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METHOD AND APPARATUS FOR
PERFORMING MPEG II DEQUANTIZATION
AND IDCT

CROSS-REFERENCE TO RELATED
APPLICATION

This application is a DIV of application Ser. No. 09/004,
544, entitled “Method and Apparatus For Performing MPEG
IT Dequantization and IDCT?, filed on Jan. 8, 1998 now
abandoned.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to a method and apparatus
for operating a video decoder at an increased rate of speed.
More particularly, the present invention relates to a method
and apparatus for performing dequantization and Inverse
Discrete Cosine Transform (IDCT) on video signal data in a
video decoder at a rate of speed compatible with a 30 frames
per second motion picture quality.

2. The Background Art

Graphics and video processing are operation intensive. At
the same time, highspeed processing is particularly impor-
tant in the areas of video processing, image compression and
decompression. Furthermore, with the growth of the “multi-
media” desktop, it is imperative that computer systems
accommodate high-speed graphics, video processing, and
image compression/decompression to execute multimedia
applications. Accordingly, it would be desirable if a video
decoder were designed to maintain a speed compatible with
a 30 frames per second motion picture quality.

Video decoding includes the steps of dequantization,
IDCT, motion compensation, and color space conversion.
Each picture, or frame, processed by the video decoder
comprises a plurality of macroblocks, each of which further
comprise a plurality of blocks of encoded video signal data.
Dequantization is performed on each block of encoded video
signal data, and produces an 8x8 matrix corresponding to
each block. Since IDCT typically includes multiplication of
each of these 64 dequantization values by a cosine matrix,
the IDCT process is particularly time-consuming, and a
bottleneck of the speed of the decoder.

The speed of the decoder is limited by the speed of the
IDCT process. Typically, as many as 10 multiplications are
required to complete one IDCT row or column calculation.
For a resolution of 640x480, the number of blocks in each
frame to be processed for a 4:2:0 format is 7200. Thus, the
total number of calculations required to process one frame is
10*(8+8)*7200=1,152,000. Clearly, the number of calcula-
tions performed during the IDCT process substantially limits
the speed of the decoder.

According to current standards, it would be desirable to
maintain the quality of the decoder at 30 frames per second
as required for the motion picture quality. Therefore, it
would be beneficial if the speed of the IDCT process could
be increased, thereby speeding up the decoding process. A
need exists in the prior art for a method for performing the
IDCT calculations at an increased rate of speed through
reducing the number of IDCT calculations required.

BRIEF DESCRIPTION OF THE INVENTION

The present invention provides an improved method and
apparatus for performing dequantization and IDCT calcula-
tions in an MPEG-II decoder. A dequantization block is
provided for performing dequantization calculations on a
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block of encoded video signal data using a modified stan-
dard quantization matrix. The modified standard quantiza-
tion matrix is a product of a standard quantization matrix and
a diagonal cosine matrix. An IDCT block is provided for
performing IDCT calculations on each block processed by
the dequantization block. Through combination of the stan-
dard quantization and diagonal cosine matrices prior to the
IDCT process, the number of operations required during the
IDCT process is substantially reduced.

The dequantization block receives a modified standard
quantization matrix, the modified standard quantization
matrix being a product of a standard quantization matrix
corresponding to the encoded video data stream and a
diagonal cosine matrix. In addition the dequantization block
receives a scale representing a compression ratio of the
encoded video data stream and a non-zero IDCT coefficient
matrix corresponding to a block of the encoded video data.
The dequantization block then multiplies the scale, the
non-zero IDCT coefficient matrix and the modified standard
quantization matrix to produce dequantization video signal
data.

The IDCT block receives each block of processed data
from the dequantization block. The IDCT block then per-
forms IDCT row and column calculations on the dequanti-
zation video signal data according to a set of IDCT butterfly
operations.

The present invention includes a dequantization block and
an IDCT block which operate in parallel to maximize the
speed of the MPEG-II decoder. Through the movement of
multiplication of a cosine matrix typically performed during
the IDCT process to the prior dequantization step, the
remaining steps in the IDCT process are recombined to
reduce the total number of operations required by the IDCT
block. As a result, the total number of operations performed
during decoding is substantially reduced, and the speed of
the decoding process is correspondingly increased.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1is a block diagram illustrating data flow of encoded
input data through a dequantization and IDCT block accord-
ing to a presently preferred embodiment of the present
invention.

