P-field
Bitstream Syntax BLOCK LAYER

<
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Figure 58A

index = vlc_decode () // Use the Huffman table indicated by MVTAB in
the picture layer

if (index == 0) {
dmv_x = 1 - 2 * get_bits(1)

dmv_y = 0
}
if (index == 125)
{
dmv_x = get_bits(k_x - halfpel_ flag)
dmv_y = get_bits(k_y - halfpel_flag)
}
else
{
indexl = (index + 1) % 9
val = get_bits (indexl)
gsign = 0 - (val & 1)
dmv_x = sign * ((val >> 1) + offset_table[index1])
dmv_x = dmv_x - sign
indexl = (index + 1) / 9
val = get_bits (index1)
gsign = 0 - (val & 1)
dmwv_y = sign * ((val >> 1) + offset_table[index1])
dmv_y = dmv_y - sign
}

Figure 58B

MVRANGE [ k x| k y | range x | range y

O(default) | 9 | 8 | 256 128
10 10| 9 | 512 256
110 12 |10 [ 2048 512

111 13 ] 11 4096 1024
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Figure 59
index = vlc_decode() // Use the Huffman table indicated by MVTAB in
the picture layer
if (index == 0) {
dmv_x = 1 - 2 * get_bits(1)
dmv_y = ©

predictor_flag = 0
}
if (index == 125)
{

dmv_x get_bits(k_x - halfpel flag)
get_bits(k_y - halfpel flag)
predictor flag = dmv_y & 1

"

dmv_y

dmv_y = dmv_y >> 1

}

else
{
indexl = (index + 1) % 9
val = get_bits (indexl)
sign = 0 - (val & 1)
dmv_x = sign * ((val >> 1) + offset_table[index1])
dmv_x = dmv_x - sign

indexl = (index + 1) / 9
val = get_bits (size_table[index1])
sign = 0 - (val & 1)

dmv_y = sign * ((val >> 1) + offset_table[index1])
dmv_y = dmv_y - sign
predictor_flag = indexl & 1
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Figure 60A

if (predictorA is not out of bounds) {

if (predictorC is not out of bounds) {

}

if (predictorA is intra)
0
0

predictorA x
predictorA y

}

if (predictorB is intra) {
predictorB x = 0
predictorB y = 0

}

if (predictorC is intra)
predictorC x = 0
predictorC_y = 0

}

fieldpred x

median (predictorA x, predictorB_x, predictorC_x)

fieldpred_ y = median (predictorA vy, predictorA_y, predictorC_y)

n

else {

// predictorC is out of bounds
if (only 1 macroblock per row) {

if (predictorA is intra) {
oppositefieldpred x
oppositefieldpred_y

]
|

i
o o

fieldpred_x
fieldpred_y

1}

}

else {
// Use predictora
fieldpred x = predictorA x
fieldpred_y = predictorA y

}

else {

// Predictor C is out of bounds, use Predictor and PredictorB

0
predictorC_y = 0

predictorC_x

if (predictorA is intra) {
predictorA x = 0
predictorA v = 0

} continued in 60B



WO 2005/027496 PCT/US2004/029034

76/82

Flgure 6OB continued from 60A

if (predictorB is intra) {
predictorB x = 0
predictorB_y = 0
}
if (predictorC is intra) ({
predictorC x = 0
predictorC y = 0
}
fieldpred x = median(predictora_x, predictorB_x, predictorC x)
fieldpred_y

1

median (predictorA y, predictorB_y, predictorC_y)

}

else {
// Predictor A is out of bounds
if (predictorC is out of bounds) {

li
o

fieldpred x

i}
o

fieldpred_y
}
else {
// Use predictorcC
samefieldpred x = predictorC_x
samefieldpred_y = predictorC_y
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