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An encoder for encoding a video by performing motion estimation using predicted residuals (u /) In a rate-distortion cost
expression. The predicted residuals (u ;') are determined by finding a predicted motion vector (v ;) with respect to the original
reference frame (x . ,) and calculating the corresponding residual values. The actual motion vector (v ) Is then selected based on

minimization of the rate-distortion cost expression with respect to the reconstructed reference frame (X ,), where the rate-distortion
cost expression includes the predicted residuals (u ;). In particular, the cost expression includes reconstructed predicted residuals

within the distortion term.
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ABSTRACT

An encoder for encoding a video by performing motion estimation using predicted residuals
(1;)) 1n a rate-distortion cost expression. The predicted residuals (»;’) are determined by
finding a predicted motion vector (v;’) with respect to the original reference frame (x;.;) and
calculating the corresponding residual values. The actual motion vector (v;) is then selected
based on minimization of the rate-distortion cost expression with respect to the reconstructed
reference frame (X,—;), where the rate-distortion cost expression includes the predicted

residuals (#;7). In particular, the cost expression includes reconstructed predicted residuals

within the distortion term.
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METHOD AND DEVICE FOR VIDEO ENCODING USING PREDICTED
RESIDUALS

FIELD

[0001] The present application generally relates to video encoding and, 1n particular, to

rate-distortion cost optimization in the context of video encoding.

BACKGROUND

[0002] The current state-of-the-art for video encoding is the ITU-T H.264/AVC video

coding standard. It defines a number of different profiles for different applications, including

the Main profile, Baseline profile and others.

[0003] There are a number of standards for encoding/decoding images and videos,
including H.264/AVC, that use block-based coding processes. In these processes, the image or
frame is divided into blocks, typically 4x4 or 8x8 in pixels, and the blocks are spectrally
transformed into coefficients, quantized, and entropy encoded. In many cases, the data being
transformed is not the actual pixel data, but is residual data following a prediction operation.
Predictions can be intra-frame, i.e. block-to-block within the frame/image, or inter-frame, i.e.

between frames (also called motion prediction).

[0004] The motion estimation process involved in inter-frame encoding relies upon a
rate-distortion expression that only accounts for some aspects of the actual distortion and
coding rate. In particular, it ignores distortion due to quantization of the residual values and the
coding rate attributable to the quantized transformed residual values (the quantized transform
domain coefficients). However, it would be computationally impractical for an encoder to
determine these quantities for every candidate motion vector under evaluation during the

encoding process in order to incorporate these quantities into the rate-distortion analysis.

[0005] It would be advantageous to provide for an encoder and methods or processes

for encoding that improve rate-distortion performance.

R&M 42783-2445 RIM 35547-4-CA-PAT
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BRIEF SUMMARY

0006} In one aspect, the present application describes a method of encoding a video,
the video including a plurality of frames including a target frame and an original reference
frame, the original reference frame having been encoded and decoded to produce a
reconstructed reference frame stored in a frame store, the target frame including an inter-coded
partition. The method includes selecting a predicted motion vector for the inter-coded partition;
calculating predicted residual values from the difference between the inter-coded partition and
a reference block in the original reference frame, wherein the reference block 1s identified by
the predicted motion vector; and determining an actual motion vector with reterence to the

reconstructed reference frame using a rate-distortion expression incorporating the predicted

residual values.

[0007] In another aspect, the present application describes an encoder for encoding a
video, the video including a plurality of frames including a target frame and an original
reference frame, the original reference frame having been encoded and decoded to produce a
reconstructed reference frame, the target frame including an inter-coded partition. The encoder
includes a processor; a memory storing the original reference frame and the reconstructed
reference frame; a communications system for outputting an encoded video; and an encoding
application stored in memory. The application contains instructions for configuring the
processor to encode the video by selecting a predicted motion vector for the inter-coded
partition; calculating predicted residual values from the difference between the inter-coded
partition and a reference block in the original reference frame, wherein the reference block 1s
identified by the predicted motion vector; and determining an actual motion vector with
reference to the reconstructed reference frame using a rate-distortion expression incorporating

the predicted residual values.

[0008] In another aspect, the present application describes a computer-readable
medium storing computer-executable instructions that, when executed, configure a processor

to execute the methods described herein.

[0009] Other aspects and features of the present application will be understood by

those of ordinary skill in the art from a review of the following description of examples in

conjunction with the accompanying figures.

