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METHOD AND APPARATUS FOR RATE CONTROL ACCURACY
IN VIDEO ENCODING '

CROSS-REFERENCE TO RELATED APPLICATIONS
This application claims the benefit of U.S. Provisional Application Serial No.
61/021,687 (Attorney Docket No. PU0O80009), filed 17 January 2008, which is

incorporated by reference herein in its entirety.

TECHNICAL FIELD
The present principles relate generally to video encoding and, more

particularly, to a method and apparatus for rate control accuracy in video encoding.

BACKGROUND
Most video coding applications constrain the encoder to compress the input

video at a given target bit rate. To.accomplish the same, the encoder uses a rate
control system. A rate control system allocates a number of bits to each picture in
the input video source and adjusts encoding parameters to match the allocated
number of bits. The performance of a rate control system is measured by the
accuracy in meeting the target bit rate and the visual quality of the compressed
video. For example, in video coding standards such as the International
Organization for Standardization/International Electrotechnical Commission
(ISO/IEC) Moving Picture Experts Group-2 (MPEG-2) Standard, the ISO/IEC Moving
Picture Experts Group-4 (MPEG-4) Part 10 Advanced Video Coding (AVC)
standard/International Telecommunication Union, Telecommunication Sector (ITU-T)
H.264 Recommendation (hereinafter the “MPEG-4 AVC Standard”), and the Society
of Motion Picture and Television Engineers (SMPTE) Video Codec-1 Standard
(hereinafter the “VC-1 Standard”), several quantization parameters, such as the
quantization step size, the rounding offset, and the quantization matrix, are capable
of influencing the bit rate.

An example of a video quantization process in accordance with the MPEG-4
AVC Standard will now be described. Mathematically, in the encoder, the
transformed coefficients are quantized as follows:



WO 2009/091548 PCT/US2009/000225

Z:[IZ:—JJrs}‘sgn(W), (1)

where W denotes the transformed coefficient, Z denotes a quantization level to which
the transformed coefficient is quantized to, g denotes the quantization step size, and
s denotes the rounding offset. The function LJ rounds a value to the nearest integer,
and the function sgn(.) returns the sign of a signal. When the quantization matrix is
applied, the coefficients are scaled first before the quantization process at the
encoder. The range of W where it is quantized to O is called the deadzone. In this
particular case, the deadzone is A =2 x (1 - ) x q. At the decoder, the quantization
level Z is reconstructed to the signal W’. This is called inverse quantization and is

described mathematically as follows:
W=q 2. (2)

A rate control algorithm mainly adjusts the quantization parameters to obtain
the target number of bits. The rate control is considered to be accurate when the
number of bits used for some time interval is close or equal to the allocated number
of bits for this time interval. The specific time interval used to measure the rate
control accuracy is defined depending on the application. In some applications, the
bit rate is preferred to be accurate on a picture level. In other applications such as
broadcast, the bit rate should be accurate over a few frames due to the channel
bandwidth constraint. Moreover, in some other applications such as digital video
disk-(DVD) authoring, the bit rate accuracy is often measured for the entire sequence
and is considered accurate when the number of bits consumed by the entire movie
meets the requirement.

Existing rate control algorithms usually assume the rounding offset and
quantization matrix are constant and they only adjust the quantization step size. The
quantization step sizes have only a finite number of choices. They are represented
by quantization indices, which are embedded in the encoded bitstreém and

conveyed to the decoder for reconstructing the video. With a limited number of



WO 2009/091548 PCT/US2009/000225

contro! algorithm is often seen as quality inconsistence within the picture or across
the pictures. Pictures with lower quality may include visible artifacts that cause part
of the picture to be displayed distorted.

To improve the rate control accuracy for a picture, a common approach in
existing algorithms is to apply macroblock-level (MB-level) rate control. In
accordance with the prior art, a p-domain rate control method has been used. A o
domain rate control method assumes a linear relation between p and R, where p
denotes the percentage of zero coefficients among the quantized transformed
coefficients for an encoded region, and R denotes the number of bits used for
encoding the region. Mathematically, a linear rate model is represented as follows:

R(p)=0(1-p)+ R, (3)

where R denotes the number of non-texture bits used for encoding a region, and 6
denotes a constant.

Note that p monotonically increases with the quantization step size g, which
implies that there is a one-to-one mapping between them. Therefore, given the
target number of bits R, the estimated parameters ¢ and R., a p-domain rate control
method obtains the value of p and, therefore, the quantization step size q, based on
the one-to-one p—q mapping.

Often the quantization step size g calculated above may not fall into the
limited number of quantization step sizes that can be represented by quantization
indices in the encoder. One approach is to let the macroblocks within the picture use
quantization step sizes around q’, the quantization step size that is closest to g and
can be represented by a quantization index. Moreover, the average quantization
step size used by the picture is approximately g. In one embodiment, a macroblock
can choose from among several quantization step sizes {q-4+, ', q'+42}. Another
approach is to update 6and R; after each macroblock is encoded, and calculate g
for each macroblock.

