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IITLE OF THE INVENTION
METHOD AND APPARATUS FOR CONVERTING COLOR COMPONENT TYPE OF
PICTURE SIGNALS, METHOD AND APPARATUS FOR CONVERTING
COMPRESSION FORMAT OF PICTURE SIGNALS AND SYSTEM FOR PROVIDING

PICTURE SIGNALS OF A REQUIRED COMPRESSION FORMAT

BACKGROUND OF THE TNVENTTON
1.FIELD OF THE INVENTION:

The present invention relates generally to a picture
signal converting apparatus in which digital picture signals
are converted, a picture signal converting method used in the
picture signal converting apparatus and a picture providing
system for providing picture signals obtained by converting
digital picture signals in the picture signal converting
apparatus, and more particularly to digital picture converting
method and apparatus for directly converting digital picture
signals based on a color component type or a compression
format into digital picture signals based on another color
component type or another compression format.

2 .DESCRIPTION OF THE RELATED ART:
Recently, a picture apparatus for processing digital
picture signals has been often used, and digital picture

signals of a color component type has been fréquently used as
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the digital picture signals. In the digital picture signals of
a color component type, a digital picture signal corresponding
to one pixel is divided into a luminance signal Y and a first
color difference signal Cr and a second color difference
signal Cb, and there are many color component types
respectively corresponding to a sampling frequency ratio of a
group of two color difference signals Cr and Cb to a group of
luminance signals.

A first color component type is a 4:4:4 color component
type. As shown in Fig. 1A, one color difference signal Cr of
one pixel and one color difference signal Cb of one pixel
respectively correspond to a luminance signal Y of the same
pixel for each pixel. Therefore, one luminance signal Y and
two color difference signals Cr and Cb exist for each pixel.
In this case, as shown in Fig. 1B, in cases where an X-Y co-
ordinate system is considered for each type of signal Y,.Cr

and Cb, one luminance signal Yy, placed at co-ordinates
(x,y) corresponds to a pixel placed at
co-ordinates (x,y) of a frame, two color difference signals

Cr(x,y; and Cb(,y) placed at co-ordinates (x,y) respectively
correspond to the luminance signal Y,y,. In this case, an

information volume of luminance signals Y for one frame is the
same as that of color difference signals Cr for one frame and

that of color difference signals Cb for one frame. Here,
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x=0,1,2,3-- and y=0,1,2,3-- are satisfied.

A second color compoﬁént type is a 4:2:2 color component
type. As shown in Fig. 2A, one color difference signal Cr of
one pixel and one color difference signal Cb of one pixel
respectively correspond to two luminance signals of two pixels
arranged in series. Therefore, as shown in Fig. 2B, in cases
where an X-Y co-ordinate system is considered for each type of

signal Y, Cr and Cb, one luminance signal Y(x,y) Placed at

co-ordinates (x,y) corresponds to a pixel placed at
co-ordinates (x,y) of a frame, two color difference signals

Cr(x,y; and Cbyy,y, respectively correspond to one luminance
signal Y(ix,y) and one luminance signal Y jui,y)- ID this case,

an information volume of color difference signals Cr for one
frame and an information volume of color difference signals Cb
for one frame are respectively half that of luminance signals
Y for one frame.

A third color component type is a 4:2:0 color component
type. As shown in Fig. 3A, a color difference signal Cr of one
pixel and a color difference signal Cb of one pixel
respectively correspond to four luminance signals of four
pixels arranged in a ﬁatrix of two lines and two rows.
Therefore, as shown in Fig. 3B, in cases where an X-Y
co-ordinate system is considered for each type of signal Y, Cr

and Cb, one luminance signal Y, placed at co-ordinates
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(x,y) corresponds to a pixel placed at co-ordinates (x,y) of a

frame, two color difference signals Criy, and Cby,y,
respectively correspond to one luminance signal ¥(a,zy,, ONe
luminance signal Y(jui,2y), One luminance signal Y j4,zy+1) and
one luminance signal Y jy,2y+1y. IR this case, an information

volume of color difference signals Cr for one frame and an
information volume of color difference signals Cb for one
frame are respectively a quarter of that of luminance signals
Y for one frame.

A fourth color component type is a 4:1:1 color component
type. As shown in Fig. 4A, a color difference signal Cr of one
pixel and a color difference signal Cb of one pixel
respectively correspond to four luminance signals of four
pixels arranged in series. Therefore, as shown in Fig. 4B, in
cases where an X-Y co-ordinate system is considered for each

type of signal Y, Cr and Cb, one luminance signal Yy, placed

at co-ordinates (x,y) corresponds to a pixel placed at
co-ordinates {x,y) of a frame, two color difference signals

Crix,y; and Cb(y,y, respectively correspond to one luminance
signal Y(4,y;, one luminance signal Y 4xi,y;, One luminance
signal Y 4x2,y; and one luminance signal Y 43,y)- In this case,

an information volume of color difference signals Cr for one

frame and an information volume of color difference signals Cb
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for one frame are respectively a quarter of that of luminance
signals Y for one frame.
2,1. PREVIOUSLY PROPOSED ART:

A digital picture signal has been recently used in various
video apparatuses such as a camera with a video tape recorder
for public use or in the personal computers, so that a digital
picture signal converting apparatus has been rapidly
widespread. In general, the digital picture signal used in the
personal computers and the video apparatuses for public use is
compressed at a standardized compression format, and two types
of compression formats are frequently used.

A first type of compression format is based on image
compression standards of moving picture experts group 1
{MPEGl) or image compression standards of moving picture
experts group 2 (MPEG2). The compression format based on
MPEGl or MPEG2 is often used for the picture signal used in a
computer. In the compression formats based on MPEGl and MPEG2,
a time-redundancy between frames is reduced by performing a
motion compensation, a space-redundancy in each frame is
reduced by performing a discrete cosine transform, and a code
volume is reduced by performing a variable length coding.
MPEGl is explained in a literature of ISO/IEC 11172-2
"Information Technology -Coding of Moving Pictures and
Associated Audio for Digital Storage Media at up to about 1.5

Mbits/s- Part 2: Video", and MPEG2 is explained in a
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literature of ISO/IEC 13818-2 "Information Technology -Generic
Coding of Moving Pictures and Associated Audio Information-
part 2: Video"., Therefore, a detail description of MPEGl and
MPEG2 is omitted.

Fig. 5 is a block diagram of a conventional MPEG data
producing apparatus in which MPEG data is produced according
to the compression format based on MPEGl or MPEG2.

As shown in Fig. S, when a user uses an analog video
apparatus 101 with an analog signal output terminal such as a
video tape player or a video camera on condition that the
analog video apparatus 101 has no digital signal output
terminal, an analog picture signal output from the analog
video apparatus 101 is converted into a non-compressed digital
picture signal in an analog-to-digital converter 102. Also,
when the user uses a digital video apparatﬁs 103 with a
digital signal output terminal, a non-compressed digital‘
picture signal is directly output from the digital video
apparatus 103. Thereafter, the non-compressed digital picture
signal is input to an MPEG encoder 104, and MPEG data are
produced from the non-compressed digital picture signal in the
MPEG encoder 104 according to the compression format based on
MPEG1 or MPEG2.

In this case, the non-compressed digital picture signal
input to the MPEG encoder 104 is classified into the 4:2:2

color component type or the 4:4:4 color component type, all



10

15

20

25

MPEG data based on MPEGl is classified into the 4:2:0 color
component type, and many MPEG data based on MPEG2 is
classified into the 4:2:0 color component type.

A second type of compression format is based on image
compression standards of DV, DVC, DVCPRO or DVcam. The image
compression standards are applied for a picture (or video)
signal used in a digital video apparatus including a video
apparatus for public use. Because signal data structures and

compression formats based on DV, DVC, DVCPRO and DVcam are

similar to each other, DVC, DVCPRO and DVcam are treated as DV

in this specification. DV is image compression standards
enacted in 1996 for a video cassette recorder and is based on
"Specifications of Consumer-Use Digital VCRs (ED Digital VCR
Conference, 1996)". A video apparatus using a picture signal
based on DV has been recently widespread rapidly. Also, a
video camera for public use has been widespread rapidly is a
video apparatus using a picture signal based on DV, so that
people can easily produce a picture signal based on DV at a
low cost.

In the compression format based on DV, redundancy in each
frame is reduced by performing a discrete cosine transfornm,
and a code volume is reduced by performing a variable length
coding. In addition, positions of data are changed in each
frame in macroblock unit by performing a shuffling processing

for a compressed signal based on DV.
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A picture signal input or output to/from a video apparatus
using a picture signal based on DV is classified into the
4:2:2 color component type or the 4:4:4 color component type,
and the picture signal used in the video apparatus usually is
classified into the 4:1:1 color component type.

As compared with MPEG data of an MPEG picture signal based
on MPEGl or MPEG2, when DV data of a DV picture signal based
on DV is used, because the DV data are independently used for
each frame, an editing operation of the DV data such as "cut &
paste® can be easily performed for each frame. Also, because a
code volume of the DV dafa for each frame is high and is
almost six times as high as that of the MPEG data, a high
quality image can be generally reproduced in case of the DV
data.

Also, because the DV data having merits of the high quality
image and the easy edition can be input to a computer, when a
user operates a computer to process a picture, the user
desires to use DV data of the picture in an input operation,
an editing operation and a data storing operation for the
purpose of easily processing the DV data and reproducing the
picture at high quality. Also, the user desires to use MPEG
data obtained from the DV data when the user transmits the
picture to another computer through an internet or the like.
2.2. PROBLEMS TO BE SOLVED BY THE INVENTION:

To produce the MPEG data from the DV data, it is required
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that the user uses a video apparatus using the DV picture
signal as the digital video apparatus 103 and connects the
video apparatus with the MPEG encoder 104. Therefore, two
apparatuses such as the video apparatus using the DV picture
signal and the MPEG encoder 104 are necessarily required, so
that the user cannot process a picture at a low cost.

To process the picture at a low cost, there is an idea that
the DV data of the picture input to a computer is directly
converted into the MPEG data according to a software program
without using any MPEG encoder. However, in cases where the DV
data is directly converted into the MPEG data according to a
software program, there are following problemf. That is, there
is no method for directly converting a 4:1:1 color component
type digital picture signal used in a digital video apparatus,
in which the DV data is processed, into a 4:2:0 color
component type digital picture signal used for the MPEG data
(first problem}. Also, in cases where the DV data are decoded
and the MPEG data are encoded, because a processing volume of
the decoding and encoding operation is large, it takes a lot
of time to perform the decoding and encoding operation in a

general computer (second problem).

SUMMARY OF THF TNVENTION
A first object of the present invention is to provide, with

due consideration to the drawbacks of such a conventional
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picture signal converting apparatus and a conventional picture
signal converting method, a picture signal converting
apparatus and a picture signal converting method in which the
direct conversion of a plurality of digital picture signals of
a first color component type into a plurality of digital
picture signals of a second color component type is easily and
rapidly performed at a low cost.

A second object of the present invention is to provide a
picture signal converting apparatus and a picture signal
converting method in which the direct conversion of a
plurality of digital picture signals compressed in a first
compression format into a plurality of digital picture signals
compressed in a second compression format is easily and
rapidly performed at a low cost.

A third object of the present invention is to provide a
picture providing system for providing a plurality of diﬁital
picture signals compressed according to a compression format
requested by a user.

The first object is achieved by the provision of a picture
signal converting apparatus comprising:

receiving means for receiving a digital picture signal of a
4:1:1 color component type for each of pixels of a frame, the
digital picture signals being arranged in a matrix of rows and
columns;

color difference signal converting means for directly
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converting color difference signals of the digital picture
signals received by the receiving means into converted color
difference signals of converted digital picture signals of a
4:2:0 color component ??Pe by removing color difference
signals on every other row from the color difference signals
of the digital picture signals to halve the number of color
difference signals in a y direction, adding a color difference
signal to a position between each pair of color difference
signals adjacent to each other in an x direction to double the
number of color difference signals in the x direction and
setting the color difference signals, of which the number is
halved in the y direction and is doubled in the x direction,
as the converted color difference signals of the 4:2:0 color
component type, and setting values of the converted color
difference signals of the 4:2:0 color component type according
to values of the color difference signals of the digital"
picture signals received by the receiving means; and

outputting means for combining luminance signals of the
digital picture signals received by the receiving means and
the converted color difference signals of the converted
digital picture signals of the 4:2:0 color component type
obtained by the color difference signal converting means for
each pixel of the frame to produce digital picture'signals of
the 4:2:0 color component type and outputting the digital

picture signals of the 4:2:0 color component type.
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In the above configquration, a color difference signal of
the 4:1:1 color component type corresponds to four luminance
signals of four pixels placed at co-ordinates (x,y¥), (x+tl,y),
(x,y+l) and (x+1,y+l), and a color difference signal of the
4:2:0 color component type corresponds to four luminance
signals of four pixels placed at co-ordinates (x,y), (x+l,y),
(x+2,y) and (x+3,y). Therefore, in cases where the number of
color difference signals in the y direction is halved and the
number of color difference signals in the x direction is
doubled, the color difference signals of the 4:1:1 color
component type are converted into converted color difference
signals of the 4:2:0 color component type. In this case,
values of the converted color difference signals are
determined according to values of the color difference
signals.

Also, because luminance signals of digital picture signals
of the 4:1:1 color component type are the same as those of the
digital picture signals of the 4:2:0 color component type,
digital picture signais of the 4:2:0 color component type are
produced by combining luminance signals of the digital picture
signals of the 4:1:1 color component type and the converted
color difference signals of the 4:2:0 color component type.

Accordingly, because the color difference signals of the
4:1:1 color component type can be easily converted into the

converted color difference signals of the 4:2:0 color
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component type, the direct conversion of the digital picture
signals of the 4:1:1 color component type into the digital
picture signals of the 4:2:0 color component type can be
easily and rapidly performed.

It is preferred that the color difference signal converting
means comprise

y-directional signal balving means for removing color
difference signals on every other row from the color
difference signals of the digital picture signals to halve the
number of color difference signals in the y direction; and

x-directional signal doubling means for adding a color
difference signal to a position between each pair of color
difference signals which are obtained by the y-directional
signal halving means and are adjacent to each other in an X
direction, setting a value of one added color difference
signal to a value of one color difference signal adjacenf to
the added color difference signal in the x direction for each
added color difference signal to double the number of color
difference signals obtained by the y-directional signal
halving means in the x direction and outputting the color
difference signals as the converted color differenée signals
of the 4:2:0 color component type.

In the above configuration, when a color difference signal
is added to a position between each pair of color difference

signals adjacent to each other in an X direction to double the
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number of color difference signals in the x direction, a value
of each added color difference signal is set to a value of one
color difference signal adjacent to the added color difference
signal in the x direction.

Accordingly, because any arithmetic calculation is not
required to convert the color difference signals of the 4:1:1
color component type into the color difference signals of the
4:2:0 color component type, the color signal converting
operation can be easily performed.

The above features of the present invention are also
obtained by the provision of a picture signal converting
method, comprising the steps of:

receiving a digital picture signal of a 4:1:1 color
conponent type for each of pixels of a frame;

extracting color difference signals placed at co-ordinates
(x,y) of an X-Y co-ordinate system (x=0,1,2,3,--, and
y=0,1,2,3,--) from the digital picture signals;

‘halving the number of color difference signals in a y
direction by removing color difference signals placed at
co-ordinates (x,2y) of even-numbered y values or co-ordinates
(x,2y+1) of odd-numbered y values;

doubling the number of color difference signals in an x
direction by adding a color difference signal to a position
between each pair of color difference signals adjacent to each

other in the X direction;
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setting a value of one added color difference signal to a
value of one color difference signal adjacent to the added
color difference signal in the x direction for each added
color difference signal to produce converted color difference
signals of a 4:2:0 color component type from the color
difference signals in which the number of converted color
difference signals is halved in the y direction as compared
with the number of color difference signals and the number of
converted color difference signal is doubled in the x
direction as compared with the number of color difference
signals;

combining the converted color difference signals and
luminance signals of the digital picture signals to produce
digital picture signals of the 4:2:0 color component type; and

outputting the digital picture signals of the 4:2:0 color
component type. |

Also, it is preferred that the color difference signal
converting means comprise

signal value setting means for setting values of two color
difference signals of co-ordinates (x,2y) and (x,2y+l) (or
(x,2y+1) and (x,2y+2)) adjacent to each other in a y direction
to an average of values of the color difference signals of the
co-ordinates (x,2y) and (x,2y+l) (or (x,2y+l) and (x,2y+2)}
for each pair of color difference signals of co-ordinates

(x,2y) and (x,2y+l) (or {x,2y+l) and (x,2y+2});
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y-directional signal halving means for removing color
difference signals on every other row from the color
difference signals, of which the values are set by the signal
value setting means, to halve the number of color difference
signals in the y direction; and

x-directional signal doubling means for adding a color
difference signal to a position between each pair of color
difference signals which are obtained by the y-directional
signal halving means and are adjacent to each other in an X
direction, setting a value of one added color difference
signal to a value of a color difference signal adjacent to the
added color difference signal in the x direction for each
added color difference signal to double the number of color
difference signals obtained by the y-directional signal
halving means in the x direction and outputting the color
difference signals as the converted color difference sigﬁals
of the 4:2;0 color component type.

In the above configuration, an average of values of two
color difference signals of co-ordinates (x,2y) and (x,2y+1)
{or {x,2y+1) and (x,2y+2)) is calculated, and the average is
set as values of the color difference signals. Thereafter, the
number of color difference signals in the y direction is
halved, and the number of color difference signals in the x
direction is doubled.

Accordingly, because values of all color difference signals
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are used to set values of the converted color difference
signals, color information of the digital picture signals of
the 4:1:1 color component type can be faithfully maintained in
the digital picture signals of the 4:2:0 color component type.
Thérefore, an original picture indicated by the digital
picture signals of the 4:1:1 color component type can be
faithfully reproduced at a high’quality by producing a
reproduced picture from the digital picture signals of the
4:2:0 color component type.

Also, because an average of values of two color difference
signals of co-ordinates (x,2y) and (x,2y+l) (or (x,2y+l) and
(x,2y+2)) is set as values of the color difference signals,
even though a noise is undesirably added to a particular color
difference signal, an adverse influence of”fhé noise oh the
converted color difference signals can be reduced to half.

Also, because the calculation of the arithmetic averaée is
only required in the signal value setting means, the
arithmetic calculation is easy.

The above features of the present invention are also
obtained by the provision of a picture signal converting
method, comprising the steps of:

receiving a digital picture signal of a 4:1:1 color
component type for each of pixels of a frame;

extracting color difference signals placed at co-ordinates

(x,y) of an X-Y co-ordinate system (x=0,1,2,3,--, and
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y=0,1,2,3,~--) from the digital picture signals;

calculating an average of values of two color difference
signals of co-ordinates (x,2y) and (x,2y+l) {or (x,2y+l) and
(x,2y+2)) adjacent to each other in a y direction for each
pair of color difference signals;

setting each average as values of the color difference
signals of the co-ordinates (x,2y) and (x,2y+l) (or (x,2y+l)
and (x,2y+2));

halving the number of color difference signals in the y
direction by removing color difference signals placed at
co-ordinates (x,2y) of even-numbered y values or co-ordinates
(x,2y+1l) of odd-numbered y values;

doubling the number of color difference signals in an x

direction by adding a color difference signal to a position

between each pair of color difference signals adjacent to each

other in the X direction;

setting a value of one added color difference signal to a
value of one color difference signal adjacent to the added
color difference signal in the x direction for each added
color difference signal to produce converted color difference
signals of a 4:2:0 color component type from the color
difference signals in which the number of converted color
difference signals is halved in the y direction as compared
with the number of color difference signals and the number of

converted color difference signal is doubled in the x
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direction as compared with the number of color difference
signals;

combining the converted color difference signals and
luminance signals of the digital picture signals to produce
digital picture signals of the 4:2:0 color component type; and

outputting the digital picture signals of the 4:2:0 color
component type.

Also, it is preferred that the color difference signal
converting means comprise

signal value setting means for setting values of two color
difference signals of co-ordinates (x,2y) and {x,2y+l) (or
{(x,2y+1l) and (x,2y+2)) adjacent to each other in the y
direction to an average of values of the color difference
signals of the co-ordinates (x,2y) and (x,2y+l) (or (x,2y+l)
and (x,2y+2)) for each pair of color difference signals of
co-ordinates (x,2y} and (x,2y+l) (or (x,2y+l) and (x,2y+2));

y-directional signal halving means for removing color
difference signals on every other row from the color
difference signals, of which the values are set by the signal
value setting means, to halve the number of color difference
signals in the y direction; and

x-directional signal doubling means for adding a color
difference signal to a position between each pair of color
difference signals which are obtained by the y-directional

signal halving means and are adjacent to each other in an X
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direction, setting a value of one added color difference
signal to an interpolated value of the values of the color
difference signals placed on both sides of the added color
difference signal in the x direction for each added color
difference signal to double the pumber of color difference
signals obtained by the y-directional signal halving means in
the x direction and outputting the color difference signals as
the converted color difference signals of the 4:2:0 color
component type.

In the above configuration, an average of values of two
color difference signals of co-ordinates (x,2y) and (x,2y+l)
{or (x,2y+l) and (x,2y+2)} is set as values of the color
difference signals by the signal value setting means, and the
nunber of color difference signals in the y direction is
halved by tpe y-directional signal halving means. Thereafter,
in the x-directional signal doubling means, a color difference
signal is added to a position between each pair of color
difference signals adjacent to each other in an X direction,
and a value of each added color difference signal is set to an
interpolated value of the values of the color difference
signals placed on both sides of the added color difference
signal in the x direction to double the number of color
difference signals in the x direction,

Accordingly, even though values of particular converted

color difference signals placed on both sides of one added
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color difference signal in the x direction are considerably
different from each other, because an interpolated value of
the values of the particular converted color difference
signals is set as a value of a converted color difference
signal placed between the particular converted color
difference signals, the change of the values of the three
converted color difference signals is made smooth. Therefore,
when a discrete cosine transform (DCT) is performed for the
converted color difference signals of the 4:2:0 color
component type, because color information of the converted
color difference signalé is concentrated in lower frequency
portions, a compression efficiency can be improved.

The above features of the present invention are also
obtained by the provision of a picture signal converting
method, comprising the steps of:

receiving a digital picture signal of a 4:1:1 color
component type for each of pixels of a frame;

extracting color difference signals placed at co-ordinates
(x,y) of an X-Y co-ordinate system (x=0,1,2,3,--, and
¥=0,1,2,3,--) from the digital picture signals;

calculating an average of values of two color difference
signals of co-ordinates (x,2y) and (x,2y+l) (or {(x,2y+l) and
{x,2y+2)) adjacent to each other in a y direction for each
pair of color difference signals;

setting each average as values of the color difference
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signals of the co-ordinates (x,2y) and (x,2y+l} (or {x,2y+l}
and (x,2y+2));

halving the number of color difference signals in the y
direction by removing color difference signals placed at
co~-ordinates (x,2y) of even-numbere& y values or co-ordinates
(x,2y+1) of odd-numbered y values;

adding a color difference signal to a position between each
pair of color difference signals adjacent to each other in an
X direction to double the number of color difference signals
in the x direction;

setting a value of one added color difference signal to an
interpolated value of the values of the color difference
signals placed on both sides of the added color difference
signal in the x direction for each added color difference
signal to produce converted color difference signals of a
4:2:0 color component type from the color difference sigﬂals
in which the number of converted color difference signals is
halved in the y direction as compared with the number of color
difference signals and the number of converted color
difference signal is doubled in the x direction as compared
with the number of color difference signals;

combining the converted color difference signals and
luminance signals of the digital picture signals to produce
digital picture signals of the 4:2:0 color component type; and

outputting the digital picture signals of the 4:2:0 color
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component type.

