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(57) ABSTRACT

A method, medium, and apparatus controlling a bit rate in
image data encoding. The method for controlling a bit rate
in image data encoding includes setting a reference bit
amount for encoding a block group composed of a prede-
termined number of blocks created by dividing image data
of a frame, encoding pixel values of the blocks according to
a bit depth used to quantize the pixel values of the blocks,
checking whether encoding of the frame is completed, and
comparing a group bit amount indicating the amount of
encoded bits of the block group with the set reference bit
amount to adjust the bit depth if encoding of the unit frame
is not completed and accordingly repeating the setting of the
reference bit amount, encoding pixel values of the blocks,
and checking whether encoding of the frame is completed.
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METHOD, MEDIUM, AND APPARATUS
CONTROLLING BIT RATE IN IMAGE DATA
ENCODING

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This application claims the priority benefit of
Korean Patent Application No. 10-2005-0005814, filed on
Jan. 21, 2005, in the Korean Intellectual Property Office, the
disclosure of which is incorporated herein in its entirety by
reference.

BACKGROUND OF THE INVENTION
[0002]

[0003] Embodiments of the present invention, as dis-
cussed herein, relate to image data encoding, and more
particularly, to a method, medium, and apparatus controlling
a bit rate in image data encoding to encode image data of a
frame according to a predetermined bit rate.

[0004] 2. Description of the Related Art

1. Field of the Invention

[0005] When image data is conventionally encoded, a
frame unit is divided into blocks of a predetermined size and
the blocks are transformed and quantized to produce a
bitstream. To adjust the amount of bits of the bitstream for
the blocks, a bit rate is controlled.

[0006] However, when image data is conventionally
encoded, it is difficult to accurately produce a bitstream for
each frame. In other words, under buffer-constrained bit rate
control, rough bit rate control is possible, while accurate bit
rate control is difficult.

[0007] Because of the difficulties of accurate bit rate
control, the amount of bits stored in a buffer that temporarily
stores an encoded bitstream significantly changes according
to image data and a garbage bit is frequently inserted to
maintain the amount of bits output from the buffer and
transmitted to a memory constant, and in effect, precluding
the buffer from efficiently performing its function.

SUMMARY OF THE INVENTION

[0008] Embodiments of the present invention at least
provide a method, medium, and apparatus controlling a bit
rate in image data encoding, making it possible to produce
a fixed size bitstream.

[0009] To achieve the above and/or other aspects and
advantages, embodiments of the present invention include at
least a method for controlling a bit rate in image data
encoding, the method including setting a reference bit
amount for encoding a block group having a predetermined
number of blocks created by dividing image data of a frame,
encoding pixel values of the blocks according to a bit depth
used to quantize the pixel values of the blocks, determining
whether encoding of the frame is completed, and comparing
a group bit amount indicating an amount of encoded bits of
the block group with the set reference bit amount to adjust
a bit depth if encoding of a unit frame is not completed and
to accordingly repeat the setting of the reference bit amount
for encoding the block group having the predetermined
number of blocks created by dividing image data of the
frame.
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[0010] The repeating of the setting of the reference bit
amount for encoding the block group having the predeter-
mined number of blocks created by dividing image data of
the frame further include the encoding of the pixel values of
the blocks according to the bit depth used to quantize the
pixel values of the blocks, and the determining of whether
the encoding of the frame is completed.

[0011] In the setting of the reference bit amount, the
reference bit amount is set using Br=(Bs-B.)/(Gs-Ge),
where By indicates the reference bit amount, By indicates a
total bit amount assigned to the frame, B. indicates an
amount of encoded bits in the frame, Gy indicates a total
number of block groups making up the frame, and G
indicates a number of encoded block groups in the frame.

[0012] The blocks are one-dimensional and the block
group is a line.

[0013] The encoding of the pixel values of the blocks
includes encoding pixel values of a block included in the
blocks of the block group using the bit depth, determining
whether encoding of the block group is completed, and
adjusting the bit depth according to a bitstream storage state
of a buffer that temporarily stores an encoded bitstream of
the block group if encoding of the block group is not
completed and accordingly repeating the encoding of the
pixel values of the block included in the blocks of the block
group using the bit depth, the determining of whether the
encoding of the block group is completed, and the adjusting
of the bit depth.

[0014] In addition, the adjusting of the bit depth includes
determining whether an amount of bits stored in the buffer
exceeds a threshold amount of the buffer, and skipping
encoding of a neighboring block of the block when the
amount of bits stored in the buffer exceeds the threshold
amount.

[0015] The adjusting of the bit depth includes determining
whether the amount of bits stored in the buffer exceeds an
upper allowable amount of the buffer when the amount of
bits stored in the buffer does not exceed the threshold
amount, and reducing the bit depth when the amount of bits
stored in the buffer exceeds the upper allowable amount.