R&M 42783-2445 RIM 35547-4-CA-PAT
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BRIEF DESCRIPTION OF THE DRAWINGS

[0010] Reterence will now be made, by way of example, to the accompanying

drawings which show example embodiments of the present application, and in which:

[0011] Figure 1 shows, in block diagram form, an encoder for encoding video;
[0012] Figure 2 shows, 1n block diagram form, a decoder for decoding video;
[0013] Figure 3 shows a block diagram of an example encoder employing predicted

residuals in motion estimation;

10014} Figure 4 shows, in flowchart form, an example method of encoding a video that

employs predicted residuals during motion estimation; and

[0015] Figure 5 shows, in block diagram form, an example embodiment of a encoder.
[0016] Similar reference numerals may have been used in different figures to denote
similar components.

DESCRIPTION OF EXAMPLE EMBODIMENTS

[0017] In the description that follows, example embodiments are described with
reference to the H.264/AVC standard. Those ordinarily skilled in the art will understand that
the present application is not limited to H.264/AVC but may be applicable to other video

coding/decoding standards.

[0018] In the description that follows, the terms frame and slice are used somewhat
interchangeably. Those of skill in the art will appreciate that, in the case of the H.264/AVC
standard, a frame may contain one or more slices. It will also be appreciated that certain
encoding/decoding operations are performed on a frame-by-frame basis and some are
performed on a slice-by-slice basis, depending on the particular requirements of the applicable
video coding standard. In any particular embodiment, the applicable video coding standard
may determine whether the operations described below are performed in connection with

frames and/or slices, as the case may be. Accordingly, those ordinarily skilled in the art will

R&M 42783-2445 RIM 35547-4-CA-PAT
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understand, in light of the present disclosure, whether particular operations or processes

described herein and particular references to frames, slices, or both for a given embodiment.

[0019] Reference is now made to Figure 1, which shows, in block diagram form, an
encoder 10 for encoding video. Reference 1s also made to Figure 2, which shows a block
diagram of a decoder 50 for decoding video. It will be appreciated that the encoder 10 and
decoder 50 described herein may each be implemented on an application-specific or general
purpose computing device, containing one or more processing €lements and memory. The
operations performed by the encoder 10 or decoder 50, as the case may be, may be
implemented by way of application-specific integrated circuit, for example, or by way of stored
program instructions executable by a general purpose processor. The device may include
additional software, including, for example, an operating system for controlling basic device
functions. The range of devices and platforms within which the encoder 10 or decoder 50 may

be implemented will be appreciated by those ordinarily skilled in the art having regard to the

following description.

[0020] The encoder 10 receives a video source 12 and produces an encoded bitstream
14. The decoder 50 receives the encoded bitstream 14 and outputs a decoded video frame 16.
The encoder 10 and decoder 50 may be configured to operate in conformance with a number of
video compression standards. For example, the encoder 10 and decoder 50 may be
H.264/AVC compliant. In other embodiments, the encoder 10 and decoder 50 may conform to

other video compression standards, including evolutions of the H.264/AVC standard.

[0021] The encoder 10 includes a motion vector predictor 21, a coding mode selector
20, a transform processor 22, a quantizer 24, and an entropy encoder 26. As will be appreciated
by those ordinarily skilled in the art, the coding mode selector 20 determines the appropriate
coding mode for the video source, for example whether the subject frame/slice is of I, P, or B
type. The transtorm processor 22 performs a transform upon the spatial domain data. For
example, in many embodiments a discrete cosine transform (DCT) 1s used. The transform is
performed on a macroblock or sub-block basis, depending on the configuration or the
rate-distortion cost. In the H.264/AVC standard, for example, a typical 16x16 macroblock
contains sixteen 4x4 transform blocks and the DCT process 1s performed on the 4x4 blocks. In
some cases, the transform blocks may be 8x8, meaning there are four transform blocks per

macroblock. In yet other cases, the transform blocks may be other sizes.

R&M 42783-2445 RIM 35547-4-CA-PAT
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[0022] The resulting transformed coefficient matrix for each block is quantized by the
quantizer 24. The quantized coefficients and associated information are then encoded by the

entropy encoder 26.

[0023] Intra-coded frames/slices (i.e. type I) are encoded without reference to other
frames/slices. In other words, they do not employ temporal prediction. However intra-coded
frames do rely upon spatial prediction within the frame/slice. That is, when encoding a
particular block the data in the block may be compared to the data of nearby pixels within
blocks already encoded for that frame/slice. Using a prediction algorithm, the source data of
the block may be converted to residual data. The transform processor 22 then encodes the
residual data. H.264/AVC, for example, prescribes nine spatial prediction modes for 4x4
transform blocks. In some embodiments, each of the nine modes may be used to independently

process a block, and then rate-distortion optimization 1s used to select the best mode.