Also, it is preferred that the color difference signal
converting means comprise

average value calculating means for calculating a first
average of values of two color difference signals placeﬁ at
co-ordinates (x,2y) and (x,2y+l) (or (x,2y+l) and (x,2y+2})
adjacent to each other in the y direction and a second average
of values of two color difference signals placed at
co-ordinates (x+1,2y) and (x+1,2y+1l) (or (x+1,2y+l) and
(x+1,2y+2)) adjacent to each other in the y direction for each
group of color difference signals of the co-ordinates (x,2y),
(x,2y+1), (x+1,2y) and (x+1,2y+1) {or (x,2y+l), (x,2y+2)},
(x+1,2y+1) and (x+1,2y+2)};

interpolated value calculating means for calculating a
first interpolated value obtained by weighting the first and
second averages calculated by the average value calculating
means at a first weighting'ratio and a second interpolated
value obtained by weighting the first and second averages at a
second weighting ratio for each pair of first and second
averages; |

signal value setting means for setting the first
interpolated value calculated by the interpolated value
calculating means as values of the color difference signals of
the co-~ordinates (x,2y) and (x,2y+l) (or (x,2y+l) and

(x,2y+2));
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y-directional signal halving means for removing color
difference signals on every other row from the color
difference signals, of which the values are set by the signal
value setting means, to halve the number of color difference
signals in the y direction; and

x-directional signal doubling means for adding a color
difference signal to a position between each pair of color
difference signals adjacent to each other in an X direction,
setting a value of one added color difference signal to the
second interpolated value calculated by the interpolated value
calculating means for each added color difference signal to
double the number of color difference signals obtained by the
y~directional signal halving means in the x direction and
outputting the color difference signals as the converted color
difference signals of the 4:2:0 color component type.

In the above configuration, a first interpolated value
calculated from.values of four color difference signals of
co-ordinates (x,2y), (x,2y+1), (x+1,2y) and (x+1,2y+l) (or
(x,2y+1), (x,2y+2), (x+1,2y+1) and (x+1,2y+2}) is set as
values of the color difference signals of the co-ordinates
(x,2y) and (x,2y+1) {or (x,2y+l) and (x,2y+2)) by the signal
value setting means, and the number of color difference
signals in the y direction is halved by the y-directional
signal halving means. Thereafter, in the x-directional signal

doubling means, a color difference signal is added to a
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position between each pair of color difference signals
adjacent to each other in an X direction, and a value of each
added color difference signal is set to a second interpolated
value calculated from values of four color difference signals
of co-ordinates (x,2y), (x,2y+l), {(x+1,2y) and (x+1,2y+1) (or
(x,2y+1), (x,2y+2), (x+1,2y+1) and (x+1,2y+2)) to double the
number of color difference signals in the x direction,

Accordingly, even though values of color difference signals
are considerably different from each other, because values of
all converted color difference signals are determined
according to the linear interpolation, the change of the
values of the converted color difference signals can be made
smooth. Therefore, when a discrete cosine transform (DCT) is
performed for the converted color differeﬁce signals of the
4:2:0 color component type, because color information of thé
converted color difference signals is concentrated in lo§er
frequency portions, a compression efficiency can be improved.

The above features of the present invention are also
obtained by the provision of a picture signal converting
method, comprising the steps of:

receiving a digital picture signal of a 4:1:1 color
component type for each of pixels of a frame;

extracting color difference signals placed at co-ordinates
(x,y) of an X-Y co-ordinate system (x=0,1,2,3,--, and

y=0,1,2,3,~-) from the digital picture signals;
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calculating a first average of values of two coler
difference signals of co-ordinates (x,2y) and (x,2y+l) (or
(x,2y*1) and (x,2y+2)) adjacent to each other in a y direction
and a second average of values of two color difference signals
of co-ordinates (x+1,2y) and (x+1,2y+l} (or (x+1l,2y+l)} and
(x+1,2y+2)) adjacent to each other in the y direction for each
group of color difference signals of the co-ordinates (x,2y},
{x,2y+1), (x+1,2y) and (x+¥1,2y+l) (or (=x,2y+1l}), (x,2y+2),
{x+1,2y+1) and {x+1,2y+2));

calculatiné a first interpolated value obtained by
weighting the first and second averages at a first weighting
ratio and a second interpolated value obtained by weighting
the first and second averages at a second weighting ratio for
each pair of first and second averages;

setting the first interpolated value as values of the color
difference signals of the co-ordinates (x,2y) and (x,2y+i) (or
{x,2y+1l) and (x,2y+2)};

halving the number of color difference signals in the y
direction by removing color difference signals placed at
co-ordinates (x,2y) of even-numbered y values or co-ordinates
{x,2y+1) of odd-numbered y values;

adding a color difference signal to a position between each
pair of color difference signals adjacent to each other in an
X direction to double the number of color difference signals

in the x direction;
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setting a value of one added color difference signal to the
second interpolated value for each added color difference
signal to produce converted color difference signals of a
4:2:0 color component type from the color difference signals
in which the number of converted color difference signals is
halved in the y direction as compared with the number of color
difference signals and the number of converted color
difference signal is doubled in the x direction as compared
with the number of color difference signals;

combining the converted color difference signals and
luminance signals of the digital picture signals to produce
digital picture signals of the 4:2:0 color component type; and

outputting the digital picture signals of the 4:2:0 color
componeht type.

Also, it is preferred that the color difference signal
converting means comprise

average value calculating means for calculating an average
of values of two color difference signals placed at
co-ordinates (x,2y) and (x,2y+l) adjacent to each other in the
y direction for each pair of color difference signals;

weighting factor calculating means for obtaining 1uminancé
signals of the digital picture signals corresponding to the
color difference signals of co-ordinates (x,2y)} and (x+1,2y)
as first referential luminance signals, calculating a first

weighting factor and a second weighting factor from values of
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the first referential luminance signals, obtaining luminance
signals of the digital picture signals corresponding to the
color difference signals of co-ordinates (x,2y+l) and (x
+1,2y+1) as second referential luminance signals and
calculating a third weighting factor and a fourth weighting
factor from values of the second referential luminance
signals;

interpolated value calculating means for calculating a
first multiplied value by multiplying the value of the color
difference signal of the co-ordinates (x,2y) by the first
weighting factor obtained by the weighting factor calculating
means, calqulating a second multiplied value by multiplying
the value of the color difference signal of the co-ordinates
(x+1,2y) by the second weighting factor obtained by the
weighting factor calculating means, calculating a third
multiplied value by multiplying the value of the color
difference signal of the co-ordinates (x,2y+l) by the third
weighting factor obtained by the weighting factor calculating
means, calculating a fourth multiplied value by multiplying
the value of the color difference signal of the co-ordinates
(x+1,2y+1) by the fourth weighting factor obtained by the
weighting factor calculating means and calculating an
interpolated value from the first, second, third and fourth
multiplied walues;

signal value setting means for setting each average
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calculated by the average value calculating means as values of
the color difference signals of the co-ordinates (x,2y) and
(x,2y+1);

y-directional signal halving means for removing color
difference signals on every other row from the color
difference signals, of which the values are set by the signal
value setting means, to halve the number of color difference
signals in the y direction; and

x-directional signal doubling means for adding a color
difference signal to a position between each pair of color
difference signals adjacent to each other in an X direction,
setting a value of one added color difference signal to the
interpolated value calculated by the interpolated value
calculating means for each added color difference signal to
double the number of color difference signals obtained by the
y-directional signal halving means in the x direction and
outputting the color difference signals as the converted color
difference signals of the 4:2:0 color component type.

In the above configuration, the interpolated wvalue set for
each of converted color difference signals, which are arranged
on every other column in the converted color difference
signals of the 4:2:0 color component type output from the
color difference signal converting means, is calculated while
referring values of luminance signals corresponding to the

converted color difference signal.
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Accordingly, because the luminance signals are referred
when the digital color signals of the 4:1:1 color component
type are directly converted into the digital color signals of
the 4:2:0 color component type, the correlation between color
information and luminance information generally existing in a
natural picture as a specific feature can be included in the
converted color difference signals, and an image of the
natural picture can be reproduced at high definition.

The above features of the present invention are also
obtained by the provision of a picture signal conyerting
method, comprising the steps of:

receiving a digital picture signal of a 4:1:1 color
component type for each of pixels of a frame;

extracting color difference signals placed at co-ordinates
(x,¥) of an X-Y co-ordinate system (x=0,1,2,3,--, and
y=0,1,2,3,--) from the digital picture signals;

calculating an average of values of two color difference
signals of co-ordinates (x,2y) and (x,2y+l) adjacent to each
other in the y direction for each pair of color difference
signals; ‘

éxtracting luminance signals placed at co-ordinates (x,y)
of an X-Y luminance co-ordinate system from the digital
picture signals as first referential luminance signals on
condition that the first referential luminance signals

correspond to the color difference signals of co-ordinates
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{x,2y) and (x+1,2y);

calculating a first weighting factor and a second weighting
factor from values of the first referential luminance signals;

extracting other luminance signals of the X-Y luminance
co-ordinate system from the digital picture signals as second
referential luminance signals on condition that the second
referential luminance signals correspond to the color
difference signals of co-ordinates (x,2y+l) and (x+l1,2y+l);

calculating a third weighting factor and a fourth weighting
factor from values of the second referential luminance
signals;

calculating a first multiplied value by multiplying the
value of the color difference signal of the co-ordinates
(x,2y) by the first weighting factor, calculating a second
multiplied value by multiplying the value of the color
difference signal of the co-ordinates (x+1,2y)} by the second
weighting factor,.calculating a third multiplied value by
multiplying the value of the color difference signal of the
co~-ordinates {x,2y+1) by the third weighting factor,
calculating a fourth multiplied value by multiplying the value
of the color difference signal of the co-ordinates (x+1,2y+l)
by the fourth weighting factor and calculating an interpolated
value from the first, second, third and fourth multiplied
values;

setting each average as values of the color difference
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signals of the co-ordinates (x,2y) and (x,2y+l);

halving the number of color difference signals in the y
direction by removing color difference signals placed at
co-ordinates (x,2y) of even-numbered y values or co-ordinates
(x,2y+1l) of odd-numbered y values;

adding a color difference signal to a position between each
pair of color difference signals adjacent to each other in an
X direction to double the number of color difference signals
in the x direction;

setting a value of one added color difference signal to the
interpolated value for each added color difference signal to
produce converted color difference signals of a 4:2:0 color
component type from the color difference signals in which the
number of converted color difference signals is halved in the
Yy direction as compared with the number of color difference
signals and the number of converted color difference sigﬁal is
doubled in the x direction as compared with the number of
color difference signais;

combining the converted color difference signals and
luminance signals of the digital picture signals to produce
digital picture signals of the 4:2:0 color component type; and

outputting the digital picture signals of the 4:2:0 color
component type.

Also, it is preferred that the color difference signal

converting means comprise
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weighting factor calculating means for obtaining luminance
signals corresponding to the color difference signals of
co-ordinates (x,2y) and {(x+1,2y) as first referential
luminance signals , calculating a first weighting factor, a
second weighting factor, a third weighting factor and a fourth
weighting factor from values of the first referential
luminance signals, obtaining luminance signals corresponding
to the color difference signals of co-ordinates (x,2y+1) and
(x+1,2y+1) as second referential luminance signals and
calculating a fifth weighting factor and a sixth weighting
factor, a seventh weighting factor and an eighth weighting
factor from values of the second referential luminance
signals;

interpolated value calculating means for calculating a

first multiplied value by muitiplying the value of the color
difference signal of the co-ordinates (x,2y) by the first
weighting factor obtained by the weighting factor calculating
means, calculating a second multiplied value by multiplying
the vﬁlue of the color difference signal of the co-ordinates
{x+1,2y) by the second weighting factor obtained by the
weighting factor calculating means, calculating a third
multiplied value by multiplying the value of the color
difference signal of the co-ordinates (x,2y+l) by the fifth
weighting factor obtained by the weighting factor calculating

means, calculating a fourth multiplied value by multiplying
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the value of the color difference signal of the céaordinates
{x+1,2y+1) by the sixth weighting factor obtained by the
weighting factor calculating means, calculating a first
interpolated value from the first, second, third and fourth
multiplied values, calculating a fifth multiplied value by
multiplying the value of the color difference signal of the
co-ordinates (x,2y) by the third weighting factor obtained by
the weighting factor calculating means, calculating a sixth
multiplied value by multiplying the value of the color
difference signal of the co-ordinates (x+1,2y) by the fourth
weighting factor obtained by the weighting factor calculating
means, calculating a seventh multiplied value by multiplying
the value of the color difference signal of the co-ordinates
(x,2y+l) by the seventh weighting factor obtained by the
weighting factor calculating means, calculating an eighth
multiplied value by multiplying the value of the color
difference signal of the co-ordinates (x+1,2y+l) by the eighth
ﬁeighting factor obtained by the weighting factor calculating
means, calculating a second interpolated value from the fifth,
sixth, seventh and eighth multiplied values;

signal value setting means for setting the first
interpolated value calculated by the interpolated value
calculating means as values of the color difference signals of
the co-ordinates (x,2y) and (x,2y+l);

y-directional signal halving means for removing color
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difference signals on every other row from the color
difference signals, of which the valﬁes are set by the signal
value setting means, to halve the number of color difference
signals in the y direction; and

x-directional signal doubling means for adding a color
difference signal to a position between each pair of coler
difference signals which are obtained by the y-directional
signal halving means and are adjacent to each other in an X
direction, setting a value of one added color difference
signal to the second interpolated value calculated by the
interpolated value calculating means for each added color
difference signal to double the number color difference
signals obtained by the y-directional signal halving means in
the x direction and outputting the color difference signals as
the converted color difference signals of the 4:2:0 color
component type.

In the above configquration, the interpolated value set for
each of the converted color difference signals of the 4:2:0
color component type output from the color difference signal
converting means is calculated while referring values of
luminance signals corresponding to the converted color
difference signal.

Accordingly, because each converted color difference signal
is determined according to the interpolation based on four

color difference signals, even though values of the color
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difference signals are considerably different from each other,
the change of the values of the converted color difference
signals can be made smooth. Therefore, when a discrete cosine
transform (DCT) is performed for the converted color
difference signals of the 4:2:0 color component type, because
color information of the converted color difference signals is
concentrated in lower frequency portions, a compression
efficiency can be improved.

Also, because the value of each converted color difference
signal is determined by referring the luminance signals
corresponding to the converted color difference signal, the
correlation between color information and luminance
information generally existing in a natural picture as a
specific feature can be included in the converted color
difference signals, and an image of the natural picture can be
faithfully reproduced at high definition.

The above features of the present invention are also
obtained by the provision of a picture signal coaverting
method, comprising the steps of:

receiving a digital picture signal of a 4:1:1 color
component type for each of pixels of a frame;

extracting color difference signals placed at co-ordinates
(x,y) of an X-Y co-ordinate system (x=0,1,2,3,--, and
y=0,1,2,3,-~) from the digital picture signals;

extracting luminance signals placed at co-ordinates (x,y)
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of an X-Y luminance co-ordinate system from the digital
picture signals as first referential luminance signals on
condition that the first referential luminance signals
correspond to the color difference signals of co-ordinates
{(x,2y) and (x+1,2y);

calculating a first weighting factor, a second weighting
factor, a third weighting factor and a fourth weighting factor
from values of the first referential luminance signals;

extracting other luminance signals from the digital picture
signals as second referential luminance signals on condition
that the second referential luminance signals correspond to
the color difference signals of co-ordinates (x,2y+l) and
(x+1,2y+1);

calculating a fifth weighting factor and a sixth weighting
factor, a seventh weighting factor and an eighth weighting
factor from values of the second referential luminance
signals;

calculating a first multiplied value by multiplying the
value of the color difference signal of the co-ordinates
(x,2y) by the first weighting factor;

calculating a second multiplied value by multiplying the
value of the color difference signal of the co-ordinates
{x+1,2y) by the second weighting factor;

calculating a third multiplied value by multiplying the

value of the color difference signal of the co-ordinates
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{x,2y+1) by the fifth weighting factor;

calculating a fourth multiplied value by multiplying the
value of the color difference signal of the co-ordinates
(x+1,2y+1l) by the sixth weighting factor;

calculating a first interpolated value from the first,
second, third and fourth multiplied values;

calculating a fifth multiplied value by multiplying the
value of the color difference signal of the co-ordinates
(x,2y) by the third weighting factor;

calculating a sixth multiplied value by multiplying the
value of the color difference signal of the co-ordinates
(x+1,2y) by the fourth weighting factor;

calculating a seventh multiplied value by multiplying the
value of the color difference signal of the co-ordinates
(x,2y+1l) by the seventh weighting factor;

calculating an eighth multiplied value by multiplyingnthe
value of the color difference signal of the co-ordinates
(x+1,2y+1) by the eighth weighting factor;

calculating a second interpolated value from the fifth,
sixth, seventh and eighth multiplied values;

setting the first interpolated value as values of the color
difference signals of the co-ordinates (x,2y) and (x,2ytl);

halving the number of color difference signals in the y
direction by removing color difference signals placed at

co-ordinates (x,2y) of even-numbered y values or co-ordinates
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(x,2y+1) of odd-numbered y values;

_adding a color difference signal to a position between each
pair of color difference signals adjacent to each other in an
X direction to double the number of color difference signals
in the x direction;

setting a value of one added color difference signal to the
second interpolated value for each added color difference
signal to produce converted color difference signals of a
4:2:0 color component type from the color difference signals
in which the number of converted color difference signals is
halved in the y direction as compared with the number of color
difference signals and the number of converted color
difference signal is doubled in the x direction as compared
with the number of coclor difference signals;

combining the converted color difference signals and
luminance signals of the digital picture signals to prodﬁce
digital picture signals of the 4:2:0 color component type; and

outputting the digital picture signals of the 4:2:0 color
component type. |

The second object is achieved by the provision of a picture
signal converting apparatus comprising:

receiving means for receiving a digital picture signal
compressed in a first format for each of pixels of a frame;

picture decoding means for decoding the digital picture

signals received by the receiving means to produce a plurality
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of non-compressed picture signals of a 4:1:1 color component
type, the non-compressed picture signals being arranged in a
matrix of rows and columns;

component signal converting means for directly converting
color difference signals of the non-compressed picture signals
obtained by the picture decoding means into a plurality of
converted color difference signals of a 4:2:0 color component
type by removing color difference signals on every other row
from the color difference signals of the non-compressed
picture signals to halve the number of color difference
signals in a y direction and adding a color difference signal
to a position between each pair of color difference signals
adjacent to each other in an x direction to double the number
of color difference signals in the x direction, setting values
of the converted color difference signals of the 4:2:0 color
component type according to values of the color differenée
signals of the non-compressed picture signals obtained by the
picture decoding means and combining luminance signals of the
non-compressed picture signals obtained by the picture
decoding means and the converted color difference signals of
the 4:2:0 color component type obtained by the color
difference signal converting means for each pixel of the frame
to produce non-compressed picture signals of the 4:2:0 color
component type;

picture coding means for coding the non-compressed picture
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signals of the 4:2:0 color component type obtained by the
component signal converting means to produce a plurality of
digital picture signals compressed in a second format
different from the first format; and

output means for outputting the digital picture signals
conpressed in the second format obtained by the picture coding
means.

In the above configuration, a plurality of digital picture
signals compressed in a first format is decoded to a plurality
of non-compressed picture signals of a 4:1:1 color component
type, the non-compressed picture signals of the 4:1:1 color
component type are directly converted into a plurality of
converted color difference signals of a 4:2:0 color component
type. In this conversion, color difference signals are removed
on every other row from the color difference signals of the
4:1:1 color component type and color difference signals ére
added on every other column to remaining color difference
signals. Therefore, a plurality of converted color difference
signals of the 4:2:0 color component type, in which the number
of signals in the y direction is half that of color difference
signals of the 4:1:1 color component type and the number of
converted color difference signals in the x Qirection is
double that of color difference signals of the 4:1:1 qolor
component type, are produced. Values of the coﬁverted color

difference signals are determined according to values of the

BEES



10

15

20

25

42

color difference signals of the 4:1:1 color component type.
Thereafter, luminance signals of the non-compressed picture
signals and the converted color difference signals of the

4:2:0 color component type are combined to produce

" non-compressed picture signals of the 4:2:0 color component

type. Thereafter, the non-compressed picture signals of the
4:2:0 color component type are coded to a plurality of digital
picture signals compressed in a second format.

Accordingly, in cases where a user uses a plurality of
digital compressed picture signals compressed in the first
format in his computer Cl1 and the transmission of signals
compressed in the second format from the computer to another
computer C2 through a network is more advantageous than that
of signals compressed in the first format, the digital
compressed picture signals compressed in the first format can
be easily converted into a plurality of digital compresséd
picture signals compressed in the second format, and the
digital compressed picture signals compressed in the second
format can be rapidly transmitted to the computer C2 through a
network.

The above features of the present invention are also
obtained by the provision of a picture signal converting
method, comprising the steps of:

receiving a digital picture signal compressed in a DVC

format for each of pixels of a frame, the digital picture
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signals compressed in the DVC format being obtained by
performing a discrete cosine transform (DCT) processing for
each block of non-compressed picture signals of a 4:1:1 color
component type to obtain a block of DCT coefficients from each
block of non-compressed picture signals, quantizing each block
of DCT coefficients to obtain a block of quantized values from
each block of DCT coefficients, coding each block of quantized
values to obtain a block of variable-length codes from each
block of gquantized values and recording each block of
variable-length codes as the digital picture signals
compressed in the DVC format;

decoding the digital picture signals to produce a plurality
of non-compressed picture signals of a 4:1:1 color component
type, the non-compressed picture signals being arranged in a
matrix of rows and colunmns;

removing color difference signals on every other row from
the color difference signals of the non-compressed picture
signals to halve the number of color difference signals in a y
direction;

adding a color difference signal to a position between each
pair of color difference signals adjacent to each other in an
x direction to double the number of color difference signals
in the x direction;

setting values of the color difference signals according to

values of the non-compressed picture signals of the 4:1:1
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color component type to directly convert the color difference
signals of the 4:1:1 color component type into converted color
difference signals of a 4:2:0 color component type;

combining luminance signals of the non-compressed picture
signals of the 4:1:1 color component type and the converted
color difference signals of the 4:2:0 color component type for
each pixel of the frame to produce non-compressed picture
signals of the 4:2:0 color component type;

coding the non-compressed picture signals of the 4:2:0
color component type to produce a plurality of digital picture
signals compressed in a moving picture experts group {MPEG)
format in which a time-redundancy between frames is reduced by
performing a motion compensation, a space-~redundancy in each
frame is reduced by performing a discrete cosine transform and
a code volume is reduced by performing a variable length
coding; and

outputting the digital picture signals compressed in the
MPEG format.