[0016] The adjusting of the bit depth similarly includes
determining whether the amount of bits stored in the buffer
is less than a lower allowable amount of the buffer when the
amount of bits stored in the buffer does not exceed the upper
allowable amount in the reducing of the bit depth when the
amount of bits stored in the buffer exceeds the upper
allowable amount, and increasing the bit depth when the
amount of bits stored in the buffer is less than the lower
allowable amount.

[0017] Here, the comparing of the group bit amount indi-
cating the amount of encoded bits of the block group with
the set reference bit amount includes determining whether
the group bit amount exceeds the reference bit amount, and
reducing the bit depth when the group bit amount exceeds
the reference bit amount.

[0018] Further, the comparing of the group bit amount
indicating the amount of encoded bits of the block group
with the set reference bit amount includes determining
whether a result of multiplying the group bit amount by a
variable is less than the reference bit amount when the group
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bit amount does not exceed the reference bit amount in the
reducing of the bit depth when the group bit amount exceeds
the reference bit amount, and increasing the bit depth when
the result of the multiplication is less than the reference bit
amount.

[0019] The comparing of the group bit amount indicating
the amount of encoded bits of the block group with the set
reference bit amount includes detecting a bitstream storage
status of a buffer that temporarily stores an encoded bit-
stream of the block group, and adjusting the variable accord-
ing to the bitstream storage state of the buffer and accord-
ingly repeating the determining of whether the group bit
amount exceeds the reference bit amount.

[0020] Further, the comparing of the group bit amount
indicating the amount of encoded bits of the block group
with the set reference bit amount includes adjusting the bit
depth according to the bitstream storage state of the buffer
after the adjusting of the variable according to the bitstream
storage state of the buffer and accordingly repeating the
determining of whether the group bit amount exceeds the
reference bit amount.

[0021] To achieve the above and/or other aspects and
advantages, embodiments of the present invention include at
least an apparatus controlling a bit rate in image data
encoding, the apparatus including an encoding unit to
encode pixel values of blocks created by dividing image data
of a frame according to a bit depth used for quantization of
the pixel values of the blocks, a buffer to temporarily store
an encoded bitstream of the blocks, a reference bit amount
setting unit to set a reference bit amount for encoding a
block group having a predetermined number of blocks, an
encoding completion checking unit to determine whether
encoding of the frame is completed, and a bit depth adjust-
ment controller to compare a group bit amount indicating an
amount of encoded bits of the block group with the set
reference bit amount, in response to the determination result
of the encoding completion checking unit, and to accord-
ingly adjust the bit depth.

[0022] The reference bit amount setting unit set the ref-
erence bit amount using Bx=(BS-B.)/(G4-G.), where By
indicates the reference bit amount, By indicates a total bit
amount assigned to the frame, B, indicates an amount of
encoded bits in the frame, G4 indicates a total number of
block groups making up the frame, and G, indicates a
number of encoded block groups in the frame.

[0023] The blocks are one-dimensional and the block
group is a line.

[0024] In addition, the encoding completion checking unit
determines whether encoding of the block group is com-
pleted.

[0025] Further, the bit depth adjustment controller
includes a bit amount comparing unit to compare the group
bit amount with the reference bit amount to determine
whether the group bit amount exceeds the reference bit
amount, and a bit depth adjusting unit to adjust the bit depth
based on a result of the comparison performed by the bit
amount comparing unit.

[0026] Here, the bit depth adjustment controller further
includes a buffer bit amount detecting unit to detect an
amount of bits stored in the buffer, and a variable adjusting
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unit to adjust a variable by which a group bit amount is to
be multiplied based on a result of the detection performed by
the buffer bit amount detecting unit.

[0027] The bit depth adjusting unit adjusts the bit depth
based on the result of the detection performed by the buffer
bit amount detecting unit.

[0028] In addition, the bit depth adjustment controller
adjusts the bit depth according to a bitstream storage state of
the buffer.

[0029] Here, the bit depth adjustment controller includes a
buffer bit amount detecting unit to detect an amount of bits
stored in the buffer, an encoding skip instructing unit to
instruct the encoding unit to skip encoding of a neighboring
block of a current block upon receiving the detection result,
indicating the amount of bits stored in the buffer exceeds a
threshold amount of the buffer, from the buffer bit amount
detecting unit, and a bit depth adjusting unit to reduce the bit
depth upon receiving the detection result, indicating the
amount of bits stored in the buffer exceeds an upper allow-
able amount of the buffer, from the buffer bit amount
detecting unit, and to increase the bit depth upon receiving
the detection result indicating the amount of bits stored in
the buffer is less than a lower allowable amount of the buffer.

[0030] To achieve the above and/or other aspects and
advantages, embodiments of the present invention include at
least at least one medium including computer readable code
to implement embodiments of the present invention.

[0031] Additional aspects and/or advantages of the inven-
tion will be set forth in part in the description which follows
and, in part, will be apparent from the description, or be
learned by practice of the invention.