[0024] The H.264/AVC standard also prescribes the use of motion
prediction/compensation to take advantage of temporal prediction, as indicated by the motion
vector selector 21. Accordingly, the encoder 10 has a feedback loop that includes a
de-quantizer 28, inverse transform processor 30, and motion compensator 32. These elements
mirror the decoding process implemented by the decoder 50 to reproduce the frame/slice. A
frame store 34 is used to store the reconstructed frames. In this manner, the motion prediction
is based on what will be the reconstructed frames at the decoder 50 and not on the original
frames 12, which may differ from the reconstructed frames due to the lossy compression

involved in encoding/decoding. The feedback loop may include a deblocking processor in

some embodiments (not illustrated).

[0025] The motion vector selector 21 uses the frames/slices stored in the frame store 34
as source frames/slices for comparison to a current frame for the purpose of identifying similar
blocks. Accordingly, for macroblocks to which motion prediction is applied, the “source data”
which the transform processor 22 encodes is the residual data that comes out of the motion
prediction process. For example, it may include information regarding the reference frame, a
spatial displacement or “motion vector”, and residual pixel data that represents the differences
(if any) between the reference block and the current block. Information regarding the reference

frame and/or motion vector may not be processed by the transform processor 22 and/or

R&M 42783-2445 RIM 35547-4-CA-PAT
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quantizer 24, but instead may be supplied to the entropy encoder 26 for encoding as part of the

bitstream associated with the quantized coefficients.

[0026] Those ordinarily skilled in the art will appreciate the details and possible

variations for implementing H.264/AVC encoders.

[0027] The decoder 50 includes an entropy decoder 52, dequantizer 54, inverse
transform processor 56, spatial compensator 57, and deblocking processor 60. A frame buffer
58 supplies reconstructed frames for use by a motion compensator 62 in applying motion
compensation. The spatial compensator 57 represents the operation of recovering the video

data for a particular intra-coded block from a previously decoded block.

[0028] The bitstream 14 is received and decoded by the entropy decoder 52 to recover
the quantized coefficients. Side information may also be recovered during the entropy
decoding process, some of which may be supplied to the motion compensation loop for using
In motion compensation, 1f applicable. For example, the entropy decoder 52 may recover

motion vectors and/or reference frame information for inter-coded macroblocks.

[0029] - The quantized coefficients are then dequantized by the dequantizer 54 to
produce the transform domain coefficients, which are then subjected to an inverse transform by
the inverse transform processor 56 to recreate the “video data” (i.e. residual data). It will be
appreciated that, in some cases, such as with an intra-coded macroblock, the recreated “video
data” 1s the residual data for use in spatial compensation relative to a previously decoded block
within the frame. The spatial compensator 57 generates the actual video data from the residual
data and pixel data from a previously decoded block. In other cases, such as inter-coded
macroblocks, the recreated “video data” from the inverse transform processor 56 is the residual

data for use 1n motion compensation relative to a reference block from a different frame.

[0030] The motion compensator 62 locates a reference block within the frame buffer

58 specified for a particular inter-coded macroblock. It does so based on the reference frame
information and motion vector specified for the inter-coded macroblock (or a partition within
the macroblock). It then supplies the reference block pixel data for combination with the

residual data to arrive at the recreated video data for that macroblock/partition.

[0031] A deblocking process may then be applied to a reconstructed frame/slice, as

indicated by the deblocking processor 60. After deblocking, the frame/slice is output as the

R&M 42783-2445 RIM 35547-4-CA-PAT
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decoded video frame 16, for example for display on a display device. It will be understood that
the video playback machine, such as a computer, set-top box, DVD or Blu-Ray player, and/or

mobile handheld device, may buffer decoded frames in a memory prior to display on an output

device.

R-D cost optimization in the encoding process

[0032] A compressed inter-predicted macroblock in H.264/AVC 1s decoded into a set
of five components (m, Ref, v, u and gq). m is the macroblock mode; also interchangeably called
the coding mode or the partition mode. The luminance component of a macroblock can be
partitioned into one of the following 7 modes with different partition sizes: 16x16, 8x16, 16x8,
8x8 and sub-partition modes 4x8, 8x4, 4x4. Ref is a vector containing the indices of reference
frames, which are previously coded frames used as predictions to each partition. For the
purposes of the discussion herein, the number of reference frames 1s assumed to be 1. In other
words, the following discussion presumes motion estimation only on one previously encoded
frame; however, it will be appreciated that the more general case may involve multiple frames.
v are motion vectors, which are two-dimensional vectors storing the spatial offsets for each
partition to its prediction in the reference frames. u refers to motion prediction residuals that are
to be used to adjust the data in the reference frame indicated by the motion vector in order to

reconstruct the data for the partition. g 1s the scalar quantization parameter.