It is preferred that the first format be the DVC format,
the second format be the MPEG format, the picture decoding
means comprise

preparing means for deshuffling the digital picture signals
to rearrange the digital picture signals;

variable-length decoding means for performing a variable-

length decoding for the digital picture signals deshuffled by
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the preparing means to produce a plurality of quantized
values;

inverted quantization means for performing an inverted
quantization for the quantized values produced by the
variable-length decoding means to produce a plurality of
blocks of discrete cosine transform {(DCT) coefficients of the
non~compressed picture signals of the 4:1:1 color cdmponent
type; and

inverted DCT processing means for performing an inverted
DCT processing for each block of DCT coefficients produced by
the inverted quantization means to produce a plurality of
blocks of non-compressed picture signals of the 4:1:1 color
component type, and
the picture coding means comprise

an input buffer for storing the non-compressed picture
signals of the 4:2:0 color component type produced by thé
component signal converting means as picture signals of a
current frame frame by frame, the non-compressed picture
signals being classified into a plurality of blocks of
non-compressed picture signals respectively corresponding to a
block of the current frame;

DCT compressing means for performing a discrete cosine
transform (DCT) processing for each block of non-compressed
picture signals stored in the input buffer to obtain a

plurality of blocks of discrete cosine transform (DCT)
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coefficients and quantizing the DCT coefficients to obtain a
plurality of blocks of quantized values;

inverted DCT expanding means for performing an inverted DCT
processing for the blocks of DCT coefficients obtained by the
DCT compressing means to reproduce the blocks of non-
compressed picture signals of the 4:2:0 color component type;

frame picture storing means for storing each block of
non~-compressed picture signals of the 4:2:0 color component
type reproduced by the inverted DCT expanding means as picture
signals of a block of a referential frame, other non-
compressed picture signals of the 4:2:0 color component type
corresponding to a frame succeeding to the referential frame
being stored in the input buffer;

motion predicting means for calculating a motion vector
indicating the motion of a picture according to one block of
non-compressed picture signals of the current frame stored in
the input buffer and the non-compressed picture signals of the
4:2:0 color component type of the referential frame stored in
the frame picture storing means for each block of the current
frame and calculating an inter-frame difference between one
block of non-compressed picture signals of the current frame
and a corresponding block of non-compressed picture signals of
the referential frame indicaﬁed by the motion vector for each
block of the current frame;

coding selecting means for selecting a type of coding
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performed for the quantized values of the current frame
obtained by the DCT compressing means;

variable length coding means for performing a variable
length coding for the quantized values obtained by the DCT
compressing means according to the coding type selected by the
coding selecting means, the motion vectors and the inter-frﬁme
differences calculated by the motion predicting means to
produce pieces of variable.length coded data; and

structure - coding means- for producing the digital picture
signals compressed in the MPEG format from the variable length
coded data obtaiﬁed by the variable length coding means.

In the above configuration, the digital picture signals
compressed in the DVC format are decoded to the non-compressed
picture signals of the 4:1:1 color component type, and the
non-compressed picture signals of the 4:2:0 celor component
type are coded to the digital picture signals compressed:in
the MPEG format.

Also, it is preferredﬁthat the motion predicting means
comprise -

hierarchy picture producing means for producing a plurality
of current hierarchy pictures of different resolutions from a
current original picture of each block of the current frame
indicated by one block of non-compressed picture signals
stored in the input buffer and producing a plurality of

referential hierarchy pictures from a referential original
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picture of each block of the referential frame indicated by
one block of non-compressed picture signals stored in the
frame picture storing means, a current hierarchy picture of
the highest resolution being the current original picture, a
chrrent hierarchy picturé of a resolution lower than that of a
specific current hierarchy picture being obtained each time
every other pixel is removed in an x direction from pixels of
the specific current original picture and every other pixel is
removed in a y direction from pixels of the specific current
original picture, a referential hierarchy picture of the
highest resolution being the referential original picture, and
a referential hierarchy picture of a resolution lower than
that of a specific referential hierarchy picture being
obtained each time every other pixel is removed in an x
direction from pixels of the specific referential original
picture and every other pixel is removed in a y direction from
pixels of the specific referential original picture;

motion vector producing means for repeatedly calculating an
intermediate motion vector from one current hierarchy picture
and one referential hierarchy picture produced by the
hierarchy picture producing means and a rough motion vector
calculated just before the calculation of the intermediate
motion vector while changing the current and referential
hierarchy pictures of the same resolution to other current and

referential hierarchy pictures of higher resolution for each
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calculation of the intermediate motion vector and-setting the
intermediate motion vector as the rough motion vector for each
calculation of the intermediate motion vector, and finally
calculating the motion vector from the current and referential
hierarchy pictures of the highest resolution, the motion
vector being calculated for each block of the current frame,
the motion vector for a block of the current frame indicating
a block of the referential frame, and the rough motion vector
indicating candidates for a particular block of the
referential frame indicated by the intermediate motion vector;
and

inter-frame difference information producing means for
producing inter-frame difference information indicating the
inter-frame difference between a group of pixel.values of one
block of the current frame and a group of pixel values of a
corresponding block of the referential frame indicated bf the
motion vector produced by the motion vector producing means
for each block of the current frame.

In the above configuration, a plurality of current
hierarchy pictures of different resolutions are produced from
a current original picture of each block of the current frame,
and a plurality of referential hierarchy pictures are produced
from a referential original picture of each block of the
referential frame. Thereafter, an intermediate motion vector

is repeatedly calculated from one current hierarchy picture
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and one referential hierarchy picture while changing the
current and referential hierarchy pictures to other current
and referential hierarchy pictures of higher resolution for
each calculation of the intermediate motion vector, and the
motion vector is finally calculated from the current and
referential hierarchy pictures of the highest resolution. In
this case, the intermediate motion vector is set as a rough
motion vector for each calculation of the intermediate motion
vector, and the intermediate motion vector indicating a
particular block of the referential frame is calculated while
using the rough motion vector indicating candidates for the
particular block of the referential frame.

Thereafter, inter-frame difference information indicating
the inter-frame difference between a group of pixel values of
one block of the current frame and a group of pixel values of
a corresponding block of the referential frame indicated-by
the motion vector is produced for each block of the current
frame.

Therefore, in cases where a large object is drawn in a
natural picture, an intermediate motion vector roughly
indicating the motion of the large object is calculated more
precisely each time thé intermediate motion vector is
calculated. Therefore, a motion vector indicating the motion
of the large object can be precisely calculated.

Accordingly, even though a large object is dynamically
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moved in a moving picture, a motion vector faithfully
expressing a natural motion of the large object can be
obtained.

Also, because an intermediate motion vector calculated in a
previous stage is used as a rough motion vector for the
calculation of a next intermediate motion vector, a
calculation volume required for the calculation of the motion
vector can be considerably reduced even though the
intermediate motion vector is repeatedly calculated by using
the current hierarchy pictures and the referential hierarchy
pictures.

Also, it is preferred that the picture coding means further
comprise:

a DCT coefficient buffer for storing a block of DCT
coefficients of luminance signals extracted from each block of
DCT coefficients of the non-compressed picture signals
produced by the inverted quantization means, each block of DCT
coefficients of luminance signals corresponding to a block of
the current frame, and the DCT coefficients of each block
being arranged in a matrix of rows and columns; and

hierarchical inverted DCT processing means for repeatedly
extracting a group of DCT coefficients from each block of DCT
coefficients of luminance signals stored in the DCT
coefficient buffer on condition that a frequency band of the

group of DCT coefficients gradually extends to a higher
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frequency and performing an inverted DCT processing for éach
group of DCT coefficients to produce a plurality of hierarchy
pictures respectively indicated by a plurality of non-
compressed luminance signals, the hierarchy pictures of
different resolutions being produced for each block of the
current frame, and
the motion predicting means comprise

motion vector producing means for repeatedly calculating an
intermediate motion vector from one hierarchy picture produced
by the hierarchical inverted DCT processing means and a
referential origiﬁal picture of the referential frame
indicated by non-compressed luminance signals of the non-
compressed picture signals stored in the frame picture storing
means and a rough motion vector calculated just before the
calculation of the intermediate motion vector while changing
the hierarchy picture to another hierarchy picture of a ﬁigher
resolution for each calculation of the intermediate motion
vector and setting the intermediate motion vector as the rough
motion vector for each calculation of the intermediate motion
vector, and finally calculating the motion vector from the
hierarchy picture of the highest resolution and the
referential original picture for each block of the current
frame, the motion vector for a block of the current frame
indicating a block of the referential frame, and the rough

motion vector indicating candidates for a particular block of
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the referential frame indicated by the intermediate motion
vector; and

inter-frame difference information producing means for
producing inter-frame difference information indicating the
inter-frame difference between a group of pixel values of one
block of the current frame and a group of pixel values of a
corresponding block of the referential frame indicated by the
motion vector calculated by the motion vector producing means
for each block of the current frame.

In the above configuration, a plurality of hierarchy
pictures of different resolutions indicated by a plurality of
non~-compressed luminance signals are produced for each block
of the current frame. Thereafter, an intermediate motion
vector is repeatedly calculated from one hierarchy picture and
a referential original picture of the referential frame, and
the motion vector is finally calculated from the current and
referential hierarchy pictures of the highest resolution. In
this case, the intermediate motion veétor is set as a rough
motion vector for each calculation of the intermediate motion
vector, and the intermediate motion vector indicating a
particular block of the referential frame is calculated while
using the rough motion vector indicating candidates for the
particular block of the referential frame.

Thereafter, inter-frame difference information indicating

the inter-frame difference between a group of pixel values of
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one block of the current frame and a group of pixel values of
a corresponding block of the referential frame indicated by
the motion vector is produced for each block of the current
frame.

Accordingly, because the hierarchy pictures of different
resolutions are produced for each block of the current frame
and are used to calculate the motion vector, the motion vector
faithfully indicating a motion of a picture can be precisely
obtained. |

'Also, it is preferred that the picture coding means further
comprise:

a8 DCT coefficient buffer for storing a block of DCT
coefficients of luminance signals extracted from each block of
DCT coefficients of the non-compressed picture signals
produced by the inverted quantization means, éach block of DCT
coefficients of luminance signals corresponding to a block of
the current frame, and the DCT coefficients of each block
being arranged in a matrix of rows and columns; and

a one-dimensional inverted DCT processing means for
extracting a block of DCT coefficients of luminance signals
arranged in a row as an x-directional group of DCT
coefficients from each block of DCT coefficients stored in the
DCT coefficient buffer, extracting a block of DCT coefficients
of luminance signals arranged in a column as a y-directional

group of DCT coefficients from each block of DCT coefficients
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stored in the DCT coefficient buffer, performing an inverted
DCT processing for the x-directional group of DCT coefficients
to obtain x-directional information composed of non-compressed
luminance signals arranged in the x direction for each block
of a current frame and performing an inverted DCT processing
for the y-directional group of DCT coefficients to obtain
y-directional information composed of non-compressed luminance
signals arranged in the y direction for each block of the
current frame, and
the motion predicting means comprise

motion vector producing means for calculating an
x-directional motion vector according to the x-directional
information obtained by the one-dimensional inverted DCT
processing means and non-compressed luminance signals of the
non-compressed picture signals stored in the frame picture
storing means for each block of the current frame, speciéyinq
a plurality of remarked blocks of the referential frame
arranged in the neighborhood of a particular block indicated
by the
x-directional motion vector and calculating a motion vector
according to the y-directional information obtained by the
one-dimensional inverted DCT processing means and
non-compressed luminance signals of the remafked blocks for

each block of the current frame; and

inter-frame difference information producing means for
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producing inter-frame difference information indicating the
inter-frame difference between a group of pixel values of one
block of the current frame and a group of pixel values of a
corresponding block of the referential frame indicated by the
motion vector calculated by the motion vector producing means
for each block of the current frame.

In the above configuration, x-directional information
composed of non-compressed luminance signals arranged in the x
direction is produced for each block of a current frame, and
y~directional information composed of non-compressed luminance
signals arranged in the y direction is produced for each block
of the current frame. Thereafter, an x-directional motion
vector is calculated according to the x-directional
information and non-compressed luminance signals of a
referential frame, and a motion vector is calculated according
to the x-directional motion vector and the y-directionalz
information.

Accordingly, a calculation volume required for the
calculation of the motion vector can be reduced as compared
with a case that the hierarchy pictures are produced, and the
motion vector faithfully indicating a motion of a picture can
be precisely obtained.

The second object is also achieved by the provision of a
picture signal converting apparatus comprising:

receiving means for receiving a digital picture signal
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compressed in a first format for each of pixels of a frame;

picture decoding means for decoding the digital picture
signals received by the recéiving means to produce a pluralitx
of discrete cosine transform (DCT)} coefficients of
non-compressed picture signals of a 4:1:1 color component
type, converting the DCT coefficients into a pluraiity of DCT
coefficients of non-compressed picture signals of a 4:2:0
color component type and producing a plurality of
non-compressed picture signals of the 4:2:0 color component
type from the DCT coefficients of the non-compressed picture
signals of the 4:2:0 color component type;

picture coding means for coding the non-compressed picture
signals of the 4:2:0 color component type obtained by the
picture decoding means to produce a plurality of digital
picture signals compressed in a second format different from
the first format; and

output means for outputting the digital picture signals
compressed in the second format obtained by the picture coding
means.

In the above configuration, a plurality of digital picture
signal compressed in a first format are decoded to a plurality
of DCT coefficients of non-compressed picture signals of a
4:1:1 color component type, the DCT coefficients are converted
into a plurality of DCT coefficients of non-compressed picture

signals of a 4:2:0 color component type, a plurality of
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non-compressed picture signals of the 4:2:0 color component
type are produced from the DCT coefficients of the
non-compressed picture signals of the 4:2:0 color component
type, and the non-compressed picture signals of the 4:2:0
color component type are coded to a plurality of digital
picture signals compressed in a second format.

Accordingly, because the DCT coefficients corresponding to
the 4:1:1 color component type are converted into the DCT
coefficients corresponding to the 4:2:0 color component type,
it is not required to convert color difference signals of the
4:1:1 color component type into color difference signals of
the 4:2:0 color component type.

It is preferred that the first format be the DVC format,
the second format be the MPEG format, and the picture decoding
means comprises

preparing means for deshuffling the digital picture signals
to rearrange the digital picture signals;

variable-length decoding means for performing a variable-
length decoding for the digital picture signals deshuffled by
the preparing means to produce a plurality of quantized
values;

inverted quantization meaﬁs for performing an inverted
quantization for the quantized values produced by the
variable-length decoding means to produce a plurality of

blocks of discrete cosine transform (DCT) coefficients of -the
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non-compressed picture signals of the 4:1:1 color component
type, the DCT coefficients of each block being arranged in a
matrix of rows and columns;

DCT coefficient converting means for extracting a block of
DCT coefficients of non-compressed color difference signals of
the 4:1:1 color component type from each block of DCT
coefficients of the non-compressed picture signals obtained by
the inverted quantization means and converting each block of
DCT coefficients of the non-compressed color difference
signals of the 4:1:1 color component type to a block of DCT
coefficients of non-compressed color difference signals of a
4:2:0 color component type by removing a lower half portion of
DCT coefficients corresponding to higher frequency from each
block of DCT coefficients to halve a resolution of the DCT
coefficients in a y direction for each block and adding DCT
coefficients on the right side of the remaining DCT
coefficients for each block to double a resolution of the DCT
coefficients in an x direction for each block; and

inverted DCT processing means for performing an inverted
DCT processing for each block of DCT coefficients of
non-compressed luminance signals extracted from the DCT
coefficients of the non-compressed picture signals obtained by
the inverted quantization means and a corresponding block of
DCT coefficients of the non-compressed color difference

signals of the 4:2:0 color component type obtained by the DCT
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coefficient converting means to produce a plurality of blocks
of non-compressed picture signals of the 4:2:0 color component
type.

In the above confiquration, color difference information in
each block of DCT coefficients is mainly expressed by lower
frequency components placed on the upper left side of the
block. Therefore, the conversion of a block of DCT
coefficients of the non-compressed color difference signals of
the 4:1:1 color component type into a block of DCT
coefficients of non-compressed color difference siénals of a
4:2:0 color component type is performed by removing a lower
half portion of DCT coefficients corresponding to higher
frequency from the block of DCT coefficients of the 4:1:1
color component type to halve a resolution of the DCT
coefficients of the 4:1:1 color component type in a y
direction and adding DCT coefficients on the right side 5f the
remaining DCT coefficients to double a resolution of the DCT
coefficients of the 4:1:1 color component type in an x
direction.

Accordingly, because color difference information existing
in the block of DCT coefficients of the non-compressed color
difference signals of the 4:1:1 color component type is
maintained in the block of DCT coefficients of the
non~-compressed color difference signals of the 4:2:0 color

component type. Therefore, any viewer does not feel an
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unnatural color change in a reproduced picture obtained from
the digital picture signals compressed in the MPEG format.

The above features of the present invention are also
obtained by the provision of a picture signal converting
method, comprising the steps of:

receiving a digital picture signal compressed in a DVC
format for each of pixels of a frame, the digital picture
signals compressed in the DVC format being obtained by
performing a discrete cosine transform (DCT) processing for
each block of non-compressed picture signals of a 4:1:1 color
component type to obtain a block of DCT coefficients from each
block of non-compressed picture signals, quantizing each block
of DCT coefficients to obtain a block of quantized values from
each block of DCT coefficients, coding each block of quantized
values to obtain a block of variable-length codes from each
block of quantized values and recording each block of |
variable-length codes as the digital picture signals
compressed in the DVC format;

performing a variable-length decoding for the digital
picture signals compressed in the DVC format to produce a
plurality of quantized values;

performing an inverted quantization for the quanti;ed
values to produce a plurality of blocks of discrete cosine
transform (DCT) coefficients of the non-compressed picture

signals of the 4:1:1 color component type, each block of DCT
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coefficients of the non-compressed picture signals being
classified into a block of DCT coefficients of non-compressed
luminance signals and a block of DCT coefficients of the
non-compressed color difference signals of the 4:1:1 color
component type;

converting each block of DCT coefficients of the non-
compressed color difference signals of the 4:1:1 color
component type into a block of DCT coefficients of non-
compressed color difference signals of a 4:2:0 color component
type, the DCT coefficients of each block being arranged in a
matrix of rows and columns;

combining each block of DCT coefficients of the
non-compressed color difference signals of the 4:2:0 color
component type and a corresponding block of DCT coefficients
of non-compressed luminance signals to produce a plurality of
blocks of DCT coefficients of non-compressed picture sigﬁals
of the 4:2:0 color component type;

performing an inverted DCT processing for each block of DCT
coefficients of non-compressed picture signals of the 4:2:0
color component type to produce a block of non-compressed
picture signals of the 4:2:0 color component type for each
block of DCT coefficients;

coding each block of non-compressed picture signals'of the
4:2:0 color component type to produce a plurality of digital

picture signals compressed in a moving picture experts group
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(MPEG) format in which a time-redundancy between frames is
reduced by performing a motion compensation, a space-
redundancy in each frame is reduced by performing a discrete
cosine transform and a code volume is reduced by performing a
§ariable length coding; and

outputting the digital picture signals compressed in the
MPEG format, and
the step of converting each block of DCT coefficients
compriseé the steps of:

removing a lower half portion of DCT coefficients
corresponding to higher frequency from each block of DCT
coefficients to halve a resolution of the DCT coefficients in
a y direction for each block; and

adding DCT coefficients on the right side of the remaining
DCT coefficients for each block to double a resolution of the
DCT coefficients in an x direction for each block and to’
produce the blocks of DCT coefficients of the non-compressed
color difference signals of the 4:2:0 color component type.

The third object is achieved by the provision of a
picture providing system, comprising:

picture input means for receiving a plurality of digital
picture signals compressed in a first format;

picture reproducing means for reproducing a digital picture
according to a plurality of digital picture signals compressed

in a second format different from the first format;
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picture providing means for receiving the digital picture
signals compressed in the first format from the picturg input
means, converting the digital picture signals compressed in
the first format into the digital picture signals compressed
in the second format and transmitting the digital picture
signals compressed in the second format to the picture
reproducing means; and

a network through which the digital picture signals
compressed in the first format is transmitted from the picture
input means to the picture providing means and the digital
picture signals compressed in the second format is transmitted
from the picture providing means to.the picture reproducing
means,
the picture providing means comprising:

communicating means for receiving the.digital picture
signals compréssed in’the first format from the picture input
means through the network and outputting the digital picture
signals compressed in the second format to the picture
reproducing means through the network; and

picture signal converting means for converting the digital
picture signals of the first format received by the
communicating means into the digital picture signals
compressed in the second format and outputting the digital
picture signals compressed in the second format to the

communicating means, and
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the picture signal converting means comprising

picture decoding means for decoding the digital picture

"

signals compressed in the first format to produce a plurality
of non-compressed picture signals of a 4:1:1 color component
type, the non-compressed picture signals being arranged in a
matrix of rows and columns;

component signal converting means for directly converting
color difference signals of the non-compressed picture signals
obtained by the picture decoding means into converted color
difference signals of a 4:2:0 color component type by removing
color difference signals on every other row from the color
difference signals of the non-compressed picture signals to
halve the number of color difference signals in a y direction
and adding a color difference signal to a position between
each pair of color difference signals adjacent to each other
in an x direction to double the number of color differenée
signals in the x direction, setting values of the converted
color difference signals of the 4:2:0 color component type
according to values of the color difference signals of the
non-compressed picture signals obtained by the picture
decoding means and combining luminance signals of the
non-compressed picture signals obtained by the picture
decoding means and the converted color difference signals of
the 4:2:0 color component type obtained by the color

difference signal converting means for each pixel of the frame
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to produce non-compressed picture signals of the 4:2:0 color
componept type; and | : -

picture coding means for coding the non-compressed picture
signals of the 4:2:0 color component type obtained by the
component signal converting means to produce the digital
picture signals compressed in the second format.

In the above configquration, a plurality of digital picture .
signals compressed in a first format transmitted from the
picture input means are received in the picture providing
means. In the picture providing means, the digital picture
signals are decoded to a plurality of non-compressed picture
signals of a 4:1:1 color component type, the non-compressed
picture signals are directly converted into a plurality of
non-compressed picture signals of a 4:2:0 color component
type, and the non~compressed picture signals of the 4:2:0
color component type are coded to a pluraliﬁy of digitalz
picture signals compressed in a second format. Thereafter,
when the picture reproducing means request the digital picture
signals compressed in the second format of the picture
providing means, the digital picture signals compressed in the
second format are transmitted to the picture reproducing means
and are reproduced.

Therefore, because the direct conversion is performed by
the picture providing means, even though a compression format

of the digital picture signals required by the picture
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reproducing means differs from that of the digital picture
signals transmitted from the picture input means, the digital
picture signals of the second format required by the picture
reproducing means can be provided for the picture input means.