BRIEF DESCRIPTION OF THE DRAWINGS

[0032] These and/or other aspects and advantages of the
invention will become apparent and more readily appreci-
ated from the following description of the embodiments,
taken in conjunction with the accompanying drawings of
which:

[0033] FIG. 1 illustrates a method for controlling a bit rate
in image data encoding, according to an embodiment of the
present invention;

[0034] FIG. 2 illustrates an operation according to an
embodiment of the present invention, such as that of opera-
tion 12 shown in FIG. 1;

[0035] FIG. 3 illustrates another operation according to an
embodiment of the present invention, such as that of opera-
tion 34 shown in FIG. 2;

[0036] FIG. 4 illustrating still another operation according
to an embodiment of the present invention, such as that of
operation 16 shown in FIG. 1;

[0037] FIG. 5 illustrates an apparatus controlling a bit rate
in image data encoding, according to an embodiment of the
present invention;

[0038] FIG. 6 illustrates a bit depth adjusting controller,
such as that shown in FIG. 5, according to an embodiment
of the present invention; and

[0039] FIG. 7 illustrates another bit depth adjusting con-
troller, such as that shown in FIG. 5, according to another
embodiment of the present invention.
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DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS

[0040] Reference will now be made in detail to embodi-
ments of the present invention, examples of which are
illustrated in the accompanying drawings, wherein like
reference numerals refer to the like elements throughout.
Embodiments are described below to explain the present
invention by referring to the figures.

[0041] Accordingly, FIG. 1 illustrates a method for con-
trolling a bit rate in image data encoding, according to an
embodiment of the present invention.

[0042] As illustrated in FIG. 1, when image data of a
frame is divided into block units, a reference bit amount for
encoding a block group having a predetermined number of
blocks is set, in operation 10. For example, when a frame is
divided into one-dimensional blocks (e.g., 4x1 blocks or 8x1
blocks), a line made up of a predetermined number of
one-dimensional blocks is designated as a block group. In
this way, a frame is constructed of line-based block groups.
A block group also is composed of two-dimensional blocks
(e.g., 4x4 blocks or 8x8 blocks).

[0043] Here, for solely simplification purposes, descrip-
tion will now be made based on an assumption that a block
group is a line made up of one-dimensional blocks.

[0044] The reference bit amount is set using the following
Equation 1.

Br=(Bs-Bc)(Gs=Gc) M,

[0045] Here, By indicates a reference bit amount, Bg
indicates a total bit amount assigned to a frame, B indicates
the amount of encoded bits in a frame, Gy indicates the total
number of block groups making up a frame, and G indi-
cates the number of encoded block groups in a frame.

[0046] As only an example, when a line is designated as
a block group, a total bit amount assigned to a frame is
10000 bits, the amount of encoded bits in the frame is 4500
bits, the total number of block groups making up the frame,
i.e., the total number of lines, is 100, and the number of
encoded block groups in the frame, i.e., the number of
encoded lines, be 50, such that a reference bit amount is
obtained as —(10000-4500)/(100-50)=100" using the above
Equation 1. The obtained reference bit amount, thus, is used
as a reference bit amount for encoding image data in units
of a block group, i.e., a line, in a following operation.

[0047] In operation 10, pixel values of the blocks are
encoded according to a bit depth used for quantization of the
pixel values of the blocks, in operation 12.

[0048] According to an embodiment of the present inven-
tion, FIG. 2 illustrates operation 12 of FIG. 1 in greater
detail.

[0049] In operation 30, pixel values of one of the blocks
included in a block group are encoded using a bit depth.

[0050] Whether encoding of the block group has been
completed can be confirmed in operation 32. Completion of
encoding of the block group means that encoding of the
blocks included in the block group is completed. Thus, if
encoding of the block group is completed, process continues
through operation 14 of FIG. 1.
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[0051] If encoding of the block group has not completed,
a bit depth is adjusted according to a bitstream storage state
of a buffer that temporarily stores an encoded bitstream of
the block group, in operation 34 of FIG. 2, for example, and
the process repeats to operation 30 of FIG. 2, for example.
Incompletion of encoding of the block group means that
there exists at least one block that has not been encoded
among the blocks included in the block group. Thus, in
operation 34, a bit depth used for encoding a block that is not
encoded is adjusted. After adjustment of the bit depth in
operation 34, the process repeats to operation 30 of FIG. 2,
for example, to encode the block that has not been encoded
according to the adjusted bit depth, adjusted in operation 34.
The buffer temporarily stores an encoded bitstream and
output the temporarily stored bitstream to a memory in
predetermined units, for example.

[0052] FIG. 3 illustrates an operation according to an
embodiment of the present invention, such as that of opera-
tion 34 shown in FIG. 2.