FIG. 2 illustrates a dequantization data path according to
a presently preferred embodiment of the present invention.

FIG. 3 illustrates control and data flow in an IDCT block
according to a presently preferred embodiment of the
present invention.

FIGS. 4A and 4B illustrate an IDCT data path according
to a presently preferred embodiment of the present inven-
tion.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS

In the following description, a preferred embodiment of
the invention is described with regard to preferred process
steps and data structures. However, those skilled in the art
would recognize, after perusal of this application, that
embodiments of the invention may be implemented using a
set of general purpose computers operating under program
control, and that modification of a set of general purpose
computers to implement the process steps and data struc-
tures described herein-would not require undue invention.

The present invention uses a parallel architecture to
implement the dequantization and IDCT blocks. Each mac-
roblock (MB) comprises 6 blocks, each 8x8 block compris-
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ing 64 data. Thus, each of these blocks is processed in
parallel by the dequantization and IDCT blocks. Through
combining the quantization matrix with a diagonal cosine
matrix prior to the dequantization calculations, the number
of multiplications required by the IDCT process to complete
one row or column calculation is reduced to 5. As a result,
the present invention increases the throughput of the IDCT
process, resulting in a substantial increase in processing
speed.

Referring now to FIG. 1, a block diagram illustrates the
parallel operation of a dequantization block 10 and IDCT
block 12 according to a presently preferred embodiment of
the present invention. Each block of data is obtained from
the data stream via a command queue block 14 and pro-
cessed. When a system reset, or start decoding signal, is
received from the command queue block, both a first
memory (RAM1) 16 and a second memory (RAM2) 18 are
initialized to zeros. When the data from the command queue
block 14 is ready, the dequantization block 10 and IDCT
block 12 simultaneously process each block of data. Accord-
ing to a presently preferred embodiment of the present
invention, the dequantization block 10 stores dequantization
data to the first memory 16 or second memory 18, while the
IDCT block 12 stores intermediate IDCT data (i.e., row or
the column IDCT data) to the other memory. When the
dequantization block 10 and IDCT block 12 have completed
processing the block of data, each sends a signal to a motion
compensation block 20. The final IDCT data is stored to a
third memory (RAM3) 22 for use by the motion compen-
sation block 20 as shown in FIG. 1, or is sent directly to the
motion compensation block 20.

The command queue block 14 fetches commands and
encoded input data in frame buffer memory, decodes the
commands and dispatches the data to the dequantization
block 10 and IDCT block 12. The command queue block 14
processes encoded Input data 24 and outputs command
queue output data comprising a non-zero IDCT coefficient
26 with corresponding index 28 which determines the loca-
tion of the IDCT coefficient 26 in the block, and a scale 30
representing a compression ratio of the encoded input data.
The command queue output data (26, 28, 30) is then sent to
the dequantization block 10. The index 28 transfers only
non-zero IDCT coefficients from the command queue block
14 to the dequantization block 10. Therefore, only non-zero
coefficients are dequantized. For timing purposes, the index
28 is used by the dequantization block 10 to store interme-
diate data in the first memory 16 and the second memory 18.
According to a presently preferred embodiment, the IDCT
coefficient 26 comprises 12 bits, the index 28 comprises 6
bits, and the scale 30 comprises 7 bits. In addition, the
command queue block 14 outputs a modified standard
quantization matrix 32 (DTD’) depending upon the encoded
input data stream. For example, if the input data comprises
intra blocks, a standard quantization matrix T is used which
is different from that used if the input data comprises
non-intra blocks. The modified standard quantization matrix
32 is stored for use by the dequantization block 10. The
modified standard quantization matrix 32, comprises DTD*
where D is diagonal matrix.
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-continued

and T is the standard quantization matrix. For example, a
default matrix for intra blocks is as follows:

816 19 2226 27 29 34
16 16 22 24 27 29 34 37
1922 26 27 29 34 34 38
2222 26 27 29 34 37 40
2226 27 29 32 35 40 48
26 27 29 32 35 40 48 58
26 27 29 34 38 46 56 69
27 29 35 38 46 56 69 83

A default matrix for non-intra blocks is as follows:

16 16 16 16 16 16 16 16
16 16 16 16 16 16 16 16
16 16 16 16 16 16 16 16
16 16 16 16 16 16 16 16
16 16 16 16 16 16 16 16
16 16 16 16 16 16 16 16
16 16 16 16 16 16 16 16
16 16 16 16 16 16 16 16