[0033] In order to achieve the optimal coding performance measured by rate-distortion
cost functions, a conventional encoder handles each inter-predicted macroblock with a
brute-force time-consuming process. Two computationally expensive processes are employed:
considering all candidate motion vectors within a certain range (motion estimation), and
considering all possible macroblock modes (coding mode). Coding performance 1s measured

by a rate-distortion cost function, which takes the form:

J =0+ R
(1)

where distortion D refers to coding errors, and coding rate R is the number of bits spent to
represent the coded macroblock. The quantity A 1s the Lagrangian multiplier, which 1s a

function of the quantization parameter QP.

R&M 42783-2445 RIM 35547-4-CA-PAT
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[0034] In the H.264/AVC reference codec, the cost function is carried out in motion

estimation and mode decision based on somewhat different quantities. Motion estimation aims
at searching for a spatial displacement (a motion vector) between current block and a location
in the reference frame that leads to the minimum rate-distortion cost. This process 1s separately

performed for each partition of a macroblock in frame i based on the minimization of:

’
L4

J me_min l"l”ll'ill Ly pz( ey Uy, L ) § % + A'rz.:..s

(2)

over a certain search range. Distortion, in Equation (2), is the sum of differences between
original pixels x; and their predictions p;. The predictions p; are found based upon the
reconstructed reference frame ¥,_;, and the specific block of the reconstructed reference frame

pointed at by motion vector v; and at the specified macroblock mode m;. The rate term, r,,

represents the rate, that is the number of bits in the output bitstream required to encode the
motion vectors v;. It will be understood that the nomenclature “i-1”" to indicate the reference
frame does not necessarily mean that the reference frame is the frame immediately preceding
the current frame i in the video sequence, but rather that the reference frame is a frame

previously encoded by the encoder.

[0035] It will be noted that Equation (2) does not reflect the real distortion and real
coding rate. In fact, the real distortion comes from the integer rounding from quantization of
the transform domain coefficients (TCOEFs) (also called the “residuals”), and the real coding
rate includes both motion rate and texture rate. Those skilled in the art will appreciate that the
cost function used in motion estimation is incomplete because residuals are undetermined at
this stage. In order for the real rate-distortion cost to be evaluated at the motion estimation
stage, it would require that the encoder calculate for each candidate motion vector the
residuals, transform and quantize the predicted residuals, and then reconstruct the macroblock,
after which the real cost can be measured. Such an implementation is impractical due to the
high computational complexity. Therefore, the conventional encoder uses Equation (2) to

approximate the real rate-distortion expenses when performing motion vector estimation.

[0036] During mode decision, since the residuals are more readily available, the
rate-distortion cost function is capable of taking them into account. Accordingly, macroblock

mode may be selected based on the minimization of:

R&M 42783-2445 RIM 35547-4-CA-PAT
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2

| ’\'r-m“ U5 T
LA,
(3)

over all possible inter-coded macroblock modes. Equation (3) reflects the real distortion as
shall be decoded 1n the decoder, which 1s the accumulated difference between original pixels x;
and their reconstructions x, over the whole macroblock. Reconstruction X, i1s generated based
on the macroblock prediction p; found in the reference frame as adjusted or modified by the
reconstructed motion estimation residuals z”'z(u;, g;), where u; represents the residuals, g; is the
quantization step size, z is the transformation and quantization process, and z"' represents the
inverse process of z. Rate cost in this case also represents the real coding bits, which includes
not only the motion rate r,,, but also the texture rate r,. The “texture rate” is a term sometimes

used to refer to the rate for encoding the quantized transform domain coefficients (TCOEFs).

[0037] It will be appreciated that the encoding process employs the above two cost
functions at different stages. Equation (2) is first used to approximate the best motion vectors
for a specific macroblock mode and Equation (3) is used later in the encoding process to select
the optimal macroblock mode. It is easy to infer that if Equation (2) inaccurately locates a
suitable motion vector, Equation (3) will be misled in selecting an optimal macroblock mode

and this sub-optimal result will eventually impact overall coding performance.

[0038] In accordance with one aspect of the present application, it is noted that 1f the
cost function for motion estimation can be compensated with accurate residual prediction, the

overall encoding performance will be consistently improved.

Motion estimation using original reference frames

[0039] The rate-distortion cost expression for selecting a motion vector represented by
Equation (2) excludes distortion and rate information relating to residuals because it would be
overly computationally demanding to calculate residuals, transform them, quantize them,
de-quantize them, and inverse transform them for every candidate motion vector that is

evaluated. Nevertheless, the present application discloses a process and encoder that employs

R&M 42783-2445 RIM 35547-4-CA-PAT



10

15

20

25

30

CA 02727149 2011-01-07

-10 -

predicted residuals 1n the motion vector selection process without the computational burden of

determining the rate-distortion impact of actual residuals for every candidate motion vector.

[0040] In one aspect, the present application discloses a process in which the motion

vector selection rate-distortion expression incorporates predicted reconstructed residual values

(i.e. predicted residuals).

[0041) In one embodiment, the predicted residuals are obtained by selecting a
predicted motion vector for a given partition and determining the predicted residuals using the
predicted motion vector and the original reference frame, i.e. not the reconstructed reference

frame in the frame store, but the original reference frame.

[0042] Consider that the determined motion vectors after regular motion estimation
reflect the motion flows between the current to-be-encoded frame and the reference frame,
which is the reconstruction of a previously encoded frame. In fact, these motion tlows do not
resemble the real motion of the video sequence, which should be determined between the
current to-be-encoded frame and the original reference frame. The deviation between these
two motion flows are caused by quantization operations during reconstruction of the reference

frame. By using the original reference frame, propagated quantization errors are avoided.

[0043] The predicted motion vector identifies a predicted reference block within the
original reference frame. The predicted residuals are determined from the difference between
the predicted reference block and the to-be-encoded partition. In one sense, the predicted
residuals give the encoder a set of “desired residuals” for a likely motion vector. The encoder

then goes on to find an actual refined motion vector relative to the reconstructed reference

frame that “best fits” the “destred residuals™.

[0044] The selection of a “predicted motion vector” and the calculation of “predicted
residuals” may be termed “pre-motion-estimation”. Conceptually at least, the motion
estimation is split into two stages. In the first stage, during pre-motion estimation, a predicted
motion vector is selected and the resulting residuals from the predicted motion vector relative
to the original reference frame are calculated. The selection of the predicted motion vector
may use a rate-distortion expression. In the second stage, the actual motion vector 1s selected
using rate-distortion analysis within a search area in the reconstructed reference frame, wherein

the rate-distortion analysis takes into account the predicted residuals.

R&M 42783-2445 RIM 355474-CA-PAT
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10045] The rate-distortion cost function employed in pre-motion-estimation takes a
similar form as for the conventional motion estimation. It will be noted that the

pre-motion-estimation rate-distortion cost expression involves the original reference frame,

Xi.1, as indicated below:

J pPre_yne_min T ll}:lﬂl“l 1&; - p”z’("ni- Uy g1 }H T "'\TU

(4)

[0046] Residuals resulting from the predicted motion vector selected using Equation
(4) relative to the original reference frame (x;.;) are then determined. In some embodiments,
they may be transformed and quantized to be used as predicted quantized transform domain
coefficients in the second stage. It will be understood that the nomenclature “i-1” to indicate
the original reference frame does not necessarily mean that the_original reference frame 1s the
frame immediately preceding the current frame i in the video sequence, but rather that the

original reference frame is a frame previously encoded by the encoder.

[0047] The search area within the original reference frame over which Equation (4) 1s
applied may be defined as a preset number of pixels around a pre-prediction motion vector.
The pre-prediction motion vector may be selected using any one of a number of initialization
processes. For example, the pre-prediction motion vector for a given partition may be based on
an average (weighted or not) of other motion vectors already determined for other partitions in
the frame or macroblock, i.e. based on spatially-related motion vectors. In some cases, it may
be based on one or more motion vectors for a similar partition location in adjacent frame(s), i.e.
based on temporally-related motion vectors. In a transcoding context, the pre-prediction
motion vector may be selected using related full-resolution motion vectors. Example processes
for using full-resolution motion vectors include direct use of downsampled motion vectors in a
direct-mappable case, or in non-direct mappable cases the indirect use of two or more
downsampled full-resolution motion vectors, such as through averaging, weighted averaging,

median, etc.

[0048] - Howsoever the pre-prediction motion vector is selected, once it is selected it
defines a center point in the original reference frame around which a search area 1s defined, for
example based on a preset number of pixels. Within that search area, the encoder evaluates
Equation (4) to identify the predicted motion vector having the lowest rate-distortion cost

according to the expression in Equation (4). The residuals resulting from the predicted motion

R&M 42783-24435 RIM 35547-4-CA-PAT
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vector are then calculated. These are then the “predicted residuals™ used in selecting the actual

motion vector.