[0053] As illustrated in FIG. 1, in operation 50, whether
the amount of bits stored in the buffer exceeds a threshold
amount of the buffer is determined. The threshold amount of
the buffer indicates a maximum allowable amount that can
be stored in the buffer. Excess over the threshold amount,
e.g., excess over the maximum allowable amount, means
that an encoded bitstream is not stored in the buffer.

[0054] Here, if the amount of bits stored in the buffer
exceeds the threshold amount, a neighboring block of a
block is not encoded, in operation 52. Since an encoded
bitstream is not stored in the buffer when the threshold
amount, e.g., the maximum allowable amount, is exceeded,
a neighboring next block of an encoded current block is not
encoded. Since the next block is not encoded, a bitstream for
the next block is not created. Thus, the case of where a
bitstream created through encoding of the next block is
stored in the buffer does not occur.

[0055] However, when the amount of bits stored in the
buffer does not exceed the threshold amount, in operation
50, whether the amount of bits stored in the buffer exceeds
an upper allowable amount of the buffer can be determined,
in operation 54. The upper allowable amount of the buffer
indicates an upper limit to allow the buffer to output, e.g., to
a memory, an encoded bitstream having a predetermined
size, which is temporarily stored in the buffer.

[0056] When the amount of bits stored in the buffer
exceeds the upper allowable amount, the bit depth is
reduced, in operation 56. The excess amount of bits stored
in the buffer over the upper allowable amount means that the
amount of bits of a created bitstream exceeds a proper bit
amount required to allow the buffer to output, e.g., to a
memory, an encoded bitstream having a predetermined size.
At this time, to reduce the amount of bits of a bitstream to
be encoded, the bit depth is reduced.

[0057] However, when the amount of bits stored in the
buffer does not exceed the upper allowable amount, in
operation 54, whether the amount of bits stored in the buffer
is less than a lower allowable amount of the buffer is
determined, in operation 58. The lower allowable amount of
the buffer indicates a lower limit to allow the buffer to
output, e.g., to the memory, an encoded bitstream having a
predetermined size, which is temporarily stored in the buffer,
without adding a garbage bit to the encoded bitstream.
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[0058] When the amount of bits stored in the buffer is less
than the lower allowable amount, the bit depth is increased,
in operation 60. The amount of bits stored in the buffer,
which is less than the lower allowable amount, means that
the amount of bits of a created bitstream is less than the
proper bit amount required to allow the buffer to output, e.g.,
to a memory, an encoded bitstream having a predetermined
size. At this time, to increase the amount of bits of a
bitstream to be encoded, the bit depth is increased.

[0059] Again, referring to FIG. 1, after operation 12,
whether encoding of a frame has been completed can be
determined in operation 14. Completion of encoding of the
frame means that encoding of the block groups (e.g., all the
lines included in the frame when the block group is a line)
included in the frame has been completed.

[0060] When the encoding of the frame is not completed,
a group bit amount indicating the amount of encoded bits of
the block group and the reference bit amount is compared to
adjust a bit depth, in operation 16, and the process repeats to
operation 10. Incompletion of encoding of the unit frame
means that there exists at least one block group that has not
been encoded among the block groups included in the unit
frame. Thus, in operation 16, the bit depth used for encoding
the block groups that have not been encoded is adjusted.
After adjustment of the bit depth, in operation 16, the
process repeats to operation 10 to encode the block groups
that were not encoded, according to the adjusted bit depth,
adjusted in operation 16.

[0061] For example, when a block group is a line, the
group bit amount of the block group indicates a total bit
amount of an encoded bitstream of the line.

[0062] FIG. 4 illustrates an operation according to an
embodiment of the present invention, such as that of opera-
tion 16 shown in FIG. 1.

[0063] In operation 70, a bitstream storage state of the
buffer that temporarily stores an encoded bitstream of a
block group is detected. For example, whether the amount of
bits stored in the buffer exceeds the upper allowable amount
or is less than the lower allowable amount can be deter-
mined.

[0064] A variable by which a group bit amount is to be
multiplied is adjusted according to the bitstream storage
state of the buffer, in operation 72. For example, since the
excess amount of bits stored in the buffer over the upper
allowable amount means that the amount of bits of a created
bitstream exceeds a proper bit amount required to allow the
buffer to output, e.g., to a memory, an encoded bitstream
having a predetermined size, the variable is increased. Also,
since the amount of bits stored in the buffer, which is less
than the lower allowable amount, indicates that the amount
of bits of a created bitstream is less than the proper bit
amount, the variable is reduced.

[0065] The bit depth is increased or reduced according to
the bitstream storage state of the buffer, in operation 74. For
example, since the excess amount of bits stored in the buffer
over a predetermined amount that is larger than the upper
allowable amount means that the amount of bits of a created
bitstream exceeds a proper bit amount required to allow the
buffer to output, e.g., to a memory, an encoded bitstream
having a predetermined size, the bit depth is reduced to
reduce the amount of bits of a bitstream to be encoded. Also,
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since the amount of bits stored in the buffer, which is less
than a predetermined amount that is smaller than the lower
allowable amount, indicates that the amount of bits of a
created bitstream is less than the proper bit amount, the bit
depth is increased to increase the amount of bits of a
bitstream to be encoded.