The third object is also achieved by the provision of a
picture providing system, comprising:

picture input means for receiving a plurality of digital
picture signals compressed in a first format;

picture reproducing means for reproducing a digital picture
according to a plurality of digital picture signals compressed
in a second format different from the first format;

picture providing means for receiving the digital picture
signals compressed in the first format from the picture input
means, converting the digital picture signals compressed in
the first format into the digital picture signals compressed
in the second format and transmitting the digital picturé
signals compressed in the second format to the picture
reproducing means; and

a network through which the digital picture signals
compressed in the first format is transmitted from the picture
input means to the picture providing means and the digital
picture signals compressed in the second format is transmitted
from the picture providing means to the picture reproducing
means,

the picture providing means comprising:
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communicating means for receiving the digital picture
signals compressed in the first format from the picture input
means through the network and outputting the digital picture
signals compressed in the second format to the picture
reproducing means through the network; and

picture signal converting means for converting the digital
picture signals of the first format received by the
communicating means into the digital picture signals
compressed in the second format and outputting the digital
picture signals compressed in the second format to the
communicating means, and
the picture signal converting means comprising

picture decoding means for decoding the digital picture
signals of the first format to produce a plurality of discrete
cosine transform {DCT) coefficients of non-compressed picture
signals of a 4:1:1 color component type, converting the DCT
coefficients into a plurality of DCT coefficients of
non-compressed picture signals of a 4:2:0 color component type
and producing a plurality of non-compressed picture signals of
the 4:2:0 color component type from the DCT coefficients of
the non-compressed picture signals of the 4:2:0 color
component type; and

picture coding means for coding the non-compressed picture
signals of the 4:2:0 color component type obtained by the

picture decoding means to produce the digital picture signals
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compressed in the second format.

In the above configuration, a plurality of digital éicture
signals of a first format transmitted from the picture input
means to the picture providing means are decoded to a
plurality of DCT coefficients of non-compressed picture
signals of a 4:1:1 color component type, the DCT coefficients
are directly converted into a plurality of DCT coefficients of
non-compressed picture signals of a 4:2:0 color component
type, an inverted DCT processing is performed for the DCT
coefficients of the non-compressed picture signals of the
4:2:0 color to produce a plurality of non-compressed picture
signals of the 4:2:0 color component type component type, and
the non-compressed picture signals of the 4:2:0 color
component type are coded to a plurality of digital picture
signals compressed in a second format.

Therefore, because the direct conversion is performed.by
the picture providing meaﬁs, even though a compression format
of the digital picture siénals required by the picture
reproducing means differs from that of the digital picture
signals transmitted from the picture input means, the digital
picture signals of the second format required by the picture

reproducing means can be provided for the picture input means.

BRIEF DESCRIPTION OF THE DRAWINGS

The objects, features and advantages of the present
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invention will be apparent from the following description
taken in conjunction with the accompanying drawings, in which:

Fig. 1A shows the correspondence of a luminance signal Y to
color difference signals Cr and Cb in the 4:4:4 color
component type digital picture signal;

Fig. 1B shows the comparison of information volumes of the
luminance signal Y and the color difference signals Cr and Cb
in the 4:4:4 color component type digital picture signal;

Fig. 22 shows the correspondence of a luminance signal Y to
color difference signals Cr and Cb in the 4:2:2 color
component type digital picture signal;

Fig. 2B shows the comparison of information volumes of the
luminance signal Y and the color difference signals Cr and Cb
in the 4:2:2 color component type digital picture signal;

Fig. 3A shows the correspondence of a luminance signal Y to
color difference signals Cr and Cb in the 4:2:0 color
component type digital picture signal;

Fig. 3B shows the comparison of information volumes of the
luninance signal Y and the color difference signals Cr and Cb
in the 4:2:0 color component type digital picture signal;

Fig. 4A shows the correspondence of a luminance signal Y to
color difference signals Cr and Cb in the 4:1:1 color
component type digital picture signal;

Fig. 4B shows the comparison of information volumes of the

luminance signal Y and the color difference signals Cr and Cb

Ll
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in the 4:1:1 color component type digital picture signal;

Fig. 5 is a block diagram of a conventional MPEG data
producing apparatus;

Fig. 6 is a block diagram of a picture signal converting
apparaEus according to a first embodiment of the present
inveﬁtion;

Fig. 7 is a flow chart showing the whole processing
performed in the picture signal converting apparatus shown in
Fig. 6;

Fig. 8A shows a plurality of values of 4:1:1 type luminance
signals Y corresponding to 8%4 pixels placed at a sub-frame;
Fig. 8B shows a plurality of values of 4:1:1 type first
color difference signals Cr corresponding to the luminance

signals Y; |

Fig. 8C shows a plurality of values of 4:1:1 type second
color difference signals Cb corresponding to the luminance
signals Y¥;

Fig. 8D shows a plurality of values of 4:2:0 typg first
converted color difference signals Cr' corresponding to the
luminance signals ¥;

Fig. 8E shows a plurality of values Vi, , of 4:2:0 type

second converted color difference signals Cb' corresponding to
the luminance signals ¥;

Fig. 9A is a block diagram of a color difference signal
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converting unit shown in Fig. 6 in a first color difference
signal converting method;

Fig. 9B is a block diagram of a color difference signal
converting unit shown in Fig. 6 in a second color difference
signal converting method;

Fig. 9C is a block diagram of a color difference signal
converting unit shown in Fig. 6 in a third color difference
signal converting method;

Fig. 9D is a block diagram of a color difference signal
converting unit shown in Fig. 6 in a fourth color difference
signal converting method;

Fig. 10A shows a plurality of values of 4:2:2 type
luminance signals ¥;

Fig. 10B shows a plurality of values of the 4:2:2 type
color difference signals Cr and Cb;

Fig. 10C shows a plurality of values of the 4:1:1 typé
color difference signals Cr and Cb compressed in the DV
compression format;

Fig. 11A shows a first actual example of values of 4:1:1
type color difference signals Cr (or Cb) input to the picture
signal converting unit shown in Fig. 6;

Fig. 11B shows a first actual example of values of 4:2:0
type converted color difference signals Cr' {or Cb') output
from the picture signal converting unit in the first color

difference signal converting method;
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Fig. 11C shows a first actual example of values of 4:2:0
type converted color difference signals Cr' (or Cb') output
from the picture signal converting unit in the second color
difference signal converting method;

Fig. 11D shows a first actual example of values of 4:2:0
type converted color difference signals Cr' (or Cb') output
from the picture signal converting unit in the third color
difference signal converting method;

Fig. 11E shows a first actual example of values of 4:2:0
type converted color difference signals Cr*' (or Cb'} output
from the picture signal converting unit in the fourth color
difference signal converting method;

Fig. 12A shows a second actual example of values of 4:1:1
type color difference signals Cr {or Cb) input to the picture
signal converting unit shown in Fig. 6;

Fig. 12B shows a second actual example of values of 41210
type converted color difference signals Cr' {(or Cb') output
from the picture signal converting unit in the first color
difference signal converting method;

Fig. 12C shows a second actual example of values of 4:2:0
type converted color difference signals Cr' (or Cb') output
from the picture signal converting unit in the second color
difference signal converting method;

Fig. 12D shows a second actual'example of values of 4:2:0

type converted color difference signals Cr*' (or Cb') output
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from the picture signal converting unit in the third color
difference signal converting method;

Fig. 12E shows a second actual example of values of 4:2:0
type converted color difference signals Cr' (or Cb') output
from the picture signal converting unit in the fourth color
difference signal converting method;

Fig. 13A shows a third actual example of values of 4:1:1
type color difference signals Cr (or Cb) input to the picture
signal converting unit shown in Fig. -6;

Fig. 13B shows a third actual example of values of 4:2:0
type converted color difference signals Cr' (or Cb') output
from the picture signal converting unit in the first color
difference signal converting method;

Fig. 13C shows a third actual example of values of 4:2:0
type converted color difference signals Cr' (or Cb'} output
from the picture signal converting unit in the second color
difference signal converting method;

Fig. 13D shows a third actual example of values of 4:2:0
type converted color difference signals Cr' (or Cb') output
from the picture signal converting unit in the third color
difference signal converting method;

Fig. 13E shows a third actual example of values of 4:2:0
type converted color difference signals Cr' (or Cb'} output
from the picture signal converting unit in the fourth color

difference signal converting method;
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Fig. 14 is a block diagram of a picture signal converting
apparatus according to a second embodiment of the present
invention;

Fig. 15 is a flow chart showing the whole processing
performed in the picture signal converting apparatus shown in
Fig. 14;

Fig. 162 is a block diagram of a color difference signal
converting unit shown in Fig. 14 in a fifth color difference
signal converting method;

Fig. 16B is a block diagram of a color difference signal
converting unit shown in Fig. 14 in a sixth color difference
signal converting method;

Fig. 17A shows an actual example of values of 4:1:1 type
luminance signals Y;

Fig. 17B shows an actual example of values of 4:1:1 type
color difference signals Cr (or Cb) input to a picture signal
converting unit shown in Fig. 14;

Fig. 17C shows an actual example of values of 4:2:0 type
converted color difference signals Cr' (or Cb'}) output from
the picture signal converting unit in the fifth color
difference signal converting method;

Fig. 17D shows an actual example of values of 4:2:0 type
converted color difference signals Cr' (or Cb') output from
the picture signal converting unit in the sixth color

difference signal converting method;
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Fig. 17E shows an actual example of values of 4:2:0 type
converted color difference signals Cr' (or Cb') output from
the picture signal converting unit in the first color
difference signal converting method of the first embodiment;

Fig. 18 is a block diagram of a picture signal converting
apparatus according to a third embodiment of the present
invention;

Fig. 19 shows the whole procedure performed in the picture
signal converting apparatus shown in Fig. 18;

Fig. 20 is a flow chart of a decoding processing performed
in the picture signal converting apparatus shown in Fig. 18;

Fig. 21 is a flow chart of a picture signals coding
processing performed in the picture signal converting
apparatus shown in Fig. 18;

Fig. 22 shows an example of a plurality of hierarchy
pictures used in a motion prediction;

Fig. 23 is a block diagram of a motion predicting unit
shown in Fig. 18;

Fig. 24 is a flow chart showing a motion vector calculating
method using a plurality of hierarchy pictures;

Figs. 252 and 25B show the motion vector calculating
method;

Pig. 26 is a block diagram of a picture signal converting
apparatus according to a fourth embodiment;

Fig. 27 is a block diagram of a motion predicting unit
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shown in Fig. 26;

Fig. 28 is a flow chart showing a picture signal decoding
{or expanding) processing performed in a picture signal
decoding unit shown in Fig. 26;

Fig. 29 is a flow chart showing a picture signal
conpressing processing performed in a picture signal coding
unit shown in Fig. 26;

Figs. 30A to 30D show a hierarchical inverted DCT
processing performed in the picture signal coaverting
apparatus shown in Fig. 26;

Fig. 31 shows another hierarchical inverted DCT processing
performed in the picture signal converting apparatus shown in
Fig. 26;

Fig. 32 is a block diagram of a picture signal converting
apparatus according to a fifth embodiment;

Fig. 33 is a block diagram of a motion predicting unit
shown in Fig. 32;

Fig. 34 is a flow chart showing a picture signal
compressing processing performed in a picture signal decoding
unit shown in Fig. 26;

Fig. 35 shows a one-dimensional inverted DCT processing and
a motion prediction performed in a picture signal decoding
unit shown in Fig. 26;

Fig. 36 shows the detection of a motion vector in the one-

dimensional inverted DCT processing;
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Fig. 37 is a block diagram of a picture signal converting
apparatus according to a seventh embodiment;

Fig. 38 is a flow chart showing the whole processing
performed in the picture signal converting apparatus shown in
Fig. 37;

Fig. 39 is a flow chart showing a picture decoding
processing performed in a picture signal decoding unit shown
in Fig. 37;

Fig. 40 shows a component type conversion from 4:1:1 type
to 4:2:0 type in a DCT coefficient converting processing and
an inverted DCT processing for DCT coefficients of 4:2:0 type
color difference signals;

Fig. 41 is a block diagram of a picture signal converfing
apparatus according to a modification of the seventh
embodiment;

Fig. 42 is a block diagram of a picture signal converﬁing
apparatus according to another modification of the seventh
embodinent;

Fig. 43 is a block diagram of a multi-format picture
providing system according to a sixth embodiment;

Fig., 44A is a flow chart showing a picture inputting
processing performed in a picture providing unit shown in Fig.
43;

Fig. 44B is a flow chart showing a picture outputting

processing performed in the picture providing unit;
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Fig. 45A is a flow chart showing another picture inputting
processing performed in the picture providing unit in cases
where a picture signal converting processing is performed at a
speed higher than a real time speed; and

Fig. 45B is a flow chart showing another picture outputting
processing performed in the picture providing unit in cases
where a picture signal converting processing is performed at a

speed higher than a real time speed.

DETAILED DESCRIPTION OF THE EMBODIMENTS

Preferred embodiments of a picture signal converting
apparatus, a picture signal converting method and a picture
providing system according to the present invention are
described with reference to the drawings.

{(First Embodiment)

In this embodiment, a picture signal converting apparétus
and a picture signal converting method in which a 4:1:1 color
component type digital picture signal (hereinafter, called a
4:1:1 type component picture signal) is directly converted
into a 4:2:0 color component type digital picture signal
(hereinafter, called a 4:2:0 type component picture signal})
are described.

Fig. 6 is a block diagram of a picture signal converting
apparatus according to a first embodiment of the present .- .

invention, and Fig. 7 is a flow chart showing the whole
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processing performed in the picture signal converting

apparatus.

As shown in Fig. 6, a picture signal converting apparatus

- -
-

11 comprises
an input unit 12 for receiving 4:1:1 type component picture
signals of one frame for each frame,

an Y frame memory 13 for storing luminance signals Y of the

4:1:1 type component picture signals (hereinafter, called

"4:1:1 type luminance signals) for each frame,

an input Cr frame memory 14 for storing first color
difference signals Cr of the 4:1:1 type component picture
signals (hereinafter, called 4:1:1 type first color difference
signals) for each frame on condition that the first color
difference signals Cr are placed at Cr co-ordinates (x,y) of
an X-Y co-ordinate system,

an input Cb frame memory 15 for storing second color
difference signals Cb of the 4:1:1 type component picture
signals (hereinafter, called 4:1:1 type second color
difference signals) for each frame on condition that the
second color difference signals Cb are placed at Cb co-ordinat
es (x,y) of an X-Y co-ordinate system,

a color difference signal converting unit 16 for converting
the 4:1:1 type first color difference signals Cr into first
converted color difference signals Cr' of 4:2:0 type component

picture signals (hereinafter, called 4:2:0 type first
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converted color difference signals) for each frame and
converting the second color difference signals Cb into second
converted color difference signals Cb' of the 4:2:0 type
component picture signals (hereinafter, called 4:2:0 type
second converted color difference signals) for each frame,

an output Cr frame memory 17 for storing the 4:2:0 type first
converted color difference signals Cr' for each frame on
condition that the 4:2:0 type first converted color difference
signals Cr' are placed at Cr' co-ordinates (x,y)} of an X-Y
co-ordinate system,

an output Cb frame memory 18 for storing the 4:2:0 type
second converted color difference signals Cb' for each frame
on condition that the 4:2:0 type second converted color
difference signals Cb' are placed at Cb' co-ordinates (x,y) of
an X-Y co-ordinate system, and

an output unit 19 for outputting the 4:2:0 type componeﬁt
picture signals composed of the luminance signals Y stored in
the ¥ frame memory 13, the 4:2:0 type first converted color
difference signals Cr' and the 4:2:0 type second converted
color difference signals Cb' for each frame.

In the above configuration, an operation performed in the
picture signal converting apparatus 11 is described in brief
with reference to Fig. 7.

As shown in Fig. 7, in a step S101, a processing frame of a

moving picture is specified, the input unit 12 receives a
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plurality of 4:1:1 type component picture signals of the
processing frame, a plurality of 4:1:1 type luminance signals
Y are stored in the Y frame memory 13, a plurality of 4:1:1
type first color difference signals Cr are stored in the input
Cr frame memory 14, and a plurality of 4:1:1 type second color
difference signals Cb are stored in the input Cb frame memory
15.

In a step S102, the color difference signals Cr and Cb
stored in the input Cr frame memory 14 and the input Cb frame
memory 15 are input to the color difference signal converting
unit 16 and are converted into color difference signals Cr°’
and Cb' of a plurality of 4:2:0 type component picture signals
according to a first color difference signal converting
method, a second color difference signal converting method, a
third color difference signal converting method or a fourth
color difference signal converting method. Thereafter, the
first converted color difference signals Cr' are stored in the
output Cr frame memory 17, and the second converted color
difference signals Cb' are stored in the output Cb frame
memory 18.

In a step S103, the luminance signals Y stored in the Y
frame memory 13, the first converted color difference signals
Cr' stored in the output Cr frame memory 17 and the second
converted color difference signals Cb' stored in the output Cb

frame memory 18 are combined in the output unit 19 to produce



10

15

20

83

a plurality of 4:2:0 type component picture signals of the
processing frame, and the 4:2:0 type component picture signals
are output from the output unit 19.

In a step S104, it is judged whether or not the processing
frame is é final frame of the moving picture. In cases where
the processing frame is a final frame of the moving picture,
the operation is finished. In cases where the processing frame
is not a final frame of the moving picture, a next frame is
newly specified as a processing frame, and the steps 5101 to
§104 are repeated for the processing frame newly specified.

Each of the color difference signal converting methods
performed in the step S102 is described in detail with
reference to Figs. 8 to 10.

Fig. 8A shows a plurality of values Y¥y,y of luminance

signals Y corresponding to 8*4 pixels placed at one sub-frame
{8 columns * 4 rows) of the processing frame, Fig. 8B shows a

plurality of values Ul , of 4:1:1 type first color difference

signals Cr corresponding to the luminance signals Y, Fig. 8C

shows a plurality of values Vl,,y of 4:1:1 type second color

difference signals Cb corresponding to the luminance signals

Y, Fig. 8D shows a plurality of values U2, of 4:2:0 type

first converted color difference signals Cr' corresponding to
the luminance signals ¥, and Fig. 8E shows a plurality of

values V2, , of 4:2:0 type second converted color difference
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signals Cb' corresponding to the luminance signals Y. Here,
x=0,1,2,-- and y=0,1,2,-- are satisfied.

An X-Y co-ordinate system having an original point (0,0) at
its top left is considered for each type of signalé Y, Cr, Cb,
Cr' and Cb', a luminance value of the luminance signal Y
corresponding to the pixel placed at co-ordinates (x,y) is

indicated by Yy,y, a value of the 4:1:1 type first color
difference signal Cr corresponding to the luminance signals of
the values Yy,y, Y4xs1,y, Yixs2,y a0d Y4qe3,y is indicated by UL, ,, a

value of the 4:1:1 type second color difference signal Cb

corresponding to the luminance signals of the values Y,y
Yyxe1,y, Yaxs2,y and Y43,y is indicated by Vi, , a value of the

4:2:0 type first converted color difference signal Cr*

corresponding to the luminance signals of the values Yy, iy,
Yax+1,2y, Yax,2y+1 @0d Ya441,2¢¢1 is indicated by Vig y, a value of
the 4:2:0 type second converted color difference signal Cb’
corresponding to the luminance signals of the values Yy,ay,
Yax+1,2y, Yax,2y+1 a0d Yaxsey,29+41 18 indicated by Vi 4.

Because the processing frame is composed of a plurality of
sub-frames, the color difference signal converting processing
is performed for each sub-frame in the step S§102,

In the first color difference signal converting method,

as shown in Fig. 93, the color difference signal converting
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unit 16 comprises

a y~-directional signal halving unit 16a for removing first
color difference signals Cr on every other row from the first
color difference signals stored in the input Cr frame memory
14 to halve the number of first color difference signals Cr in
the y direction and removing second color difference signals
Cb on every other row from the second color difference signals
stored in the input Cb frame memory 15 to halve the number of
second color difference signals Cb in the y direction; and

an x-directional signal doubling unit 16b for adding a
first color difference signal to a position between each pair
of first color difference signals Cr which are obtained in the
y-directional signﬁl halving unit 16a and are adjacent to each
other in the X direction, setting a value of one added first
color difference signal to a value of one first color
difference signal Cr adjacent to the added first color
difference signal in the x direction for each added first
color difference signal to double the number of first color
difference signals Cr obtained in the y-directional signal
halving unit 16b in the x direction, adding a second color
difference signal to a pésition between each pair of second
color difference signals Cb which are obtained in the
y-directional signal halving unit 16a and are adjacent to each
other in the X direction, setting a value of one added second

color difference signal to a value of one second color
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difference signal Cr adjacent to the added second color
difference signal in the x direction for each added second
color difference signal to double the number of second color
difference signals Cb obtained in the y-directional signal
halving unit 16b in the x direction, outputting the first
color difference signals as the 4:2:0 type first converted
color difference signals Cr' of the 4:2:0 color component type
and outputting the second color difference signals obtained by
the x-directional signal doubling unit 16b as the 4:2:0 type
second converted color difference signals Cb'.

In the above configuration, in the halving unit 16a, odd
numbered color difference signals Cr and Cb (having values

Uly,ay+1 and Vig aye;) placed at odd-numbered y co-ordinate values

or even-numbered color difference signals Cr and Cb (having

values Ul ,y, and Vi, ,,) placed at even-numbered y co-ordinate

values are removed from the 4:1:1 type color difference
signals Cr and Cb stored in the frame memories 14 and 15 to
halve the number of first (or second) color difference signals
Cr {or Cb) in the y direction. Thereafter, in the doubling
unit 16b, a first (or second} color difference signal Cr (or
Cb} is added to a position between each pair of first (or
second) color difference signals Cr {(or Cb) adjacent to each
other in the X direction, and a value of one added first (or

second) color difference signal is set to a value of one first
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{or second) color difference signal Cr (or Cb) adjacent to the
added first {or second) color difference signal in the x
direction to double the number of first {or second) color
difference signals Cr (or Cb) in the x direction. Thereafter,
the first (or second) color difference signals Cr (or Cb) are
output as first (or second) converted color difference signals
Cr* {or Cb'). That is, a resolution of the converted color
difference signals Cr' and Cb*' in the y direction (or
longitudinal direction) is halved in the halving unit 16a, and
a resolution of the converted color difference signals Cr*' and
Cb' in the x direction {or lateral direction) is doubled in

the doubling unit 16b by setting a value Ul,,,, (or Vi, ,y) of

each first (or second} color difference signal Cr (or Cb)

placed at co-ordinates (x,2y) as values U2y, y and U2,y (OF
V23441,y) of two first (or second) converted color differepce
signal Cr' (or Cb') placed at co-ordinates (2x,y) and (2
xtl,y).

In cases where the odd-numbered color difference signals Cr
and Cb having values Uly ,ye; and Vi jy4 are removed, the even-
numbered color difference signals Cr and Cb having values
Uty sy and Viy ., remain, and values of converted color
difference signals Cr' and Cb' are determined according to a
signal conversion equation (1}.

Ulyx,y = Ulygag,y = Uly,ay
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szx,y = vzuﬂ,y = Vi, 2y --={1)

The signal conversion equation (1) indicates that any
arithmetic-calculation is not required to convert the 4:1:1
type color difference signgls Cr and Cb into the 4:2:0 type
color difference signals Cr' and Cb'.

For example, as shown in Figs. 83 to BE} in cases where
color difference signals Cr and Cb corresponding to luminance.
signals Y of one sub-frame composed of 8+4 pixels are input to
the color difference signal converting unit 16, values of
4:2:0 type converted color difference signals Cr' and Cb' are

determined as follows.

