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METHODS AND SYSTEMS FOR RATE CONTROL
IN IMAGE COMPRESSION

FIELD
[001] Embodiments of the present invention generally relate to image

compression.

‘BACKGROUND ART

[002] Image data can be compressed (encoded) to reduce the amount
of data associated with an im‘age without significaqtly affecting the fidelity of the
image. Image cémpression standards, such as the JPEG (Joint Photographic
Experts Group) compression standard, work well to reduce the amount of image

data.

[008] In JPEG encoding, the input image is decomposed into MCUs
(macro code units or minimum coded units), also referred to as macroblocks.
Each MCU includes a number of blobks, typically an array of 8x8 values. A
block can be associated with each of the separate image or color components
of the fmage. For example, an MCU may include a luminance block (e.g., a Y-

block) and two chrominance blocks (e.g., U-block and a V-block).

[004] A discrete cosine transform (DCT) is performed to convert each
block into frequency space (referred to as DCT coefficients). Typically, most
images contain little high frequency information, and so most of the transformed
i‘mage data is concentrated in the low frequehcy components. For each 8x8
block, 64 DCT coefficients are produced (one “DC” coefficient and 63 “AC”

coefficients). The DCT transformation Itself does not reduce the amount of data.
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[005] In quantization, some of the frequency information is in essence
discarded, so that fewer bits can be used to describe the image. Consider, for
example, that there may be 256 possible levels of coloration (e.g., from lightest

to darkest) for a pixel. Therefore, prior to quantizatiori, each level would be

" -identified by a unique combination of eight (8) bits. However, using

guantization, the 256 possible levels can be quantized into 16 steps of 16 levels

each, each step identified by a unique combination of only four (4) bits.

[0068] The lower frequency DCT coefficients can be quantized more
discretely using a relatively large number of bits, while the higher frequency
DCT coefficients can be quantized on a cruder basis using a relatively small

number of bits. Thus, lower frequency coefficients might be quantized into 16

steps, each represented using 4 bits as described above, while higher

'freque,ncy coefficients might be quantized into two steps, each represented by

one (1) bit.

[007] fhe quantization steps applied to the DCT coefficients are
arranged in an 8x8 array referred to as a quantization table, such that an éntry
in the quantization table corresponds to a location in the array of DCT
coefficients. The quantization table drives the amouﬁt of compressioﬁ (the
“compression ratio”) because it specifies the size of the quantization steps. The

larger the quantization steps, the greater the compression ratio, but there will be

" a commensurate reduction in the quality of the reconstructed (decompressed or

decoded) image. Conversely, smaller quantization steps mean that the

‘uncompressed data is more closély represented, thereby increasing the quality

of the reconstructed image but reducing the compression ratio.
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[008] After quantization, the compression process concludes with run-

. length encoding (e.g., Huffman encoding) to encode and serialize the quantized

data into a bitstream. The size of the bitstream (measured in bits or bytes)

varies as a function of the amount of quantization and is also a function of the

image data.

[009] A desirable feature of a compression scheme is control of the
compression ratio (referred to as “rate control”). Rate control means that a
target compression ratio is specified;‘,when the image data are compressed
according to the target compression ratio, the len:gth of the resultant bitstream is
equal to or less than the target size. With proper rate control, 'it is possible to
efficiently allocate file space for the compressed data or allocate bandwidth to
transfer the compressed data, because the required ahount of compressed
data.is rodghly known. Otherwise, if too little file space is allocated, then the

compressed data will not fit into the allocated file space or may excéeed the

available transfer bandwidth.

[010] As mentioned above, the compression ratio and the output quality

(e.g., the quality of the reconstructed image) are controlled by varying the

quantization values. In JPEG encoding, quantization values are selected prior
to encoding, and one set of values is applied to the entire image. Unforfunately,
for an input amount of data (uncompressed) and a selected set of quantization
values, it is not possible to accurately .predict the amount of output data
(compressed). In fact, the size of the output bitstream can vary significantly from
image to image, and in worst cases may even be larger than the input bitstream.

This uncertainty in the size of the output bitstream is problematic because, as
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mentioned above, the amount of compressed data may be too farge to properly

. fitinto the allocated file space or may be too large to transfer given an éllocated

transfer bandwidth.

[011] If the amount of compressed data is 100 large, then a new set of
quantization values may be selected and the data compressed again. The
process is repeated until the target compression ratio (e.g., the target bitstream
or file size) is achieved. Thus, conventional techniques can require multiple
iterations, increasing both encoding time and the use of compuﬁng resources
(power, memory, processor cyclés, etc.). The risk of exceeding the target A
bitstream or file size can be reduced by choosing larger quantization values, but
this comes at the expense of reducing too heavily the quality of the

reconstructed image.
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SUMMARY

~[012] Accordingly, a system and/or method that can efficiently compress
image data to a target compression ratio would be advantageous. |
Embodiments in accordance with the present invention provide this and other

advantages.

[013] In one embodiment of the present invention, a limit or budget is

assigned to each block (e.g., each luminanee and chrominance block) of

.transformed and quantized image data. In one such embodiment, the size of

the budget is a function of the position within the image with which the block is
associated. The budget can be the same or different for each block. In one
embodiment, the sum of all the budgets is not more than the size of the target

bitstream or file.