[0066] Whether the group bit amount exceeds the refer-
ence bit amount is determined in operation 76.

[0067] When the group bit amount exceeds the reference
bit amount, the bit depth is reduced, in operation 78. The
excess group bit amount over the reference bit amount
indicates that the actual amount of bits of an encoded
bitstream of a block group exceeds the reference bit amount.
Thus, since the amount of bits of a bitstream to be encoded
needs to be reduced, the bit depth is reduced.

[0068] However, when the group bit amount does not
exceed the reference bit amount, in operation 76, the group
bit amount is multiplied by the adjusted variable, adjusted in
operation 72, and whether a result of the multiplication is
less than the reference bit amount be determined in opera-
tion 80.

[0069] When the multiplication of the variable results in
less than the reference bit amount, the bit depth is increased,
in operation 82. The multiplication result, less than the
reference bit amount, indicates that the amount of bits of an
encoded block group is too small. Thus, since the amount of
bits of a bitstream to be encoded needs to be increased, the
bit depth used for encoding is increased.

[0070] FIG. 5 further illustrates an apparatus controlling a
bit rate in image data, encoding according to an embodiment
of the present invention. The apparatus controlling a bit rate
in image data encoding, according to this embodiment of the
present invention, includes an encoding unit 100, a buffer
120, a reference bit amount setting unit 140, an encoding
completion checking unit 160, and a bit depth adjusting
controller 180, for example.

[0071] When image data of a unit frame is divided into
blocks, the encoding unit 100 encodes pixel values of the
blocks according to a bit depth used to quantize the pixel
values of the blocks.

[0072] The encoding unit 100 encodes pixel values of a
line that is a block group, composed of one-dimensional
blocks created by dividing the frame, according to the bit
depth.

[0073] A result of encoding, performed by the encoding
unit 100, is output to the buffer 120 and the encoding
completion checking unit 160, for example.

[0074] The buffer 120 temporarily stores a bitstream
encoded by the encoding unit 100 and output the temporarily
stored bitstream to a memory (not shown).

[0075] The reference bit amount setting unit 140 sets a
reference bit amount for encoding a block group made up of
a predetermined number of blocks. The reference bit amount
set by the reference bit amount setting unit 140 is output to
the bit depth adjusting controller 180, e.g., at the request of
the bit depth adjusting controller 180.

[0076] The reference bit amount setting unit 140 sets the
reference bit amount, e.g., using the aforementioned Equa-
tion 1. As in the above example, when a line is designated
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as a block group, a total bit amount assigned to a frame is
10000 bits, the amount of encoded bits in the frame is 4500
bits, the total number of block groups making up the frame,
i.e., the total number of lines, is 100, and the number of
encoded block groups in the frame, i.e., the number of
encoded lines, is 50, such that the reference bit amount
setting unit 140 obtains a reference bit amount of “(10000-
4500)/(100-50)=100" using Equation 1.

[0077] The encoding completion checking unit 160 deter-
mines whether encoding of the frame has been completed in
response to a result of encoding performed by the encoding
unit 100, for example, and output the determination result to
the bit depth adjusting controller 180. Completion of encod-
ing of the frame means that encoding of the block groups
(e.g., all the lines included in the frame when the block
group is a line) included in the frame is completed.

[0078] The encoding completion checking unit 160 deter-
mines whether encoding of a block group is completed in
response to a result of encoding performed by the encoding
unit 100, for example, and output the determination result to
the bit depth adjusting controller 180. Completion of encod-
ing of the block group means that encoding of the blocks
included in the block group is completed, e.g., encoding of
all of the blocks of the block group is completed.

[0079] The bit depth adjusting controller 180 compares a
group bit amount indicating an amount of encoded bits of a
block group with the set reference bit amount in response to
a determination result of the encoding completion checking
unit 160 to adjust a bit depth.

[0080] FIG. 6 illustrates a bit depth adjusting controller
180, such as that shown in FIG. 5, according to an embodi-
ment of the present invention. The bit depth adjusting
controller 180, according to this embodiment of the present
invention, includes a buffer bit amount detecting unit 200, a
variable adjusting unit 220, a bit amount comparing unit
240, and a bit depth adjusting unit 260, for example.

[0081] The buffer bit amount detecting unit 200 detects the
amount of bits stored in the buffer and output a result of the
detection to the variable adjusting unit 220 and the bit depth
adjusting unit 260. For example, the buffer bit amount
detecting unit 200 detects whether the amount of bits stored
in the buffer exceeds an upper allowable amount or is less
than a lower allowable amount.