U2q,0 = U215 = Ulg,e, U2y,q= U2, = Uly g, U253 = U2;,; = Ul ,,

U23,1= U231 = Uly,y, V2,9= V21,9 = Vig,g, V3,9 = V23,4 = V1 g,

Vzo"l = sz,x = vlo'z and szll = V23,1 = V11,2

Also, in cases where the even-numbered color difference

signals Cr and Cb having values Uly,2y and Viy o, are removed,

the odd-numbered color difference signals Cr and Cb having

values Uly, ,ys; and Vig,2y+1 remain, and values of converted color

difference signals Cr' and Cb' are determined according to a
signal conversion equation (1)'.
Ulax,y = Ulzcer,y = Ulgaynn

V22x,y = V22x+1,y = v1x,2y+1 --=(1)"

Accordingly, in cases where 4:1:1 type component picture
signals are directly converted into 4:2:0 type component

picture signals, this conversion can be easily performed
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because any arithmetic calculation such as addition,
substraction, multiplication or division is not required.

In general, when 4:2:2 type component picture signals
indicating a picture are input to a digital video apparatus to
record the picture in the apparatus by converting 4:2:2 type
color difference signals into 4:1:1 type color difference
signals compressed in the DV compression format, each 4:1:1
type color difference signal is produced by removing one 4:2:2
type color difference signal placed on the right side from two
4:2:2 type color difference signals édjacent to each other in
the x direction. The production of the 4:1:1 type color
difference signals is, for example, shown in Figs. 10A to 10C.

Fig. 10A shows a plurality of values Y,y of 4:2:2 type

luminance signals Y input to the digital video apparatus, Fig.

108 shows a plurality of values Ul,,, and Vi, , of the 4:2:2

type color difference signals Cr and Cb, and Fig. 10C sh&ws

a plurality of values of the 4:1:1 type color difference

signals Cr and Cb compressed in the DV compression format.
As shown in Figs. 10A to 10C, 4:2:2 type color difference

signals having values Uly,;,y and Vi, are removed in the

digital video apparatus to produce 4:1:1 type color difference

signals. Therefore, for example, the value Uly,, of the 4:2:2

type color difference signal shown in Fig. 10B is used as the

values U2, and U2y, of the 4:2:0 type color difference signal
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shown in Fig. 8D without any signal converting arithmetic

calculation, the value Ul, o of the 4:2:2 type color difference
signal shown in Fig. 10B is used as the values U2;,, and U2, ,

of the 4:2:0 type color difference signal shown in Fig. 8D
without any signal converting arithmetic calculation, the

value Ul;,; of the 4:2:2 type color difference signal shown in
Fig. 10B is used as the values U2;,; and U2;,; of the 4:2:0 type

color difference signal shown in Fig. 8D without any signal

converting arithmetic calculation, and the value Ul;,; of the

4:2:2 type color difference signal shown in Fig. 10B is used

as the values U2;,; and U2;,; of the 4:2:0 type color difference

signal shown in Fig. 8D without any signal converting
arithmetic calculation.

Accordingly, in cases where 4:2:2 type component picture
signals indicating a picture are input to a digital video
apparatus to record the picture in the digital video apparatus
by converting 4:2:2 type color difference signals into 4:1:1
type color difference signals compressed in the DV compression
format and the 4:1:1 type color difference signals are
converted into 4:2:0 type component picture signals compressed

according to MPEGl or MPEG2, because the value Uly 4 of the

4:2:2 type color difference signal is not used as the values

U2;,0 and U2;,4 of the 4:2:0 type color difference signal but
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the value Ul;,q of the 4:2:2 type color difference signal is
used as the values U2;  and U2;,q of the 4:2:0 type color

difference signal, color information of the 4:2:2 type color
difference signals can be faithfully maintained in the 4:2:0
type component picture signals.

Also, because any arithmetic calculation is not required to
convert 4:2:2 type color difference signals into 4:2:0 type
color difference signals, the color signal converting
operation can be easily performed in this first color
difference signal converting method.

Next, the second color difference signal converting method
performed in the step S102 is described with reference to
Figs. 83 to 8E.

In the second color difference signal converting method, as
shown in Fig. 9B, the color difference signal converting_unit
16 comprises: |

a signal value setting unit 16c for setting values of two
first color difference signals Cr of co-ordinates (x,2y) and
(x,2y+1) {or (x,2y+l) and (x,2y+2)) adjacent to each other in
the y direction to a first average of values of the first
color difference signals Cr of the co-ordinates (x,2y) and
(x,2y+1) (or (x,2y+1) and (x,2y+2)} for each pair of first
color difference signals Cr of co-ordinates (x,2y) and (X,

2y+1) (or (x,2y+l) and (x,2y+2)) and setting values of two
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second color difference signals Cb of co-ordinates (x,2y} and
{x,2y+1) (or (x,2y+1l) and (x,2y+2)) adjacent to each other in-
the y direction to a second average of values of the second
color difference signals Cb of the co-ordinates (x,2y)land
{x,2y+1)- {or (x%,2y+l) and (x,2y+2)) for each pair of second
color difference signals Cb of co-ordinates (x,2y) and (x,
2y+1) (or (x,2y+l) and (x,2y+2)),

the y-directional signal halving unit 16a for removing
first color difference signals Cr on every other row from the
first color difference signals, of which the values are set in
the signal value setting unit 16c, to halve the number of
first color difference signals Cr in the y direction and
removing second color difference signals Cr on every other row
from the second color difference signals, of which the values
are set in the signal value setting unit 16c, to halve the
number of second color difference signals Cb in the y
direction, and
the x-directional signal doubling unit 16b.

In the above configuration, in the signal value setting

unit 16c, an average of two values Uly,, and Ul zys; (Or Vig sy
and Vi sys1) of two color difference signals Cr (or Cb)

adjacent to each other in the y direction is calculated for
each pair of color difference signals Cr (or Cb) adjacent to

each other in the y direction, and the average is set as
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values Ul jy and Ulgjye {Or Vig,yy and Vi, jpe) of two color

difference signals Cr {or Cb). Thereafter, in the same manner
as in the first color difference signal converting method, the
number of color difference signals Cr (or Cb) in the y
direction is halved in the y-directional signal halving unit
16a, and the number of color difference signals Cr (or Cb) in
the x direction is doubled in the x-directional signal
doubling unit 16b. That is, values of converted color
difference signals Cr' and Cb' are determined according to a
signal conversion equation (2).

U2,y = U2ye41,y = (Ulg,ay + le,2y+1)/2

VZZx,y = v22x+1,y = (le,zy + v1x,2y+1)/2 -=={2)

Here x=0,1,2,3,-- and y=0,1,2,3,-- are satisfied.

For example, as shown in Figs. 83 to 8E, in cases where
color difference signals Cr and Cb corresponding to luminance
signals Y of one sub-frame composed of 8+%4 pixels are input to
the color difference signal converting unit 16, wvalues of
4:2:0 type converted color difference signals Cr' and Cb' are

determined as follows.

U2p,0 = U2y,0 = (Uly,p + Ulp,1)/2, U2y, = U2, = (Uly,e + Uly,1)/2,
U2y,; = U2y,; = (U2 + Ulg,3)/2, U231 = U2;,; = (Ul;,, +Ul;,;3)/2,
V25,0 = V21,0 = (Vig,q + Vi 1}/2, V2 g = V23 4 = (V1 ¢ + V11,1)/2,

VZO,I = Vzl,l = (V10,2 + Vlu,3)/2 and sz'l = VZJ'I = (Vll,Z +V11'3)/2

Accordingly, because all 4:1:1 type color difference

signals Cr and Cb are used to produce the 4:2:0 type converted
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color difference signals Cr' and Cb', color information of the
4:1:1 type component picture signals can be faithfully
maintained in the 4:2:0 type component picture signals.
Therefore, an original picturg indicated by the 4:1:1 type
component picture signals can be faithfully reproduced at a
high quality by producing a reproduced picture from the 4:2:0
type component picture signals.

Also, because an average of two values Uly,y, and Uly jy4; of

two color difference signals Cr (or Cb) placed at positions

adjacent to each other is calculated and set as values U2y
and U441,y of two converted color difference signals Cr' (or

Cb') adjacent to each other, even though a particular color.
difference signal Cr (or Cb), in which a noise is undesirably
added, is input to the converting unit 16, an adverse
influence of the noise on the converted color difference
signals Cr* (or Cb') can be reduced to half.

Also, because the calculation of the arithmetic average is
only required to the converting unit 16, the arithmetic
calculation is easy, so that the 4:2:0 type converted color
difference signals Cr' {or Cb') can be easily obtained.

Next, the third color difference signal converting method
performed in the step S102 is described with reference to
Figs. BA to 8E.

In the third color difference signal converting method, as
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shown in Fig. 9C, the color difference signal converting unit
16 comprises:

the signal value setting unit 1l6c, the y-directional signal
halving unit 16a, and

an x-directional signal doubling unit 164 for adding a
color difference signal Cr (or Cb) to a position between each
pair of color difference signals Cr (or Cb) which are obtained
in the y-directional signal halving unit 16b and are adjacent
to each other in the X direction, setting a value of one added
color difference signal Cr (or Cb) to an interpolated value of
the values of the color difference signals Cr {or Cb) placed
on both sides of the added color difference signal in the x
direction for each added color difference signal to double the
number of color difference signals.in the x direction and
outputting the color difference signals as the 4:2:0 type
converted color difference signals Cr* (or Cb'). -

In the above configuration, the number of first (or second)
color difference signals Cr (or Cb) is halved in the halving
unit 16a, Thereafter, in the doubling unit 164, a first (or
second) color difference signal Cr {or Cb) is added to a
position between each pair of first (or second) color
difference signals Cr {(or Cb) adjacent to each other in the X
direction, a value of one added color difference signal Cr (or
Cb) to an interpolated value of the values of the color

difference signals Cr (or Cb} placed on both sides of the
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added color difference signal in the x direction for each
added color difference signal to double the number of color
difference signals in the x direction, and the color
difference signals are output as tﬁe 4:2:0 type converted
color difference signals Cr‘' (or Cb'). That is, in the halving
unit l6a, a resolution of the converted color difference
signals Cr' and Cb' in the y direction is reduced to half that
of the 4:1:1 type color difference signals Cr and Cb in the
same manner as in the second color difference signal
converting method. Also, in the doubling unit 16d, for
example, a particular converted color difference signal Cr'
{or Cb') placed at each odd-numbered x co-ordinate value is

added, a value UZpyy,y (Or V22x+41,y) Oof each particular converted

color difference signal Cr' (or Cb') is set to an interpolated

value of values U2, and U23(x+1),y (OT Vipg,y and V23.y41y,y) of

converted color difference signals Cr' (or Cb') placed oﬁ both
sides of the particular converted color difference signal in
the x direction, so that a resolution of the converted cplor
difference signals Cr' and Cb' in the x direction is doubled.
For example, values of converted color difference signals Cr'
and Cb' are determined according to a signal conversion
equation (3).

UZZx,y = (le,ZY + le,2y+1),2

U23x41,y = (aU2;,y + (I'Q)Uzltxﬂ);y)/z
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Vg,y = (Vigay *+ le,zyu)/z .
Vixer,y = (6V2y,y + (1-0)V23xe1y,y) /2 -==(3)

Here x=0,1,2,3,--, y=0,1,2,3,-- and 0sasl are satisfied.

In this case, because any of values of rightmost converted

color difference signals is not determined according to the

interpolation for each sub-frame, the values are determined
according to the extrapolation. For example, a value of one
rightmost converted color difference signal is set to a value
of a second rightmost converted color difference signal placed
on the left side of the rightmost converted color difference
signal for each row of each sub-frame.

As an example shown in Figs. 8A to 8E, in cases where color
difference signals Cr and Cb corresponding to luminance
signals Y of one sub-frame composed of 8*4 pixels are input to

the color difference signal converting unit 16, when a

constant value o is set to 0.5, values of 4:2:0 type converted

color difference signals Cr* and Cb' are determined as
follows.

U2p,9 = (Ulg,g + Uly,1)}/2, U245 = (Ul 4 + Uly,;)/2,

U2y o

{U2g,q + U2, 4)/2, U3, = U2,q, Uly,; = (Ulg,; + Ulgy,3)/2,

)]

U2,y = (Uly,; + Uly,3)/2, U2y, = (U2,q + U2,;)/2, UY3,; = Uy,

Vig,0 = (Vig,o + Vig,1)/2, V23,9 = (V1,0 + V11,1}/2,
V21,0 = (V2g,0 + V23,0)/2, V23,0 = V24, V2,1 = (Vig,; + Vig,3}/2,
V2 1= (Vi + V1g,3)/2, V2,1 = (V4,1 + V2 ()/2, V23,1 = V23,
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Accordingly, even though values U2,y and U2z 1),y Oof

particular converted color difference signals Cr' {(or Cb')
produced from values of color difference signals Cr (or Cb}
are considerably different from each other, because a value

between the values U2,y and U23.41,,y is interpolated as a
value U,y of a converted color difference signal placed

between the particular converted color difference signals, the
change of the values of the three converted color difference
signals Cr' {(or Cb') is made smooth. Therefore, when a
discrete cosine transform (DCT) is performed for the 4:2:0
type converted color difference signals to perform the
compression based on MPEGl or MPEG2 for the 4:2:0 type
component picture signals, because color information of the
converted color difference signals is concentrated in lower
frequency portions, a compression efficiency can be improved.

Next, the fourth color difference signal converting method
performed in the step S102 is described with reference to
Figs. 8A to BE.

In the fourth color difference signal converting method, as
shown in Fig. 9D, the color difference signal converting unit
16 comprises:

an average value calculating unit 16e for calculating a
first average of values of two first (or second) color

difference signals Cr (or Cb) of co-ordinates (x,2y) and
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{x,2y+1) adjacent to each other in the y direction and a
second average of values of two first (or second)} color
difference signals Cr (or Cb) of co-ordinates (x+1,2y) and
(x+1,2y+1) adjacent to each other in the y direction for each
group of first (or second) color difference signals of the
co-ordinates (x,2y), (x,2y+l}, (x+1,2y) and (x+1,2y+1};

an interpolated value calculating unit 16f for calculating
a first interpolated value obtained by weighting the first and
second averages at a first weighting ratio and a second
interpolated value obtained by weighting the first and second
averages at a second weighting ratio for each pair of first
and second averages;

a signal value setting unit 16g for setting the first
interpolated value calculated in the interpolated value
calculating unit 16f as values of the first {or second) color
difference signals of the co-ordinates (x,2y) and (x,2y+i);

the y-directional signal halving unit 16a; and

an x-directional signal doubling unit 16h for adding a
first (or second) color difference signal to a position
between each pair of first (or second) color difference
signals Cr (or Cb) which are obtained in the y-directional
signal halving unit 16h and are adjacent to each other in the
X direction, setting a value of one added first {or second)
color difference signal to the second interpolated value for

each added first (or second) color difference signal to double
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the number of first (or second) color difference signals in
the x direction and outputting the first {or second) color
difference signals as the 4:2:0 type first (or second)
converted color difference signals Cr' (or Cb'j).

In the above configquration, in the average value

calculating unit 1l6e, a first average of two values Uly ,, and
Ulg,2941 (Or Vig py and Vg ;441) of two color difference signals

Cr (or Cb) adjacent to each other in the y direction and a

second average of two values Ulysy,zy and Ulgeq,2ys1 (OT Vigyy gy and
Viy1,2y+1) 0f two color difference signals Cr {or Cb) adjacent

to each other in the y direction are calculated. Thereafter,
in the interpolated value calculating unit 16f, a first
interpolated value and a second interpolated value are
calculated from the first and second averages. Thereafter, in
the signal value setting unit 16g, the first interpolated
value is set as values of the color difference signals of the
co-ordinates (x,2y) and (x,2y+l). Thereafter, the number of
color difference signals in the y direction is halved in the
halving unit 16a. Thereafter, in the doubling unit 16b, the
number of color difference signals in the x direction is
doubled by adding a color difference signal to a position
between each pair of color difference signals Cr {or Cb)
adjacent to each other in the X direction and settiﬂg a value

of one added color difference signal to the second
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interpolated value for each added color difference signal, and
the color difference signals Cr (or Cb) are output as
converted color difference signals Cr' {or Cb'). That is, the

first interpolated value is set as a value U2y, (or V,,} of

5 each converted color difference signal Ci' {or Cb') in the
setting unit 16g, a resolution of the color difference signals
Cr and Cb in the y direction is reduced to half that of the
4:1:1 type color difference signals Cr and Cb in the same
manner as in the second color difference signal converting
10 method, and the second interpolated value is set as a value

U23441,y {OF V23441,y) of each converted color difference signal

Cr' (or Cb') in the doubling unit 16d. For example, values of
converted color difference signals Cr' and Cb' are determined
according to a signal conversion equation (4).
15 U2,y = (3A + B)/4
Uje41,y = (A + 3B)/4
A = (Ul 5y + Ulyg gy4)/2

B = (Ulgeg,2y + Ulgsy,aye1)/2

20 V2i0e1,y = (C + 3D)/4
C = (Vig,ay + Vig ays41)/2
D = (Vigy,zy + Vikg,ayn}/2 --~{4)

Here x=0,1,2,3,-- and y=0,1,2,3,~- are satisfied.
in this case, any of values of rightmost converted color

25 difference signals is not determined according to the



10

15

20

25

102

interpolation for each sub-frame. Also, any of values of

second rightmost converted color difference signals placed on

the left side of the rightmost converted color difference

signals is not determined according to the interpolation for

each sub-fraﬁe. Therefore, the values of rightmost converted
color difference signals and the values of second rightmost
converted color difference signals are determined according to
the extrapolation. For example, a value of one rightmost
converted color difference signal and a value of one second
rightmost converted color difference signal are set to a value
of a third rightmost converted color difference signal placed
on the left side of the second rightmost converted color
difference signal for each row of each sub-frame.

As an example shown in Figs. 8A to 8E, in cases. where color
difference signals Cr and Cb corresponding to luminance
signals Y of one sub-frame composed of 8+4 pixels are inéut to
the color difference signal converting unit 16, wvalues of
4:2:0 type converted color difference signals Cr' and Cb' are

determined as follows.

U2g,q = (Ulg,o + Ulg,)*3/8 + (Ul 4 + Uly,)*1/8,
U2y, = (Ulg,0 + Ulg,3)*1/8 + (Ul;,q + Uly,;)*3/8,
U24,1 = (Ulg,; + Ulg,3)*3/8 + (Uly,, + ULy 3}*1/8, and

U2y, = (Uly,g + Ulg,3)*1/8 + (Ul , + Uly ;)*3/8
Accordingly, even though values of color difference signals

input to the converting unit 16 are considerably different
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from each other, because values of all converted color
difference signals are determined according to the linear
interpolation and are output from the converting unit 16, the
change of the values of the converted color difference signals
can be made smoother that in the third color difference signal
converting method. Therefore, when a discrete cosine transform
(DCT) is performed for the 4:2:0 type converted color
difference signals, a compression efficiency can be improved
more than that in the third color difference signal converting
method.

Next, three actual examples (x=0,1 and y=0,1 in the
equations (1), (2), (3) and {4)) of the color difference
signal conversion are described with reference to Figs. 11 and
13.

In a first actual example, in cases where 4:1:1 type color
difference signals Cr (or Cb), of which values are shown in
Fig. 11A, are input to the color difference signal converting
unit 16, when the color difference signals are converted
according to the first color difference signal converting
method, 4:2:0 type converted color difference signals Cr* (or
Cb*'), of which values are shown in Fig. 11B, are output from
the converting unit 16. Also, when the color difference
signals are converted according to the second color difference
signal converting method, 4:2:0 type converted color

difference signals Cr' (or Cb'), of which values are shown in
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Fig. 11C, are output from the converting unit 16. Also, when
the color difference signals are converted according to the
third color difference signal converting method, 4:2:0 type
converted color difference signals Cr' (or Cb'), of which
values are shown in Fig..llD, are output from the converting
unit 16. Also, when the color difference signals are converted
according to the fourth color difference signal converting
method, 4:2:0 type converted color difference signals Cr' (or
Cb'), of which values are shown in Fig. 11E, are output from
the converting unit 16.

Also, in a second actual example, in cases where 4:1:1 type
color difference signals Cr (or Cb), of which values are shown
in Fig. 12A, are input to the color difference signal
converting unit 16, 4:2:0 type converted color difference
signals Cr' (or Cb'), of which values are shown in Fig. 12B,
are output from the converting unit 16 when the color .
difference signals are converted according to the first color
difference signal converting method, 4:2:0 type converted
color difference signals Cr' (or Cb'), of which values are
shown in Fig. 12C, are output from the converting unit 16 when
the color difference signals are converted according to the
second color difference signal converting method, 4:2:0 type
converted color difference signals Cr' (or Cb'}, of which
values are shown in Fig. 12D, are output from the converting

unit 16 when the color difference signals are converted
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according to the third color difference signal converting
method, and 4:2:0 type converted color difference signals Cr'
{or Cb*), of which values are shown in Fig. 12E, are output
from the converting unit 16 when the color difference signals
are converted according to the fourth color difference signal
converting method.

Also, in a third actual example, in cases where 4:1:1 type
color difference signals Cr {or Cb), of which values are shown
in Fig. 13A, are input to the célor difference signal
converting unit 16, 4:2:0 type converted color difference
signals Cr' (or Cb'), of which values are shown in Fig. 13B,
are output from the converting unit 16 when the color
difference signals are converted according to the first color
difference signal converting method, 4:2:0 type converted
color difference signals Cr' {or Cb'}), of which values are
shown in Fig. 13C, are output from the converting unit Ié when
the color difference signals are converted according to the
second color difference signal converting method, 4:2:0 type
converted color difference signals Cr' (or Cb'}), of which
values are shown in Fig. 13D, are output from the converting
unit 16 when the color difference signals are converted
according to the third color difference signal converting
method, and 4:2:0 type converted color difference signals Cr'
{or Cb'), of which values are shown in Pig. 13E, are output

from the converting unit 16 when the color difference signals
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are converted according to the fourth color difference signal
converting method.

Here, in cases where a value calculated according to one
of the signal conversion equations is not an integral number,
the value is roundéd off to an integral number. Also, in cases
where a value of a converted color difference signal is not
determined because the value is determined by using a value of
a color difference signal not indicated in Fig. 11a, Fig. 123
or Fig. 13a, the value is indicated by a sign "-" in Fig. 11E,
Pig. 12E or Fig. 13E.

Features of conversion results (or converted color
difference signals Cr' (or Cb'})} in the actual examples are
described.

In the first and second color difference signal converting

methods, values U2;,,, and Upeg,y (OF V23, and Vij,;,y) of

converted color difference signals Cr' (or Cb') adjacent.fo
each other in the x direction are the same as each other in
all actual examples.