The modified standard quantization matrix 32 DTD’ is
equivalent to TDD’, where DD’ is cosine matrix:

C4*C4, C4*C1, C4*C2, C4*C3, C4*C4, C4*CS, C4*C6, C4*CT
C1*C4, C1*C1, C1*C2, C1*C3, C1*C4, C1*C5, C1%C6, C1*CT
C2*C4, C2*C1, C2%C2, C2+C3, C2*C4, C2*C5, C2%C6, C2+CT
C3*C4, C3*C1, C3*C2, C3*C3, C3*C4, C3*C5, C3%C6, C3+CT
C4*C4, C4*C1, C4*C2, C4*C3, C4*C4, C4*CS, C4*C6, C4*CT
C5*C4, C5*C1, C5*C2, C5+C3, C5*C4, C5*C5, C5*C6, C5*CT
C6*C4, C6*C1, C6%C2, C6*C3, C6*C4, C6+CS, C6%C6, C6*CT
C7*C4, CT*C1, CT*C2, CT*C3, CT*C4, CT*CS, CT*C6, CT*CT

where Ci=cos (iwt/16), where i=0, 1, 2, 3,4, 5, 6, 7

The dequantization block 10 multiplies the modified
standard quantization matrix 32 by the scale 30 and the
non-zero IDCT coefficient matrix 26 to produce output data
comprising DYD?, Y is the non-zero IDCT coefficient matrix
produced by the command queue block * SCALE * T, where
T is the standard quantization matrix. A maximum of 64x2=
128 clock cycles are required for the dequantization block
10 to process one block of data, since only non-zero IDCT
coefficients are processed. One of ordinary skill in the art,
however, will appreciate that the modified standard quanti-
zation matrix 32 may be generated during, the dequantiza-
tion process rather than prior to the dequantization process.
According to a presently preferred embodiment of the
present invention, the first memory 16 and the second
memory 18 comprise a 64x15 RAM, respectively.

The IDCT block 12 processes blocks of data simulta-
neously with the dequantization block 10. The IDCT block
12 processes a block which has been processed by the
dequantization block 10 and stored in either the first memory
16 or the second memory 18. The IDCT block 12 then
outputs IDCT data to the motion compensation block 20.
According to a presently preferred embodiment of the
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present invention, when the IDCT block 12 performs the
IDCT calculations, it zeros the first memory 16 or the second
memory 18 and stores the final IDCT data to the third
memory 22 for use by the motion compensation block 20.
However, those of ordinary skill in the art will readily
recognize that the final IDCT data may be sent directly to the
motion compensation block 20. A data-ready signal is then
sent to the motion compensation block, which issues a
done-read signal when it is ready to receive new data.
According to a presently preferred embodiment of the
present invention, the third memory comprises a 64x9
RAM. Data is sent to the dequantization block 10 and the
IDCT BLOCK 12 every two cycles if the clock is faster than
50 MHz. Otherwise, the data is sent every clock cycle.
However, those of ordinary skill in the art will readily
recognize that data may be sent at various rates.

Dequantization

Referring now to FIG. 2, a dequantization data path
according to a presently preferred embodiment of the
present invention is shown. The dequantization data path is
used to multiply a selected non-zero IDCT coefficient 26
corresponding to the index 28, the scale 30, and the corre-
sponding element of the modified standard quantization
matrix 32. A first multiplexer 34 having a select line 36
operatively coupled to the macroblock type of the encoded
data, a first data input 38 operatively coupled to a sign(din)
corresponding to the sign of the IDCT coefficient din sent by
the command queue block 14, and a second data input 40
operatively coupled to a zero input, produces an output 42.
When the macroblock type of the encoded data is non-intra
blocks, the select line 36 is a 0, selecting the first data input
38. However, when the macroblock type of the encoded data
is intrablocks, the select line 36 is a 1, selecting, the second
data input 40. When the input data is negative, the sign(din)
is -1, when the input data is 0, the sign(din) is 0, and when
the input data is positive, the sign(din) is 1.

Afirst adder 44 has a first input 46 operatively coupled to
the output 42 from the first multiplexer 34 and a second
input 48 operatively coupled to (2*IDCT coefficient din),
and an output 50 operatively coupled to a first clocked
flip-flop 52.