Yet another popular rate control algorithm is the TMN8 rate control algorithm.
In the TMNS rate control algorithm, a quantization step size q is first calculated for a
picture. The encoder starts encoding macroblocks with g. Then, as more
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macroblocks are encoded, the rate control model parameters are updated and the
quantization step size is updated on a macroblock basis.

One problem with the macroblock-level adjustment is that the quantization
step sizes vary among macroblocks. In some cases, the difference between the
quantization parameters can cause inconsistent quality within the picture.

Turning to FIG. 1, a method for rate control for video encoding is indicated
generally by the reference numeral 100.

The method 100 includes a start block 105 that passes control to a function
block 110. The function block 110 performs and/or otherwise involves an encoding
setup, and passes control to a function block 115. The function block 115 initializes
rate control parameters, and passes control to a loop limit block 120. The loop Iimit
block 120 performs a loop over each macroblock in a current picture being
processed, using a variable i, where i = 1, ..., number (#) of macroblocks in the
picture, and passes control to a function block 125. The function block 125
calculates the quantization step size g; for macroblock /, and passes control to a
function block 130. The function block 130 encodes macroblock /i at quantization
step size g;, and passes control to a function block 135. The function block 135
updates the rate control model parameters (for example, based on previously
encoded macroblocks), and passes control to a loop limit block 140. The loop limit
block ends the loop, and passes control to an end block 199.

Hence, the encoding process ends after all macroblocks in the picture are
encoded. Itis to be appreciated that method 100 of FIG. 1, the rounding offset
parameter is constant throughout the encoding process to which applies method
100. Itis to be further appreciated that function block 110 may optionally involve the
aid of an operator. Moreover, the encoder setup corresponding to function block
110 may involve the setup of the target bit rate as well as the specification of any set
of parameters involved in the encoding process.

The quantization step sizes used by all macroblocks, {q}i=1, ..#ofmas May vary
significantly and cause quality inconsistence within the picture. To obtain more
consistent quality in the picture, the encoder can choose to limit the dynamic range
of the quantization step size. As a result, the number of bits that a picture spends
may differ significantly from the target one. '
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SUMMARY

These and other drawbacks and disadvantages of the prior art are addressed
by the present principles, which are directed to a method and apparatus for rate
control accuracy in video encoding.

According to an aspect of the present principles, there is provided an
apparatus. The apparatus includes a video encoder for encoding image data in a
single encoding pass using rate control. The rate control involves defining a
quantization step size value and a rounding offset value and refining at least the
rounding offset value. The image data is encoded responsive to the quantization
step size value and the refined rounding offset value.

According to another aspect of the present principles, there is provided a
method. The method includes encoding image data in a single encoding pass using
rate control. The rate control involves defining a quantization step size vaiue and a
rounding offset value and refining at least the rounding offset value. The image data
is encoded responsive to the quantization step size value and the refined rounding
offset value.

These and other aspects, features and advantages of the present principles will
become apparent from the following detailed description of exemplary embodiments,

which is to be read in connection with the accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS
The present principles may be better understood in accordance with the

following exemplary figures, in which:

FIG. 1 is a flow diagram for a rate control method in a video encoder, in
accordance with the prior art;

FIG. 2 is a block diagram for an exemplary video encoder to which the
present principles may be applied, in accordance with an embodiment of the present
principles;

FIG. 3 is a flow diagram for an exemplary rate control method in a single-pass
video encoder, the method including a non-constant rounding offset, in accordance
with an embodiment of the present principles; and

FIG. 4 is a flow diagram for another exemplary rate control method in a
single-pass video encoder, the method including a non-constant rounding offset, in

accordance with an embodiment of the present principles.

5
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DETAILED DESCRIPTION
The present principles are directed to a method and apparatus for rate control

accuracy in video encoding.

The present description illustrates the present principles. It will thus be
appreciated that those skilled in the art will be able to devise various arrangements
that, although not explicitly described or shown herein, embody the present
principles and are included within its spirit and scope.

All examples and conditional language recited herein are intended for
pedagogical purposes to aid the reader in understanding the present principles and
the concepts contributed by the inventor(s) to furthering the art, and are to be
construed as being without limitation to such specifically recited examples and
conditions. '

Moreover, all statements herein reciting principles, aspects, and
embodiments of the present principles, as well as specific examples thereof, are
intended to encompass both structural and functional equivalents thereof.
Additionally, it is intended that such equivalents include both currently known
equivalents as well as equivalents developed in the future, i.e., any elements
developed that perform the same function, regardiess of structure.