In the first color difference signal converting method,
because odd-numbered color difference signals placed at odd-
numbered y co-ordinate values (or even-numbered lines) are not
used to determine converted color difference signals, values
of the odd-numbered color difference signals do not influence

on values of converted color difference signals. For example,
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a set of values of color difference signals in the first line
shown in Fiqg. 11A, a set of values of color difference signals
in the first line shown in Fig. 12A and a set of values of
color difference signals in the first line shown in Fig. 13A
are the same as each other. In this case, though a set of
values of color difference signals in the second line shown in
Fig. 11A, a set of values of color difference signals in the
second line shown in Fig. 122 and a set of values of color
difference signals in the second line shown in Fig. 132 are
different from each other, a set of values of converted color
difference signals placed in the first line shown in Fig. 11B,
a set of values of converted color difference signals placed
in the first line shown in Fig. 12B and a set of values of
converted color difference signals placed in the first line
shown in Fig. 13B are the same as each other.

In the third color difference signal converting method} a
first average of two values of two color difference signals
placed at co-ordinates (x,2y) and (x,2y+1) adjacent to each
other in the y direction is set as a value of a converted
color difference signal placed at co-ordinates (2X,y), a
second average of two values of two color difference signals
placed at co-ordinates (x+1,2y) and (x+1,2y+1l) adjacent to
each other in the y direction is set as a value of a converted
color difference signal placed at co-ordinates (2x+2;y), and a

value between the first and second averages is interpolated as
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a value of a converted color difference signal placed at
co~-ordinates (2x+1,y). In these actual examples, an average of
the first and second averages is set as a value of a converted
color difference signal at co-ordinates (2x+1,y).

In the fourth color difference signal converting method,
though the first and second averages are calculated in the
same manner as in the third color difference signal converting
method, any of the first and second averages is not used as a
value of a converted color difference signal, but two
interpolated values between the first and second averages are
used as values of two converted color difference signals
adjacent to each other in the x direction. Therefore, even
though values of the color difference signals input to the
converting unit 16 vary widely, because any of the values or
any of the first and second averages is not used as a value of
a converted color difference signal, the variation of values
of converted color difference signals output from the
converting unit 16 can be made small. Also, even though a
noise is added to a color difference signal, the influence of
the noise on the converted color difference signals can be
considerably reduced.

Accordingly, as is described above, in cases where the
picture signal converting apparatus 11 and one of the color
difference signal converting methods are used, the 4:1:1 type

component picture signals can be directly converted into the
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4:2:0 type component picture signais.
(Second Embodiment)

In general, luminance information of a natural picture and
color information of the natural picture correlate to each
other. Therefore, there is high probability that luminance
degrees at pixels vary as colors at the pixels vary. In this
embodiment, to consider this special feature of the natural
picture, values of luminance signals Y are referred to
directly convert the 4:1:1 type component picture signals into
the 4:2:0 type component picture signals.

Fig. 14 is a block diagram of a picture signal converting
apparatus according to a second embodiment of the present
invention.

As shown in Fig. 14, a picture signal converting apparatus
21 comprises

the input unit 12, the Y frame memory 13, the input Cr frame
memory 14, the input Cb frame memory 15,

a referential luminance signal extracting unit 22 for
extracting a plurality of luminance signals from the Y frame
memory 13 as a plurality of referential luminance signals,

a color difference signal converting unit 23 for converting
the first color difference signals Cr and the second color
difference signals Cb into first converted color difference
signals Cr' and 4:2:0 type second converted color difference

signals Cb' for each frame while referring the referential
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luminance signals,
the output Cr frame memory 17, the output Cb frame memory 18
and the output unit 19.

In the above configuration, an operation performed in the
picture signal converting apparatus 21 is described in brief
with reference to Fig. 15.

As shown in Fig. 15, after the step S101 is performed, a
step S201 is performed. In this step, the color difference
signals Cr and Cb stored in the input Cr frame memory 14 and
the input Cb frame memory 15 are input to the color difference
signal converting unit 23 and are converted into a plurality
of 4:2:0 type color difference signals Cr' and Cb' while
referring a plurality of referential luminance signals Y
extracted by the referential luminance signal extracting unit
22 according to a fifth color difference signal converting
method or a sixth first color difference signal convertiﬂq
method. Thereafter, the first converted color difference
signals Cr' are stored in the output Cr frame memory 17, and
the second converted color difference signals Cb' are stored
in the output Cb frame memory 18. Thereafter, the steps S$103
and S104 are performed in the same manner as in the converting
unit 11.

The fifth color difference signal converting method
performed in the step S§201 according to the second embodiment

is described in detail with reference to Figs. 8A to 8E.
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In the fifth color difference signal converting method, as
shown in Fig. 16A, the color difference signal converting unit
23 comprises:

an average value calculating unit 23a for calculating an
average of values of two color difference signals Cr (or Cb)
of co-ordinates (x,2y) and (x,2y+l) adjacent to each other in
the y direction for each pair of color difference signals;

a weighting factor calculating unit 23b for obtaining the
referential luminance signals extracted by the referential
luninance signal extracting unit 22 as first referential
luminance signals on condition that the first referential
luminance signals correspond to the color difference signals
of co-ordinates (x,2y) and (x+1,2y), calculating a first
weighting factor B/2(A+B) and a second weighting factor
A/2(A+B) from values of the first referential luminance
signals, obtaining the referential luminance signals extracted
by the referential luminance signal extracting unit 23 as
second referential luminance signals on condition that the
second referential luminance signals correspond to the color
difference signals of co-ordinates (x,2y+l) and (x+l,2y+l} and
calculating a third weighting factor D/2(C+D) and a fourth
weighting factor C€/2(C+D) from values of the first referential
luminance signals;

an interpolated value calculating unit 23c¢ for calculating

a first multiplied value by multiplying the value Ul (or
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Vig,2y) of the color difference signal of the co-ordinates

(x,2y) by the first weighting factor, calculating a second

multiplied value by multiplying the value Ulgsr,2y (OF Vigsy ay)

of the color difference signal of the co-ordinates (x+1,2y) by
the second weighting factor, calculating a third multiplied

value by multiplying the value Uly ;44 (OF Vig,y+1) of the color

difference signal of the co-ordinates (x,2y+l) by the third
weighting factor, calculating a fourth multiplied value by

multiplying the value Ulgeq,29+41 {OF Vigsp,ay+1) of the color

difference signal of the co-ordinates (x+1,2y+1) by the fourth
weighting factor and calculating an interpolated value from
the first, second, third and fourth multiplied values;

a signal value setting unit 23d for setting each average as
values of the color difference signals of the co-ordinates
(x,2y) and (x,2y+1};

the y-directional signal halving unit 16a; and

an x-directional signal doubling unit 23e for adding a
color difference signal to a position between each pair of
color difference signals adjacent to each other in an X
direction, setting a value of one added color difference
signal to the interpolated value for each added color
difference signal to double the number of color difference
signals in the x direction and outputting the color difference

signals as the 4:2:0 type converted color difference signals
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cr' {or Cb'j.

In the above configquration, an average of two values Uly, yy
and Ul aysy (0L Vi 5y and Vi pye) of two color difference

signals Cr (or Cb} adjacent to each other in the y direction
is calculated in the average value calculating unit 23a and is

set as a value U2y, , (or V2;,4) of a 4:2:0 type converted color

difference signal Cr' (or Cb') in the signal value setting
unit 23d and the y-directional signal halving unit l6a to
reduce a resolution of the converted color difference signals
Cr* and Cb' in the y direction to half that of the 4:1:1 type

color difference signals Cr and Cb. Also, a value Ulzyyg,y (OT
V234+41,y) 0f a converted color difference signals Cr' (or Cb')

adjacent to the converted color difference signal Cr' {or Cb')

having the value U2, , {or V2p,,) in the x direction is

calculated in the interpolated value calculating unit 23¢ and
the x-directional signal doubling unit 23e by linearly
interpolating weighted values obtained by weighting values of
four color difference signals placed at co-ordinates (x,2y)},
(x+1,2y}, (x,2y+1l) and (x+1,2y+1) with the weighting factors
calculated by the weighting factor calculating unit 23b. The
weighting factors are calculated according to a first group of
referential luminance signals placed at co-ordinates {4x,2y).
(4x+1,2y), (4x+2,2y) and (4x+3,2y) corresponding to the color

difference signal at the co-ordinates (x,2y}), a second group
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of referential luminance signals placed at co-ordinates (4
(x+1),2y),_(4(x+1)+1,2y), (4{x+1)+2,2y) and (4(x+1)+3,2y)
corresponding to the color difference signal at the co-ordinat
es (x+1,2y), a third group of referential luminance signals
placed at co-ordinates (4x,2y+1), (4x+1,2y+l), (4x+2,2y+l) and
{4x+3,2y+1) corresponding to the color difference signal at
the co-ordinates (x,2y+l) and a fourth group of referential
luminance signals placed at co-ordinates (4(x+l1),2y+1), (4
(x+1)+1,2y+1), (4({x+1)+2,2y+1) and (4(x+1)+3,2y+1)
corresponding to the color difference signal at the
co-ordinates (x+1,2y+l). Therefore, a resolution of the
converted color difference signals Cr' and Cb' is doubled in
the x direction. That is, values of converted color difference
signals Cr' and Cb' are determined according to a signal
conversion equation (5).

Ulyg,y = (Ulg,2y + le,2y+1)f2

U23x41,y = Uly,2y * B/2{A+B) + Ulgq,ay * A/2(A+B) +

Ulg,ayer * D/2(C4D) + Ulgyy,ayer * C/2(C4D)
i,y = {Vig,2y + Vig,ay41)/2
V2xs1,y = Vig,2y * B/2(A+B) + Vige1,2y * A/2(A+B) +

Vig,ays1 * D/2(C+D) + Vi, a9+1 * C/2(C+D)

{(Y4x,2y + Y4x+1,2y) - (Y4x+2,2y + Y4x+3,2y)}z

= (Yo, 2y + Yyponyer,ay) = (Yaxez,2y + Taxes, 29} 2

{{Yax,2ye1 + Yaxer,29+41) = (Yaxez,29+1 + Yyxea,2y+41} 12

o O W
|

{{Yaqxe1y, 2941 + Yaqusnyer,aye1) = (Yaxe2,2y41 + Yaxe3,2941) }2

—--(5)
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Here x=0,1,2,3,-- and y=0,1,2,3,-~ are satisfied.
In the equation (5), as values of particular luminance

signals Y x43,2y and Yaxe3,2y {OT Yixs2,2y+1 204 Yyrs3,2y41)

corresponding to a particular converted color difference

signal U2zg,y Or V2344, placed at an interpolation position
(2x+1,y) approaches values of luminance signals Y4(x+1),2y and
Y4(x+1)+1,2y {or Yq(x+1y,2y+1 and Y4(x+1)+1,2y+41) placed on the right

side of the particular luminance signals, the influence of a

particular color difference signal Ulgs,2y OF Vige,2y (OF
Ulys1,2y+1 OF Vlyq,3441) corresponding to the luminance signals
Ye(x+1),2y and Yqexeryen,2y (08 Yypua1y,ayer 804 Yqxeryer,29+1) ON 2 value

of the particular converted color difference signal is
increased. In contrast, as values of particular luminance

signals Yyxiz,2y and Yiges,2y (OF Yixsz,29+41 aNd Yyxea,2941)

corresponding to a particular converted color difference

signal U2y, or V2x+1,y placed at an interpolation position
(2x+1,y) approaches values of luminance signals Y4x,2y and
Yyxe1,2y (OF Yyx,29+1 and Yyxey,29+1) placed on the left side of the

particular luminance signals, the influence of a particular

color difference signal Ul ;4 or Viy py (Or Uly zps; OF Vig ap41)
corresponding to the luminance signals Yix,2¢y and Yye41,29 {OF

Yyx,2y+1 and Yyys1,29+41) On a value of the particular converted
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color difference signal is increased. For example, when the
values of the particular luminance signals approaches the

values of the luminance signals Y4ix+1),2y and Yy(x+1)+1,2ys B<A is

satisfied, so that A/2(A+B) > B/2(A+B) is obtained. Therefore,

the influence of the color difference signal Uly,;y on the

value of particular converted color difference signal
U2;441,y i5 larger than the influence of the color difference
signal Ul,,,, on the value of particular converted color
difference signal U2;4,4,,. Here, the value A corresponds to a

distance between a group of values of the luminance signals

Y4x,2y and Yyye1,zy and a group of values of the luminance
signals Yyxs7,2y and Yyy43,2y, and the value B corresponds to a

distance between a group of values of the luminance signals

Y4(x+1),2y and Yg(xe1)41,2y and a group of values of the luminance
signals Yyxt2,2y and Tqxs3,2y-

Therefore, the correlation between luminance information
and color information in a natural picture can be considered.
In the equation (5), because any of values of rightmost

converted color difference signals is not determined according

to the interpolation for each sub-frame, the values are
determined according to the extrapolation. For example, a
value of one rightmost converted color difference signal is

set to a value of a second rightmost converted color
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difference signal placed on the left side of the rightmost
converted color difference signal for each row of each sub-
frame.

As an example shown in Figs. 8A to 8E, in cases where color
difference signals Cr and Cb corresponding to luminance
signals Y of one sub-frame composed of 8%4 pixels are input to
the color difference signal converting unit 23, values of
4:2:0 type converted color difference signals Cr' and Cb' are

determined as follows.

U2g,0 = (Ulg,q + Ulg,y)/2

U21,0 = Ulg,o*Bo/2(Ro+By) + Uly,g*Ag/2(Rg+Bg) + Ulg,1*Do/2(Co+Ds)
+ Uly,1#C4/2(Cy+Dy)

U2;,0 = (Ul + Uly,y)/2

U25,1 = (Ulg,; + Uy 3)/2

U2y,

Ulq,2*B1/2(A1+B;1) + Uly o*A;/2(A;+B1) + Ulg,3*%D1/2(Cy+Dy)
+ 011,3*C1/2(C1+D1)
U2, = (Uly,; + ULy 3)/2

V35,0 = (Vig,o + V14, 3)/2

V21,0 = Vig,q*Bo/2{RAo+Bg) + Vip o¥Ao/2{RA¢+Be) + Vi;,1*Do/2(Co+Dy}
+ V11,1%Co/2(Cq+Dg)
V23,0 = (Vi,0 + V13,4)/2

{(Vig,2 + Vig,3)/2

Vig,2*B1/2(A1+B1) + V1y,,%A;/2(A;+B;) + V1g,3*D1/2(C;+Dy)

V2g,1

V2,1

+ V11'3*C1/2(C1+D1)
V23,1 = (Vi3 + V1 4)/2

Ro = {(Y¥o,0*Y1,0) - (Y2,0+Y3,0)}2, Bg = {(Y4,0+¥s,0) - (Y¥z,0*Y¥3,0))}2
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Co = {(Yo,1+¥1,1) - (Y¥3,1*¥3,1)}2, Do
{(¥q,2%Y¥1,2) - (Y¥2,2%Y3,2)}2, By {(Yy,2+Ys,2) (Y¥3,2+Y3,2) 12
= {(Yo,3%+Y1,3) -~ (¥2,3+¥3,3)}2, D1 = {{Y4,3*¥5,3) ~ (¥2,3+¥3,3)}?

Accordingly, because the luminance signals Y are referred

{(Y4,1tY5,1) (Yz,1+Y¥3,1) )2

[ 4

| aad
il
[}

|

[
-t
|

in the color difference signal converting unit 23 when the

4:1:1 type component picture signals are directly converted
into the 4:2:0 type component picture.signals, the correlation
between color informatiﬁn and luminance information generally
existing in a natural picture as a specific feature can be
included in the converted color difference signals, and an
image of the natural picture can be reproduced at high
definition.

Next, the sixth color difference signal converting method
performed in the step S201 according to the second embodiment
is described in detail with reference to Fig. 8.

In the sixth color difference signal converting method, as
shown in Fig. 16B, the color difference signal converting unit
23 comprises:

a weighting factor calculating unit 23f for obtaining the
referential luminance signals extracted by the referential
luminance signal extracting unit 22 as first referential
luminance signals on condition that the first referential
luminance signals correspond to the color difference signals
Cr (or Cb) of co-ordinates (x,2y) and (x+l1,2y), calculating a

first weighting factor B/2(R+B), a second weighting factor
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A/2(A+B), a third weighting factor D/2(C+D) and a fourth
weighting factor C/2(C+D} from values of the first referential
luminance signals, obtaining the referential luminance signals
extracted by the referential luminance signal extracting unit
22 as second referential luminance signals on condition that
the second referential luminance signals correspond to the
color difference signals Cr (or Cb) of co-ordinates (x,2y+l)
and (x+1,2y+1) and calculating a fifth weighting factor F/2
(F+E) and a sixth weightfng factor E/2(E+F), a seventh
weighting factor H/2(H+G) and an eighth weighting factor
G/2(H+G) from values of the second referential luminance
signals;

an interpolated value calculating unit 23¢9 for calculating
a first multiplied value by multiplying the value of the color
difference signal Cr (or Cb) of the co-ordinates (x,2y) by the
first weighting factor, calculating a second multiplied value
by multiplying the value of the color difference signal of the
co-ordinates (x+1,2y) by the second weighting factor,
calculating a third multiplied value by multiplying the value
of the color difference signal of the co-ordinates (x,2y+l) by
the fifth weighting factor, calculating a fourth multiplied
value by multiplying the value of the color difference signal
of the co-ordinates (x+1,2y+1) by the sixth weighting factor,
calculating a first interpolated value from the first, second,

third and fourth multiplied values, calculating a fifth
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multiplied value by multiplying the value of the color
difference signal of the co-ordinates (x,2y) by the third
weighting factor, calculating a sixth multiplied value by
multiplying the value of the color difference signal of the
co-ordinates (x+1,2y) by the fourth weighting factor,
Ealculating a seventh multiplied value by multiplying the
value of the color difference signal of the co-ordinates
{(x,2y+1l) by the seventh weighting factor, calculating an
eighth multiplied value by multiplying the value of the color
difference signal of the co-ordinates (x+1,2y+l) by the eighth
weighting factor, calculating a second interpolated value from
the fifth, sixth, seventh and eighth multiplied values;

a signal value setting unit 23h for setting the first
interpolated value calculated in the interpolated value
calculating unit 239 as values of the color difference signals
Cr (or Cb) of the co-ordinates (x,2y) and (x,2y+l);

the y-directional signal halving unit 16a for removing
color difference signals Cr {or Cb) on every other row from
the color difference signals Cr (or Cb), of which the values
are set in the signal wvalue setting unit 23h, to halve the
number of color difference signals Cr (or Cb) in the y
direction; and

an x-directional signal doubling unit 23i for adding a
color difference signal to a position between each pair of the

color difference signals Cr (or Cb) adjacent to each other in
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the X direction, setting a value of a color difference signal
of one added color difference signal to the second
interpolated value for each added color difference signal to
double the number of color difference signals obtained in the
y-directional signal halving unit 23h in the x direction and
outputting the color difference signals as the 4:2:0 type
converted color difference signals Cr' (or Cb').

In the above configuration, a wvalue U2y, (OT V234.y) of a

converted color difference signal Cr' {or Cb')} is set in the
signal value setting unit 23h to a first interpolated value

calculated from a value Ul ,y (Or Vi) of a color difference

signal Cr (or Cb) placed at first coordinates (x,2y), a value

Ulgs1,2y {OT Vil ay) of a color difference signal of second

co-ordinates (x+l,2y) adjacent to the first co-ordinates in

the x direction, a value Ul jye; (OF Vg, ay41) of a color

difference signal of third co-ordinates (x,2y+l) adjacent to

the first co-ordinates in the y direction and a value Uly, ayer
{or Vilg,2y+1) 0of a color difference signal of fourth

co-ordinates (x+1,2y+l) adjacent to the second co-ordinates in
the y direction while multiplying each value of the color
difference signal by a weighting factor. The weighting factors
respectively indicating an influence of one color difference
signal on the converted color difference signal is calculated

in the weighting factor calculating unit 23f by referring the
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referential luminance signals Y. Therefore, a resolution of
the converted color difference signals Cr' and Cb' in the y
direction is reduced to half that of the color difference

signals Cr and Cb. Also, a value U2jug,y (OF Viig4,y) of a

5 converted color difference signal adjacent to the converted

color difference signal of the value U2,y {Or Vi;,,) in the x

direction is calculated in the x-directional signal doubling

unit 23i from the values Uly zy, Ulgss,zy, Ulg,2y¢1r Ulgsr,2y+1 {OF
le’ZY' le""l,ZY’ le,!y-bll v1x+1'2y+1) Of the COlOI‘ difference

10 signals Cr (or Cb) while multiplying each value of the color
difference signal by a weighting factor. Therefore, a
resolution of the converted color difference signals Cr' and
Cb* in the x direction is doubled. For example, values of
converted color difference signals Cr' and Cb' are determined

15 according to a signal conversion equation (6}).

Ulze,y = Uly,zy * B/2(RA+B) + Ulgqy,zy * A/2(RA+B) +
Uly,ayer * F/2(E+F) + Ulgyy, ayey * E/2(E+F)
U2yx41,y = Ulg,zy * D/2(C+D} + Ulyyy,ay * C/2(CH+D) +
Uly,ay+1 * B/2(GHE) + Ulgyy,ags1 * G/2(GHEH)
20 Viyg,y = Vig,ay * B/2(A+B) + Vlgg,3y * A/2(RA+B) +
Vig,ay41 * F/2(E+F) + Vlgy,ays1 * E/2(E+F)}
Vige1,y = Vig,ay ¥ D/2{C+D) + Wiy, * C/2(C4+D) +
Vi age1 * H/2{GH+H) + Vi ags1 * G/2(G+H)
A = {{Yyx,2y * Yaxer,2y + Yaxs2,29y + Yaxe3,2y) - 2(Yax,2y *+

25 Yyx+1,2y) }2
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B = ({Yqxe1),2y + Yeqxeyer,2y + Yaqxeyez,2y ¥ Taquenyea,zy)
- 2(Y4x,2y * Yaxs1,2y) }2
C = {{Yax,2y + Yaxer,2y * Yaxez,2y + Yaxez,2y) = 2(Yaxez,2y +
Yyx+3,2y) 12
5 D = {(Yyx+1y,2y + Yaquenyer,2y ¥ Yaqeenyez,2y T Yaqxe1yes,ay)
= 2(Y4x+2,2y + Y4x+3,2y) }2
E = {(Yax,2y41 + Yaxe1,2y¢1 + Yaxe2,2941 T Yixe3,2941)
= 2(Yyg,2y+1 + Yixe1,2y41) }2
F = {(Yeqxe1y, 2941 T Yq(xeryer,ay+1 + Yapuenyez,2ye1 F Yaqxeryea,ay+1)
10 - 2(Y4x,2y+1 * Yixer, 2941} 12
G = {{Yyx,ays1 + Yaxe1, 2941 + Yixez,2y81 + Yaxes, 2y41)
= 2{Yyxea,2y+#1 t Yixs3,2941) }2
F = {(Yaxr1y,2y+1 * Yaqueny+1,2y41 + Yaqxenye2,2y41 + Toqxe1ye3,2y+1)
- 2(Y4x+2,2y+1 + Y4x+3,2y+1)}2 “"(6)
15 Here x=0,1,2,3,-- and y=0,1,2,3,-- are satisfied. In the
equation (6), it is applicable that the square root of each
weighting factor A to P be used as a weighting factor.