A first multiplier 54 has a first input 56 operatively
coupled to the first clocked flip-flop 52, a second input 58
operatively coupled to a portion of the modified standard
quantization matrix 32 corresponding to the index 28, and an
output 60. The modified standard matrix 32 is produced by
multiplying the 8 bit standard dequantization matrix T by the
8 bit diagonal cosine matrix. Since the standard dequanti-
zation matrix is shifted left 4 bits prior to multiplication, the
output of the multiplication later needs to be shifted right 4
bits.

A second multiplexer 62 has a first input 64 operatively
coupled to the output of the first multiplier 54, a second input
66 operatively coupled to the output from the first clocked
flip-flop 52, a select line 68 operatively coupled to a
DC-AND-INTRA indicator, indicating that the input data
comprises intra blocks and the IDCT coefficient has fre-
quency zero in both dimensions, and an output 70 opera-
tively coupled to a second clocked flip-flop 72. If the select
line 68 of the second multiplexer 62 is nonintra (0), the first
input 64 is passed through to the output 70. However, if the
select line 68 is DC (1) indicating the IDCT coefficient has
frequency zero in both dimensions, the second input 66 is
passed through to the output 70.

A second multiplier 74 has a first input 76 operatively
coupled to the second clocked flip-flop 72, a second input 78
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6

operatively coupled to the scale 30, and an output 80. The
output 80 of the second multiplier 74 is shifted right & bits
by a shifter 82. This is performed to counteract the shift left
4 bits performed during the multiplication, as discussed
above. Furthermore, a second shift right 4-bits is required to
keep precision to one decimal bit.

A third multiplexer 84 has a first input 86 operatively
coupled to the shifted output from the second multiplier 74,
a second input 88 operatively coupled to the second clocked-
flip-flop 72, a select line 90 operatively coupled to
DC_AND_ INTRA indicator, and an output 92 operatively
coupled to a third clocked flip-flop 94. If the select line 90
of the third multiplexer 84 indicates that the input data
comprises non-Intra, blocks (e.g., the select line is 0), the
first input 86 is passed through to- the output 92. However,
if the select line 90 indicates that the input data comprises
intra blocks and the IDCT coefficient has frequency zero in
both dimensions (e.g., the select line is 1), the second input
88 is passed through to the output 92.

A comparator 96 has an input operatively coupled to the
third clocked flip-flop 94. The comparator 96 determines
whether the output 92 of the third multiplexer 84, or data, is
greater than 2047 or less than —2048, for the 13 bit data in
saturation mode.

A fourth multiplexer 98 has a first input 100 operatively
coupled to —2048, a second input 102 operatively coupled to
2047, a third input 104 operatively coupled to the output of
the third clocked flip-flop 94, a select line 106 operatively
coupled to the comparator 96, and an output 108. If the
comparator 96 determines that the output of the third mul-
tiplexer 92 is within the range —2048 through 2047, the third
input 104 is passed through to the output 108. If the data is
less than -2048, the first input 100 is passed through to the
output 108. However, if the data is greater than 2047, the
second input 102 is passed through to the output 108.

A second adder 110 having a first input 112 operatively
coupled to the output 108 of the fourth multiplexer 98 and
a second input 114 operatively coupled to the sign of the
fourth multiplexer 98 output produces an output to a fourth
clocked flip-flop 116. The contents of the fourth clocked
flip-flop 116 are then written to either the first memory
(RAM1) or the second memory (RAM2), referred to as a
memory 118, as shown in FIG. 2. Each non-zero IDCT
coefficient is multiplied by the scale and the corresponding
element of the modified standard quantization matrix. Thus,
after dequantization is completed for a block of data, the
dequantization output data is stored in either the first
memory (RAM1) or the second memory (RAM?2). Although
the circuit is configured in the described manner, one of
ordinary skill in the art will appreciate that alternative
configurations are possible.

IDCT

The standard IDCT method requires numerous additions
and multiplications, and therefore is extremely time-
consuming. A need exists in the prior art for a method and
apparatus which minimizes the operations required in this
process. According to a presently preferred embodiment of
the present invention, this may be accomplished through the
use of software according to a method derived as follows.
The standard formula is converted to a one-dimensional
formula:

Fyx)=YUEC(v)cos(2y+1 v/16)ZC () cos((2x+1un/16)F (u,v),
where x, ¥, #, v are integers from {0,1,2,3,4,5,6,7}.

This formula is converted to matrix form 4X=UYU’ where
Y is the command queue IDCT output data, and U is defined
by the following matrix:






