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METHOD AND APPARATUS FOR ENCODING 
AND/OR DECODING MOVING PICTURES 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

0001. This application claims the priority of Korean 
Patent Application No. 2003-2371, filed on Jan. 14, 2003, in 
the Korean Intellectual Property Office, the disclosure of 
which is incorporated herein by reference. 

BACKGROUND OF THE INVENTION 

0002) 1. Field of the Invention 
0003. The present invention relates to a method and 
apparatus for encoding and/or decoding moving pictures, 
and more particularly, to a method and an apparatus for 
encoding and/or decoding moving pictures which are 
capable of enhancing the efficiency of encoding moving 
pictures by adaptively Selecting a quantization matrix in 
consideration of the characteristics of images input into a 
moving picture encoder. 
0004 2. Description of the Related Art 
0005 FIG. 1 is a block diagram of an encoding unit 120 
for encoding moving pictures and a decoding unit 140 for 
decoding encoded moving pictures. 

0006. In order to provide a video-on-demand (VOD) 
Service or to enable a moving picture communication, the 
encoding unit 120 creates a bitstream encoded by a com 
pression technique, and the decoding unit 140 restores 
original images from a bitstream input thereinto. 

0007. A discrete cosine transform (DCT) unit 122 carries 
out a DCT operation on image data input thereinto in the unit 
of an 8x8 pixel block in order to remove Spatial correlation 
from the input image data. A quantization unit (Q) 124 
carries out highly efficient data loSS compression by carrying 
out quantization on the input image data using a DCT 
coefficient obtained by the DCT unit 122 and representing 
the quantized data by Several representative values. 
0008 An inverse quantization unit (IQ) 126 inversely 
quantizes the quantized image data provided by the quanti 
zation unit 124. An inverse discrete cosine transform (IDCT) 
unit 128 carries out an IDCT on the inversely quantized 
image data provided by the inverse quantization unit 126. A 
frame memory unit 130 stores the IDCT'ed image data 
provided by the IDCT unit 128 on a frame-by-frame basis. 
0009. A motion estimation and compensation unit (ME/ 
MC) 132 estimates a motion vector (MV) for each macrob 
lock and a sum of absolute difference (SAD), which corre 
spond to a block matching error, by using the image data of 
a current frame inputted thereinto and the image data of a 
previous frame stored in the frame memory unit 130. 
0010) A variable length coding unit (VLC) 134 removes 
Statistical redundancy from digital cosine transformed and 
quantized image data according to the estimated motion 
vector provided by the motion estimation and compensation 
unit 132. 

0.011) A bitstream encoded by the encoding unit 120 is 
decoded by the decoding unit 140. The decoding unit 140 
includes a variable length decoding unit (VLD) 142, an 
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inverse quantization unit 144, an IDCT unit 146, a frame 
memory unit 148, and a motion estimation unit 150. 
0012 U.S. Pat. No. 6,480,539 discloses an example of an 
apparatus for encoding moving pictures. 
0013 A set-top box, which receives an analog terrestrial 
broadcast program and then encodes and Stores the received 
program by using a data compression method Such as 
MPEG2 or MPEG4, has recently been developed. However, 
in the case of a terrestrial broadcast, images arriving at a 
receiving terminal may be distorted due to channel noise. 
For example, an image may look as if white Gaussian noise 
were added thereto. If the image is compressed as it is, the 
efficiency of compressing the image may be very low due to 
the influence of the white Gaussian noise. 

0014. Therefore, in order to get rid of noise in a conven 
tional method of encoding moving pictures, a pretreatment 
filter is provided at an input port of an encoder. However, in 
the case of using the pretreatment filter, an additional 
calculation process for encoding moving pictures is needed. 
0015. In addition, in such a conventional method of 
encoding moving pictures, a quantization matrix is deter 
mined irrespective of the characteristics of an input image, 
and quantization is carried out on the input image by 
applying the quantization matrix to the input image on a 
picture-by-picture basis, in which case the efficiency of 
encoding the inputted image is low. 

SUMMARY OF THE INVENTION 

0016. The present invention provides a method and an 
apparatus for encoding and/or decoding moving pictures, 
which are capable of improving the efficiency and perfor 
mance of compressing moving pictures. 
0017. The present invention also provides a method and 
an apparatus for encoding and/or decoding moving pictures, 
which are capable of removing noise without increasing the 
number of calculations performed. 
0018. According to an aspect of the present invention, 
there is provided a method of encoding moving pictures 
using a plurality of quantization matrices. The method 
involves (a) Selecting one of the plurality of quantization 
matrices in consideration of characteristics of an input 
image; (b) transforming the input image; and (c) quantizing 
the transformed input image using the Selected quantization 
matrix. 

0019. According to another aspect of the present inven 
tion, there is provided a method of decoding moving pictures 
using a plurality of quantization matrices. The method 
involves (a) carrying out variable length decoding on 
encoded image data; (b) extracting index information that 
Specifies one of the plurality of quantization matrices, clas 
sified according to characteristics of an input image, from 
the variable-length-decoded image data; (c) Selecting one of 
the plurality of quantization matrices based on the extracted 
index information; and (d) inversely quantizing each mac 
roblock of the variable-length-decoded image data using the 
Selected quantization matrix. 
0020. According to another aspect of the present inven 
tion, there is provided an apparatus for encoding moving 
pictures using a plurality of quantization matrices. The 
apparatus includes a quantization matrix determination unit 
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that Selects one of the plurality of quantization matrices for 
each macroblock in consideration of characteristics of an 
input image and generates indeX information indicating the 
Selected quantization matrix for each macro block, a quan 
tization matrix Storage unit that Stores a plurality of quan 
tization matrices, which are classified according to the 
characteristics of the input image and outputs a quantization 
matrix for each macroblock according to the indeX infor 
mation generated by the quantization matrix determination 
unit, an image transformation unit that transforms the input 
image; and a quantization unit that quantizes the trans 
formed input image using the Selected quantization matrix. 
0021 According to another aspect of the present inven 
tion, there is provided an apparatus for decoding moving 
pictures using a plurality of quantization matrices. The 
apparatus includes a variable length decoding unit that 
receives an encoded image Stream, carries out variable 
length decoding on the input image Stream, and extracts 
indeX information that specifies one of the plurality of 
quantization matrices, which are classified according to 
characteristics of an input image, from each macroblock of 
the variable-length-decoded image Stream; a quantization 
matrix Storage unit that Stores the plurality of quantization 
matrices, Selects one of the plurality of quantization matrices 
based on the extracted indeX information, and outputs the 
Selected quantization matrix, and an inverse quantization 
unit that inversely quantizes each macroblock of the vari 
able-length-decoded image Stream using the quantization 
matrix output from the quantization matrix storage unit. 
0022. 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 obvious from the description, or may be 
learned by practice of the invention. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0023 These and/or other aspects and advantages of the 
invention will become apparent and appreciated from the 
following description of the embodiments taken in the 
attached drawings in which: 

0024 FIG. 1 is a block diagram of a conventional MPEG 
encoder and a conventional MPEG decoder; 

0.025 FIG. 2 is a block diagram of an approximated 
generalized Wiener filter processing an image whose aver 
age is not 0; 
0.026 FIG. 3 is a block diagram of an approximated 
generalized Wiener filter processing an image whose aver 
age is not 0 in a DCT block; 
0027 FIGS. 4A through 4C are block diagrams of 
different types of approximated generalized Wiener filters 
used for intra-block encoding; 

0028 FIG. 5 is a block diagram of a typical video 
encoder used for inter-block encoding, 

0029 FIG. 6 is a block diagram of an apparatus for 
encoding moving pictures according to an embodiment of 
the present invention; 

0030 FIG. 7 is a block diagram of an apparatus for 
encoding moving pictures according to an embodiment of 
the present invention; and 
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0031 FIG. 8 is a block diagram of an apparatus for 
decoding moving pictures according to an embodiment of 
the present invention. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

0032 Reference will now be made in detail to the 
embodiments of the present invention, examples of which 
are illustrated in the accompanying drawings, wherein like 
reference numerals refer to the like elements throughout. 
The embodiments are described below to explain the present 
invention by referring to the figures. 
0033. When it comes to encoding moving pictures, pre 
treatment filtering is very important because it can increase 
the efficiency of encoding the moving pictures by removing 
noise from images. While a conventional pre-treatment 
filtering technique for removing noise from images is gen 
erally carried out in a Spatial pixel block, in the present 
invention, a noise removal technique is carried out in a DCT 
block in an apparatus for encoding moving pictures. 
0034. In the present invention, an approximated general 
ized Weiner filtering method is used for removing noise 
from imageS. In the approximated generalized Weiner fil 
tering method, Weiner filtering is realized by taking advan 
tage of fast unitary transformation, Such as a discrete cosine 
transform (DCT). However, a filtering method other than the 
approximated generalized Weiner filtering method may be 
selectively used for carrying out filtering in a DCT block. 
0035 FIG. 2 is a block diagram of an approximated 
generalized Weiner filter processing image data whose aver 
age is not 0. 
0036). In FIG. 2, V represents an image block containing 
noise, and Z,900 represents a row-ordered column vector of 
a filtered image block. Since the average of the image block 
V is not 0, an average estimation unit 210 estimates an 
average Z.901 of the image block V, and a subtraction unit 
220 subtracts the estimated average Z.901 from the image 
block v. 

0037. A value Z, output from the Subtraction unit 220 as 
a result of the subtraction, is filtered by a filtering unit 230, 
and the filtering unit 230 outputs filtered data Z,902 as a 
result of the filtering. An addition unit 240 adds the esti 
mated average Z.901 of the image block V to the filtered data 
and then outputs desirably filtered data Z,900 as a result of 
the addition. 

0038 Hereinafter, an approximated generalized Weiner 
filtering method for processing an image model whose 
average is 0 will be described in greater detail. 
0039 The approximated generalized Weiner filtering 
method for processing an image model whose average is 0 
can be expressed by Equation (1) below. 

0040. In Equation (1), L=AL A*', L=I+OR '', 
R=Eyy"), Z=AZ, and O, represents a noise variance value. 
In addition, in Equation (1), A represents unitary transfor 
mation. Since in the present embodiment, DCT is used as 
unitary transformation, A represents DCT here. Supposing 
that Cs and Z,903 represent an 8x8 DCT matrix and a 
Kronecker operator, A=CZ,903. Cs. 
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0041) Since, in most cases, L is approximately diagonal 
ized in a unitary transformation, Equation (1) can be rear 
ranged into Equation (2) below. 

$=A*Ty (2) 

0042. In Equation (2), Y=LZ-DiagLZ. 
0043. Therefore, by applying Equation (2) to an 8x8 
block, Equation (3) below can be obtained. 

Z,902 (k, I)sp(k, l)Z(k, I) (3) 

0044) 

1 4 
p(k, 1) s - (4) 

1 + 3 (k, 1) O 

0045. In Equation (4), (k, l) represents normalized 
elements placed along a diagonal line of AL A*', and of 
represents a variance value of an original image y. In 
general, of cannot be known. Therefore, of substituted by a 
result of Subtracting the noise variance value O, from a 
variance value of Z. 

0046) As shown in Equation (3), approximated general 
ized Weiner filtering is carried out on an image block whose 
average is 0 by multiplying a two-dimensional DCT coef 
ficient Z(k, 1) by p(k, 1). Once Z.902 (m, n) is determined, a 
final, filtered image is obtained by adding Z.901 (m, n) to 
Z,902 (m, n). 
0047. Hereinafter, an approximated generalized Weiner 
filtering method for processing an image model whose 
average is not 0 will be described in greater detail. 

0.048 Let us assume that an average block is obtained by 
multiplying an input DCT block containing noise by S(k, l), 
i.e., the average block satisfied in Equation (5) below. Then, 
the approximated generalized Weiner filter method of FIG. 
3, which carries out addition and Subtraction in the DCT 
block, can be restructured into an approximated generalized 
Weiner filter of FIGS. 4A, 4B, or 4C. 

0049. By using Equations (3) and (5), an image block 
filtered in the DCT block can be represented by Equation (6) 
below. 

0050 F(k, l) in Equation (6) can be expressed by Equa 
tion (7) below. 

F(k, i) = f(k, l). (1 - S(k, l)) + S(k, l) (7) 

1+sk, ni-- (k, 1); (k, I) 

0051. As shown in Equation (6), the entire filtering 
process can be simplified into a multiplication of F(k, l). 
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Equation (7) shows that F(k, l) is determined by a signal 
to-noise ratio (SNR), a covariance matrix, and an average 
matrix. 

0052. In order to determine F(k, 1), it is necessary to 
obtain an average matrix S(k, l). In the present embodiment, 
among possible candidates for the average matrix S(k, 1), the 
one that is satisfied in Equation (5) is selected. The average 
matrix S(k, 1) can be represented by Equation (8) below. 
Equation (8) illustrates one of the simplest forms that the 
average matrix S(k, 1) could take in the DCT block. 

(8) 

0053 Hereinafter, a pretreatment process performed in 
an apparatus for encoding moving pictures will be described 
in greater detail with reference to FIGS. 4 and 5. 
0054 As described above, an approximated generalized 
Weiner filtering process can be carried out on an image 
block whose average is not 0 by multiplying the image block 
with a DCT value. 

0055 FIGS. 4A through 4C are block diagrams of 
different types of approximated generalized Weiner filters in 
an apparatus for encoding moving pictures. More specifi 
cally, FIGS. 4A through 4C illustrate the structure of an 
encoding apparatus that processes an intra block. FIGS. 4A 
and 4B describe that an intra block is encoded by carrying 
out filtering on the intra block in a DCT block and carrying 
out quantization and variable length coding (VLC) on the 
filtered intra block without performing an inverse DCT on 
the filtered intra block. In other words, FIGS. 4A and 4B 
describe that filtering is completed by multiplying the DCT 
coefficient by F(k, 1). In the meantime, quantization is 
carried out by multiplying or dividing the DCT coefficient 
by a certain value with reference to a quantization table. The 
filtering carried out by multiplying the DCT coefficient by 
F(k, l) and the quantization carried out by multiplying the 
DCT coefficient by a certain value can be integrated into a 
single operation, as described in FIG. 4C. 

0056. As described in FIG. 5, the concepts of the present 
invention, described in FIGS. 4A through 4C, can be 
directly applied to an occasion when an apparatus for 
encoding moving pictures processes an inter block, as long 
as the noise has been removed from the motion-compen 
Sated block information p(m, n). 
0057. A covariance value (k, 1) is determined depend 
ing on whether an input image block is an inter block or an 
intra block. Therefore, F(k, l) of FIG. 5 may be varied 
depending on whether the input image block is an inter block 
or an intra block. 

0058. Hereinafter, a method of obtaining an estimated 
variance value of intra blocks or inter blocks, from each of 
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which their average is subtracted, will be described in detail 
with reference to Equation (9) below. Supposing that S 
represents an NXN (where N=8) block from which an 
average of the corresponding block has already been Sub 
tracted, a variance matrix of the NXN block can be obtained 
using Equation (9). 

a 1 T T (9) 
C = 22trace(STS) (SS+SS) 

0059) Equation (9) has been disclosed by W. Niehsen and 
M. Brunig in “Covariance Analysis of Motion-compensated 
Frame Differences", IEEE Trans. Circ. Syst. for Video 
Technol., June 1999. 
0060 An estimated variance value can be obtained by 
applying Equation (9) to a variety of experimental images. 
Where an original image block is an intra block, an original 
image is divided into 8x8 blocks, and then a variance value 
of each of the 8x8 blocks is calculated. On the other hand, 
where the original image block is an inter block, an esti 
mated variance value is calculated by applying Equation (9) 
above to each image block that is determined as an inter 
block. 

0061. By using the estimated covariance value, the fol 
lowing equation is obtained: R=EIy y'). Thereafter, by 
carrying out DCT on R, the following equation is obtained: 
I-ARA*T. 

0.062 Hereinafter, a method of calculating 

2 
O 
O-2 

0063) of Equation (7) will be described. 
0064. In Equation (7), the noise variance value O, can be 
obtained by using a noise estimator. Given that noise and 
original image pixels are independent random variables, an 
estimated value Z,907 of the variance of of an original 
image can be calculated using Equation (10) below. 

0065. In Equation (10), of represents a variance value of 
each macroblock (MB). In a typical type of apparatus for 
encoding moving pictures, O, is calculated on a macrob 
lock-by-macroblock basis. In the present embodiment, 8x8 
blocks in the same macroblock are Supposed to have the 
Same variance value. Therefore, there is no need to perform 
additional calculations to obtain a variance value of each of 
the 8x8 blocks. 

0.066 FIG. 6 is a block diagram of an apparatus for 
encoding moving pictures according to an embodiment of 
the present invention that encodes an input image in con 
sideration of the characteristics of the input image. 
0067. In the present embodiment a level of noise con 
tained in the input image is adaptively reflected in a quan 
tization matrix. 

0068. Hereinafter, the structure and operation of the 
apparatus for encoding moving pictures according to a 
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preferred embodiment of the present invention will be 
described in detail with reference to FIGS. 1 through 6. 

0069. The apparatus of FIG. 6 includes a discrete cosine 
transfer unit 610, a quantization unit (Q) 620, a variable 
length coding unit (VLC) 670, an inverse quantization unit 
(IQ) 630, an inverse DCT unit (IDCT) 640, a frame memory 
unit 650, and a motion estimation and compensation unit 
660, which correspond to the DCT unit 122, the quantization 
unit 124, the VLC unit 134, the inverse quantization unit 
126, the inverse DCT unit 128, the frame memory 130, and 
the motion estimation and compensation unit 132, respec 
tively, of the encoding unit 120 of FIG. 1. In addition, the 
apparatus further includes a noise estimation unit 680, a 
quantization weight matrix determination unit 692, and a 
quantization weight matrix Storage unit 694. 

0070 Since the DCT unit 610, the inverse DCT unit 640, 
the frame memory unit 650, and the motion estimation and 
compensation unit 660 serve the same functions as their 
respective counterparts of FIG. 1, their description will not 
be repeated . 

0071. The quantization weight matrix determination unit 
692 determines a quantization weight matrix corresponding 
to a predetermined macroblock based on a noise variance 
value O, received from the noise estimation unit 680 and 
the predetermined macroblock's variance value of received 
from the motion estimation and compensation unit 660. 
Thereafter, the quantization weight matrix determination 
unit 692 sends index information corresponding to the 
determined quantization weight matrix to the quantization 
weight matrix storage unit 694 and the VLC unit 670. 

0072 Hereinafter, a method of determining a quantiza 
tion weight matrix corresponding to the predetermined mac 
roblock based on O, received from the noise estimation unit 
680 and of received from the motion estimation and com 
pensation unit 660, will be described in detail. 

0073. As described above with reference to Equation (8) 
and FIGS. 4 and 5, F(k, 1) is determined by Equation (7). 
Once F(k, 1) is determined, the DCT coefficient V(k, 1) of an 
8x8 block is multiplied by F(k, 1), and the result of the 
multiplication Z,905 (k, 1) is divided by a predetermined 
quantization weight matrix during a quantization process. 

0074 The apparatus of FIG. 6 integrates the process of 
multiplying F(k, 1) by the DCT coefficient V(k, 1) and the 
process of dividing Z.905 (k, 1) by the quantization weight 
matrix into a single process and performs the Single process. 
In other words, if a location component of (k, l) of a 
quantization weight matrix QT is represented by Q(k, l), 
then a location of (k, l) in a new quantization weight matrix 

0075. In the present embodiment, by integrating the two 
Separate processes into a single process, a plurality of F 
matrices obtained using O, and O, are computed in 
advance, and then the new quantization weight matrix QT 
is then computed using the plurality of F matrices and then 
is Stored in the quantization weight matrix Storage unit 694. 

0076. In addition, in the present embodiment, five new 
quantization weight matrices obtained using O, and O, are 
Stored in the quantization weight matrix Storage unit 694. 
Once O, and O, are determined, 
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2 
O 
O-2 

0.077 can be calculated using Equation (10). 

0078. As shown in Equation (7), F(k, 1) is determined by 
S(k, 1), (k, 1), and 

0079 S(k, 1) is calculated using Equation (8), and (k, 1) 
is variably Set depending on whether or not an input image 
is an inter block or an intra block. Therefore, there is only 
one variable left for determining F(k, 1), i.e., 

2 
O 
O-2 

0080) 
mates of 

In the present embodiments, five different esti 

0.081 and their respective quantization weight matrices 
QT are provided. The provided quantization weight matri 
ceSQT are Stored in the quantization weight matrix Storage 
unit 694. 

0082 The quantization weight matrix determination unit 
692 quantizes 

2 
O 
O-2 

0083) based on O, received from the noise estimation 
unit 680 and of received from the motion estimation and 
compensation unit 660. The result of the quantization is 
transmitted to the quantization weight matrix Storage unit 
692 and the VLC unit 670 as index information of a 
quantization matrix corresponding to the predetermined 
macroblock. 

0084. For example, if quantization weight matrices stored 
in the quantization weight matrix Storage unit 694 are 
classified into five different types according to 

2 
O 

2. 
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0085 the quantization of 

0086) is carried out in five levels, and the index infor 
mation of each of the five quantization weight matrices is Set 
to 0,1, 2, 3, or 4. 

0087. In an image with a lot of noise, the 

3. 
0088 especially for blocks having a small variance value, 
is very large. When 

2O 
0089) is very large, F(k, l) approaches 0, resulting in a 
Severe blocking phenomenon. In order to prevent the block 
ing phenomenon, Tuff is used, as shown in Equation (11) 
below. 

cuto 

O o (11) 
- Tcutoff, 2 

0090) 
0091. The quantization weight matrix storage unit 694 
transmits a quantization weight matrix corresponding to the 
indeX information received from the quantization weight 
matrix determination unit 692 to the quantization unit 620 
and the inverse quantization unit 630. 

In general, Taft has a value between 1 and 2. cuto 

0092. The quantization unit 620 quantizes the predeter 
mined macroblock using the quantization weight matrix 
received from the quantization weight matrix Storage unit 
694. 

0093. The inverse quantization unit 630 inversely quan 
tizes the predetermined macroblock using the received quan 
tization weight value. 
0094) The VLC unit 670 carries out VLC on input image 
data quantized by the quantization unit 620 and inserts the 
indeX information of the quantization weight matrix 
received from the quantization weight matrix determination 
unit 692 into a macroblock header. 

0095. In the present embodiment, the index information 
of the corresponding quantization weight matrix is inserted 
into the macroblock header and the macroblock header is 
transmitted. If there are ten quantization weight matrices 
Stored in the quantization weight matrix Storage unit 694, 
then 4-bit data is required for each macroblock. 
0096. Adjacent macroblocks are supposed to have similar 
image characteristics and there is Supposedly a correlation 
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among their index values. Therefore, a difference between 
an index value of one macroblock and an index value of an 
adjacent macroblock may be used as indeX information. The 
amount of indeX information to be transmitted can be 
considerably reduced in cases where a single quantization 
weight matrix is applied to an entire Sequence. 

0097. In the present embodiment, a plurality of quanti 
Zation weight matrices Stored in the quantization weight 
matrix Storage unit 694 should also be Stored in a decoding 
unit. It may also be possible to use a plurality of quantization 
weight matrices transmitted to the decoding unit on a 
picture-by-picture basis using a picture extension header or 
transmitted to the decoding unit on a Sequence-by-Sequence 
basis using a Sequence extension header. 

0.098 As described above, it is possible to remove noise 
from an input image and enhance the efficiency of encoding 
the input image by adaptively applying a quantization matrix 
to each macroblock in consideration of a level of noise 
contained in the input image. 

0099] It is also possible for a user to arbitrarily determine 
quantization weight matrices. In the present embodiment, 
noise removal has been described as being performed on a 
Y component of an input image block in a DCT block. 
However, the noise removal can also be applied to a U or V 
component of the input image block, in which case addi 
tional quantization weight matrices are required exclusively 
for the U and V components of the input image block. 

0100 FIG. 7 is a block diagram of an apparatus for 
encoding moving pictures according to another preferred 
embodiment of the present invention that encodes an input 
image in consideration of the characteristics of the input 
image. 

0101 More specifically, among various characteristics of 
an input image, the edge characteristics of each macroblock 
of the input image are taken into consideration in the present 
embodiment. 

0102 Referring to FIG. 7, an apparatus for encoding 
moving pictures according to another preferred embodiment 
of the present invention includes a DCT unit 710, a quan 
tization unit 720, a VLC unit 770, an inverse quantization 
unit 730, an inverse DCT unit 740, a frame memory unit 
750, and a motion estimation and compensation unit 760, 
which correspond to the DCT unit 122, the quantization unit 
124, the VLC unit 134, the inverse quantization unit 126, the 
inverse DCT unit 128, the frame memory 130, and the 
motion estimation and compensation unit 132, respectively, 
of the encoding unit 120 of FIG.1. In addition, the apparatus 
further includes a quantization matrix determination unit 
780 and a quantization matrix storage unit 790. Since the 
DCT unit 710, the inverse DCT unit 740, the frame memory 
unit 750, the motion estimation and compensation unit 760, 
and the VLC unit 770 serve the same functions as their 
respective counterparts of FIG. 1, their description will not 
be repeated . 

0103) The quantization matrix determination unit 780 
Selects an optimal quantization matrix for each macroblock 
in consideration of the characteristics of an input image and 
then transmits indeX information of the Selected quantization 
matrix to the quantization matrix storage unit 790 and the 
VLC unit 770. 
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0104. The quantization matrix determination unit 780 
takes the edge characteristics of each macroblock into 
consideration as a benchmark for Selecting one out of a 
predetermined number of quantization matrices. 
0105 Hereinafter, a method of selecting a quantization 
matrix in consideration of the edge characteristics of a 
macro block will be described in detail. 

0106. In a case where a predetermined macroblock of an 
input image is an intra block, the size and direction of an 
edge in each pixel of the predetermined macroblock are 
computed using Such an edge detector as a Sobel operator. 
The Sobel operation can be represented by Equation (12). 

- 1 0 1 - 1 -2 - 1 (12) 

-2 () 2, H = 0 O 2 
- 1 0 1 1 2 1 

H 

0107 The quantization matrix determination unit 780 
calculates the magnitude of a vertical edge and the magni 
tude of a horizontal edge using Equation (12) above and 
calculates the intensity and direction of an edge of the 
predetermined macroblock using the magnitude of the Ver 
tical and horizontal edgeS. Thereafter, the quantization 
matrix determination unit 780 selects one from among a 
predetermined number of quantization matrices in consid 
eration of the intensity and direction of the edge of the 
predetermined macroblock and encoding efficiency. In other 
words, in a case where the predetermined macro block 
includes a horizontal or vertical edge, the quantization 
matrix determination unit 780 selects a quantization matrix 
that can enable quantization in full consideration of the 
horizontal or vertical edge of the predetermined macro 
block. 

0108. In a case where the predetermined macroblock is 
an inter block, the intensity and direction of an edge 
included in the predetermined macroblock can also be 
obtained using Such an edge detector as a Sobel operator. 
0109. In the present embodiment, a Sobel detector is used 
for computing the intensity and direction of an edge 
included in the predetermined macroblock. However, a 
spatial filter, such as a differential filter or a Robert's filter, 
can also be used for computing the intensity and direction of 
the edge included in the predetermined macroblock. 
0110. In addition, in the present embodiment, a quanti 
Zation matrix is Selected in consideration of the edge char 
acteristics of the predetermined macroblock. However, other 
characteristics of the predetermined macroblock that can 
affect encoding efficiency or the quality of an output image 
can be taken into consideration in adaptively Selecting an 
optimal quantization matrix for the predetermined macrob 
lock. 

0111. The quantization matrix storage unit 790 selects a 
quantization matrix based on the indeX information received 
from the quantization matrix determination unit 780 and 
transmits the Selected quantization matrix to the quantization 
unit 720 and the inverse quantization unit 730. 
0112 The quantization unit 720 carries out quantization 
using the quantization matrix received from the quantization 
matrix storage unit 790. 
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0113. The inverse quantization unit 730 carries out 
inverse quantization using the quantization matrix received 
from the quantization matrix storage unit 790. 

0114. The VLC unit 770 carries out VLC on quantized 
input image data, received from the quantization unit 720, 
and indeX information of a quantization matrix correspond 
ing to the predetermined macroblock, received from the 
quantization weight matrix determination unit 780. The 
indeX information is inserted into a macroblock header. 

0115) In the present embodiment, index information of a 
quantization weight matrix corresponding to a predeter 
mined macroblock is inserted into a header of the predeter 
mined macroblock and then transmitted. A difference 
between an index value of one macroblock and an index 
value of an adjacent macroblock may be used as index 
information. 

0116. In the present embodiment, a plurality of quanti 
Zation weight matrices Stored in the quantization matrix 
storage unit 790 are also stored in a decoding unit. However, 
it may also be possible to use a plurality of quantization 
weight matrices transmitted to the decoding unit on a 
picture-by-picture basis using a picture extension header or 
transmitted to the decoding unit on a Sequence-by-Sequence 
basis using a Sequence extension header. 

0117 FIG. 8 is a block diagram of an apparatus for 
decoding moving pictures according to an embodiment of 
the present invention. Referring to FIG. 8, the apparatus 
includes a variable length decoding unit 810, an inverse 
quantization unit 820, an inverse DCT unit 830, a frame 
memory unit 840, and a motion compensation unit 850, 
which correspond to the variable length decoding unit 142, 
the inverse quantization unit 144, the inverse DCT unit 146, 
the frame memory unit 148, and the motion compensation 
unit 150, respectively, of the decoding unit 140 of FIG. 1. 
In addition, the apparatus further includes a quantization 
weight matrix storage unit 860. The inverse DCT unit 830, 
the frame memory unit 840, and the motion compensation 
unit 850 serve the same functions as their respective coun 
terparts of FIG. 1, and thus their description will not be 
repeated here. 

0118. The variable length decoding unit 810 carries out 
variable length decoding on an input Stream, extracts index 
information of a quantization weight matrix corresponding 
to a predetermined macroblock of the input Stream from a 
header of the predetermined macroblock, and outputs the 
extracted indeX information to the quantization weight 
matrix storage unit 860. 

0119) The quantization weight matrix storage unit 860 
outputs a quantization weight matrix corresponding to the 
index information received from the variable length decod 
ing unit 810 to the inverse quantization unit 820. The 
quantization weight matrix Storage unit 860 Stores a plurality 
of quantization weight matrices, which are classified accord 
ing to the characteristics of an input image processed by an 
encoding unit, for example, a noise variance value as a ratio 
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between an input image variance value and the edge char 
acteristics of the input image. 
0120) The plurality of quantization weight matrices 
Stored in the quantization weight matrix Storage unit 860 can 
be transmitted on a picture-by-picture basis using a picture 
extension header or transmitted to the decoding unit on a 
Sequence-by-Sequence basis using a Sequence extension 
header. The plurality of quantization weight matrices are 
transmitted from the variable length decoding unit 810 to the 
quantization weight matrix Storage unit 860, as marked by a 
dotted line in FIG. 8. 

0121 The present invention can be applied to different 
types of methods and apparatuses for encoding and/or 
decoding moving pictures, such as MPEG-1, MPEG-2, or 
MPEG-4. In addition, the present invention can be realized 
as computer-readable codes written on a computer-readable 
recording medium. The computer-readable recording 
medium includes any type of recording device on which data 
can be written in a computer-readable manner. For example, 
the computer-readable recording medium includes ROM, 
RAM, CD-ROM, a magnetic tape, a hard disk, a floppy disk, 
flash memory, an optical data Storage, and a carrier wave 
(Such as data transmission through the Internet). In addition, 
the computer-readable recording medium can be distributed 
over a plurality of computer Systems which are connected to 
one another in a network Sort of way so that computer 
readable codes are Stored on the computer-readable record 
ing medium in a decentralized manner. 
0.122 AS described above, the methods of encoding and/ 
or decoding moving pictures according to the embodiments 
of present invention, a quantization matrix is adaptively 
applied to each macroblock of an input image in consider 
ation of the characteristics of the input image. Thus, it is 
possible to enhance the efficiency and performance of 
encoding the input image. 

0123. 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 may be made in this 
embodiment 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 of encoding moving pictures using a plurality 

of quantization matrices, the method comprising: 
Selecting one of the plurality of quantization matrices in 

consideration of at least one characteristic of an input 
image, 

transforming the input image; and 

quantizing the transformed input image using the Selected 
quantization matrix. 

2. The method of claim 1, wherein the at least one 
characteristic of the input image taken into consideration is 
a noise information or a Spatial characteristic of the input 
image. 



US 2004/0190610 A1 

3. The method of claim 2, wherein the noise information 
is a ratio between a noise variance value and a variance 
value of the input image. 

4. The method of claim 2, wherein the spatial character 
istic is a magnitude of an edge included in the input image. 

5. The method of claim 1, wherein the transforming 
comprises Selecting and using from among a discrete Fourier 
transform method, a discrete cosine transform method, and 
a Hadamard method. 

6. The method of claim 1, wherein the plurality of 
quantization matrices are classified according to the at least 
one characteristic of the input image. 