In this case, any of values of rightmost converted color

difference signals is not determined according to the

20 interpolation for each sub-frame. Also, any of values of
second rightmost converted color difference signals placed on
the left side of the rightmost converted color difference

signals is not determined according to the interpolation for

each sub-frame. Therefore, the values of rightmost converted

25 color difference signals and the values of second rightmost

converted color difference signals are determined according to



10

15

20

25

124

the extrapolation. For example, a value of one rightmost
converted color difference signal and a value of one second
rightmost converted color difference signal are set to a value

of a third rightmost converted color difference signal placed

on the left side of the second rightmost converted color

difference signal for each row of each sub-frame.

As an example shown in Figs. 8A to 8E, in cases where color
difference signals Cr and Cb corresponding to luminance
signals Y of one sub-frame composed of 8*4 pixels are input to
the color difference signal converting unit 23, values of
4:2:0 type converted color difference signals Cr' and Cb' are
determined as follows.

U2g,9 = Ulg,g*Bo/2(Ro+Bg) + Ulp,o*Ro/2(RotBe) + Ulg,1*Fo/2(Eq+Fy)
+ Uly,1*Eq/2(Eo+Fy)
U2y,q = Ulg,q*Dg/2(Cy+Dg) + Uly,o*Co/2({Co#Dg} + Ulq,1*Ho/2(Go+Ho)
+ Uly,1%Go/2(GgtH)
Vg, = Vig,o*Bo/2(Ro+Bg) + Vip,0*Ao/2(Ag+Bg) + Vig,1*Fo/2(EetFo)
+ V13,1%Eq/2(Eo+Fy)
V2;,0 = V1g,¢*Dg/2(Co+Dq) + Vij,g*Co/2(Co+Do) + Vig,1%¥Ho/2(GotHe)
+ V1y,1%*Go/2(Go+Hg)
{{Yo,0 + Yy,0 *+ Y2,0 * Y3,0) = 2(Y¥o,0 * ¥y,0}}?

{(Yq,0 + Y50 + Yg,0 * Y7,0) = 2(Yq,0 + ¥1,0)}2

A

Bg
Co = {(Yo,0 + Yr,0 *+ Yz,0 + Ya,0) = 2({¥z,0 + Y3,0)}2
Do = {{Yq,0 + ¥s,0 + Ys,0 + Y7,0) = 2(¥z,0 t Y3,0}}2
Bg = {{Yo,1 + Y1,1 + Ya2,1 + ¥3,1) = 2{Y¥o,1 + ¥1,1)}?

Fo = {{Yq,1 + ¥5,1 + Y5,1 + ¥7,1) = 2(¥o,1 * ¥1,1)}2
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Go = {(Yo,1 + ¥y,1 + Y5,y + ¥3,1) - 2(¥3,1 +

By

{({Y4,1 + ¥5,1 + Yg,1 + ¥7,1) - 2(¥3,1 +

U2g,; = Uly,;*By/2(A;+B1) + Uly, z*A;/2{A;+B,)

+ Uly 3*E/2(E,+F,)

U2y ;1 = Ulg,;*D1/2(C3+Dy) + Uly ,*C;/2(Cy1+Dy)

+ 011'3*G1/2 (G +H;)

V23,1 = V1;,2*By/2(A1+B;) + Vip,5%2A;/2(A1+B;)

+ V1j 3*Ey/2(E+F;)

V21'1 = Vlolz*D]./Z(Cl"}'Dl) + V11'2*01/2(C1+D1)

+ V1 3%G,/2(G+H;)

Ay = {(Yo,2
By = {{Yy4,:
Ci = {{Yo,2
D1 = {(Y4,2
E1 = {(Yo,3
Fy = {(Y4q,3
€1 = {{Yo,3
By = {{Y4,3

+

+

+

+

+

Yi,2 + ¥3,2 ¢

¥5,, +
Y;,2 +
Y; 5 +
Yy, *+
Y53 +
Y114 ¢+

Y5 3 +

Ys,2

+

+

+

+

+

+

+

¥3,2)
¥3,2)
¥3,2)
¥1,2)
¥3,3)
¥7,3}
¥3,3)

¥7,3)

2{Y¥,,2
2(Yq,2
2(Y3,2
2(12,2
2(Y¥q,3
2(Yo,3
2(Y¥,,3
2{¥3,3

+

+

¥3,1) )2
Y3;,1) 12
+ Uly, 3*F;/2(E1+F,)

+ Ulp,3*Hy/2(G+H)
+ V10,3*F1/2(EI+F1)
+ V13'3*HI/2(51+H1)

¥1,2)}2
¥y,2) 12
¥3,2)}2
¥3,2) }?
¥y,3) 32
Y130}
¥3,3) )2
¥3,1) )2

Accordingly, because each converted color difference signal

is determined according to the interpolation based on four

color difference signals and are output from the converting

unit 23, even though values of color difference signals input

to the converting unit 23 are considerably different from each

other, the change of the values of the converted color

difference signals can be made smoother that in the fifth

color difference signal converting method. Therefore, when a

discrete cosine transform (DCT) is performed for the 4:2:0
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type converted color difference signals, a compression
efficiency can be improved more than that in the fifth color
difference signal converting method.

Also, because the luminance signals Y are referred in the
color difference signal converting unit 23 when the 4:1:1 type
component picture signals are directly converted into the
4:2:0 type component picture signals, the correlation between
color information and luminance information generally existing
in a natural picture as a specific feature can be included in
the converted color difference signals, and an image of the
natural picture can be faithfully reproduced at high
definitidn.

Next, actual examples of the color difference signal
conversion according to the second embodiment are described
with reference to Figs. 172 to 17E.

Fig. 17A shows a plurality of 4:1:1 type luminance siﬁnals
Y corresponding to 8*2 pixels, Fig. 17B shows a plurality of
4:1:1 type color difference signals Cr {or Cb) corresponding
to the 4:1:1 type luminance signals, Fig. 17C shows a
plurality of 4:2:0 type converted color difference signals Cx
(or Cb) obtained according to the fifth color difference
signal converting method, Fig. 17D shows a plurality of 4:2:0
type converted color difference signals Cr (or Cb) obtained
according to the sixth color difference signal converting

method, and Fig. 17E shows a plurality of 4:2:0 type coaverted
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color difference signals Cr (or Cb) obtained according to the
first color difference signal converting method of the first
embodiment.

Here, in cases where a value calculated according to one
of the signal conversion equations is not an integral number,
the value is rounded off to an integral number. Also, in cases
where a value of a converted color difference signal is not
determined because the value is determined by using a value of
a color difference signal not indicated in Fig. 17B, the value
is indicated by a sign "-" in Fig. 17C and 17D.

In cases where 4:2:2 type component picture signals
indicating a picture are input to a digital video apparatus to
record the picture in the digital video apparatus by
converting 4:2:2 type color difference signals into 4:1:1 type
color difference signals compressed in the DV compression
format and the 4:1:1 color difference signals are converfed
into 4:2:0 type color difference signals compressed according
to MPEGl or MPEG2, 4:2:2 type color difference signals of
co-ordinates (0,v), (1,y), {2,y) and (3,y) correspond to
luminance signals having values 200 for Y co-ordinates (0,y)
and (1,y), 100 for Y co-ordinates (2,y) and (3,y), 100 for ¥
co-ordinates (4,y) and (5,y) and 100 for Y co-ordinates (6,Yy)
and {(7,y), color difference signals of the 4:1:1 color
difference signals of co-ordinates (0,y) and (1,y) correspond

to luminance signals having values 200 for Y co-ordinates
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{0,y) and (1l,y) and 100 for Y co-ordinates (4,y) and (S5,y).
Pherefore, because values of the 4:1:1 color difference
signals shown in Fig. 17B vary as values of the luminance
signals vary, in cases where thé correlation between color
information and luminance information generally existing in a
natural picture is considered, it is preferable that values of
the 4:2:0 type converted color difference signal of
co-ordinates (0,0) and (1,0) be different from each other.

As shown in Fig. 17(E), values of converted color
difference signals Cr (or Cb) of co-ordinates (0,0} and (0,1)
are the same as each other in the first color difference
signal converting method of the first embodiment. In contrast,
as shown in Fig. 17(c}, values of the converted color
difference signals Cr (or Cb) of co-ordinates (0,0) and (0,1)
are different from each other in the fifth color difference
signal converting method. Therefore, a natural picture can be
faithfullf reproduced in the fifth color difference signal
converting method as compared with that in the first color
difference signal converting method.

Also, as shown in Figs. 17(c) and 17(d), the difference of
the values of the converted color difference signals Cr (or
Cb) of co-ordinates (0,0) and (0,1) accofding to the sixth
color difference signal converting method is smaller £han that
according to the fifth color difference signal converting

method. Therefore, because color information of the converted
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color difference signals is concentrated in lower frequency
portions, a compression efficiency in an orthogonal conversion
such as DCT can be improved. "

Accordingly, in cases where the picture signal converting
apparatus 21 and one of the fifth and sixth color difference
signal converting methods are used, the 4:1:1 type component
picture signals can be directly converted into the 4:2:0 type
component picture signals.

Also, because the luminance signals are referred to
determine the 4:2:0 type converted color difference signals
Cr' and Cb', the correlation between color information and
luminance information generally existing in a natural picture
can be included in the converted color difference signals, and
an image of the natural picture can be faithfully reproduced
at high definition.

(Third Embodiment}

In this embodiment, a picture signal converting apparatus,
in which an orthogonal-converted digital compressed picture
signal compressed in a DVC format is converted into an
orthogonal-converted digital compressed picture signal
compressed in an MPEG2 format with motion compensation, is
described.

Fig. 18 is a block diagram of a picture signal converting

apparatus according to a third embodiment of the present

invention.
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As shown in Fig. 18, a picture signal converting apparatus
31 compfises

an input-output unit 32 for receiving an orthogonal-converted
digital compressed picture signal compressed in a DVC format
for each of pixels of a frame and outputting an orthogonal-
converted digital compressed picture signal compressed in an
MPEG2 format with motion compensation for each of pixels of a
frame,

a picture signal decoding unit 33 for decoding the compressed
picture signals received in the input-output unit 32 to
produce non-compressed 4:1:1 type component picture signals,

a component picture signal converting unit 34 for directly
converting the non-compressed 4:1:1 type component picture
signals into non-compressed 4:2:0 type component picture
signals, and

a picture signal coding unit 35 for coding the non-compfessed
4:2:0 type component picture signals to produce the compressed
picture signal compressed in the MPEG2 format with motion
compensation.

The input-output unit 32 comprises an input unit 36 for
receiving the digital compressed picture signals compressed in
the DVC format, and an output unit 37 for outputting the
digital compressed picture signals compressed in the MPEG2
format with motion compensation.

The picture signal decoding unit 33 comprises
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a preparing unit 38 for deshuffling the digital compressed
picture signals shuffled in the compression according to the
DVC format,

a variable length decoding unit 39 for performing a variable
length decoding for the digital compressed picture signals
deshuffled in the preparing unit 38 to produce a plurality of
quantized values of DCT coefficients,

an inverted quantization unit 40 for performing an inverted
gquantization for the quantized values of the DCT coefficients
to produce the DCT coefficients, and

an inverted DCT processing unit 41 for performing an inverted
DCT processing for the DCT coefficients to produce the
non-compressed 4:1:1 type component picture signals.

The picture sigﬁal coding unit 35 comprises

a coding control unit 42 for specifying a picture type such
as an I-picture, a P-picture or a B-picture for a current
frame planned to be encoded in the coding unit 35,

an input buffer 43 for storing the non-compressed 4:2:0 type
component picture signals of the current frame,

a DCT compressing unit 44 for performing a DCT processing for
the non-compressed 4:2:0 type component picture signals to
obtain a plurality of DCT coefficients of picture signals and
quantizing the DCT coefficients by dividing each of the DCT
coefficients by a value of a quantized table to obtain a

plurality of quantized values of picture signals,
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an inverted DCT expanding unit 45 for performing an inverted
quantization for the quantized values of picture signals to
produce DCT coefficients of‘bicture signals, perfbrmiﬁg an
inverted DCT processing for the DCT coefficients obtained in
the DCT compressing unit 44 to reproduce the non-compressed
4:2:0 type component picture signals,

a frame memory 46 for storing the non-compressed 4:2:0 type
component picture signals reproduced in the inverted DCT
expanding unit 45 as picture signals of a referential frame, 2
relationship between the referential frame and the current
frame being specified by the coding control unit 42, and
picture signals newly stored in the input buffer 43 being set
as picture signals of a current frame newly defined,

a motion predicting unit 47 for predicting the motion of a
picture of the current frame by calculating a motion vector
according to the non-compressed 4:2:0 type component picﬁure
signals of the referential frame stored in the frame memory 46
and the non-compressed 4:2:0 type component picture signals of
the current frame stored in the input buffer 43 for each
macroblock of the current frame and calculating an inter-frame
difference according to the difference between the
non-compressed 4:2:0 type component picture signals of the
current frame and non-compressed 4:2:0 type component picture
signals of a corresponding macroblock of the referential frame

specified by the motion vector for each macroblock,
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a éoding selecting unit 48 for selecting a coding method
using the motion vectors or a coding method using no motion
vector under the control of the coding control unit 42,
selecting the quantized values of picture signals transmitted
from the DCT compressing unit 44 as macroblock information in
cases where the I-picture is selected by the coding control
unit 42 and selecting the motion vectors and the inter-frame
differences transmitted from the motion predicting unit 47 as
macroblock information in cases where the B-picture or the P-
picture is selected by the coding control unit 42,

a variable length coding unit 49 for performing a variable
length coding for the macroblock information selected by the
coding selecting unit 48 to produce pieces of variable length
coded data, and

a structure coding unit 50 for producing the digital
compressed picture signals compressed in the MPEG2 format with
motion compensation from the variable length coded data.

The picture signal converting apparatus 11 or 21 according
to the first or second embodiment is used as the component
picture signal converting unit 34.

In the above configuration, an operation of the picture
signal converting apparatus 31 is described with reference to
Fig. 19. Fig. 19 shows the whole procedure performed in the
picture signal converting apparatus 31;

In a step $301, input-output unit 32 for receiving digital
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compressed picture signals compressed in a DVC format are
received in the input unit 36 and are decoded in the picture
signal decoding unit 33 to produce non-compressed 4:1:1 type
component picture signals.

In a step S302, the non-compressed 4:1:1 type component
picture signals are directly converted into non-compressed
4:2:0 type component picture signals in the component picture
signal converting unit 34.

In a step $303, the non-compressed 4:2:0 type component
picture signals are coded to compressed picture signals
compressed in the MPEG2 format with motion compensation, and
the compressed picture signéls are output from the outputting
unit 37.

In this case, it is preferred that the operations in the
steps S301 to $303 be performed in parallel to each other.
That is, non-compressed 4:1:1 type component picture sigﬁals
obtained in the step $301 are directly converted into
non-compressed 4:2:0 type component picture signals in the
step §302 before all non-compressed 4:1:1 type component
picture signals are not obtained in the step 8301, and
non-compressed 4:2:0 tyﬁe component picture signals obtained
in the step $302 are coded in the step S303 before all
non-compressed 4:2:0 type component picture signals are not
obtained in the step S302.

Next, the decoding processing in the step §301 is described
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in detail.

A method for obtaining digital compressed picture signals
compressed in the DVC format from 4:1:1 type component picture
signals is initially described.

To obtain digital picture signals compressed in the DVC
format from non-compressed 4:1:1 type component picture
signals, the DCT processing is performed for each block (8+8
pixels) of 4:1:1 type component picture signals to obtain a
DCT block of DCT coefficients from each block, the DCT
coefficients of each DCT block are quantized to obtain a block
of quantized values from each DCT block, the quantized values
of each block are coded to a block of variable-length codes,
and the variable-length codes of the blocks are recorded as
digital compressed picture signals compressed in the DVC
format.

Also, a macroblock is composed of four DCT blocks of 5CT
coefficients cofresponding to luminance signals Y and two DCT
blocks of DCT coefficients corresponding to color difference
signals Cr and Cb, a superblock is composed of a plurality of
macroblocks, and one frame in the DVC format is composed of a
plurality of superblocks. Also, a shuffling processing is
performed for the digital compressed picture signals to change
original recording positions of the macroblocks or the
superblocks in one frame to other recording positions, so that

the digital compressed picture signals compressed in the DVC
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format are obtained.

Pig. 20 is a flow chart of the decoding processing
performed in the step S301.

In a step S311, the digital compressed picture signals
shuffled in the DVC format are deshuffled in the preparing
unit 38, so that information of the macroblocks are arranged
in the original positions for each frame.

In a step S8312, a variable length decoding is performed for
the digital compressed picture signals in the variable length
decoding unit 39, so that the digital compressed picture
signals are converted into variable length decoded information
indicating a plurality of quantized values of DCT
coefficients.

In a step S313, an inverted quantization is performed for
the variable length decoded information in the inverted
qﬁantization unit 40, so that the DCT coefficients are
obtained.

In a step S314, an inverted DCT processing is performed for
the DCT coefficients in the inverted DCT processing unit 41 to
obtain pixel values of pixels for each frame. Therefore, the
non-compressed 4:1:1 type component pictgre signals having the
pixel values are produced.

Next, the 4:2:0 type component picture signals coding
processing performed in the step $303 is described in detail.

Fig. 21 is a flow chart of the picture signals coding
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processing performed in the step 8§303.

In a step S321, a DCT processing is performed in the DCT
compressing unit 44 for the non-compressed 4:2:0 type
component picture signals obtained from the input buffer 43 to
obtain a plurality of DCT coefficients of picture signals, and
the DCT coefficients are quantized to obtain a plurality of
quantized values of picture signals.

In a step S322, the coding control unit 42 selects a
picture type (an I-picture, a P-picture or a B-picture) for
the current frame processed in the DCT compressing unit 44.
Here, an I-picture is predicted by encoding quantized values
of DCT coefficients for the current frame without referring
any other frame, a P-picture is predicted by referring
component picture signals of a frame preceding to the frame of
the P-picture, and a B-picture is predicted by referring

component picture signals of a frame preceding to the frame of

- the B-picture and component picture signals of z frame

succeeding to the frame of the B-picture.

In cases where a P-picture or a B-picture is selected for
the current frame by the coding control unit 42, the procedure
proceeds to a step $323. In the step S323, a motion predicting
processing is performed, so that the motion of a picture drawn
in one macroblock is predicted in the motion predicting unit
47 for each macroblock of the current frame according to the

non-compressed 4:2:0 type component picture signals of the
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referential frame already stored in the frame memory 46 and
the non-compressed 4:2:0 type component picture signals of the
current frame stored in the input buffer 43. That is, in cases
where the same particular picture is drawn in a remarked
macroblock of the current frame and a particular macroblock of
the referential frame, a motion vector indicating a positional
difference between the remarked macroblock of the current
frame and the particular macroblock of the referential frame
is calculated for each macroblock of the current frame. Here,
the referential frame is a frame preceding to the current
frame in case of the P-picture, and the referential frame is a
frame preceding to the current frame or a frame succeeding to
the current frame in case of the B-picture.

Also, inter-frame difference.information indicating a
difference between a group of pixel values at the remarked
macroblock of the current frame and a group of pixel values at
the particular macroblock of the referential frame is
calculated for each macroblock of the current frame.
Thereafter, the DCT processing and the quantization are
performed for the inter-frame difference information in the
DCT compressing unit 44, and the motion vectors and the
difference information DCT-processed and quantized (or the
motion vectors and the difference information not
DCT-processed or quantized) are transmitted to thg coding

selecting unit 48.
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In a step §324, an inverted quantization is performed in
the inverted DCT expanding unit 45 for the quantized values of
picture signals obtained in the DCT compressing unit 44 to
produce DCT coefficients of picture signals, a DCT processing
is performed for the DCT coefficients to reproduce the
non-compressed 4:2:0 type component picture signals, and the
non-compressed 4:2:0 type component picture signals are stored
in the frame memory 46 as picture signals of the referential
frame.

In a step $325, the coding selecting unit 48 selects either
a coding method using the motion vectors or a coding method
using no motion vector under the control of the coding control
unit 42. In cases where a coding method using the motion
vectors is selected, macroblock information (motion vectors
and inter-frame difference information DCT-processed and
quantized) produced in the motion predicting unit 47 is
transmitted to the variable length coding unit 49 for each
macroblock. In contrast, in cases where a coding method using
no motion vector is selected, macroblock information (the
quantized values of the picture signals of one macroblock)
produced in the DCT compressing unit 44 are transmitted to the
variable length coding unit 49 for each macroblock.

In contrast, in the step $322, in cases where an I-picture
is selected for the current frame by the coding control unit

42, the quantized values of picture signals obtained in the
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DCT compressing unit 44 are transmitted to the variable length
coding unit 49 through the coding selecting unit 48 as
macroblock information for each macroblock. Also, the
quantized values of picture signals are transmitted to the
inverted DCT expanding unit 45, and the procedure proceeds to
a step §326.

In the step S326, an inverted quantization and a DCT
processing are performed in the inverted DCT expanding unit 45

for the quantized values of picture signals obtained in the

peT compressing unit 44 to reproduce the non-compressed 4:2:0

type component picture signals in the same manner in the step
$324, and the non-compressed 4:2:0 type component picture
signals are stored in the frame memory 46 as picture signals
of the referential frame. Thereafter, the procedure proceeds
to a step §327.

In the step $327, a variable length coding is perforﬁed in
the variable length coding unit 49 for the macroblock
information transmitted from the coding selecting unit 48.

In a step $328, a structure coding is performed in the
structure coding unit 50 to add a header required for MPEG
data to variable length codes obtained in the variable length
coding unit 49, so that the digital compressed picture signals
compressed in the MPEG2 format with motion compensation are

produced.

Accordingly, even though a user uses a plurality of digital
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compressed picture signals compressed in the DVC format in his
computer Cl and the user desires to provide the digital
compressed picture signals for another computer C2, the
digital compressed picture signals compressed in the DVC
format can be easily converted into a plurality of digital
compressed picture signals compressed in the MPEG2 format with
motion compensation, and the digital compressed picture
signals compressed in the MPEG2 format can be rapidly
transmitted to the computer C2 through a network.

Next, the calculation of a motion vector obtained in the
motion predicting processing.of the step 8323 is described in
detail. |

In the well-known calculation of the motion vectors,
current pixel values at a macroblock of a current frame are
compared with values of referential pixels placed at each of
all macroblocks of a referential frame, errors respectivély
indicating the difference between one current pixel value and
one corresponding referential pixel value are calculated for
each macroblock of the referential frame, an average of the
errors is calculated as an average error for each macroblock
of the referential frame, a particular macroblock of the
referential frame corresponding to a particular average error
smallest in the average errors is selected, and a positional
difference between the macroblock of the current frame and the

particular macroblock of the referential frame is calculated
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as a motion vector indicating a motion of a picture for each
macroblock of the current frame. That is, one motion vector
for one macroblock of the current frame designates the
particular macroblock of the referential frame.

In this embodiment of the present invention, a motion
vector calculating method, in which a group of motion vectors
is calculated for each of a plurality of hierarchy pictures
obtained by gradually lowering the resolution of an original
picture, is described.

In this calculating method, a low resolution picture is
obtained by reducing the number of pixels in an original
picture to half, and another low resolution picture is
repeatedly obtained by reducing the number of pixels in a
previously obtained low resolution picture to half. Therefore,
a group of low resolution pictures in which the resolution is
gradually lowered is made for each frame. In this
specification, a set of the original picture and the low
resolution pictureshfor the current frame is called a group of
current hierarchy pictures (or simply called a group of
hierarchy pictures), and a set of the original picture and the
low resolution pictures for the referential frame is called a
group of referential hierarchy pictures (or simply called a
group of hierarchy pictures).

