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(54) Combined parallel and pipelined video encoder

(57) A method of encoding video data in a pipelined
processing system, the video data comprising a se-
quence of digital image frames, the method comprising:
dividing each frame in the sequence into a plurality of
sections, each section comprising a horizontal band
across a frame, subdividing each section into a plurality

of macroblocks, and encoding a representation of each
macroblock in each section to form an output stream,
wherein the sections of each frame are processed during
adjacent steps in a pipeline of the pipelined processing
system.
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Description

BACKGROUND

Technical Field

[0001] The described embodiments generally relate to
an apparatus and method for providing combined parallel
and pipelined video encoding. More particularly, the em-
bodiments relate to apparatus and methods wherein vid-
eo encoding is accomplished partly using software and
partly using dedicated hardware in a combined parallel
and pipelined manner.
[0002] The embodiments find applications in, in partic-
ular, handheld digital cameras and video cameras and
mobile terminal systems, e.g., cell phones, smart
phones, tablet computers which have a built-in video
camera. The embodiments also find application in mul-
timedia devices, such as set top boxes for digital televi-
sion. The embodiments are applicable to various video
encoding standards, for example the VPx (for example
VP8) and H264 standards.

Related Art

[0003] The approaches described in this section could
be pursued, but are not necessarily approaches that have
been previously conceived or pursued. Therefore, unless
otherwise indicated herein, the approaches described in
this section are not prior art to the claims in this application
and are not admitted to be prior art by inclusion in this
section.
[0004] As the resolution of cameras and displays in-
creases, the requirements of real-time video encoding
on, or for, such devices become increasingly demanding
in terms of the required processing resource. Moreover,
Video standards are evolving continuously with increas-
ing requests in terms of quality, compression rate, input
resolutions and real-time constraints. As a result these
demanding requirements are subject to frequent change.
For mobile devices, a further requirement is that such
video encoding must also be power efficient.
[0005] Generally speaking, a dedicated hardware
(HW) solution that is specific to the particular task will
often provide the best solution in terms of processing
performance and power efficiency. However, dedicated
HW solutions are generally not particularly flexible since
a new device must be developed for each change in the
video parameters, such as an increase in resolution, or
for a change to the standard employed for the encoding.
Further, given the increased time taken to develop such
solutions in comparison to software solutions, they are
often not viable in a fast changing market.
[0006] Conversely, despite the increasing perform-
ance of Central processing units (CPUs), and a general
increase in the number of embedded CPUs that are avail-
able on mobile platforms, purely software-based solu-
tions are generally not able to provide sufficiently fast

performance for high-resolution real-time video encod-
ing. In addition, by increasing the CPU frequency to im-
prove the performance, the power consumption of the
device is also increased. Such an increase in power con-
sumption can lead to poor battery life, difficulties in dis-
sipating the power in a mobile device and even to damage
to the device.
[0007] To improve processing performance, a system
of parallel processing can be implemented either in the
form of HW or software (SW). However, the data depend-
ency inherent to video encoding algorithms makes the
implementation of parallelism across several processing
units difficult. As a result, it is not easy to realise the ben-
efit of multiple CPUs on a mobile platform if parallelism
is implemented in the form of a SW algorithm. Further,
for efficient parallel processing, the processing units
should exchange information rarely, generally not more
than a few times per picture.
[0008] Accordingly, there is a need to provide video
encoders for mobile devices that have the processing
capability to achieve real-time video encoding whilst be-
ing sufficiently flexible to cope with changes to the en-
coding standard, and whilst operating at a low power.
[0009] US 2009 0274213 discloses a video encoding
system based on intra-coding of blocks of pixels within
images in the video sequence.
[0010] It is an aim of the embodiments herein de-
scribed to overcome or mitigate at least some of the
above described limitations.