[0049] To select the actual motion vector, a modification 1s made to Equation (2) to
create a rate-distortion cost equation that takes into account the distortion and cost associated

with the predicted residuals, such as the rate-distortion expression below:

]’me_,min = min”xi o (pi(mi: vi'xl—l) + Z_lz(u’i: ql))” + Arv,z (5)

[0050] Equation (5) reflects motion estimation cost evaluation taking into account
fixed predicted residuals (z~1z(u';, g;)). In this expression, the distortion term includes the

difference between the partition to-be-encoded x; and the reference block pinpointed by the

motion vector v; within the reconstructed frame x;—; where the reference block 1s adjusted by
the predicted residuals u’; after they have been transformed, quantized, de-quantized and
inverse transformed. The rate term also reflects the encoding cost of not only the motion vector
but also the predicted residuals (or, more accurately, the encoding cost of the quantized

transformed predicted residuals z).

[0051] It will be understood from considering the present description that the residuals
term (z~1z(v';, q;)) is “fixed” in the sense that it does not change during a search for a desired
motion vector v; within a given search area when performing motion estimation for a particular
partition. In this regard, the residuals term is a “prediction” of the residuals based on the
“desired residuals” u'; from the original reference frame using the predicted motion vector,
and Equation (5) may lead to the selection of a motion vector v; that results in a best fit with the
predicted residuals u’;. That is, each candidate motion vector v; points to a particular reference
block of pixels in the reference frame. The distortion term in Equation (5) evaluates how well
the original partition pixels x; match with the reconstruction that will be obtained by a decoder,
where the reconstruction 1s the reference block as adjusted by the reconstructed predicted
residuals (after they have undergone transform and quantization operations z, and the inverse
operations z). Accordingly, it will be appreciated that the minimum distortion will result
when a motion vector v; points to a reference block that combines with the reconstructed
predicted residuals (after quantization, etc.) so as to result in a best match to the original

partition pixels. In other words, by using the fixed predicted residuals, the motion vector v; will

be selected based on best fit with the predicted residuals.

R&M 42783-2445 | RIM 35547-4-CA-PAT
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0052} Reference is now made to Figure 3, which shows an encoder 100 in accordance
with the present application. The encoder 100 includes an original frame store 102 tor storing

copies of original frame for use by the motion vector selector 21 in selecting predicted motion

vectors and calculating predicted residuals.

[00S3] The motion vector selector 21 includes a motion vector prediction module 104
and a motion vector refinement module 106. Reference will now also be made to Figure 4,
which shows, in flowchart form, an example method 200 of encoding a frame of video in
accordance with the present application. The method 200 begins in step 202 with receiving the
i video frame. The motion vector prediction module 104 receives the current frame x; i.e. the
frame to-be-encoded, wherein each macroblock in the frame is partitioned in accordance with a
partitioning selected by the coding mode selector 20. It will be appreciated that the coding
mode selector 20 may, for various coding modes, partition the macroblocks of frame x; into
different partitions as it searches for an optimal coding mode. In other words, the motion vector
selection, efc., may loop multiple times as the coding mode selector evaluates various
partitioning of the macroblocks in the frame. It will also be understood that for a given
macroblock having a given partitioning, the motion vector selector 21 is tasked with selecting a

motion vector for each of the partitions. Some of these details are not further elaborated upon

in this simplified example.

[0054] For a given partition, the motion vector prediction module 104 selects the
pre-prediction motion vector and searches for a predicted motion vector within a search area in
an original reference frame x,.;, as indicated by steps 204 and 206. The pre-prediction motion
vector may be initialized using any one of a variety of techniques, examples of which are
mentioned above. The motion vector prediction module 104 may use Equation (4) in step 206
to search for and select the predicted motion vector v'; from within the search area in the
original reference frame x;.;. In step 208, it then calculates the predicted residuals u'; from the
difference between the partition to-be-encoded in the current frame x; and the predicted

reference block in the original reference frame x;.; pinpointed by the predicted motion vector

U'i.

[0055] The motion vector refinement module 106 receives the current frame x; (or at

least the partition to-be-encoded within the current frame), the predicted motion vector v';, and

the predicted residuals u’; (or, in some embodiments, transformed and quantized predicted
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residuals z';). It also has access to the reconstructed reference frame ¥,_; from the frame store

34. The motion vector refinement module 106 then, in step 210, searches for the actual motion

vector v; within the reconstructed reference frame X,_;. The search may be initiated within a

search area that, in one embodiment, is centered around a point in the reconstructed reference

frame X,_; identified by the predicted motion vector v';. The search is based on minimization
of a rate-distortion cost expression that employs the predicted residuals u’;. Once the actual
motion vector v; 1s selected, the actual residuals u; are determined 1n step 212. Once actual

motion vectors v and residuals u for each partition in each macroblock in frame i are selected,

the frame may be encoded as shown in step 214.

0056} Those skilled in the art will appreciate that the encoding step 214 may include
transform, quantization, and entropy encoding. Moreover, those skilled in the art will
appreciate that the illustrated process of selecting actual motion vectors for each partition in a
macroblock may be repeated for each coding mode evaluated by the coding mode selector 20
and only the actual motion vectors and residuals corresponding to the optimal partitioning

selected by the coding mode selector 20 are eventually encoded as part of the encoded video

output by the encoder 100.

[0057] It will be understood that the description herein may be extended to apply to
more than one original reference frame. In other words, it will be appreciated that in some
embodiments the predicted residuals for a given partition may be obtained by using more than

one predicted motion vector referencing more than one original reference frame.

[0058] Those skilled in the art will understand the various modifications and variations
that may be made to the example process described above without departing from the general

process of employing predicted residuals from an original reference frame 1n rate-distortion

analysis used for selecting an actual motion vector.

Application to transcoding

[0059] In many instances it is necessary to transcode an encoded video. For example,
transcoding may be used to convert an encoded video stream from one encoding format (such
as H.264) to another encoding format (such as MPEG2). In another example, transcoding may

be used to reduce the frame size of a video — i.e. to spatially downsample the video — in order to
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have the video playback on a smaller video screen. This can be particularly relevant with
modern technology where, for example, videos may be viewed on a mobile device screen,
which tends to be relatively small, or videos may be viewed through a relatively small video
playback plug-in within a web browser. In many other situations, videos that are originally
encoded at a particular frame size may need to be spatially downsampled to create an encoded
version of the video at a smaller frame size before being transmitted to an end user for
playback. In these situations it may be too costly send the full-resolution encoded video to the
end device for downsampling after decoding. Even in the absence of cost concerns, it may be
too time consuming or taxing upon the processing resources of an end device to have the end
device receive, decode and downsample a full-resolution video as opposed to receiving and

decoding a downsampled encoded video. Hence, the importance of transcoding.

[0060] In the transcoding context, the “original reference frame” is the decoded and
downsampled reference frame. This is the “original reference frame” used for

pre-motion-estimation, i.e. to find “predicted residuals” that may then be used in Equation (5)

for selecting an actual motion vector.

Encoder Components

[0061] Reference is now also made to Figure 5, which shows a simplified block
diagram of an example embodiment of an encoder 1000. The encoder 1000 includes a
processor 1002, a memory 1004, and an encoding application 1006. The encoding application
1006 may include a computer program or application stored in memory 1004 and containing
instructions for configuring the processor 1002 to perform steps or operations such as those
described herein. For example, the encoding application 1006 may include subcomponents or
parts for configuring the processor to encode a video and output an encoded bitstream. The
encoding application 1006 may be adapted to implement some or all of the methods and

processes described herein to improve the speed, efficiency, and or rate-distortion cost of the

encoding.

[0062] The encoder 1000 may further include a communications subsystem 1008 for
receiving “original” video and for outputting an encoded video. The communications

subsystem 1008, in some embodiments, may enable communications with a network, such as

the Internet.
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[0063] It will be understood that the encoding application 1006 and/or its
subcomponents or parts may be stored in on a computer readable medium, such as a compact

disc, flash memory device, random access memory, hard drive, etc.

[0064] It will be appreciated that the encoder according to the present application may
be implemented in a number of computing devices, including, without limitation, servers,
suitably programmed general purpose computers, set-top television boxes, television broadcast
equipment, and mobile devices. The encoder may be implemented by way of software
containing instructions for configuring a processor to carry out the functions described herein.

The software instructions may be stored on any suitable computer-readable memory, including
CDs, RAM, ROM, Flash memory, etc.

[0065] [t will be understood that the encoder described herein and the module, routine,
process, thread, or other software component implementing the described method/process for
configuring the encoder and/or any of its subcomponents or parts may be realized using
standard computer programming techniques and languages. The present application is not
limited to particular processors, computer languages, computer programming conventions,
data structures, or other such implementation details. Those skilled in the art will recognize
that the described processes may be implemented as a part of computer-executable code stored

1n volatile or non-volatile memory, as part of an application-specific integrated chip (ASIC),

etc.

[0066] Certain adaptations and modifications of the described embodiments can be

made. Therefore, the above discussed embodiments are considered to be 1llustrative and not

restrictive.
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WHAT IS CLAIMED IS:

A method of encoding a video, the video including a plurality of frames including a target
frame x; and an original reference frame x;.;, the original reference frame x;.; having been
encoded and decoded to produce a reconstructed reference frame X,_; stored in a frame

store, the target frame including an inter-coded partition, the method comprising:
selecting a predicted motion vector v;” for the inter-coded partition x;;

calculating predicted residual values u;’ from the difference between the inter-coded
partition x; and a reference block in the original reference frame x,.;, wherein the

reference block is identified by the predicted motion vector v;’; and

determining an actual motion vector v; with reference to the reconstructed reference

frame X, using a rate-distortion expression incorporating the predicted residual

values u;’.

The method claimed in claim 1, wherein said selecting the predicted motion vector v;’

includes selecting a candidate motion vector that minimizes a rate-distortion cost equation

with respect to the original reference frame x;.; within a first search area.

The method claimed in claim 2, wherein the first search area is centered at a first point in
the original reference frame x;.; identified by a pre-prediction motion vector, and wherein

the method includes 1nitializing the pre-prediction motion vector.

The method claimed in claim 3, wherein the pre-prediction motion vector is initialized

based on at least one motion vector in an adjacent partition in the target frame x,.

The method claimed in claim 3, wherein the target frame x; comprises a downsampled
video frame, and wherein the original reference frame x;.; comprises a downsampled
reference frame, and wherein the pre-prediction motion vector is initialized based on at

least one downsampled full-resolution motion vector.

The method claimed in any one of claims 2 to 5, wherein the rate-distortion cost equation

1S:

Jpre_me_min = min |z, — pfi(m. v ) L+ AT,

t"s
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wherein v; is the candidate motion vector, x; is the target frame, x;.; is the original reference
frame, m; is the coding mode, r, is the coding rate for the motion vector v;, A 1s the

Lagrangian multiplier, and p’; is the reference block in the original reference frame x;.|

1dentified by the motion vector v,.

7. The method claimed in any one of claims 1 to 6, wherein said determining includes

selecting the actual motion vector so as to minimize the rate-distortion expression with

respect to the reconstructed reference frame X,_; within a second search area.

8. The method claimed in any one of claims 1 to 7, wherein said determining the actual
motion vector includes determining reconstructed predicted residual values z7*z(u';, ;)
by transforming and quantizing the predicted residual values to create quantized transform
domain coefficients, and dequantizing and inverse transforming the quantized transform

domain coefficients to create the reconstructed predicted residual values.

9. The method claimed 1n claim &, wherein the rate-distortion expression comprises:

]’me_min - min”xi — (pi(mifvifo—l) T Zﬁlz(u,ii- QL))” T Arv,z

wherein v; 1s the actual motion vector, x; is the target frame, X,_; 1is the reconstructed
reference frame, m; 1s the coding mode, r, . 1s the coding rate for the motion vector v; and

the quantized transform domain coefficients, A is the Lagrangtan multiplier, and p; 1s the
reference block in the reconstructed reference frame X,_; 1dentified by the motion vector
v;, and wherein u'; are the predicted residual values, ¢; is the quantization step size, z
represents the transform and quantization operations, and is the z”' represents the inverse

operations, and wherein the reconstructed predicted residual values are z71z(u';, q;).

10. The method claimed in any one of claims 1 to 9 further comprising calculating actual

residual values based on an actual reference block in the reconstructed reference frame,

wherein the actual reference block 1s identified by the actual motion vector.

11. The method claimed in claim 10, further cbmprising comparing a rate-distortion cost of the
actual residual values with a rate-distortion cost of the predicted residual values, and

encoding the target frame using the residual values having a smaller rate-distortion cost.
12. The method claimed in any one of claims 1 to 11, further comprising:

receiving the target frame,
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selecting a coding mode,

repeating the operations of selecting a predicted motion vector, calculating

predicted residual values, and determining the actual motion vector, for each

inter-coded partition in the target frame, and

5 encoding the target frame based on the selected coding mode and actual motion

veCtor.

13. An encoder for encoding a video, the video including a plurality of frames including a
target frame x; and an original reference frame x;.,, the original reference frame x;., having
been encoded and decoded to produce a reconstructed reference frame X,_,, the target

10 frame x; including an inter-coded partition, the encoder comprising:

a processor;

a memory storing the original reference frame x;.; and the reconstructed reference

frame X,_1;
a communications system for outputting an encoded video; and

15 an encoding application stored in memory and containing instructions for configuring

the processor to encode the video using the method claimed in any one of claims 1
to 12.

14. A computer-readable medium having stored thereon computer-executable instructions

20 which, when executed by a processor, configure the processor to execute the method

claimed in any one of claims 1 to 12.
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