[0082] The variable adjusting unit 220 adjusts a variable
by which a group bit amount is to be multiplied in response
to the detection result of the buffer bit amount detection unit
200. For example, the excess amount of bits stored in the
buffer over the upper allowable amount indicates that the
amount of bits of a created bitstream exceeds a proper bit
amount required to allow the buffer 120 to output, e.g., to a
memory, an encoded bitstream having a predetermined size.
Thus, the variable adjusting unit 220 increases the variable
by which the group bit amount is to be multiplied. The
amount of bits stored in the buffer 120, which is less than the
lower allowable amount, indicates that the amount of bits of
a created bitstream is less than the proper bit amount. Thus,
the variable adjust unit 220 reduces the variable by which
the group bit amount is to be multiplied.

[0083] The bit amount comparing unit 240 determines
whether the group bit amount exceeds the reference bit
amount and output the determination result to the bit depth
adjusting unit 260.
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[0084] The bit depth adjusting unit 260 adjusts a bit depth
in response to a result of the group bit determination
performed by the bit amount comparing unit 240. Upon
receiving the determination result indicating that the group
bit amount exceeds the reference bit amount, from the bit
amount comparing unit 240, the bit depth adjusting unit 260
reduces the bit depth.

[0085] However, upon receiving the result of the group bit
determination indicating that the group bit amount does not
exceed the reference bit amount, from the bit amount
comparing unit 240, the bit depth adjusting unit 260 deter-
mines whether a result of the multiplying of the group bit
amount by the variable adjusted by the variable adjusting
unit 220 is less than the reference bit amount. When the
result of multiplying the group bit amount by the variable is
less than the reference bit amount, the bit depth adjusting
unit 260 increases the bit depth used for encoding.

[0086] The bit depth adjusting unit 260 adjusts the bit
depth in response to the determination result of the buffer bit
amount detection unit 200. For example, the excessive
amount of bits stored in the buffer 120 over a predetermined
amount that is larger than the upper allowable amount
indicates that the amount of bits of a created bitstream
exceeds the a proper bit amount required to allow the buffer
120 to output, e.g.,, to a memory, an encoded bitstream
having a predetermined size, the bit depth adjusting unit 260
reduces the bit depth to reduce the amount of bits of a
bitstream to be encoded. Since the amount of bits stored in
the buffer, which is less than the lower allowable amount,
means that the amount of bits of a created bitstream is less
than the proper bit amount required to allow the buffer 120
to output, e.g., to a memory, an encoded bitstream having a
predetermined size, the bit depth adjusting unit 260
increases the bit depth to increase the amount of bits of a
bitstream to be encoded.

[0087] FIG. 7 illustrates another bit depth adjusting con-
troller 180, such as that shown in FIG. 5, according to
another embodiment of the present invention. The bit depth
adjusting controller 180, according to this embodiment of
the present invention, includes a buffer bit amount detecting
unit 300, an encoding skip instructing unit 320, and a bit
depth adjusting unit 340, for example.

[0088] The buffer bit amount detecting unit 300 detects the
amount of bits stored in the buffer 120 and output the
detection result to the encoding skip instructing unit 320 and
the bit depth adjusting unit 340. For example, the buffer bit
amount detecting unit 300 detects whether the amount of
bits stored in the buffer 120 exceeds a threshold amount or
an upper allowable amount or is less than a lower allowable
amount.

[0089] Upon receiving the detection result indicating the
amount of bits stored in the buffer 120 exceeds the threshold
amount from the bit amount detecting unit 300, the encoding
skip instructing unit 320 instructs the encoding unit 100 to
skip encoding of a neighboring block of a current block. The
excessive amount over the maximum allowable amount that
can be stored in the buffer 120, i.e., the threshold amount,
means that a bitstream to be encoded is not stored in the
buffer 120. Thus, the encoding skip instructing unit 320
instructs the encoding unit 100 to skip encoding of a
neighboring next block of a current block that is encoded.

[0090] Upon receiving the detection result indicating the
amount of bits stored in the buffer 120 exceeds the maxi-
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mum allowable amount of the buffer 120, from the buffer bit
amount detecting unit 320, the bit depth adjusting unit 340
reduces the bit depth. Upon receiving the detection result
indicating the amount of bits stored in the buffer 120 is less
than the minimum allowable amount of the buffer 120, from
the buffer bit amount detecting unit 320, the bit depth
adjusting unit 340 increases the bit stream.

[0091] The excessive amount of the amount of bits stored
in the buffer 120 over the upper allowable amount indicates
that the amount of bits of a created bitstream exceeds a
proper bit amount required to allow the buffer 120 to output,
e.g., to a memory, an encoded bitstream having a predeter-
mined size. Thus, the bit depth adjusting unit 340 reduces
the bit depth to reduce the amount of bits of a bitstream to
be encoded.