SUMMARY

[0011] In a first aspect according to an embodiment,
there is provided a method of encoding video data in a
pipelined processing system, the video data comprising
a sequence of digital image frames, the method compris-
ing: dividing each frame in the sequence into a plurality
of sections, each section comprising a horizontal band
across a frame, subdividing each section into a plurality
of macroblocks, and encoding a representation of each
macroblock in each section to form an output stream,
wherein the sections of each frame are processed during
adjacent steps in a pipeline of the pipelined processing
system.
[0012] Thus, advantageously, the processing of
frames within the sequence can be divided and proc-
essed efficiently in a pipelined manner.
[0013] In alternative or complementary embodiments,
the number of sections into which a frame is divided is
equal to a number of processing steps in the pipeline.
Thus, advantageously, the method can ensure that the
pipeline is efficiently filled.
[0014] In alternative or complementary embodiments,
each section comprises substantially the same number
of pixels. Thus, advantageously, the same processing
resource and configuration can be implemented for each
section.
[0015] In alternative or complementary embodiments,
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the representation of each macroblock is generated us-
ing a process of intra-estimation or motion prediction and
compensation.
[0016] In alternative or complementary embodiments,
the number of sections per frame is 4. Thus, advanta-
geously the encoding task can be divided into 4 parallel
processes. Increasing the number of parallel processes
into which a given task is divided tends to decrease the
time taken for each process. However, conversely, divid-
ing the task into more processes has the effect of increas-
ing the pipeline synchronization requirement between
sections within a frame. In turn this tends to cause over-
head delays as this necessarily requires interrupt
processing on the host. Thus, by selecting the number
of sections to be 4, a balance between processing the
frame in a parallel manner and generating synchronisa-
tion delays by dividing the frame can be made.
[0017] In alternative or complementary embodiments,
for each macroblock, either the intra-estimated or the in-
ter-estimated representation is selected for encoding in
the output stream. Thus, advantageously, the best rep-
resentation for a particular macroblock can be selected
for encoding.
[0018] In alternative or complementary embodiments,
the intra-estimation representation for each macroblock
is generated using the corresponding pixels from the orig-
inal frame in the sequence. Thus, advantageously, a data
dependency for intra-estimation representations of dif-
ferent macroblocks in a frame can be avoided since the
intra-estimation representations do not in general rely on
one another.
[0019] In alternative or complementary embodiments,
the motion estimation and prediction representation for
each macroblock is generated from a previously encoded
frame in the sequence.
[0020] In alternative or complementary embodiments,
the motion compensation and prediction comprises gen-
erating a motion estimation for each macroblock or sub-
macroblock.
[0021] In alternative or complementary embodiments,
the intra-estimation and motion compensation are per-
formed on a graphics processor, the encoding is per-
formed in software and the motion estimation is per-
formed in dedicated hardware. Thus, advantageously,
the different processing tasks can be assigned to the
processing resource that is most suited to implementing
that particular task.
[0022] In a second aspect, there is provided a pipelined
processing apparatus for encoding video data compris-
ing a sequence of digital image frames, the apparatus
comprising: means for dividing each frame in the se-
quence into a plurality of sections, each section compris-
ing a horizontal band across a frame, means for subdi-
viding each section into a plurality of macroblocks, and
means for encoding a representation of each macroblock
in each section to form an output stream, wherein the
sections of each frame are processed during adjacent
steps in a pipeline of the pipelined processing system.

[0023] Advantageously, the apparatus of the second
aspect can be embodied in a portable device comprising
one or more of a mobile telephone, a tablet computer a
digital camera or a digital video camera.
[0024] A further aspect relates to a computer program
product comprising computer readable instructions
which, when run on a computer system, cause the com-
puter system to perform the method of the first aspect.
A further aspect relates to a computer readable medium
comprising the computer program product of the previous
aspect.

BRIEF DESCRIPTION OF THE DRAWINGS

[0025] The present invention is illustrated by way of
example, and not by way of limitation, in the Figures of
the accompanying drawings, in which like reference nu-
merals refer to similar elements and in which:

- Figure 1 illustrates the trade-offs that apply when
configuring a video encoding method in different
manners;

- Figure 2 illustrates a method of dividing a frame in a
sequence of images for processing in accordance
with a described embodiment;

- Figure 3 illustrates a video encoding method in ac-
cordance with a described embodiment;

- Figure 4 illustrates details of the order of steps that
are carried out in the method of Figure 3; and

- Figure 5 illustrates the dependencies between the
data used in the method of Figure 3.

DETAILED DESCRIPTION

[0026] Figure 1 illustrates the trade-off between differ-
ent manners in which a video encoding method can be
implemented. As illustrated in Figure 1, by using a purely
software-based solution, a high degree of flexibility can
be achieved. However, such a solution will use a sequen-
tial algorithm, and so tend to be slow. Alternatively, if a
purely GPU-based solution is implemented then this will
permit massively parallel computing. However such a so-
lution does not enable easy handling of the data depend-
ency. Finally, if a dedicated HW solution is implemented,
then this will permit highspeed processing speed via a
pipelined algorithm. However, as discussed above, such
a solution suffers from a lack of flexibility.
[0027] By combining elements of each solution i.e. SW,
HW and GPU, the embodiment as described below is
able to achieve a flexible processing system that retains
the performance advantage of GPU and HW-based so-
lutions.
[0028] Figure 2 illustrates a method of dividing a frame
in a video sequence for encoding according to an em-
bodiment. Throughout this description, the term ’frame’
is used to describe a single image from a sequence of
images that together form a video sequence. As illustrat-
ed in Figure 2, the frame is divided horizontally into a
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plurality of non-overlapping sections (A, B, C, D). A data
dependency exists at the boundary between each sec-
tion since, during processing of a particular section, some
of the frame information from each section adjacent to
that particular section is required. As a result, during
processing of a frame, there is a synchronisation require-
ment between the different sections.
[0029] By dividing the frame into a greater number of
sections, the frame can be processed in a greater number
of parallel processing streams since, for example, one
stream could be employed per section. However, using
a greater number of sections will necessarily increase
the number of section boundaries within the divided
frame, and thus the synchronisation requirement be-
tween sections within the frame is also increased. Also,
the processing method illustrated in Figure 2 is feasible
only if the motion vector search window size is limited to
co-located and adjacent layers in previous pictures. This
is described in greater detail in relation to figure 3 below.
Thus, employing a greater number of sections would re-
sult in a reduction to the maximum allowed motion vector
size. This in turn would reduce the encoding quality. In
view of the above, the skilled person will recognise that
a trade-off exists between increasing the number of
processing streams by increasing the number of sec-
tions, and reducing the synchronization requirement be-
tween sections of the frame by reducing the number of
divisions in the frame. With this trade-off in mind, in Figure
2 the number of sections is 4. However, the skilled person
will recognise that a larger or smaller number of sections
can be used dependent on the particular constraints and
parameters of a particular frame encoding system.
[0030] As noted above, by dividing frames horizontally
into four sections, each frame can be processed in a par-
allel manner with each section being processed sepa-
rately. A method of horizontal division of frames is se-
lected rather than a vertical division, since horizontal di-
vision is better suited to standard formats for transmis-
sion of frame data. For example, frame data is often trans-
mitted in the form of (horizontal) lines of a picture, with
one line following the line immediately above it. Thus, by
dividing a frame into horizontal sections, there may be
no need to wait to receive a complete frame before gen-
erating at least some of the sections and commencing
encoding of the frame.
[0031] Within each section of the frame, the frame is
further divided into a number of macroblocks. In the pres-
ently described embodiment, each macroblock is of size
16x16 pixels. However, the skilled person will recognise
that macro blocks of different sizes can also be imple-
mented. Moreover, the skilled person will also recognise
that methods described here can also be applied to mac-
roblocks that are in turn subdivided into smaller blocks
(partitions or sub blocks).
[0032] As an example of the use of macroblocks within
a frame, consider a frame in a sequence of frames that
has a resolution of 1,280 pixels in a width direction and
1,024 pixels in a height direction. If macroblocks of size

16x16 pixels are employed, then this frame would be
composed of an array of macroblocks that is 80 macrob-
locks wide and 64 macroblocks high. The total number
of macroblocks per frame is 5,120 (i.e. 80*64). Each
frame section will be composed of an array of macrob-
locks that is 80 macroblocks wide and 16 macroblocks
high. The total number of macroblocks per frame section
is 1280.
[0033] Figure 3 illustrates a video encoding method in
accordance with an embodiment. The described encod-
ing method is implemented in the form of a pipeline. The
input 1 to the encoding method takes the form of a stream
of pixels to be encoded. This stream of pixels represents
a sequence of frames (images) that together form a video
sequence. As noted above, each frame is broken down
into a collection of macroblocks. Thus, the input 1 to the
encoding method comprises a stream of pixels that are
grouped into macroblocks.
[0034] The output from the method takes the form of
an encoded video stream 37 that is formed using the
process described below.
[0035] The input 1 is input in parallel fashion to an intra-
estimator (IE) 11, a by-pass module 15, a motion esti-
mator 21 and a predictor 23. The IE 11 uses a method
of intra-estimation to determine areas within a frame that
contain spatial redundancy. The IE 11 performs the intra-
estimation on the original pixels that form the input frame.
Since the original pixels are employed for this, there is
no data dependency between a current macroblock to
be estimated and its neighbours.
[0036] This intra-estimation achieved by using a meth-
od wherein the content of a current macroblock is pre-
dicted, or estimated, by extrapolation of the pixel values
from one or more adjacent macroblocks. Typically, the
IE 11 uses the vertical column of pixels from the right-
hand-side of the previous macroblock (i.e. the macrob-
lock located immediately to the left of the current mac-
roblock) and the horizontal line of pixels from the lower-
side of the macroblock located immediately above the
current macroblock to predict the content of the current
macroblock. However, the skilled person will recognise
that other methods of intra-estimation are equally appli-
cable. The skilled person will also understand methods
of implementing intra-estimation, and so a fuller expla-
nation will not be included here. In the described embod-
iment, the IE 11 makes three versions of the intra-esti-
mated macroblock; one based on horizontal intra-esti-
mation, one based on vertical intra-estimation and one
based on diagonal intra-estimation. The IE then selects
the most suitable version for output. To do this, the IE 11
makes a calculation of the sum of the absolute difference
(SAD) between the pixels represented by each version
of the intra-estimated macroblock and the original pixels
of the macroblock. In the described embodiment, the ver-
sion that has the lowest SAD forms the output of the IE
11, together with its associated SAD. The SAD is used
during the encoding process as is explained below.
[0037] The skilled person will recognise that the IE 11
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need not perform three different intra-estimations. Rath-
er, a larger or smaller number of intra-estimations can
equally be employed.
[0038] The resulting output from the IE 11 takes the
form of a series of estimated macroblocks, together with
a measure of the difference between each estimated
macroblock and the actual block. This output is passed
to a decision module 13. The decision module 13 re-
ceives both the output from the IE 11 and an output from
a predictor module 23 that supplies an inter-estimated
version of each macroblock, and a SAD calculated for
the inter-estimated macroblock. The method of deriva-
tion of the inter-estimated macroblock will be described
below. The decision module 13 determines for each mac-
roblock whether to use the intra-estimated version of the
macroblock from the IE 11 in the encoded video stream,
or to use the inter-estimated version of the macroblock
from the predictor 23.
[0039] The decision made in the decision module 13
is made on a per-macroblock basis. Each decision is
based on a comparison of the two SAD values derived
for the intra-estimated version of a macroblock and the
inter-estimated version of the macroblock. In the de-
scribed embodiment, whichever has the lowest value of
the SAD will be the version of the macroblock that is
employed in the encoded stream 37 for that particular
macroblock in the frame. The winning prediction from this
decision forms the output from the decision module 13.
The skilled person will understand that other intra/inter
selection criteria may also be used, and that a SAD based
decision is given here only as an example.
[0040] The output from the decision module 13 is then
passed to a by-pass module 15. As noted above, the by-
pass module 15 also receives the input stream 1. As a
further input, the by-pass module 15 also receives an
output from a macroblock reconstruction module 19. The
macroblock reconstruction module will be described in
further detail below.
[0041] The by-pass module 15 is configured to either
perform an intra-frame reconstruction (IREC) on the input
macroblock, or to select the predictor 23 output (i.e. to
by-pass). The determination of whether to perform an
IREC macroblock or to by-pass is based on whether the
macroblock is intra-estimated or inter-estimated. The by-
pass module 15 is configured such that it is by-passed if
the selected macroblock is inter-estimated. If the mac-
roblock is intra-estimated, then a new intra-estimated
macroblock based on a reconstructed picture needs to
be computed by using the selected intra-mode. This is
because the intra-estimated macroblock has been com-
puted based on the original pixels of the input stream 1.
This IREC step is carried out by the by-pass module 15,
and employs reconstructed macroblocks from the mac-
roblock reconstruction module 19 as described below.
[0042] After either performing the IREC, or by-passing,
the by-pass module 15 then computes the residual error
between the estimated macroblock (intra or inter) and
the corresponding pixels in the input stream 1. This cal-