[014] In one embodiment, during run-length encoding of the transformed
and quantized image data in a block, the number of bits being encoded (e.g.,
ééria’lized into the bitstream) is counted. When the count reaches the limit
specified for the block, encoding of that block is concluded. That is, any
transformed and qﬁantized values that haile not yet been run-length encoded
aré essentially discarded by forcing an end-of-block code if the budget is

exhausted before a block is encoded in entirety.

[015] In another embodiment, if a block is encoded without consuming
its entire budget, any remaining portion of that budget can be added to the

budget of another block.
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[016] In yet another embodiment, a first threshold is defined within each
budget. The first threshold essentially establishes a-margin to the limit enforced
by the budget. In such an embodiment, if the first threshold is reached, then any
remaining (e.g., not yet encoded) transfbrmed and quantized values that do not
satisfy a second threshold are set to zero (in effect, they are discarded). The
second threshold is associated with the size of the transformed and quantized
values. The first and second threshold values are programmable and may be

changed during the course of the encoding.

[017] In summary, according to embodiments of the present invention,
rate control is effiéiently achieved by establishing a budget that is distributed
amongst the blocks of image data and enforced on a block-by~blook basis. In
one embodiment, the transformed and quantized values in a block that are run-
léngth encoded later, and that generally correspond to the values that
contribute less to image fidelity, are discarded (not encoded), reducing the
amount of compressed data without significantly reducing image fidelity. 3]

another 'embodiment, the “smaller” transformed and quantized values (e.g.,

‘those values that do not satisfy the second threshold mentioned above), which

generally do not contribute significantly to image fidelity, are discarded (not

encoded), also reducing the amount of compressed data without significantly

reducing image fidelity.

[018] The objects and advantageé mentioned above, as well as other
objects and advantages of the various erhbodiments of the preseht invention,
will be recognized by those of ordinary skill in the art after reading the following

detailed description of the embodinients that are lllustrated in the various

drawing figures.
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BRIEF DESCRIPTION OF THE DRAWINGS
[019] The accompanying drawings, which are incorporated in and form
a part of this specification, illustrate embodiments of the present invention and,

together with the description, serve to explain the principles of the invention:

[020] Figure 1A is a block diagram of one example of a system upon
which embodiments in accordance with the present invention may be

implemented.

[021] Figure 1B is a block diagram of another example of a system upon
which embodiments in accordance with the present invention may be

implemented.

[022] Figure 2 is a data flow diagram showing the flow of data in an
encoding and decoding process according to one embodiment of the present

invention.

[023] Figure 3 is a data flow diagram showing steps in an encoding

process according to one embodiment of the present invention.

[024] Figure 4 is a data flow diagram showing steps’ in an encoding

process according to one embodiment of the present invention.

[025] Figure 5 is a graph of an example of a budget that can be used to

achieve rate control according to one embodiment of the present invention.
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[026] Figure BA illustrates an image that can be compressed according

to one embodiment of the present invention.

[027] Figure 6B is a graph of an example of a budget that can be used fo

5 achieve rate control according to one embodiment of the present invention.

[028] Figure 7 is a flowchart of a method for compressing data according

to one embodiment of the present invention.

10 [029] Figure 8 is a flowchart of a method for compressing data according

to another embodiment of the present invention.

[030] The drawings referred to in the description should not be
understood as being drawn to scale except if specifically noted.

15
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DETAILED DESCRIPTION OF THE INVENTION

[031] Reference will now be made in detail to the various embodiments
of the present invention, examples of which are illustrated in the accohpanying
drawings. While the invention will be described in conjunction with these
embodiment_s, it will be understood that they are not intended to limit the
invention to these embodiments. Cn the contrary, the invention is intended to
cover alternatives, modifications and equivalents, which may be included within
the spirit and scope of the invention as defined by the appended claims.
Furthermore, in the following detailed description of the present invention,
numerous specific details are set forth in order to provide a thorough
understanding of the present invention. However, it will be understood that the
present invention may be prab'tioed without these speciﬁ'c defails. In othér _
instances, well-known methods, procedures, components, and circuits have not
‘been described in detail so as not to unnecessarily obscure aspects of the

present invention.

[032] Some portions of the Adétailed'descriptions that follow are
presented in tefms of procedures, logic blocks, processing, and other symbolic
representétions of operations on data bits within a computer memory. These
descriptions and representations are the means used by those skilled in the

‘data processing arts to most effectively convey the substance of their work to
others skilled in the ‘art. In the present application, a procedure, logic block,
process, or the like, is conceived to be a self-consistent sequence of steps or
instructions leading to a desired result. The stéps are those utilizing physical
manipulations of physical quantities. Usually, although not necessarily, these
quantities take the form of electrical or magnetic signals capable of being

stored, transferred, combined, compared, and otherwise manipulated in a



10

15

.20

25

WO 2006/041994 PCT/US2005/035948

computer system. It has proven convenient at times, principally for reasons of
common usage, to refer to these signals as transactions, bits, values, elements,

symboals, characters, fragments, pixels, or the like.

[083] It should be borne in mind, however, that all of these and similar
terms are to be associated with the appropriate physical quantities and are
merely convenient labels applied to these quantities. Unless specifically stated
otherwise as apparent from the following discussions, it is appreciated that
throughout the present invention, discussions tjtilizing terms such as
"accessing," "maintaining,” "counting," "compressing," "decompressing,"
"encoding," "decoding," "increasing," “concluding,” "changing," "transforming,"
“qua_mtizing," “recelving," “assigning,” "selecting," "reducing" ‘or the like, refer to
aotbns and processes (e.g., flowcharts 700 and 800 qf Figures 7 and 8,
respectively) of a computer system or similar electronic computing device. The
computer system or similar electronic cdmputing de\iiée manipulates and

transforms data represented as physical (electronic) quantities within the

" computer system memories, registers or other such information storage,

transmission or display devices. The present invention is well suited to use with

other computer systems.

[084] Figure 1A is a block diagram of a system 100 upon which
embodiments in accordance with the present invention may be implemented.
System 100 shows the components of an execution platform for implementing
certain functionality of embodiments in accordance with the present invention.
As depicted in Figure 1A, thé system 100 includes a microprocessor 102 |
coupled to a graphics processor 105 via a host interface 101. The host

interface 101 translates data and commands passing between the

10
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microprocessor 102 and the graphics processor 105 into their respective
formats. Both the microprocessor 102 and the graphics processor 105 are -
coupled to a nﬁemory 107 via a memory controller 106. In the system 100
embodimeht, the memory 107 is a shared memory, whereby the memory 107

stores instructions and data for both the microprocessor 102 and the graphics

: processdr 105. Access to the shared memory 107 is through the memory

controller 106. The shared memory 106 also includes a video frame buffer for

storing pixel data that drives a coupled display 108.

[035] As described above, certain processes and steps of the present
invention are realized, in one embodiment, as a series of instructions (e.g., a
software progrém) that reside within computer-readable memory (e.g., memory
107) of a computer system (e.g., syétem 100) and are executed by the

micropfoces_sor 102 and graphics processor 105 of system 100. When

" executed, the instruc_tibns cause the system 100 to implement the functionality

of embodiments of the present invention as described below. In another
embodiment, certain processes and steps of the present invention are realized

in hardware (e.g., using graphics processor 105).

[036] Additionally, although the components of Figure 1A are depicted
as discrete components, several of the cbmponents can be implemented asa
single integrated circuit device (e.g., a single integrated circuit die) configured to
take advantage of the high levels of integration provided by modern
semiconductor fabrication processes. For-example, in one embodiment, the
microprocessor 102, host interface 101, graphics processor 105, and memory

controller 106 are fabricated as a single integrated circuit die.

11
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[037] Figure 1B shows a system 120 In accordance with an alternative
embodiment of the present invention. Systerh 120 is substantially similar to
system 100 of Figure 1A, System 120, however, utilizes a microprocessor 102
having a dedicated system memory 127, and a graphics processor 105 having
a dedicated graphics memory 126. In system 120, in one embodiment, the
system mémory 127 stores instructions and data for processes/threads
executing on the microprodessor 102, and g.raphios m,erhory 126 stores
instructions and data for those processes/threads executing on the graphics
processor 105. The graphics fnemory 126 stores pixél data in a frame buffer
that drives the display 108. As with system 100 of Figure 1A, one or more of the

components of system 120 may be integrated as a single integrated circuit die.

[038] Figure 2 is a data flow diagrarh 200 showing the flow of data in a

data: encoding process 222 and a data decoding process 224 according to one

embodiment of the present invention. Encoding proce‘ss 222 compresses

(encodes) the data 221 using an encoding scheme that is described more fully

below. Decoding process 224 of Figure 2 decompresses (reconstructs) the

compressed data 223 to generate the reconsiructed data 225. Importantly,
according to embodiments of the present invention, the amount of éompressed
data 223 will fit into a target file or will not exceed available transfer bandwidth,
as described more fully below. The compressed data 223 can subsequently be
retrieved and streamed to a decodef. Alternatively, the compressed‘ data 223

can be sireamed to a decoder as it is encoded, either in fieu of storage or in

parallel with storage.

[039] Figure 3 is a data flow diagram showing steps in an encoding

process 222 according to one embodiment of the present invention. [n one

12
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embodiment, encoding process 222 is implemented using a compression
scheme that is substantially. compliant with JPEG; however, the present

invention is not so limited.

[040] Encoding process 222 includes discrete cosine transformation
(DCT) 331, quantization 332, and run-length encoding 333. In DCT 331, each
block of data 221 (Figure 2) is converted into DCT coeffiéients. For each 8x8
block of data, 64 DCT coefficiehts are produced (one DC coefficient and 63 AC

coefficients).

[041] In quantization 332 (Figure 3), some of the frequency information
is in essence discarded, so that fewer bits can be used to describe the image.
The lower frequency DCT coefficients can be quantized more discretely using a |

relatively'large number of bits, while the higher frequency DCT coefficients can

be quantized on a cruder basis using a relatively small number of bits.

[042] After quantization 332, run-length encoding 333 (e.g., Huffman
encodmg) is performed to encode and serialize the quantized data. During run-
length encoding, an often-repeated string may be replaced with a code with the
most commonly occurring strings getting the shorter codes. The encoded. data
can be stored in a file, from which it can be subsequently read and streamed to

a decoder. Alternatively, encoded data can be streamed to a decoder as the

data is encoded.

[043] Slgmflcantly, in accordance with embodiments of the present

invention, rate control (e.g., a target file or bitstream size) can be more reliably

13
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achieved, and as a result the number of iterations back and forth between

quantization 332 and run-length encoding 333 is expécted to be reduced.

[044] Figure 4 is a data flow diagram showing steps in an encoding

_ process (e.g., encoding process 222 of Figures 2 and 3) according to one

. embodiment of the present invention. In the example of Figure 4, an image 401
includes a number of image portions, represented by image portion 410. In one
embodiment, image portion 410 is represented by a macroblock or MCU that
includes a number of blocks of. data. In the example of Figure 4, associated with
image portion 410 are a Y-block 420 (e.g., a luminance block), and a U-block
421 and V-block 422 (e.g., chrominance blocks). However, the present
invention is not limited to the use of a YUV format. Instead, for example, an RGB
(red, green, blue) format or a CMYK (cyan, magenta, yellow, black) format may

be used.

[045] Inthe present embodiment, each of the blocks 420, 421 and 422 is
arranged as'an 8x8 array of data. Using Y-block 422 as an example, the data in
each block is transformed into an 8x8 array (block 431) of DCT coefflclents In
transformed block 431, the first value (e.g., the value in the upper left corner of
block 431) is referred to as the DC value (this value establishes the average
brightness). The remaining values in block 431 are referred to as the AC
values. The AC values descripe the variation from the DC value. In general,

the values in block 431 are referred to as DCT coefficients.

[046] | In the present embodiment, the DCT coefficients in block 431 are .
quantized. Block 432 represents the quantized DCT coefficients. The

transformed and quantized data in block 432 can then be encoded and

14
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serialized into a bitstream using, for example, run-length encoding. The

resultant dafa can then be written to a file or streamed to a decoder.

[047] In one embadiment, the transformed and quantized data in block
432 is read or scanned in a zigzag fashion, as illustrated in Figure 4. However,
the present invention is not so limited. For example, the data in block 432 can

instead be read row-by-row or column-by-column.

[048] In accordance with the embodiments of the présent invention, a
budget or limit is assigned to each block. The budget limi'ts the number of bits
that can. be encoded from block 432. The budget or limit is enforced during run-
length encoding of the transformed and quantized data in block 432. In one
embodiment, as the values in block 432 are read and encoded, the number of
bits associated with each value is counted. When the count reaches the budget
limit, encoding of block 432 is concluded. In one embodiment, an end-of-block
code is inserted into the bitstream to indicate the end of the ‘encoded data from

block 432, and any remaining (unencoded) values in block 432 are discarded.

[049] The budget may be the same for all blocks associated with a
particular image component, or it may vary from block to block. Thus, for

example, all Y-blocks may have the same budget, or they may have different

“budgets. Also, each block associated with a particular MCU or image portion

can have the same budget or different budgets. That is, for example, Y-block
420, U-block 421 and V-block 422, although all associated with the same image

pottion 410, can have‘different budgets, or they may have the same budget.

15
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[050] It may be deéirable for blocks associated with some portions of the
image 401 to be assigned budgéts larger than the budgets assigned to blocks
aséociated with other portions of the image. That is, there may be one or more
regions of the image 401 that are considered more important than other regions
of the image, and it may be desirable to 'assign larger budgets to the blocks
associated with the relatively more important regions. For example, in a portrait,
it may be desirable for the reconstructed image to more accurately portray the
subject of the portrait (typically situated toward the center of the image), with
less attention paid to the portions of the'image surrounding the subject (e.g., the

borders of the image, in particular). As discussed in more detail in conjunction

with Figure 6A below, a user can define the center or some other focal paint of

the image (not necessarily the center), and blocks are assigned budgets . -

according to their distance from that point.

[051] The total budget available for encoding the entire image 401 of

Figure 4 is not more than the size of the target file or bitstream. In other words,

“the sum total of the individual budgets (in bits) assigned to the blocks is not

more than target file or bitstream size. Thus, because each block is encoded
within its respective budget, when image 401 is compressed, the encoded

image data will fit into the amount of storage space allocated for it,

[052] Embodiments in accordance with the present invention can be
implemented using at least a couple of different approaches. In one approach,
the block-by-block budgets are enforced separately for each block. Thatis, a
block is assigned a budget, and during run-length encoding of that block, the

number of bits being encoded are counted just for that block. Run-length

16
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encodirig of a block continues until either alt of the data for that block is

encoded or until the budget limit is reached.

[063] In another approach, a cumulative count is maintained from one
block to the next, and the budget is increased accordingly. Aé the data in a first
block is run-length encoded, the number of bits being encoded is counted.
Run-length encoding of the first block will continue until either all of the data are
setialized or until the budget limit fs reached. Upon conclusion of the run-length
encoding of the first block, the budget is increased by the-amouht of budget
assighed toa seodnd block to be encoded. As the data in the second block is
run-length encoded, the number of bits being encoded is counted, with the

count for the secoﬁd block continuing where the count for the first block left off.

[054] In either of the above approaches, there can be cases in which the

. budget for a block is not totally consumed. That is, there will be situations in

. which all of the transformed and quantized values in a block are run- length

encoded before the budget limit is reached.

[055] In the latter of the approaches discussed above, any portion of the
budget for the first block that was not used will bé automatically carried over to

the budget applied during run-length encoding of the second block.

[056] In the former of the approaches discussed above, any remaining
portion of the budget for one block can be used to increase the budget of
another block. For instance, once run-length-encoding of one block is
concluded, any unused portion of the budget for that block can be added to the

budget of the next block to be encoded. Alternatively, the unused portion of the

17
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budget for one block can instead be held in reserve and applied to any of the
other blocks, not necessarily the next block to be encoded. For instance, as
mentioned above, one portion of an image may be considered more iniportant
than another, and it may be desirabie for that portion to have a larger budget
than other portions of the image. Accordingly, the unused po'rtion of a budget
from one block can be added to the budget of a block associated with é

relatively more important portion of the image. In a similar vein, the unused

_ budget portions can instead be accumulated in a reserve, and blocks that are

considered to be of higher importance can draw on the reserve as needed.

[057] Note that the unused budget from a block associated with one type
of image component can be applied to the budget of a bleck associated with
another type of image component. That is, for example, any budget remaining
after the encoding of a Y-block can be added to the budget of another Y-block -
or to the budget of a U-block or V-block.

[058] Figure 5 is a graph of an example of a budget that can be used to
achieve rate control according to oné embodiment of the present invention. The
example of Figure 5 corresponds to the approach presented above in which a
cumulative count is maintained from one block to the next, and the budget is
increased accordingly. Thus, the budget shown in Figure 5 (expressed in terms
of the number of encoded bits) is a cumulative value that accumulates from one
block to the next. In actuality, the budget amount assigned to block 1 is B,, the
budget amount éssigned to block 2 is B, minus B,, the budget amount assigned

to block 3 is B, minus B,, and so on.
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-[059} Figure 5 appears to illustrate that each block is assigned the same -
amount of budget. However, as mentioned above, the present invention is not.

sa limited, and blocks can be assigned different budgets.

[060] In one embodiment, a threshold is established within the budget of
each block. In the example of Figure 5, the budget for block 1 includes a
threshold T, that, when measured in bits, is less than the budget limit B,. The
threshold in essence defines a margin to the budget limit. The threshold isa

programmable value that may be changed duririg the course of encoding.

[061] In one embodiment, during run-length encoding of a block, should
the number of bits encoded reach the threshold in the budget (the “first
threshold”), then during tﬁe remainder of the encoding of that block,.those
transformed and quantized values that are "smaller” than a second threshold
value are not encoded. In one suéh embodiment, the second threshoald
corresponds to thé respective magnitudes 6f the transformed and quantized
values. Thus, f6r example, a transformed and quantized value that has a
magnitude less than that specified by the second threshold will not be encoded
(e.g., its value is set to zero) if the number of bits encoded exceeds the first
threshold. Alternatively, the second threshold value can correspond to the
number of bits needed to encode‘the transformed and quantized values. In that
case, for example, a transfdrmed and quantized value that has a length in bits
that does not satisfy the second threshold will not be encoded if the number of

bits encoded exceeds the first threshold.

[062] The second threshold value, applied to the size of the values in

the block being encoded, is a programmable value. The va!ué of the second
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threshold may be changed during the course of run-length encoding a block.
For example, once the first (budget) threshold is reached, the v_al‘ue of the
second threshold can be increased as the number of encoded bits approaches
the budget limit, so that progressively larger transformed and quantized values
- within the block are not encoded, leaving budget for the largest of the values
remaining to be encoded. Alternatively, after the firsi threshold is reached, the
value of the second threshold can be decreased if the budget is4 not being
consumed as quickly as anﬁcipated. The second threshold value can also be
changed as encoding progresses from one block to the next. Thus, the second

threshold value can be different from one block to another.

[063] Figure BA illustrates an image 601 that can be compressed
according to one embodiment of the present invention. As mentioned above, it
may be desirable for blocks asso‘ciated with some portions of the image 601 to
be assigned budgets Iérger than the budgets assigned to b!ock-é associated
with other portions of the image 601. That is, fﬁere may be one or more regions
of the image that are considered more important than other regions of the
image, and it may be desirable to assign larger budgets fo the blocks

associated with the relatively more important regions.

[064] In one embodiment, a position 615 is specified within the image
601, perhaps by a user. The position 615 corresponds to tﬁe region of image
601 that is'considered to be of highest importance. The position 615 can be .
any located anywhere within thé image 601. A default position can be also

specified, such as the center of the image 601.
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[065] In one embodiment, the budget assigned to a block is & function of
the block's position within the image 601. In one such embodiment, the position
of a block is defined by the distance between that block and the position 615.

Thus, for example, different budgets can be assigned to blocks within image

~ portion (MCU) 610 and to blocks within image portion (MCU) 611 according to

the distances from image portion 610 to position 615 and from image portion
611 to position 615, respectively. In the example of Figure 6A, blocks within
image portion 611 may be assigned a higher budget because image portion

611 is closer to pdsition 615 than image portion 610.

[066] The distance from image portion 611 10 positibn 615, for example,
is given by:
| distance = sqrt [(x-x,)? + (y-Yo)°h
where (x,, y,) are coordinates associated 'with pdsition 615 and (x, y) are
coordinates associated with irhage portioh 611, and where “sqrt” refers to the
square-root. The budget for a block at (x,y) can then be assigned using:
budget = a - b*sqart [(x-x.)* + (V-¥o)L;
where “a’ and “b” are programmable constants: The values of “a” and “b” can

be selected so that a positive value is calculated for the budgét.

[067] To simplify the calculation of distance, a formula of the following
form can instead be used:
distance = c*abs(x-x,) + d*abs(y-y,); .
where “abs” refers to the absolute value, and where “c” and “d” are
programmable constants. The budget for a block ét (x,y) can then be assigned
using:
budget = e - c*abs(x-x;) - d*abs(y-y,);
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where “e” is also a programmable constant, and where “c," “d” and “e” can be
selected so that a positive value is calculated for the budget. The values of “¢”
and “d" may be‘ chosen depending on the shape .o'f image 601. For example, “c”
and “d” may be the same for a square-shaped image but different for a

rectangular-shaped image.

-[068] Different vaiues of “a,” “b,” “c,” “d” and “e” may be applied to the

. different image components. That is, for example, the values of “a,” “b," “c,” “d"

and “e” for a Y-block may be different from the values of “a,” “b, “c,” “d” and ‘¢’
for a U-block or V-block. Other methods of calculating distance can be used.
Also, the size of a budget assigned to a block can be determined using a basis
other than the distance between the image portion associated with the block

and the position 615.

[0689] Figure 6B is a graph of an example of a budget that can be usedto.

‘achieve rate control according to one embodiment of the present invention. The

budget illustrated by Figure 6B is an example of a cumulative budget (in which
the budget is a cumulative value that accumulates from one block to the next).
In the example of Figure 6A, the budget assigned to a block in an image portion
is a function of the distance between the image portion assoclated with the

block and the position 615 of Figure 6A.

[070] The example budget of Figure 6B corresponds to row 620 of
Figure 6A. Row 620 includes image portions (MCUs) 1 through 11; however,
there may be any number of image bonions in a row in an image. Because the
budget is a cumulative budget, the budget limit associated with a block for

image portion 1 of row 620 is, in general, equal to the cumulative budget at the
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end of the row that was encoded prior to row 620 plus a budget amount
assigned to the block for image portion 1 (assuming that the image 601 is
encoded row—by-row). The budget for each'successive image portion in row
620 is increased by a respective amount, where fhat amount is a function of the
distance between the image portion and position 615. Thus, as éhown by
Figure 6B, the cumulative budget has a steeper slope as positioﬁ 615 is
approached, with the slope becoming less steep with increasing distance to

bositioh 615.

[071] Figure 7 is a flowchart 700 bf a computer-implemented metrltod for
compressing data according to one embodiment of the present invention.
Figure 8 is é flowchart 800 of a computer-implemented method for compressing
déta according to another embodiment of the present invention. Although
specific steps are disclosed in flowbhads 700 and 800, such steps are
exemplary. That is, the present invention is well suited to performing various
other steps or variations of the steps recited in flowcharts 700 and 800. ltis
appreciated that the steps in flowcharts 700 and 800 may be performed in an
order different than presented, and that the steps in flowcharts 700 and 800 are

not necessarily performed in the sequence illustrated.

[072] With reference first to Figure 7, flowchart 700 begins at step 702.
In step 702, a block of transformed and quantized values (e.g., block 432 of

Figure 4) is accessed.

[073] Instep 703 of Figure 7, the budget of the block is calculated. The

budget includes the budget amount assignhed to the block, and can also include
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any remaining portion from the budget of another block previously encoded, as

previously described herein.

[074] In one embodiment, the values in the block are run-length
encoded. In step 704, a value in the block is accessed and the number of bits

associated with that value is countéd.

[075] In step 706, the count from siep 704 is used to determine whether
a budget assigned to the block is exceeded or not. If there is no budget
remaining, or if the remaining budget is not sufficient for the value accessed in
step 704 to be encoded, then flowchart 700 proceeds to step 707. Otherwise,
flowchart 700 prbceeds to step 708.

[076] In step 707, in the present embodiment, the remaining values in
the block (e.g., block 432 of Figure 4) are not encoded. In effect, the remaining
values are discarded by inserting an end-of-block code into the encoded data.

Flowchart 700 then proceeds to step 716.

[077] In step 708 of Figure 7, in one embodiment, a determination is
rﬁade as to whether a first threshold value within the budget.has been reached
or exceeded. As described above, the first threshold establishes a margin to |
the budget limit. if the first threshold has not been reached or exceeded, then

flowchart 700 proceeds to step 712. Otherwise, flowchart 700 proceeds to step
710. |

[078] In step 710, a determination is made as to whether a second

threshold value is satisfied. As described above, the second threshold value
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corresponds to the size (e.g., magnitude or number of bits) associated with the
value accessed in step 704, If the value accessed in step 704 does not satisfy
the second threshold, then flowchart 700 returns proceeds to step 714.

Otherwise, flowchart 700 proceeds to step 712,

[079] In step 712, the value accessed in step 704 (the “value at hand”) is
encoded and the number of bits encoded is counted. The count includes the
number of bits assoclated with the value at hand as well as the number of bits
associated with any other values in the block that were encoded prior to the

value at hand. The.count is used in block 706 above td determine whether

- sufficient budget remains to encode the next value in the block.

[080] In step 714, a determination is made as to whether the value at
hand is the last value in the block. If not, then flowchart 700 returns to step 704,
where the encoding process is started for a new value in the block. Otherwise,

flowchart 700 proceeds to step 716.

[081] In step 716, a determination is made as to whether the block is the
last block to be encoded. If so, then flowchart 700 is ended. Otherwise,

flowchart 700 proceeds to step 718.

[082] In step 718, Iif there is any budget remaining after the block is
encoded, the residual portion of the budget can be added to the budget
assigned to another block of transformed anquuantized data values, perhaps
the next block to be encoded. Alternatively, the residual portion of the budget

can be placed into a reserve and used later as needed. Encoding of the block
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at hand is thus ended, and flowchart 700 returns to-step 702 for encoding of the

next block.

[083] Referring now to Figure 8, in step 802, a first plurality of
transformed and quantized values associated with a first block (e.g., block 432
of Figure 4) of image data is accessed. The first block is associated with a first

position within the image.

[084] In step 804 of Figure 8, the number of bits encoded during run-

length encoding of the first block is counted.

[085] In step 806, encoding of the first block continues until a budget
limit-that is applied to the first block is reached. That is, run-length encoding of
the first block is concluded should the count reach a budget limit that |s applied
to the first block; if the budget limit is not reached, then the first block of data may

be encoded in its entirety.

[086] In step 810, once encoding of the first block is concluded,A a

second plurality of transformed and quantized values associated with a second

 block of image data is accessed. The second block is associated with a second

position within the image.

[087] In step 812, the budget limit mentioned in step 806 is increased to
establish a new limit to account for encoding of the second block. Note that the
rew limit will include any portibn of the budget not consumed during encoding

of the first block.
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[088] In step 814, the count that was started in step 804 is continued
duriﬁg run-length encoding of the second block. Run-length encoding of the
second block is ended should the count reach the new limit, and otherwise may.
continue until the second block of data is encoded in entirety. Flowchart 800

continues in this manner for each block of data that is to be encoded.

[089] it is appreciated that the method described by flowchart 800 can
be extended to include other features of the present invention thaf are
describéd above. For example, as the transformed and quantized values in a
block) are encoded and the number of encoded bits are counted, a first

threshold (within the budget limit being applied to the block) and a second

"threshold (corresp'onding to the size of the valuesA being encoded) can be

applied, as described above.

[090] In summary, embodiments of the present invention provide

'methods and systems for efficiently compressing image data into a target file or

bitstream size, without unnecessary iterations and without significantly reducing

image fidelity. In one embodiment, the transformed and quantized values in a.

block that are encoded later in the process of run-length encoding, and that

Qenerally correspond to the values that contribute less to image fidelity, are
discarded (not encoded), reducing the amount of compressed data without
significantly reducing irﬁage fidelity. In another embodiment, the “smaller”
transformed and quantized values (e.g., those values that do not satisfy the
second threshold mentioned abbve), which generally do not contribute |
significantly to image fidelity, are discarded (not encaded), also reducing the

amount of compressed data while maintaining image fidelity.
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[091] Embodiments in accordance with the present invention can be
implemented in hardware or software or a combination thereof. For example,
certain types of information used during the encoding of an image can be
stored, and that information subsequently used during a subsequent encoding
of the image in order to improve the efficiency of the subsequent encoding by

reducing the number of iterations that may be needed.

[092] Although described for JPEG encoding, the present invention is
not so limited. For example, embodiments in accordance with the présent
invention can also be applied in MPEG (Motion Pictures Expert Group)

encoding.

In broad summary, the present writing discloses methods and systems for compressing

an image. A plurality of transformed and quantized values associated with a block of image

data is accessed. The block corresponds td'a position within the image. A
count of the number of bits encoded during run-léngth encoding of the block is
made. Run-length encoding of thie block is concluded should the count reach a

fimit.

[093] Embodiments of the present iﬁventlon are thus described, While
the present invention has been described in particular embodiments, it should
be appreciated that the present invention should not be construed as limited by
such embodlr_nents, but rather construed according to the below claims.
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CLAIMS

. What is claimed is:

1. - A method of compressing an image, said method comprising:

accessing a first plurality of transformed and quantized values associated
with a~first block of image data, wherein said first block corresponds to a first
position within said‘image, each of said values represented as a number of bits;
and

maintaining a count of the number of bits encoded during run-length
encoding of said first block, wherein said run-length encoding of said first block

is concluded provided said count reaches a limit.

2. The method of Claim 1 wherein said limit has a value that is

determined according to said first position.

3. The method of Claim 1 further comprising increasing said limit to

encode a second block of data corresponding to a second position within said

image.