[0092] The amount of bits stored in the buffer 120, which
is less than the lower allowable amount, indicates that the
amount of bits of a created bitstream is less than the proper
bit amount required to allow the buffer 120 to output, e.g.,
to a memory, an encoded bitstream having a predetermined
size. Thus, the bit depth adjusting unit 340 increases the bit
depth to increase the amount of bits of a bitstream to be
encoded.

[0093] In addition to the above described embodiments,
embodiments of the present invention can also be imple-
mented through computer readable code/instructions in/on a
medium, e.g., a computer readable medium. The medium
can correspond to any medium/media permitting the storing
and/or transmission of the computer readable code.

[0094] The computer readable code can be recorded/trans-
ferred on a medium in a variety of ways, with examples of
the medium including magnetic storage media (e.g., ROM,
floppy disks, hard disks, etc.), optical recording media (e.g.,
CD-ROMs, or DVDs), and storage/transmission media such
as carrier waves, as well as through the Internet, for
example. The media also is a distributed network, so that the
computer readable code is stored/transferred and executed in
a distributed fashion. Additional embodiments are equally
available.

[0095] Thus, as described above, a method, medium, and
apparatus controlling a bit rate in image data encoding,
according to an embodiment of the present invention, makes
it possible to create a bitstream having a fixed size for each
frame.

[0096] Since the method, medium, and apparatus control-
ling a bit rate in image data encoding adjusts the amount of
bits of each block group, e.g., each line, it increases the
degree of freedom of the amount of bits assigned to each
block.

[0097] The method, medium, and apparatus for control-
ling a bit rate in image data encoding also changes the
amount of bits assigned to each block group according to a
buffer state, thereby maintaining the amount of bits of a
bitstream output from a buffer to a memory constant without
adding a garbage bit to the bitstream.

[0098] Although a few embodiments of the present inven-
tion have been shown and described, it would be appreciated
by those skilled in the art that changes are made in these
exemplary embodiments without departing from the prin-
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ciples and spirit of the invention, the scope of which is
defined in the claims and their equivalents.

[0099] Although a few embodiments of the present inven-
tion have been shown and described, it would be appreciated
by those skilled in the art that changes are made in these
embodiments without departing from the principles and
spirit of the invention, the scope of which is defined in the
claims and their equivalents.

What is claimed is:
1. A method for controlling a bit rate in image data
encoding, the method comprising:

setting a reference bit amount for encoding a block group
having a predetermined number of blocks created by
dividing image data of a frame;

encoding pixel values of the blocks according to a bit
depth used to quantize the pixel values of the blocks;

determining whether encoding of the frame is completed;
and

comparing a group bit amount indicating an amount of
encoded bits of the block group with the set reference
bit amount to adjust a bit depth if encoding of a unit
frame is not completed and to accordingly repeat the
setting of the reference bit amount for encoding the
block group having the predetermined number of
blocks created by dividing image data of the frame.

2. The method of claim 1, wherein the repeating of the
setting of the reference bit amount for encoding the block
group having the predetermined number of blocks created
by dividing image data of the frame further comprises the
encoding of the pixel values of the blocks according to the
bit depth used to quantize the pixel values of the blocks, and
the determining of whether the encoding of the frame is
completed.

3. The method of claim 1, wherein in the setting of the
reference bit amount, the reference bit amount is set using
Br=(B4-B-)/(G4—G), where By, indicates the reference bit
amount, By indicates a total bit amount assigned to the
frame, B, indicates an amount of encoded bits in the frame,
Gy indicates a total number of block groups making up the
frame, and G indicates a number of encoded block groups
in the frame.

4. The method of claim 1, wherein the blocks are one-
dimensional and the block group is a line.

5. The method of claim 1, wherein the encoding of the
pixel values of the blocks comprises: encoding pixel values
of'a block included in the blocks of the block group using the
bit depth;

determining whether encoding of the block group is
completed; and

adjusting the bit depth according to a bitstream storage
state of a buffer that temporarily stores an encoded
bitstream of the block group if encoding of the block
group is not completed and accordingly repeating the
encoding of the pixel values of the block included in the
blocks of the block group using the bit depth, the
determining of whether the encoding of the block group
is completed, and the adjusting of the bit depth.

6. The method of claim 5, wherein the adjusting of the bit

depth comprises:
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determining whether an amount of bits stored in the buffer
exceeds a threshold amount of the buffer; and

skipping encoding of a neighboring block of the block
when the amount of bits stored in the buffer exceeds the
threshold amount.
7. The method of claim 6, wherein the adjusting of the bit
depth comprises:

determining whether the amount of bits stored in the
buffer exceeds an upper allowable amount of the buffer
when the amount of bits stored in the buffer does not
exceed the threshold amount; and

reducing the bit depth when the amount of bits stored in
the buffer exceeds the upper allowable amount.
8. The method of claim 7, wherein the adjusting of the bit
depth comprises:

determining whether the amount of bits stored in the
buffer is less than a lower allowable amount of the
buffer when the amount of bits stored in the buffer does
not exceed the upper allowable amount in the reducing
of the bit depth when the amount of bits stored in the
buffer exceeds the upper allowable amount; and

increasing the bit depth when the amount of bits stored in
the buffer is less than the lower allowable amount.