Thus, for example, it will be appreciated by those skilled in the art that the
block diagrams presented herein represent conceptual views of illustrative circuitry
embodying the present principles. Similarly, it will be appreciated that any flow
charts, flow diagrams, state transition diagrams, pseudocode, and the like represent
various processes which may be substantially represented in computer readable
media and so executed by a computer or processor, whether or not such computer
or processor is explicitly shown.

The functions of the various elements shown in the figures may be provided
through the use of dedicated hardware as well as hardware capable of executing
software in association with appropriate software. When provided by a processor,
the functions may be provided by a single dedicated processor, by a single shared
processor, or by a plurality of individual processors, some of which may be shared.
Moreover, explicit use of the term “processor” or “controller” should not be construed
to refer exclusively to hardware capable of executing software, and may implicitly
include, without limitation, digital signal processor ("DSP”) hardware, read-only

6
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memory (“ROM") for storing software, random access memory (“RAM”), and
non-volatile storage.

Other hardware, conventional and/or custom, may also be included.

Similarly, any switches shown in the figures are conceptual only. Their function may
be carried out through the operation of program logic, through dedicated logic,
through the interaction of program control and dedicated logic, or even manually, the
particular technique being selectable by the implementer as more specifically
understood from the context.

In the claims hereof, any element expressed as a means for performing a
specified function is intended to encompass any way of performing that function
including, for example, a) a combination of circuit elements that performs that
function or b) software in any form, including, therefore, firmware, microcode or the
like, combined with appropriate circuitry for executing that software to perform the
function. The present principles as.deﬁned by such claims reside in the fact that the
functionalities provided by the various recited means are combined and brought
together in the manner which the claims call for. It is thus regarded that any means
that can provide those functionalities are equivalent to those shown herein.

Reference in the specification to “one embodiment” or “an embodiment” of the
present principles, as well as other variations thereof, means that a particular
feature, structure, characteristic, and so forth described in connection with the
embodiment is included in at least one embodiment of the present principles. Thus,
the appearances of the phrase “in one embodiment” or “in an embodiment”, as well
any other variations, appearing in various places throughout the specification are not
necessarily all referring to the same embodiment.

It is to be appreciated that the use of any of the following “/*, “and/or”, and “at
least one of”, for example, in the cases of "A/B”, “A and/or B” and “at least one of A
and B", is intended to encompass the selection of the first listed option (A) only, or
the selection of the second listed option (B) only, or the selection of both options (A
and B). As a further example, in the cases of “A, B, and/or C” and “at least one of A,
B, and C", such phrasing is intended to encompass the selection of the first listed
option (A) only, or the selection of the second listed option (B) only, or the selection
of the third listed option (C) only, or the selection of the first and the second listed
options (A and B) only, or the selection of the first and third listed options (A and C)
only, or the selection of the second and third listed options (B and C) only, or the

7
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selection of all three options (A and B and C). This may be extended, as readily
apparent by one of ordinary skill in thisvand related arts, for as many items listed.

Moreover, in the description provided herein, the MPEG-4 AVC Standard is
used to provide an example of a video coding quantization process, as well as to
illustrate one or more embodiments of the present principles. However, it would be
apparent to those or ordinary skill in this and related arts that other standards,
recommendations, and extensions thereof, including, but not limited té, the ITU-T
H.263 Recommendation (hereinafter the “H.263 Recommendation”), and the MPEG-
2 Standard follow similar quantization procedures and, thus, the present principles
as set forth herein are not limited to the MPEG-4 AVC Standard use for illustration,
or any other particular video coding standard, recommendation, and/or extension
thereof.

As noted above, the present principles are directed to a method-and
apparatus for rate control accuracy in video encoding. |

Turning to FIG. 2, an exemplary video encoder to which the present principles
may be applied is indicated generally by the reference numeral 200.

The video encoder 200 includes a frame ordering buffer 210 having an output
in signal communication with a non-inverting input of a combiner 285. An output of
the combiner 285 is connected in signal communication with a first input of a
transformer and quantizer 225. An output of the transformer and quantizer 225 is
connected in signal communication with a first input of an entropy coder 245 and an
input of an inverse transformer and inverse quantizer 250. An output of the entropy
coder 245 is connected in signal communication with a first non-inverting input of a
combiner 290. An output of the combiner 290 is connected in signal communication
with a first input of an output buffer 235.

An output of a rate controller 205 is connected in signal communication with
an input of a picture-type decision module 215, a first input of a macroblock-type
(MB-type) decision module 220, a second ihput of the transformer and quantizer.
225, and an input of a Sequence Parameter Set (SPS) and Picture Parameter Set
(PPS) inserter 240. A second output of the output buffer 235 is connected in signal
communication with an input of the rate controller 205.