7. The method of claim 1, wherein the selecting process 
comprises: 

Selecting one of the plurality of quantization matrices for 
each of macroblocks of the input image in consider 
ation of the at least one characteristic of the input image 
and generating an indeX information for the Selected 
quantization matrix for each of macroblocks, and 

outputting the Selected quantization matrix for each of 
macroblocks according to the generated indeX infor 
mation. 

8. The method of claim 7 further comprising: 
carrying out a variable length decoding on the quantized 

input image by inserting the indeX information of the 
Selected quantization matrix into a macroblock header. 

9. The method of claim 8, wherein the carrying out of the 
variable length decoding comprises inserting the index 
information of each of the plurality of quantization matrices 
into a Sequence extension header or a picture extension 
header. 

10. The method of claim 7, wherein the index information 
is a difference between an index of a quantization matrix 
corresponding to a macroblock and an index of a quantiza 
tion matrix corresponding to an adjacent macroblock. 

11. A method of decoding moving pictures using a plu 
rality of quantization matrices, the method comprising: 

performing a variable length decoding on an encoded 
image data; 

extracting an indeX information that Specifies one of the 
plurality of quantization matrices, classified according 
to at least one characteristic of an input image, from the 
variable-length-decoded image data; 

Selecting one of the plurality of quantization matrices 
based on the extracted indeX information; and 

inversely quantizing each of macroblocks of the variable 
length-decoded image data using the Selected quanti 
Zation matrix. 

12. The method of claim 11, wherein the at least one 
characteristic of the input image taken into consideration is 
a noise information or a Spatial characteristic of the input 
image. 

13. The method of claim 12, the noise information is a 
ratio between a noise variance value and a variance value of 
the input image. 

14. The method of claim 12, wherein the spatial charac 
teristic is a magnitude of an edge included in the input 
image. 

15. The method of claim 11, wherein the index informa 
tion is extracted from a macroblock header. 
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16. An apparatus for encoding moving pictures using a 
plurality of quantization matrices, the apparatus comprising: 

a quantization matrix determination unit to Select one of 
the plurality of quantization matrices for each of mac 
roblocks in consideration of at least one characteristic 
of an input image and generates indeX information 
indicating the Selected quantization matrix for each of 
macroblocks, 

a quantization matrix Storage unit to Store the plurality of 
quantization matrices, which are classified according to 
the characteristics of the input image, and outputs a 
quantization matrix for each of macroblockS according 
to the indeX information generated by the quantization 
matrix determination unit; 

an image transformation unit to transform the input 
image; and 

a quantization unit to quantize the transformed input 
image using the Selected quantization matrix. 

17. The apparatus of claim 16, wherein the at least one 
characteristic of the input image taken into consideration is 
a noise information or a Spatial characteristic of the input 
image. 

18. The apparatus of claim 17, wherein the noise infor 
mation is a ratio between a noise variance value and a 
variance value of the input image. 

19. The apparatus of claim 17, wherein the spatial char 
acteristic is a magnitude of an edge included in the input 
image. 

20. The apparatus of claim 16, further comprising a 
variable length encoding unit to perform variable length 
encoding on the input image quantized by the quantization 
unit and to insert the indeX information generated by the 
quantization matrix determination unit into a macroblock 
header. 

21. The apparatus of claim 20, wherein the variable length 
encoding unit inserts indeX information of each of the 
plurality of quantization matrices into a sequence extension 
header or a picture extension header. 

22. The apparatus of claim 16, wherein the indeX infor 
mation is a difference between an index of a quantization 
matrix corresponding to a macroblock and an index of a 
quantization matrix corresponding to an adjacent macrob 
lock. 

23. An apparatus for decoding moving pictures using a 
plurality of quantization matrices, the apparatus comprising: 

a variable length decoding unit to receive an encoded 
image Stream, to perform variable length decoding on 
the input image Stream, and to extract indeX informa 
tion that Specifies one of the plurality of quantization 
matrices, which are classified according to an at least 
one characteristics of an input image, from each of 
macroblocks of a variable-length-decoded image 
Stream, 

a quantization matrix Storage unit to Store the plurality of 
quantization matrices, to Select one of the plurality of 
quantization matrices based on the extracted index 
information, and to output the Selected quantization 
matrix, and 

an inverse quantization unit to inversely quantizes each of 
macroblocks of the variable-length-decoded image 
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Stream using the quantization matrix output from the 
quantization matrix Storage unit. 

24. The apparatus of claim 23, wherein at least one 
characteristic of the input image taken into consideration is 
a noise information or a Spatial characteristic of the input 
image. 

25. The apparatus of claim 24, wherein the noise infor 
mation is a ratio between a noise variance value and a 
variance value of the input image. 
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26. The apparatus of claim 24, wherein the Spatial char 
acteristic is a magnitude of an edge included in the input 
image. 

27. The apparatus of claim 24, wherein the index infor 
mation is included in a macroblock header of the input 
image Stream. 