4. . The method of Claim 1 further comprising:

accessing a second plurality of transformed and quantized values
associated with a second block of image data, wherein said second block
corresponds to a second position withi'n said inﬁage;

increasing said limit by an amount to establish a new limit to account for

encdding of said second block; and
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incfeasihg said count during run-length encoding of said second block,
wherein said run-length encoding of said second block is ended provided said

count reaches said new limit.

5. The method of Claim 4 wherein said amount is determined

according to said second position.

6. The method of Claim 1 further comprising identifying a first
threshold for said count, said first threshold establishing a margin to said Iimit',
wherein transformed and quantized values that fail to satisfy a second threshold

are not encoded provided said first threshold is reached.

7. The method of Claim 6 wherein said second threshold is applied
1o the size of said transformed and quantized values, wherein transformed and

quantized values that do not satisfy said second threshold are set to zero.

8. The method of Claim 6 wherein said second threshold is changed

during said run-length encoding.

9.  The method of Claim 1 wherein said first block corresponds to a
first position in said image, wherein said first block is one block in a plurality of
blocks of image data that corresponds to said first position, wherein the number
of bits encoded during run-length encoding of each block in said plurality of

blocks is subject to a respective limit.
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10.  The method of Claim 1 further comprising:

receiving a block of uncompressed image data;

transforming said uncompressed image data using a discrete cosine
transformation to generate transformed data; and

quaniizing said transformed data to generate said transformed and

quantized data.

11. A method of compressing image data comprising a first plurality of
blocks of transformed and quantized data, said hethod comprising:

assigning a first budget to a first block in said first plurality of blocks,
wherein said first budget comprises a limit to the number of bits available for
encoding said first block; and

e'ncoding said first block, wherein said encoding of said first block
continues provided a first budget-assigned to said first block is not exceeded,

wherein otherwise said encoding of said first block is discontinued.

12.  The method of Claim 11 further comprising adding a pértion of
said first budget that remains after said ehcoding of said first block to a second

budget that is assigned to a second block in said first plurality of blocks.

13.  The method of Claim 11 wherein said first block comprises a
plurality of transformed and quantized values, each of said transformed and
quantized values represented by a respective number of bits, wherein.éaid
encoding further comprises:

selecting a transformed and quantized valu'e; and
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reducing said first budget by the number of bits associated with said

transformed and quantized value.

14.  The method of Claim 13 further comprising identifying a first
threshold within said first budget, wherein transformed and quantized values
that fail to satisfy a second threshold are not selected during sald run-length

encoding should said first threshold be reached.

15.  The method of Claim 14 wherein said second threshbld
corresponds to the size of said transformed and quantized values, and wherein
transformed and quantized values that do not satisfy said second threshold are

set to zero.

16.  The method of Claim 14 wherein the sizes of said transformed and -
quantized values are measured against said second threshold, and wherein
transformed and b|uantized values that do not satisfy said second threshold are

set to zero.

17.  The method of Claim 14 further comprising changing said second

threshold during said encoding.

18.  The method of Claim 11 wherein said first block corresponds to a
position within an image, and wherein said first budget has a value that

-corresponds to said position.
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19.  The'method of Claim 11 wherein said first block corresponds to a
position in an image, wherein said first block is one block in a second plurality
of blocks that corresponds to said position, and wherein each block in said

second plurality of blocks is subject to a respective budget during encoding.

20. A system comprising:
a memory; and
a processor, said processor for executing a method of compréssing an
image, said:method comprising: |

accessing a first plurality of transformed and quantized values
associated with a first block of image data, Whe;ein said first block
corresponds to a first position within said image, each of said values
represented as a number of bits; and

maintaining a count of the number of bits encoded during run-
length encoding of said first block, wherein said run-length encoding of

said first block is concluded provided said count reaches a limit.

21.  The system of Claim 20 wherein said limit has a value that is

determined according to said first position.

22,  The system of Claim 20 wherein said limit is increased o encode

a second block of data corresponding to a second position within said image.
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23.  The system of Claim 20 wherein said method further comprises:

accessing a second plurality of transformed and quantized valués-
associated with a second block of image data, wherein said second block
correspohds to a second position within said image;

increasing said limit by an amount to establish a new limit to account for
encoding of said second '.block; and

increasing said count during run-length encoding of said second block,

wherein said run-length encoding of said second block is ended provided said

count reaches said new limit.

24.  The system of Claim 23 wherein said amount is determined

according to said second position.

25.  The system of Claim 20 wherein said method further comprises
identifying a first threshold for said count, said first threshold establishing a
margin fo said limit, wherein transformed and quantized values that fail to satisfy

a second threshold afe not encoded provided said first threshold is reached.
26. The system 6f Claim 25 wherein said second threshold is applied
to the size of sald transformed and quantized values, wherein transformed and

quantized values that do not satisfy said second threshold are set to zero.

27. The system of Claim 25 wherein said second‘threshc)!d is changed

during said run-length encoding.
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28.  The system of Claim 26 wherein said first block corresponds to a
first position in said image, wherein said first‘blook is ohé block in a plurélity of
blocks of.image data that corresponds to said first position, wherein the number
of bits encoded during run-length encoding of each bldck in said plurality of

blocks is subject to a respective limit.
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