culation is on a pixel-by-pixel basis. The residual errors
are then passed on to the encoding module 17, the func-
tion of which is described below.
[0043] The macroblock reconstruction is performed
just after the step of encoding the macroblock on the
CPU. Generally, it is expected that intra-estimated mac-
roblocks will be statistically selected for encoding much
less frequently than the inter-estimated macroblocks,
and that the intra-estimated macroblock prediction will
only be carried out for the selected intra-mode. There-
fore, this step will consume much less CPU resources
than a full intra-estimation based on reconstructed pixels.
However, this will be at the cost of some degradation to
the encoding efficiency.
[0044] The encoding module 17 is configured to en-
code the residual errors from intra-estimated or inter-es-
timated macroblock from the by-pass module 15 into an
encoded bitstream 37 to act as the output 37. The en-
coding module 17 comprises a discrete cosine transform
(DCT) module 25, a quantisation module 27 and an en-
tropy coder 29. The DCT module performs a DCT on the
received residual errors. The skilled person will under-
stand how to implement a DCT, and so a fuller explana-
tion will not be provided here. Rather, it is sufficient to
state that the action of the DCT is to express the pixel
data within each macroblock in the form of an array that
contains a series of cosine functions, each of which has
a particular amplitude and frequency. In other words, the
DCT converts pixel data from the spatial domain to a
frequency domain. Thus, the output of the DCT module
25 is of the form of an array of coefficients that express
the amplitudes and frequencies present in the series.
This output is then passed to the quantisation module
27. The quantisation module 27 quantises the coeffi-
cients output from the DCT module 25.
[0045] The skilled person will recognise how to perform
such quantisation, and so further explanation of the quan-
tisation module 27 will not be repeated here. The quan-
tised coefficients are then output to the entropy encoder
29.
[0046] The entropy encoder 29 encodes the coeffi-
cients output from the quantisation module 27 to form
the encoded stream 37. The skilled person will recognise
how to implement an entropy encoder, and so a fuller
explanation will not be provided here.
[0047] The output from the quantisation module 27 is
also sent to the macroblock reconstruction module 19
mentioned above. The macroblock reconstruction mod-
ule 19 comprises an inverse quantisation module 31, an
inverse discrete cosine transform (IDCT) module 33 and
a loop filter 35.
[0048] The inverse quantisation module 31 receives
the output from the quantisation module 27 and performs
an inverse quantisation process on the quantised output.
The IDCT module 33 then performs an inverse DCT on
the output of the inverse quantisation. The skilled person
will recognise how to implement both of these processes,
and so a full explanation will not be repeated here. Rath-
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er, it is sufficient to note that the output from the IDCT
module 33 takes the form of reconstructed macroblocks.
[0049] The output from the IDCT module 33 is passed
to a loop filter 35. The loop filter 35 functions to remove
artefacts that can arise from a situation where adjacent
macroblocks were encoded using different estimation
techniques. For example, if a first macroblock was en-
coded using motion-estimation, while a second, adjacent
macroblock was encoded using intra-estimation, then an
artefact can be present at the boundary between these
macroblocks. The skilled person will understand how to
implement a loop filter, and so a more detailed explana-
tion will not be provided here.
[0050] The output from the IDCT module 33 is also
passed to the by-pass module 15. Thus, as described
above, the by-pass module 15 can utilise the reconstruct-
ed macroblocks from the IDCT 33 as part of the calcula-
tion of the residual errors described above.
[0051] The output from the loop filter 35 is passed to
a motion estimator (ME) 21. The ME 21 takes the recon-
structed, loop filtered, macroblocks and performs motion
estimation on each macroblock to determine motion es-
timation of the macroblock with respect to either a previ-
ous frame or with respect to both a previous and a future
frame. As noted above, the ME 21 also receives the input
stream 1, for use in generating the motion estimation for
each macroblock. The ME21 derives the best estimate
of the motion vector for the current macroblock. The best
motion vector here is assumed to be that which produces
the lowest SAD between the estimated macroblock and
the macroblock(s) on which the motion estimation is
made. The skilled person will recognise how to imple-
ment such motion estimation using these inputs, and so
a full explanation will be omitted here. The output of the
ME 21 takes the form of an estimated macroblock, to-
gether with its corresponding SAD.
[0052] The output from the ME 21 is passed to the pre-
dictor 23, which computes a motion compensated frame
based on the best motion vector for each macroblock or
sub-macroblock.
[0053] The predictor 23 passes the inter-predicted
macroblock and associated SAD to the decision module
13. As is described above, the result of this SAD com-
parison in the decision module is then used to determine
which version of the macroblock it passed to the encoder
17 for inclusion within the encoded stream 37.
[0054] Thus, in summary, the method functions as fol-
lows: Intra-estimated and motion estimated versions of
each macroblock are determined, and the version having
the lowest SAD is chosen for encoding. The selected
version of the macroblock is then encoded and used in
the output stream 37.
[0055] In an alternative embodiment a bias is added
to the SAD criterion used to make the determination be-
tween using an intra-estimated macroblock or an inter-
estimated macroblock. Thus, in this embodiment the fol-
lowing relation is used to make the determination be-
tween the intra encoded version of the macroblock and

the inter-estimated version:

If SADintra-estimated + bias > SADinter-estimated, then
select inter-estimated
else, select intra estimated.

where SADintra-estimated represents the SAD calculated
from the intra-estimated macroblock and
SADinter-estimated represents the SAD calculated from the
inter-estimated macroblock.
[0056] Such an embodiment can be used to help en-
sure that a desired fraction of the macroblocks are en-
coded by a particular method.
[0057] In the embodiment described in Figure 3, the
IE module 11 and the predictor 23 are both implemented
in a GPU. The ME module 21 is implemented in HW, and
the remaining components, i.e. the MB encoder module
17, the MB reconstruction module 19, the decision mod-
ule 13 and the by-pass module 15 are all implemented
in SW. Thus, each of the different functions of the encoder
described can be implemented in the manner to which it
is most suited. Accordingly, the described encoder can
make optimal use of the available HW resources whilst
retaining functionality that is subject to frequent change
within a SW environment, running on a CPU or a GPU.
Further, the encoding process is able to operate in a man-
ner that is both parallel and pipelined.
[0058] Figure 4 illustrates the steps that occur when
processing frames of data using the encoding method of
Figure 3. The top row of the Figure indicates the step in
the pipeline. This is in a repeating pattern of 1, 2, 3, 4.
Thus, the pipeline is divided into four steps of processing
for each frame and the processing is repeated for each
frame. Between each pipeline step, synchronisation is
required, and so an interrupt occurs on the CPU of the
processing system.
[0059] The second row indicates steps carried out by
the GPU. The first step, at pipeline step 1 is to perform
intra-estimation on a first section of a first frame. This
section is labelled A1, which indicates that this is section
A of the first frame in the sequence that is being encoded.
Thus, this frame is the top section of the frame shown in
Figure 2. The subsequent step in the second row, in other
words the subsequent step for the GPU, is to perform
intra-estimation on section B of the first frame, this is
labelled B1. In other words, section B1 is the section be-
low section A1 the first frame of the sequence. The third
step for the GPU is processing of section C in frame 1,
i.e. C1. Subsequently, section D1 is processed. After
processing each section of the first frame, the GPU then
processes the sections of the second frame in the same
order as for the first frame. In other words, sections A2,
B2, C2 and then D2 are processed.
[0060] In the third row of the table of Figure 4, the CPU
performs macroblock encoding and macroblock recon-
struction of the first section, A1. In Figure 4, this proc-
esses is labelled ’E’. The CPU carries out this processing
at step 2 of the pipeline, in other words at the time when
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the GPU is performing intra-estimation of section B1. This
is because the macroblock encoding and macroblock re-
construction processes require the result of the intra-es-
timation on section A1, and so cannot commence prior
to the result being available. The subsequent step for the
CPU is to perform processes E (macroblock encoding
and macroblock reconstruction) on section B1 during
pipeline step 3. The CPU then performs process E on
frame sections in the same order as the GPU, each sec-
tion being processed one pipeline step after the section
has been processed by the GPU.
[0061] In the fourth row of Figure 4, the HW performs
motion estimation. The motion estimation for section A
of the second frame (i.e. A2) is made in relation to the
corresponding section in the first frame, A1. Thus, no
motion estimation is made for the first frame since there
is no previous frame for generation of the motion estima-
tion. As noted in relation to Figure 3, the subsequent step
to motion estimation is motion prediction, and subse-
quent to that the decision module 13 compares the SAD
of the intra-estimated and motion-compensated macrob-
locks. In contrast, each intra-estimated macroblock is
compared in the decision module 13 in the step immedi-
ately after intra-estimation, in process E immediately be-
fore macroblock encoding. Thus, the motion-estimation
of a particular macroblock is required one step prior to
the intra-estimation for the same macroblock. According-
ly, the motion-estimation of section A2 is carried out in
step 4 of the pipeline, while motion estimation of section
B2 is carried out in the subsequent step of the pipeline,
in other words during the first step in the next repetition
of the pipeline. Motion estimation of section B2 is carried
out in the next step of the pipeline, and the following steps
are motion estimation on C2 and D2 in that order.
[0062] In the fifth row of Figure 4, the motion compen-
sated prediction (MCP) is carried out by the GPU. Since
the MCP relies on the result of the motion estimation in
row 4, it is carried out one pipeline step after the motion
estimation for each particular macroblock. Thus, the
MCP for section A2 is carried out at the second instance
of pipeline step 1, in other words on the fifth step in the
pipeline since commencement of the pipeline. In the sub-
sequent steps, MCP for B2, then C2 and then D2 are
carried out in that order.
[0063] As can be seen from Figure 4, the first four steps
are effectively initiation of the pipeline since not all of the
required data for the described macroblock encoding
method is available until after these first four steps. From
this, it is clear that the first frame, which is formed of
sections A1, B1, C1 and D1 cannot be treated in exactly
the same manner as the remaining frames in the se-
quence. Typically, the first frame in a sequence is fully
encoded with intra-estimated macroblocks. However, the
skilled person will recognise other methods for dealing
with this issue, and so a full explanation of the possible
methods will not be repeated here.
[0064] As is clear from Figure 4, each of the four sec-
tions of the frame, A, B, C, D are processed in a parallel

and pipelined manner. Since there are four tasks to be
completed in each repetition of the pipeline (IE, E, ME
and MCP), efficient processing can be achieved by di-
viding the frames to be encoded into four sections. By
choosing to divide the frames into four sections, the pipe-
line of the described embodiment is "full", in the sense
that processing can take place during each step in the
pipeline. After the initiation steps, here are no steps in
which one processing element (GPU, CPU or HW) must
wait for processing to finish elsewhere. The skilled per-
son will recognise that the encoding method can alter-
natively be split into a larger or smaller number of tasks,
each of which can be carried out in a different piece of
HW or SW (CPU or GPU). In such a situation, the input
frames can be divided into a number of sections corre-
sponding to the number of processing tasks. Accordingly,
the pipeline can be maintained in a full state.
[0065] Figure 5 shows the interrelationship between
the processing steps in Figures 3 and 4 in more detail.
As can be seen from Figure 5, to encode section A(n-1)
where n denotes the frame number as used above, the
method requires the intra-estimation and motion com-
pensated prediction for this section. In a corresponding
manner, to encode section B(n-1), the intra estimation
and motion compensated prediction for section B(n-1)
are required. The requirements for C(n-1) and D(n-1) also
correspond to these requirements. Subsequently, to then
generate the motion estimation for section A(n), encoded
sections A(n-1) and B(n-1) are used since motion can
cross section boundaries. From the motion estimation of
A(n), the MCP of A(n) can then be derived.
[0066] To generate the motion estimation for section
B(n), encoded sections A(n-1), B(n-1) and C(n-1) are all
used since both sections A and C have boundaries with
section B. For the purposes of this embodiment, it is as-
sumed that motion vectors are restricted to the same and
adjacent sections in the frame previous to the current
frame.
[0067] From the motion estimation of B(n), the MCP of
B(n) can then be derived. Similarly, to generate the mo-
tion estimation for section C(n), encoded sections B(n-
1), C(n-1) and D(n-1) are all used. From the motion es-
timation of C(n), the MCP of C(n) can then be derived.
To generate the motion estimation for section D(n), en-
coded sections C(n-1) and D(n-1) are used. From the
motion estimation of D(n), the MCP of D(n) can then be
derived.
[0068] Thus, as can be seen from Figure 5, the MCP
for, for example, A3 ultimately relies on the result of the
IE for A2 and B2 and also the MCP of A2 and B2. Since
there are four ’tasks’ into which the encoding is divided
(IE, E, ME and MCP), the earliest that the MCP for A3
can be calculated is four pipeline steps after the result of
IE for A2. Thus, the pipeline will be exactly filled in this
embodiment if each frame is divided into four sections.
[0069] The skilled person will recognise that by imple-
menting the encoding method as described above, the
different processing units need only be synchronised four
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times per frame, once at the end of each processing step.
Each synchronisation requires a SW interrupt, and so by
reducing the synchronisations to such a small number,
the efficiency of encoding method is enhanced.
[0070] The skilled person will recognise that embodi-
ments can be embedded in a computer program product,
which comprises all the features enabling the implemen-
tation of the methods described herein, and which - when
loaded in an information processing system - is able to
carry out these methods. Computer program means or
computer program in the present context mean any ex-
pression, in any language, code or notation, of a set of
instructions intended to cause a system having an infor-
mation processing capability to perform a particular func-
tion either directly or after conversion to another lan-
guage. Such a computer program can be stored on a
computer or machine readable medium allowing data,
instructions, messages or message packets, and other
machine readable information to be read from the medi-
um. The computer or machine readable medium may
include non-volatile memory, such as ROM, Flash mem-
ory, Disk drive memory, CD-ROM, and other permanent
storage. Additionally, a computer or machine readable
medium may include, for example, volatile storage such
as RAM, buffers, cache memory, and network circuits.
Furthermore, the computer or machine readable medium
may comprise computer or machine readable informa-
tion in a transitory state medium such as a network link
and/or a network interface, including a wired network or
a wireless network, that allow a device to read such com-
puter or machine readable information.
[0071] Expressions such as "comprise", "include", "in-
corporate", "contain", "is" and "have" are to be construed
in a non-exclusive manner when interpreting the descrip-
tion and its associated claims, namely construed to allow
for other items or components which are not explicitly
defined also to be present. Reference to the singular is
also to be construed in be a reference to the plural and
vice versa.
[0072] While there has been illustrated and described
what are presently considered to be the preferred em-
bodiments of the present invention, it will be understood
by those skilled in the art that various other modifications
may be made, and equivalents may be substituted, with-
out departing from the true scope of the present invention.
Additionally, many modifications may be made to adapt
a particular situation to the teachings of the present in-
vention without departing from the central inventive con-
cept described herein. Furthermore, an embodiment of
the present invention may not include all of the features
described above. Therefore, it is intended that the
present invention not be limited to the particular embod-
iments disclosed, but that the invention include all em-
bodiments falling within the scope of the invention as
broadly defined above.
[0073] A person skilled in the art will readily appreciate
that various parameters disclosed in the description may
be modified and that various embodiments disclosed