An output of the SEl inserter 230 is connected in signal communication with a

second non-inverting input of the combiner 290.
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A first output of the picture-type decision module 215 is cbnnected in signal
communication with a second input of a frame ordering buffer 210. A second output
of the picture-type decision module 215 is connected in signal communication with a
second input of a macroblock-type decision module 220.

An output of the Sequence Parameter Set (SPS) and Picture Parameter Set
(PPS) inserter 240 is connected in signal communication with a third non-inverting
input of the combiner 290.

An output of the inverse quantizer and inverse transformer 250 is connected
in signal communication with a first non-inverting input of a combiner 219. An output
of the combiner 219 is connected in signal communication with an input of the intra
prediction module 260 and an input of the deblocking filter 265. An output of the
deblocking filter 265 is connected in signal communication with an input of a
reference picture buffer 280. An output of the reference picture buffer 280 is
connected in signal communication with an input of the motion estimator 275 and
with a first input of the motion compensator 270. A first output of the motion
estimator 275 is connected in signal communication with a second input of the
motion compensator 270. A second output of the motion estimator 275 is connected
in signal communication with a third input of the entropy coder 245.

An output of the motion compensator 270 is connected in signal
communication with a first input of a switch 297. An output of the intra prediction
module 260 is connected in signal communication with a second input of the switch
297. An output of the macroblock-type decision module 220 is connected in signal
communication with a third input of the switch 297. The third input of the switch 297
determines whether or not the “data” input of the switch (as compared to the control
input, i.e., the third input) is to be provided by the motion compensator 270 or the
intra prediction module 260. The output of the switch 297 is connected in signal
communication with a second non-inverting input of the combiner 219 and with an
inverting input of the combiner 285.

An input of the frame ordering buffer 210 is available as input of the encoder
200, for receiving an input picture. Moreover, an input of the Supplementai
Enhancement information (SEI) inserter 230 is available as an input of the encoder
200, for receiving metadata. A first output of the output buffer 235 is available as an
output of the encoder 200, for outputting a bitstream.
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As noted above, existing rate control methods either lack rate control
accuracy or create quality inconsistencies. In accordance with the present
principles, we introduce another parameter or metric, which we call the rouqding
offset, into the rate control algorithm. By including this rounding offset, we achieve
very accurate rate control for each picture with homogeneous quality within the
picture. When the present principles are applied to other applications where the bit
rate accuracy is measured in longer intervals than a picture, the present principles
can easily achieve accurate rate control.

In an embodiment, the present principles are directed to addressing the
problem of designing an accurate rate control algorithm on a picture level in a video
encoder with little computation overhead. Existing rate control algorithms mainly rely
on the adjustment of the quantization step size parameter in order to control the bit
rate accuracy. However, in video coding standards such as the MPEG-2 Standard,
the MPEG-4 AVC Standard, and the VC-1 Standard, there are other encoding
parameters that also influence the bit rate. In particular, in an embodiment, we
provide a method that utilizes the rounding offset to improve the bit rate control
accuracy and runs in a single pass. When a rate control algorithm obtains bit rate
accuracy on a picture level in accordance with the present principles, the rate control
algorithm can easily achieVe such bit rate accuracy for longer time intervals.

In an embodiment, we propose to include another quantization parameter,
namely the rounding offset s, to improve the rate control accuracy on a picture level.
Both the quantization step size and the rounding offset affect the number of bits, R,
used by the encoder. This can be described mathematically as follows:

R(.5)=F(q.s), @)

where the function f(.) describes how the quantization step size and the rounding
offset affect the number of bits. One example of the function is as follows:

IN(R(q,s)) = k, xS+k,xq+c, (5)

where k .k, and c are constants.
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FIGs. 3 and 4 illustrate exemplary embodiments that include the rounding
offset, in addition to the quantization step size, in a rate control algorithm. It is to be
appreciated that depending on the way the number of bits is allocated, illustrated
embodiments could serve a variable-bit-rate (VBR) or constant-bit-rate (CBR)
application. Moreover, it is to be further appreciated that the present principles can
be implemented as part of a multi-pass encoder and can be configured to provide

information for other passes.

EMBODIMENT 1

An embodiment of a rate control method for a single pass video encoder will

initially be described generally, and then further described with respect to FIG. 3.

According to the embodiment, the encoder first selects an initial rounding
offset s and calculates the quantization step size g based on the initial s. Existing
rate control algorithms that adjust q to meet the target bit rate can be used including,
but not limited to, TM5, TMN8, p,-domain rate control algorithms, and so forth. Using
the obtained quantization step size g and the model of R(q,s), we calculate the

rounding offset s to better meet the target bit rate.

After g and s are calculated, we identify whether further refinement is
necessary. In one embodiment, we judge if s has been outside of a pre-determined
range that guarantees consistent visual quality between adjacent pictures. We
repeat the process of updating q and s until the refinement is not necessary or the
constraint imposed on the computation is met.

The quantization step size g and the rounding offset s that no longer require
refinement are used for encoding. After the encoding is completed, we update the
rate control parameters. When there are multiple pictures to be.encoded, all the
information from some or all of the pictures can be used to update the rate control
model parameters.

Turning to FIG. 3, an exemplary rate control method in a single pass video
encoder, where the method includes a non-constant rounding offset, is indicated
generally by the reference numeral 300.

The method 300 includes a start block 305 that passes control to a function
block 310. The function block 310 performs and/or otherwise involves an encoding
setup, and passes control to a function block 315. The function block 315 initializes

rate control model parameters, and passes control to a loop limit block 320. The

1
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loop limit block 320 performs a loop over each picture in a current video sequence
being processed, using a variable i, where i = 1, ..., number (#) of pictures, and
passes control to a function block 325. The function block 325 initializes the
rounding offset s; for picture i, and passes control to a function block 330. The
function block 330 calculates the quantization step size g; for picture i, and passes
control to a function block 335. The function block 335 updates the rounding offset
s; for picture i, and passes control to a decision block 340. The decision block 340
determines whether or not g; and/or s; need refinement. if so, then control is
returned to the function block 330. Otherwise, control is passed to a function block
345.

The function block 345 encodes the picture / at g; and s, and passes control
to a function block 350. The function block 350 updates the rate control model
parameters, and passes control to a loop limit block 355. The loop limit block 355
ends the loop, and passes control to an end block 399.

With respect to function block 315, the rounding offset may be initialized, for
example, to 1/3.0 and 1/6.0 for an INTRA and INTER picture, respectively. With
respect to decision block 340 and its determination as to whether the quantization
step size g and/or the rounding offset s need refinement, when further refinement is
needed the processes corresponding to function blocks 330 and 335 are repeated tb
obtain more accurate values of g and s.

The advantage of this method over the typical rate control method described
with respect to FIG. 1 is that all macroblocks in a picture are encoded at the same
quantization step sizes and rounding offsets and, thus, the quality of all macroblocks
are consistent. This method also runs at a computation complexity that is very close
to the method described with respect to FIG. 1.

EMBODIMENT 2
FIG. 4 illustrates a variation of the method described with respect to FIG. 3.

In the method of FIG. 4, we first initialize the quantization step size for the picture.
As a particular embodiment, we can initialize the quantization step size to be the one
from the immediately preceding picture of the same picture type. Then the rounding
offset is calculated given the quantization step size. We update the quantization

step size.

12
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Turning to FIG. 4, an exemplary rate control method in a video encoder,
where the method includes a non-constant rounding offset, is indicated generally by
the reference numeral 400.
| The method 400 includes a start block 405 that passes control to a function
block 410. The function block 410 performs and/or otherwise involves an encoding
setup, and passes control to a function block 415. The function block 415 initializes
rate control model parameters, and passes control to a loop limit block 420. The
loop limit biock 420 performs a loop over each picture in a current video sequence
being processed, using a variable /, where i = 1, ..., number (#) of pictures, and
passes control to a function block 425. The function block 425 initializes the
quantization step size g; for picture /, and passes control to a function block 430.
The function block 430 calculates the rounding offset s; for picture i, and passes
control to a function block 435. The function block 435 updates the quantization
step size q; for picture /, and passes control to a decision block 440. The decision
block 440 determines whether or not g; and/or s; need refinement. If so, then control
is returned to the function block 430. Otherwise, control is passed to a function
block 445.

The function block 445 encodes the picture i at g; and s;, and passes control
to a function block 450. The function block 450 updates the rate control model
parameters, and passes control to a loop limit block 455. The loop limit block 455
ends the loop, and passes control to an end block 499.

A description will now be given of some of the many attendant
advantages/features of the present invention, some of which have .been mentioned
above. For example, one advantage/feature is an apparatus having a video encoder
for encoding image data in a single encoding pass using rate control. The rate
control involves defining a quantization step size value and a rounding offset value
and refining at least the rounding offset value. The image data is encoded
responsive to the quantization step size value and the refined rounding offset value.

Another advantage/feature is the apparatus having the encoder as described
above, wherein the rate control further involves refining the quantization step size
value, and wherein the image data is encoded responsive to the refined quantization

step size value and the refined rounding offset value.
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Yet another advantage/feature is the apparatus having the encoder as
described above, wherein at least one of the quantization step size value and the
rounding offset value is defined initially as an estimate.

Still another advantage/feature is the apparatus having the encoder wherein
at least one of the quantization step size value and the rounding offset value is
defined initially as an estimate as described above, wherein the other one of the
quantization step size value and the rounding offset value is defined based on the
estimate.

Moreover, another advantage/feature is the apparatus having the encoder
wherein at least one of the quantization step size value and the rounding offset value
is defined initially as an estimate as described above, wherein the rounding offset
value is defined initially as the estimate, and wherein the estimate is based on a
linear relationship between a target bit rate for the rate control and the rounding
offset.

Further, another advantage/feature is the apparatus having the encoder as
described above, wherein the rate control is applied to at least one of a constant-bit-
rate application and a variable-bit-rate application.

Also, another advantage/feature is the apparatus having the encoder as
described above, wherein the video encoder encodes the image data in a resultant
bitstream compliant with the International Organization for
Standardization/international Electrotechnical Commission Moving Picture Experts
Group-4 Part 10 Advanced Video Coding Standard/International Telecommunication
Union, Telecommunication Sector H.264 Recommendation.

Additionally, another advantage/feature is the apparatus having the encoder
as described above, wherein rate control parameters for the rate control are based
on at least one of a p-domain rate model, a TM5 rate model, and a TMNS8 rate
model.

These and other features and advantages of the present principles may be
readily ascertained by one of ordinary skill in the pertinent art based on the
teachings herein. It is to be understood that the teachings of the present principles
may be implemented in various forms of hardware, software, firmware, special
purpose processors, or combinations thereof.

Most preferably, the teachings of the present principles are implemented as a

combination of hardware and software. Moreover, the software may be

14
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implemented as an application program tangibly embodied on a program storage
unit. The application program may be uploaded to, and executed by, a machine
comprising any suitable architecture. Preferably, the machine is implemented on a
computer platform having hardware such as one or more central processing units
(*CPU"), a random access memory (“RAM”), and input/output (“I/Q”) interfaces. The
computer platform may also include an operating system and microinstruction code.
The various processes and functions described herein may be either part of the
microinstruction code or part of the application program, or any combination thereof,
which may be executed by a CPU. In addition, various other peripheral units may be
connected to the computer platform such as an additional data storage unit and a
printing unit.

Itis to be further understood that, because some of the constituent system
components and methods depicted in the accompanying drawings are preferably
implemented in software, the actual connections between the system components or
the process function blocks may differ depending upon the manner in which the
present principles are programmed. Given the teachings herein, one of ordinary skill
in the pertinent art will be able to contemplate these and similar implementations or
configurations of the present principles.

Although the illustrative embodiments have been described herein with
reference to the accompanying drawings, it is to be understood that the present
principles is not limited to those precise embodiments, and that various changes and
modifications may be effected therein by one of ordinary skill in the pertinent art
without departing from the scope or spirit of the present principles. All such changes
and modifications are intended to be included within the scope of the present
principles as set forth in the appended claims.

15
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CLAIMS:

1. An apparatus, comprising:

a video encoder (200) for encoding image data in a single encoding pass
using rate control, wherein the rate control involves defining a quantization step size
value and a rounding offset value and refining at least the rounding offset value,
wherein the image data is encoded responsive to the quantization step size value

and the refined rounding offset value.

2. The apparatus of claim 1, wherein the rate control further involves
refining the quantization step size value, and wherein the image data is encoded
responsive to the refined quantization step size value and the refined rounding offset

value.

3. The apparatus of claim 1, wherein at least one of the quantization step

size value and the rounding offset value is defined initially as an estimate.

4. The apparatus of claim 3, wherein the other one of the quantization
step size value and the rounding offset value is defined based on the estimate.

5. The apparatus of claim 3, wherein the rounding offset value is defined
initially as the estimate, and wherein the estimate is based on a linear relationship
between a target bit rate for the rate control and the rounding offset.

6. The apparatus of claim 1, wherein the rate control is applied to at least

one of a constant-bit-rate application and a variable-bit-rate application.

7. The apparatus of claim 1, wherein said video encoder (200) encodes
the image data in a resultant bitstream compliant with the International Organization
for Standardization/International Electrotechnical Commission Moving Picture
Experts Group-4 Part 10 Advanced Video Coding Standard/International
Telecommunication Union, Telecommunication Sector H.264 Recommendation.

16
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8. The apparatus of claim 1, wherein rate control parameters for the rate
control are based on at least one of a p-domain rate model, a TM5 rate model, and a
TMNS8 rate model.

9. A method, comprising:

encoding (345, 445) image data in a single encoding pass using rate control,
wherein the rate control involves defining (325, 330, 425) a quantization step size
value and a rounding offset value and refining (335, 430, 435) at least the rounding
offset value, wherein the image data is encoded responsive to the quantization step
size value and the refined rounding offset value (345, 445).

10.  The method of claim 9, wherein the rate control further involves
refining the quantization step size value (330, 435), and wherein the image data is
encoded responsive to the refined quantization step size value and the refined

rounding offset value.

11. The method of claim 9, wherein at least one of the quantization step
size value and the rounding offset value is defined initially as an estimate (325, 425).

12. The method of claim 11, wherein the other one of the quantization step
size value and the rounding offset value is defined based on the estimate (330, 430).

13.  The method of claim 11, wherein the rounding offset value is defined
initially as the estimate (325), and wherein the estimate is based on a linear
relationship between a target bit rate for the rate control and the rounding offset.

14.  The method of claim 9, wherein the rate control is applied to at least
one of a constant-bit-rate application and a variable-bit-rate application.

15. The method of claim 9, wherein said encoding step encodes the image
data in a resultant bitstream compliant with the International Organization for
Standardization/International Electrotechnical Commission Moving Picture Experts
Group-4 Part 10 Advanced Video Coding Standard/International Telecommunication
Union, Telecommunication Sector H.264 Recommendation.

17
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16.  The method of claim 9, wherein rate control parameters for the rate

control are based on at least one of a p-domain rate model, a TM5 rate model, and a
TMNS8 rate model.



WO 2009/091548 PCT/US2009/000225

1/3

( START ) —105

y

YNCODING SETUP %1 10

4

INITIALIZE RATE CONTROL
MODEL PARAMETERS

100
el

y
LOOPi=1, .. #OF
( MACROBLOCKS ——120

y

CALCULATE QUANTIZATION 195
STEP SIZE g; FOR MB i

y

ENCODE MACROBLOCK i |

ATq 130
Yy

UPDATE RATE CONTROL 135

MODEL PARAMETERS

y

k END LOOP )\1 40
y

END 199

FIG. 1



PCT/US2009/000225

WO 2009/091548

H344ng 3uniond| 98¢ )
3JONIYI43H v
¢ OlId I
NOILOW
431714 Y
DONIMD0193Q NOILYSNIdNQD <
7 NOILOW N
59¢ NOLLOId3Hd 0L¢
\<Ez_ w 162
N 09¢ NOISIOIa |
61z—\L JAAL-GN Occ
A G3aIsNE oo 1
% Ove Sdd ONV SdS NOISIDI3a
NOILYZILNYND GNY 3dAL-3dNLOId | ke
WHO4SNYYL 3s53ANI [ 05¢
A
Nv3H1S-18 | 434dng ONIGOD NOILYZILNYND 4344ng 3HNLOId
1NdLno | Lndino AdOHINT | ANV INHOASNYHL ONIHICHO IWVE4 | |~ | 1NdNI
|
o 062 gz ozl T+ |
mmw N T O_,N
43 1HISNI B N ’
067 —— 3s JOHINOD 31vH <
oom\ VIVAYLIN 50¢



WO 2009/091548

LN

3/3

305

\ ENCODING SETUF’A 310
y

INITIALIZE THE RATE CONTROL] _-1315
MODEL PARAMETERS

y

o N\
LOOPi =1, .., # OF PICTURES }._-320

y

INITIALIZE THE ROUNDING
OFFSET s; FOR PICTURE i

—325

Y

CALCULATE THE QUANTIZATION | ___ 21y
STEP SIZE q; FOR PICTURE i

) 4

UPDATE THE ROUNDING
OFFSET s; FOR PICTURE i

L—335

a; AND/OR
sj NEED REFINEMENT
?

340

NO
ENCODE PICTURE i

AT g AND s; —345

Yy
UPDATE THE RATE CONTROL | _ 4

MODEL PARAMETERS

y

END LOOP — 355

FIG. 3

399

PCT/US2009/000225

INITIALIZE THE RATE CONTROL
MODEL PARAMETERS

M0~ 405
\ENCODING SETUP % 410
y

415

Y

o N
LOOP i =1, .. # OF PICTURES

|__-420
A 4 :
INITIALIZE THE QUANTIZATION|_ 45
STEP SIZE qj FOR PICTURE |
A\ 4
CALCULATE THE ROUNDING | 43
OFFSET s; FOR PICTURE |
A\ 4
UPDATE THE QUANTIZATION | 455
STEP SIZE g; FOR PICTURE i
440
3 AND/OR
s; NEED REFINEMENT
?
NO
ENCODE PICTURE |
AT g AND s 449
\ 4
UPDATE THE RATE CONTROL | -
MODEL PARAMETERS
Y
END LOOP J— 455

!
FIG. 4 (_END )—499



INTERNATIONAL SEARCH REPORT

International applilcatlon No

PCT/US2009/000225

A. CLASSIFICATION OF SUBJECT MATTER

INV. HO4N7/50 HO4N7/26

According to International Patent Classification (IPC) or to both national classification and IPC

B. FIELDS SEARCHED

Minimum documentation searched (classification system followed by classification symbols)

HO4N | |

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

Electronic data base consuited during the international search (name of data base and, where practical, search terms used)

EPO-Internal, WPI Data

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category* | Citation of document, with indication, where appropriate, of the relevant passages

X WO 98/38800 A (BRITISH BROADCASTING CORP 1-4,
[GB]; SNELL & WILCOX LTD [GB]; WERNER 6-12,
OLIVER) 3 September 1998 (1998-09-03) 14-16

A 5,13

abstract

page 2, lines 21-26

page 3, lines 7-13

page 4, line 8 — page 5, line 8
page 6, lines 6-11

page 6, line 27 - page 8, line 29
page 13, lines 25-30

page 14

page 16, lines 13-19,25-29

page 66, lines 12-14

£
See patent family annex.

m Further documents are listed in the continuation of Box C.

* Special categories of cited documents :

Relevant to claim No.

'A* document defining the general state of the art which is not
considered to be of particular relevance

"E" earlier document but published on or after the international
filing date

"L"* document which may throw doubts on priority claim(s) or
which is cited to establish the publication date of another
citation or other special reason (as specified)

"O" document referring to an oral disclosure, use, exhibition or
other means

*P* document published prior to the international filing date but
later than the priority date claimed

e

owe

v

g

later document published after the international filing date

or priority date and not in conflict with the application but
cited to understand the principle or theory underlying the
invention

document of particular relevance; the claimed invention

cannot be considered novel or cannot be considered to
involve an inventive step when the document is taken alone

document of particular relevance; the claimed invention

cannot be considered to involve an inventive step when the
document is combined with one or more other such docu-

ments, such combination being obvious to a person skilled

in the an.

document member of the same patent fémily

Date of the actual completion of the international search

29 April 2009

Date of mailing of the intemational search report -

08/05/2009

Name and mailing address of the ISA/

European Patent Office, P.B. 5818 Patentlaan 2
NL - 2280 HV Rijswijk

Tel. (+31-70) 340-2040,

Fax: (+31-70) 340-3016

Authorized officer

Mayer, Claudia

Form PCT/ISA/210 (second sheet) (Aprii 2005)




INTERNATIONAL SEARCH REPORT

International application No

PCT/US2009/000225

C(Continuation). DOCUMENTS CONSIDERED TO BE RELEVANT

Category*

Citation of document, with indication, where appropriate, of the relevant passages

Relevant to claim No.

P,X

P,A

QIAN XU ET AL: "A new source model and
accurate rate control algorithm with QP
and rounding offset adaptation”

IMAGE PROCESSING, 2008. ICIP 2008. 15TH .
IEEE INTERNATIONAL CONFERENCE ON, IEEE,
PISCATAWAY, NJ, USA,

12 October 2008 (2008-10-12), pages
2496-2499, XP031374547 '

ISBN: 978-1-4244-1765-0

the whole document

GB 2 352 906 A (SONY UK LTD [GB])

7 February 2001 (2001-02-07)

" the whole document

YALI LIU ET AL: "A novel fine rate
control algorithm with adaptive rounding
offset" '

CIRCUITS AND SYSTEMS, 2008. ISCAS 2008.
TEEE INTERNATIONAL SYMPOSIUM ON, IEEE,
PISCATAWAY, NJ, USA,

18 May 2008 (2008-05-18), pages 3490-3493,
XP031272247 :
ISBN: 978-1-4244-1683-7

the whole document

RAIEEE TRANSACTIONS ON CIR: "Optimum Bit
Allocation and Accurate Rate Control for
Video Coding via rho-Domain Source
Modeling" :
CUITS AND SYSTEMS FOR VIDEO TECHNOLOGY,
IEEE SERVICE CENTER, PISCATAWAY, NJ, US,

vol. 12, no. 10,

1 October 2002 (2002-10-01), XP011071878
ISSN: 1051-8215
the whole document

1-16

1-16

1-16

1-16

Form PCT/ISA/210 (continuation of second sheet) (April 2005)




INTERNATIONAL SEARCH REPORT

Information on patent family members

International appiication No

PCT/US2009/000225
Patent document ' Pubtication Patent famity Publication
cited in search report qate member(s) date
WO 9838800 A 03-09-1998 AU 727884 B2 04-01-2001
AU 6303198 A 18-09-1998
CA 2280819 Al 03-09-1998
DE 69809713 D1 09-01-2003
DE 69809713 T2 15-05-2003
EP 0963657 Al 15-12-1999
JP 2001518247 T 09-10-2001
us 6668088 Bl 23-12-2003
GB 2352906 A 07-02-2001 NONE

Form PCT/ISA/210 (patent family annex) (April 2005)




	BIBLIOGRAPHY
	DESCRIPTION
	CLAIMS
	DRAWINGS
	SEARCH_REPORT