9. The method of claim 1, wherein the comparing of the

group bit amount indicating the amount of encoded bits of

the block group with the set reference bit amount comprises:

determining whether the group bit amount exceeds the
reference bit amount; and

reducing the bit depth when the group bit amount exceeds
the reference bit amount.

10. The method of claim 9, wherein the comparing of the

group bit amount indicating the amount of encoded bits of

the block group with the set reference bit amount comprises:

determining whether a result of multiplying the group bit
amount by a variable is less than the reference bit
amount when the group bit amount does not exceed the
reference bit amount in the reducing of the bit depth
when the group bit amount exceeds the reference bit
amount; and

increasing the bit depth when the result of the multipli-
cation is less than the reference bit amount.

11. The method of claim 10, wherein the comparing of the

group bit amount indicating the amount of encoded bits of

the block group with the set reference bit amount comprises:

detecting a bitstream storage status of a buffer that tem-
porarily stores an encoded bitstream of the block group;
and

adjusting the variable according to the bitstream storage

state of the buffer and accordingly repeating the deter-

mining of whether the group bit amount exceeds the
reference bit amount.

12. The method of claim 11, wherein the comparing of the

group bit amount indicating the amount of encoded bits of

the block group with the set reference bit amount comprises:

adjusting the bit depth according to the bitstream storage
state of the buffer after the adjusting of the variable
according to the bitstream storage state of the buffer
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and accordingly repeating the determining of whether

the group bit amount exceeds the reference bit amount.

13. An apparatus controlling a bit rate in image data
encoding, the apparatus comprising:

an encoding unit to encode pixel values of blocks created
by dividing image data of a frame according to a bit
depth used for quantization of the pixel values of the
blocks;

a buffer to temporarily store an encoded bitstream of the
blocks;

a reference bit amount setting unit to set a reference bit
amount for encoding a block group having a predeter-
mined number of blocks;

an encoding completion checking unit to determine
whether encoding of the frame is completed; and

a bit depth adjustment controller to compare a group bit
amount indicating an amount of encoded bits of the
block group with the set reference bit amount, in
response to the determination result of the encoding
completion checking unit, and to accordingly adjust the
bit depth.

14. The apparatus of claim 13, wherein the reference bit
amount setting unit sets the reference bit amount using
Br=(B4-B-)/(G4—G), where By, indicates the reference bit
amount, By indicates a total bit amount assigned to the
frame, B, indicates an amount of encoded bits in the frame,
Gy indicates a total number of block groups making up the
frame, and G indicates a number of encoded block groups
in the frame.

15. The apparatus of claim 13, wherein the blocks are
one-dimensional and the block group is a line.

16. The apparatus of claim 13, wherein the encoding
completion checking unit determines whether encoding of
the block group is completed.

17. The apparatus of claim 13, wherein the bit depth
adjustment controller comprises:

a bit amount comparing unit to compare the group bit
amount with the reference bit amount to determine
whether the group bit amount exceeds the reference bit
amount; and

a bit depth adjusting unit to adjust the bit depth based on
a result of the comparison performed by the bit amount
comparing unit.
18. The apparatus of claim 17, wherein the bit depth
adjustment controller further comprises:

a buffer bit amount detecting unit to detect an amount of
bits stored in the buffer; and

a variable adjusting unit to adjust a variable by which a
group bit amount is to be multiplied based on a result
of the detection performed by the buffer bit amount
detecting unit.

19. The apparatus of claim 18, wherein the bit depth
adjusting unit adjusts the bit depth based on the result of the
detection performed by the buffer bit amount detecting unit.

20. The apparatus of claim 13, wherein the bit depth
adjustment controller adjusts the bit depth according to a
bitstream storage state of the buffer.

21. The apparatus of claim 20, wherein the bit depth
adjustment controller comprises:
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8
a buffer bit amount detecting unit to detect an amount of amount of the buffer, from the buffer bit amount
bits stored in the buffer; detecting unit, and to increase the bit depth upon
an encoding skip instructing unit to instruct the encoding recerving the detection r?SUIt indicating the amount of
unit to skip encoding of a neighboring block of a bits stored in the buffer is less than a lower allowable
current block upon receiving the detection result, indi- amount of the buffer.
cating the amount of bits stored in the buffer exceeds a 22. At least one medium comprising computer readable
threshold amount of the buffer, from the buffer bit code to implement the method of claim 1.
amount detecting unit; and 23. At least one medium comprising computer readable

a bit depth adjusting unit to reduce the bit depth upon  code to implement the method of claim 3.
receiving the detection result, indicating the amount of
bits stored in the buffer exceeds an upper allowable ¥ % % % %