and/or claimed may be combined without departing from
the scope of the invention.

Claims

1. A method of encoding video data in a pipelined
processing system, the video data comprising a se-
quence of digital image frames, the method compris-
ing:

dividing each frame in the sequence into a plu-
rality of sections, each section comprising a hor-
izontal band across a frame,
subdividing each section into a plurality of mac-
roblocks, and
encoding a representation of each macroblock
in each section to form an output stream, where-
in

the sections of each frame are processed during ad-
jacent steps in a pipeline of the pipelined processing
system.

2. A method according to claim 1, wherein the number
of sections into which a frame is divided is equal to
a number of processing steps in the pipeline.

3. A method according to claim 1 or 2, wherein each
section comprises substantially the same number of
pixels.

4. A method according to any preceding claim, wherein
representations of each macroblock are generated
using a process of intra-estimation and motion pre-
diction and compensation.

5. A method according to any preceding claim, wherein
the number of sections per frame is 4.

6. A method according to claim 4, wherein the intra-
estimation representation for each macroblock is
generated using the corresponding pixels from the
original frame in the sequence.

7. A method according to claim 4 or 6 wherein the inter
estimation for each macroblock is generated from a
previously encoded frame in the sequence.

8. A method according to any of claims 4, 6 or 7, where-
in, for each macroblock, either the intra-estimated or
the inter-estimated representation is selected for en-
coding in the output stream.

9. A method according to claim 5, wherein the motion
prediction and compensation comprises generating
a motion estimation for each macroblock.
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10. A method according to claim 9 wherein the intra-
estimation and motion compensation are performed
on a graphics processor, the encoding is performed
on a central processor and the motion estimation is
performed in dedicated hardware.

11. A pipelined-processing apparatus for encoding vid-
eo data comprising a sequence of digital image
frames, the apparatus comprising:

means for dividing each frame in the sequence
into a plurality of sections, each section com-
prising a horizontal band across a frame,
means for subdividing each section into a plu-
rality of macroblocks, and
means for encoding a representation of each
macroblock in each section to form an output
stream, wherein

the sections of each frame are processed during ad-
jacent steps in a pipeline of the pipelined processing
system.

12. An apparatus according to claim 11, wherein the ap-
paratus is embodied in a device comprising one or
more of a mobile telephone, a tablet computer, a
digital camera, a digital video camera, a multimedia
device or a set-top box.

13. A computer program product comprising computer
readable instructions which, when run on a computer
system, cause the computer system to perform the
method of any of claims 1 to 10.

14. A computer readable medium comprising the com-
puter program product according to claim 13.
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