Thereafter, an intermediate motion vector is repeatedly

calculated from one current hierarchy picture and one
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referential hierarchy picture of the same resolution while
changing the current and referential hierarchy pictures to
those of higher resolution. In this repeated calculations, the
intermediate motion vector is set as a rough motion vector for
each calculation of the intermediate motion vector, and a
plurality of macroblocks placed in the neighborhood of a
particular macroblock of the referential frame designated by
the rough motion vector are set as candidates for another
particular macroblock of tlie referential frame designated by a
next intermediate motion vector. Therefore, when a motion
vector is finally calculated from the current and referential
hierarchy pictures (or original pictures) corresponding to the
highest resolution, the motion vector precisely indicating the
motion of the original picture can be obtained.

A producing method of a plurality of hierarchy pictures is
described with reference to Fig. 22. Fig. 22 shows an exﬁmple
of a plurality of hierarchy pictures.

As shown in Fig. 22, a down-sampling (or a pixel decimating
processing) is performed for an original picture to remove
every other pixel in the x direction from pixels of the
original picture and remove every other pixel in the y
direction from the pixels, so that a 1/2-resolution picture in
which the resolution is reduced to half that of the original
picture is produced as a hierarchy picture. Also, a down-

sampling is performed for the 1/2-resolution picture to
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produce a 1/4-resolution picture in which the resolution is
reduced to a guarter that of the original picture as a
hierarchy picture. Therefore, in cases where this down-
sampling is repeatedly performed for a picture produced just
before the down-sampling, a plurality of hierarchy pictures
are produced. In this down-sampling, spacial frequency bands
in the x and y directions are set to half by using low pass
filters, and every other pixel is removed from the pixels of
each picture. B

Accordingly, in cases where a large object is drawn in a
natural picture, the motion of the large object is firsﬁ
calculated as a rough motion vector, and the motion of the
large object is more precisely determined each time a motion
vector is calculated from a pair of hierarchy pictures
corresponding to a higher resolution while using a rough
motion vector calculated just before the calculatién of the

motion vector, so that the motion of the large object can be

precisely calculated. Accordingly, a compression efficiency in

the MPEG coding can be heightened, and a reproduced picture
quality can be improved.

To perform the motion vector calculating method using a
plurality of hierarchy pictures, as shown in Fig. 23, the
motion predicting unit 47 comprises

a hierarchy picture producing unit 51 for producing a

plurality of current hierarchy pictures from a current
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original picture of the current frame indicated by the picture
signals stored in the input buffer 43 and producing a
plurality of referential hierarchy pictures from a referential
original picture of the referential frame indicated by the
picture signals stored in the frame memory 46,

a hierarchy picture memory 52 for storing the current
hierarchy pictures and the referential hieraréhy pictures,

a motion vector calculating unit 53 for repeatedly
calculating an intermediate motion vector from one current
hierarchy picture, one referential hierarchy picture and a
rough motion vector obtained just before the calculation of
the motion vector while the resolution in the current and
referential hierarchy pictures is heightened step-by-step,

a rough motion vector storing unit 54 for storing the
intermediate motion vector as the rough motion vector used for
the calculation of a next intermediate motion vector in the
calculating unit 53 each time the intermediate motion vector
is calculated in the ﬁotion vector calculating unit 53,

a motion vector producing unit 55 for producing a motion
vector from current and referential hierarchy pictures of the
highest resolution and the intermediate motion vector finally
calculated in the ﬁotion vector calculating unit 53 from
current and referential hierarchy pictures of the second

highest resolution and outputting the motion vector to the

coding selecting unit 48, and
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an inter-frame difference information producing unit 56 for
producing an inter-frame difference information indicating a
difference between a group of pixel values of one macroblock
of the current frame and a group of pixel values of one
macroblock of the referential frame corresponding to the
motion vector produced in the motion vector producing unit 55.

In the above configuration of the motion predicting unit
47, the motion vector calculating method using a plurality of
hierarchy pictures is described with reference to a flow chart
shown in Fig. 24.

In a step $331, a plurality of current hierarchy pictures
and a plurality of referential hierarchy pictures are produced
from the picture signals stored in the input buffer 43 and the
picture signals stored in the frame memory 46 in the hierarchy
picture'producing unit 51. For example, as shown in Fig. 22,
the hierarchy pictures of each frame are composed of an
original picture, a 1/2-resolution picture, 1/4-resolution
picture and 1/8-resolution picture. Thereafter, the hierarchy
pictures are stored in the hierarchy picture memory 52.

In a step §332, an intermediate motion vector is repeatedly
calculated in the motion vector calculating unit 53. That is,
the pixels of the 1l/8-resolution picture of the current frame
are divided into a plurality_of current macroblocks
respectively composed of 256 pixels (16*16). Also, a plurality

of referential macroblocks are produced from the 1/8-
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resolution picture of the referential frame in the same
manner. Thereafter, as shown in Fig. 25A, current pixel values
at a remarked current macroblock are compared with referential
pixel values at each of all referential macroblocks, errors
respectively indicating the difference between one current
pixel value and one corresponding referential pixel value are
calculated for each referential macroblock, an average of the
errors is calculated as an average error for each referential
macroblock, a particular referential macroblock corresponding
to a particular average error smallest in the average errors
is selected, and a positional difference between the remarked
current macroblock and the particular referential macroblock
is calculated as an intermediate motion vector. That is, the
intermediate motion vector for the remarked current macroblock
of the current frame designates the particular referential
macroblock of the referential frame, and the intermediaté
motion vector is obtained for each current macroblock.
Thereafter, the intermediate motion vector is stored in the
rough motion vector storing unit 54 as a rough motion vector
for each current macroblock.

Thereafter, as shown in Fig. 25B, a plurality of current
macroblocks and a plurality.of referential macroblocks are
produced from the 1/4-resolution picture of the current frame
and the 1l/4-resolution picture of the referential frame in the

same manner, a rough motion vector corresponding to a remarked
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current macroblock is obtained from the storing unit 54, a
specific referential macroblock specified by the rough motion
vector is extracted from the referential macroblocks, a
plurality of referential macroblock candidates composed of the
specific referential macroblock and a plurality of referential
macroblocks placed in the neighborhood of the specific
referential macroblock are specified, and current pixel values
at the remarked current macroblock are compared with values of
referential pixels placed at each of the referential
macroblock candidates. Thereafter, an average error is
calculated for each referential macroblock candidate, a
particular referential macroblock corresponding to the
smallest average error is selected, and an intermediate motion
vector indicating a motion of a picture from the particular
referential macroblock to the remarked current macroblock is
calculated. There;fter, the intermediate motion vector is
storéd in the rough motion vector storing unit 54 as a rough
motion vector for each current macroblock.

Thereafter, intermediate motion vectors are calculated for
each current macroblock corresponding to the 1/2-resolution
pictures in the same manner as those corresponding to the
1/4-resolution pictures.

In a step $333, a motion vector is finally produced in the
motion vector producing unit S5 for each current macroblock of

the current frame while using the rough motion vector
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corresponding to the 1/2-resolution pictures.

In a step S334, an inter-frame difference information
indicating a difference between a group of pixel values of one
current macroblock and a group of pixel values of one
féferential macroblock specified by the motion vector
corresponding to the current macroblock is produced in the
inter-frame difference information producing unit 56.

For example, in cases where a large object is drawn in a
natural picture, the motion of the large object is first
calculated as an intermediate motion vector, and the motion of
the large object is more precisely determined each time the
intermediate motion vector is calculated from a pair of
hierarchy pictures corresponding to a higher resolution while
using a rough motion vector calculated just before the

calculation of the intermediate motion vector. Therefore, a

" motion vector indicating the motion of the lafge object can be

precisely calculated, and a compression efficiency in the MPEG
coding can be heightened, and a reproduced picture quality can
be improved.

Accordingly, even though a large object is dynamically
moved in a moving picture, because the precision of an
intermediate motion vector roughly indicating the motion of
the large object is gradually heightened while the
intermediate motion vector is recalculated, a motion vector

faithfully expressing a natural motion of the large object can
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be finally obtained. Therefore, the digital compressed picture
signals compressed in the DVC format can be precisely
converted into the digital compressed picture signals
compressed in the MPEG2 format with motion compensation, and a
picture indicated by the picture signals compressed in the
MPEG2 format with motion compensation can be reproduced with
high picture quality.

also, because a rough motion vector calculated in a
previous stage is used for the calculation of a next
intermediate motion vector, a calculation volume rgquired for
the motion vector calculating method using a plurality of
hierarchy pictures can be considerably reduced.

In this embodiment, the motion vector calculating method
peculiar to the present invention is used. However, it is
applicable that a well-known motion vector calculating method
be used to convert the digital compressed picture signalé
compressed in the DVC format into the digital compressed
picture signals compressed in the MPEG2 format with motion
compensation.

(Fourth Embodiment)

In a picture signal converting apparatus according to this
embodiment, an orthogonal-converted digital compressed picture
signal compressed in a DVC format is converted into an
orthogonal-converted digital compressed picture signal

compressed in an MPEG2 format with motion compensation while
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DCT coefficients of luminance signals of the DVC format are
used for the production of the digital compressed picture
signals of the MPEG2 format.

Fig. 26 is a block diagram of a picture signal converting
apparatus according to a fourth embodiment.

As shown in Fig. 26, a picture signal converting apparatus
61 comprises

the input-output unit 32, the picture signal decoding unit
33, the component picture signal converting unit 34, and

a picture signal coding unit 62 for coding the non-compressed
4:2:0 type component picture signals to produce the compressed
picture signal compressed in the MPEG2 format with motion
compensation while using DCT coefficients of luminance signals
of the DVC format for the production of the digital compressed_
picture signals of the MPEG2 format.

The picture signal coding unit 62 comprises the codiné
control unit 42, the input buffer 43, the DCT compressing unit
44, the inverted DCT expanding unit 45, the frame memory 46,

a DCT coefficient buffer 63 for storing a plurality of DCT
coefficients of luminance signals obtained in the inverted
quantization unit 40,

a hierarchical inverted DCT processing unit 64 for performing
a hierarchical inverted DCT processing for the DCT
coefficients of luminance signals to produce a plurality of

hierarchy pictures of the current frame respecti#ely indicated
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by non-compressed 4:2:0 type component picture signals,
a motion predicting unit 65 for predicting the motion of a

picture (or a motion vector) according to the non-compressed

~ 4:2:0 type component picture signals of the referential frame

storéd in the frame memory 46 and the hierarchy pictures
produced in the hierarchical inverted DCT processing unit 64
for each macroblock and calculating an inter-frame difference
from the difference between the non-compressed 4:2:0 type
component picture signals of one macroblock of the current
frame and the non-compressed 4:2:0 type component picture
signals of a corresponding macroblock of £ﬁe referential frame
indicated by the motion vector for each macroblock of the
current frame,
the coding selecting unit 48, the variable length coding unit
49, and the structure coding unit 50.

as shown in Fig. 27, the motion predicting unit 65
comprises
the hierarchy picture memory 52 for storing the current
hierarchy pictures and the referential hierarchy pictures
produced in the hierarchical inverted DCT processing unit 64,
the motion vector calculating unit 53, the rough motion vector
storing unit 54, the motion vector producing unit 55, and the
inter-frame difference information producing unit 56.

In the above configuration, an operation of the picture

signal converting apparatus 61 is described.
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In this apparatus 61, a plurality of DCT coefficients
expressing a plurality of luminance signals of non-compressed
4:1:1 type component picture siénals are transmitted to the
picture signal coding unit 62, and a plurality of hierarchy
pictures are directly produced from the DCT coefficients in
the hierarchical inverted DCT processing unit 64. Therefore,
any down-sampling required in the third embodiment to produce
a plurality of hierarchy pictures is not required, so that the
conversion of digital compressed picture signals compressed in
the DVC format into digital compressed picture signals
compressed in the MPEG2 format with motion compensation can be
performed at a shortened processing time.

The whole processing in the apparatus 61 is almost the same
as that of the third embodiment shown in Fig. 19. That is, a
picture signal decoding processing for the DVC format in the
step S301 and a picture signal compressing processing for the
MPEG format in the step S303 are different from those in the
third embodiment. Fig. 28 is a flow chart showing a picture
signal decoding (or expanding) processing performed in the
picture signal decoding unit 33.

As shown in Fig. 28, after the steps S311 to S313 are
performed in the same manner as in the third embodiment, it is
judged in the inverted quantization unit 40 in a step §315
whether or not a DCT block processed in the unit 40 to produce

a plurality of DCT coefficients corresponds to luminance
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signals. In cases where the DCT block corresponds to luminance
signals, DCT coefficients of luminance signals included in the
DCT block are stored in the DCT coefficient buffer 63 in a
step S316. In contrast, in cases where the DCT block
corresponds to color difference signals Cr (or Cb), the
procedure proceeds to a step S317, an inverted DCT processing
is performed in the inverted DCT processing unit 41 to produce
non-compressed 4:1:1 type color difference signals Cr (or Cb}
from DCT coefficients of color difference signals included in
the DCT block by calculating pixel values of pixels from the
DCT coefficients. Thereafter, the non-compressed 4:1:1 type
color difference signals are directly converted into the
non-compressed 4:2:0 type color difference signals in the
component picture signal converting unit 34 and are stored in
the input buffer 43. In this case, any DCT block of DCT
coefficients of luminance signals is not processed in the
inverted DCT processing unit 41, and any non-compressed
luminance signal is not processed in the component picture
signal converting unit 34.

Fig. 29 is a flow chart showing a picture signal
compressing processing performed in the picture signal coding
unit 62.

In a step S341, because the DCT coefficients of luminance
signals stored in the DCT coefficient buffer 63 and the

non-compressed 4:2:0 type color difference signals stored in
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the input buffer 43 are input to the DCT compressing unit 44,
it is judged in the DCT compressing unit 44 whether or not
data input to the DCT compressing unit 44 is a DCT block of
DCT coefficients of luminance signals. In cases where
non-compressed 4:2:0 type color difference signals transmitted
from the input buffer 43 are input to the DCT compressing unit
44, a DCT processing is performed for the non-compressed 4:2:0
type color difference signals in a step §342 to produce DCT
coefficients of color difference signals. In contrast, in
cases where DCT coefficients of luminance signals transmitted
from the DCT coefficient buffer 63 are input to the DCT
compressing unit 44, any DCT processing is not performed.

Therefore, in cases where the steps $341 and S342 are
repeated, DCT coefficients of 4:2:0 type component picture
signals of the current frame are prepared in the DCT
compressing unit 44.

In a step $343, the coding control unit 42 selects a frame
type (a frame of an I-picture, a frame of a P-picture or a
frame of a B-picture) for the current frame.

In cases where an I-picture is selected for the current
frame by the coding control unit 42, any motion prediction is
not required, and the procedure proceeds to a step S344. In
the step S344, thé DCT coefficients of the picture signals
{the DCT coefficients of the color difference signals and the

DCT coefficients of the luminance signals) of the current
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frame are quantized in the DCT compressing unit 44, and the
quantized values of the current frame are transmitted to the
variable length coding unit 49 through the coding selecting
unit 48 as macroblock information for each macroblock. Also,
the quantized values of the current frame are transmitted to
the inverted DCT expanding unit 45,

In a step S345, an inverted quantization is performed in
the inverted DCT expanding unit 45 for the quantized values of
picture signals obtained in the DCT compressing unit 44 to
produce DCT coefficients of picture signals, a DCT érocessing
is performed for the DCT coefficients to reproduce the
non-compressed 4:2:0 type component picture signals, and the
non-compressed 4:2:0 type component picture signals are stored
in the frame memory 46 as picture signals of the referential
frame.

In contrast, in cases where a P-picture or a B-picture is
selected for the current frame by the coding control unit 42,
the procedure proceeds to a step 5346. In the step S346, a
hierarchical inverted DCT processing described later in detail
is performed in the hierarchical inverted DCT processing unit
64 for the DCT coefficients 6f luminance signals stored in the
DCT coefficient buffer 63 to produce a plurality of hierarchy
pictures of the current frame, and the hierarchy pictures are
stored in the hierarchy picture memory 52 of the motion

predicting unit 65.
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In a step S347, a motion prediction is performed in the
motion predicting unit 65 according to the lﬁmih;nce signals
of the referential frame stored in the frame memory 46 and the
hierarchy pictures of the current frame stored in the
hierarchy picture memory 52, so that a motion vector and
inter-frame difference information are obtained for each
macroblock. In this motion prediction, each of the hierarchy
pictures is compared with an original picture of the
referential frame. Thereafter, the motion vectors and the
inter-frame difference information (or the inter-frame
difference information DCT-processed and quantized in the DCT
compressing unit 44) are transmitted to the coding selecting
unit 48.

In a step S348, an inverted DCT processing is performed in
the inverted DCT expanding unit 45 for the DCT coefficients of
the picture signals of the current frame obtained in the DCT

compressing unit 44 to reproduce the non-compressed 4:2:0 type

'component picture signals, and the non-compressed 4:2:0 type

component picture signals are stored in the frame memory 46 as
picture signals of the referential frame.

- In a step S349, the coding selecting unit 48 selects either
a coding method using the motion vectors or a coding method
using no motion vector under the control of the coding control
unit 42. In cases where a coding method using the motion

vectors is selected, the motion vectors and the inter-frame
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difference information produced in the motion éredicting unit
65 are transmitted to the variable length coding unit 49 as
macroblock information for each macroblock. In contrast, in
cases where a coding method using no motion vector is
selected, the quantized values of the picture signals produced
in the DCT compressing unit 44 are transmitted to the variable
length coding unit 49 as macroblock information for each
macroblock.

Thereafter, the steps S327 and §328 ére performed in the
same manner as in the third embodiment.

Therefore, the digital compressed picture signals
compressed in the DVC format can be converted into the digital
compressed picture signals compressed in the MPEG2 format with
motion compensation while the DCT coefficients of the
luminance signals of the DVC format are used to predict the
motion of a picture in each frame.

The hierarchical inverted DCT processing performed in the
step S346 is described in detail with reference to Figs. 302
to 30D.

In brief, DCT coefficients of picture signals (or luminance
signals in this embodiment) in the DVC format are composed of
various components ranging from a low frequency component to a
high frequency component. An inverted DCT processing is
repeatedly performed for a group of DCT coefficients while

adding higher frequency components to the group of DCT
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coefficients step-by-step, and a plurality of hierarchy
pictures having different resolutions are produced.

Figs. 30R to 30D respectively show a DCT block composed of
a plurality of DCT coefficients arranged in a matrix of rows
and columns and a hierarchy picture obtained by performing an
inverted DCT processing for a group of DCT coefficients
selected from the DCT block.

As shown in Fig. 302, in a first stage, a direct current
component (or the lowest frequency component) arranged on the
top left side of a DCT block is selected, an inverted DCT
processing is performed for the direct current component to
obtain a value of a luminance signal corresponding to the
direct current component, and a 1/8-resolution picture
composed of the luminance signal is, for example, produced.

As shown in Fig. 30B, in a second stage, four lower
components arranged on the upper left side of the DCT block
are selected, an inverted DCT processing is performed for the
four_lower components to obtain values of luminance signals
corresponding to the lower components, and a l/4-resolution
picture composed of the luminance signals is produced. Also,
as shown in Fig. 30C, in a third stage, sixteen lower
components arranged on the upper left side of the DCT block
are selected, and a 1l/2-resolution picture is produced. Also,
as shown in Fig. 30D, in a final stage, all components of the

DCT block are selected, and an original picture is produced.
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Therefore, a plurality of hierarchy pictures composed of the
1/8-resolution picture, the 1/4-resolution picture,
1/2-resolution picture and the original picture are obtained.

In this hierarchical inverted DCT processing, each inverted
DCT processing is independent of the other processing.
However, as shown in Fig. 31, it is applicable that a
hierarchy picture obtained in a stage be used for a next
stage., That is, in the second stage, three lower components
not including the direct current component are selected from
the upper left side of the DCT block, and the 1/4-resolhtion
picture is produced by combining the 1/8-resolution picture
obtained in the first stage and a picture obtained from the
three lower components. Also, in the third stage, twelve lower
components not including a group of four components
corresponding to the 1/4-resolution picture are selected from
the upper left side of the DCT block, and the 1/2-resolution
picture is produced by combining the 1/4-resolution picture
and a picture obtained from the twelve lower components. Also,
in the final stage, all components other than the sixteen
components corresponding to the 1/2-resolution picture are
selected, and the original picture is produced by adding the
1/2-resolution picture.

Therefore, in this hierarchical inverted DCT processing
shown in Fig. 31, a calculation volume can be reduced.

Accordingly, because the DCT coefficients of the luminance
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signals of the DVC format are used as the DCT coefficients of
the luminance signals of the MPEG2 format by directly
transmitting the DCT coefficients of the luminance signals
obtained in the inverted quantization unit 40 to the picture
coding unit 62 as the DCT coefficients of the luminance
signals of the MPEG2 format without passing the inverted DCT
processing unit 41 and the component signal converting unit
34, the processing for the conversion of the DCT coefficients
of the luminance signals of the DVC format into the DCT
coefficients of the luminance signals of the MPEG2 format is
not required. Therefore, the calculation volume required for
the conversion of the digital compressed picture signals
compressed in the DVC format into the digital compressed
picture signals compressed in the MPEG2 format with motion
compensation can be reduced.

Also, because the calculation volume required for the
production of the hierarchy pictures in the hierarchical
inverted DCT processing unit 64 is almost the same as that
required in the inverted DCT processing unit 41 in which the
inverted DCT processing ié performed for the DCT coefficients
of the luminance signals of the DVC format in the third
embodiment, even though the hierarchy pictures is produced,
the increase of the calculation volume can be disregarded.

In this embodiment, because any of the DCT coefficients of

the luminance signals of the DVC format is not transmitted to
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the inverted DCT processing unit 41, the component piciure
signal converting unit 34 does not function as the picture
signal converting apparatus 21. However, in cases where the
DCT coefficients of the luminance signals of the DVC format
are transmitted to both the DCT coefficient buffer 63 and the
inverted DCT processing unit 41, the component picture signal
converting unit 34 can function as the picture signal
converting apparatus 21.

(Fifth Embodiment)

In a picture signal converting apparatus according to this
embodiment, an orthogonal-converted digital compressed picture
signal compressed in a DVC format is converted into an
orthogonal-converted digital compressed picture signal
compressed in an MPEG2 format with motion compensation while
reducing the calculation volume required for the detection of
motion vectors.

Fig. 32 is a block diagram of a picture signal converting
apparatus according to a fifth embodiment.

As shown in Fig. 32, a picture signal converting apparatus
71 comprises

the input-output unit 32, the picture signal decoding unit
33, the component picture signal converting unit 34, and

a picture signal coding unit 72 for coding the non-compressed
4:2:0 type component picture signals to produce the compressed

picture signal compressed in the MPEG2 format with motion
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compensation while reducing the calculation volume required
for the detection of motion vectors.

The picture signal coding unit 72 comprises
the coding control unit 42, the input buffer 43, 'the DCT
compressing unit 44, the inverted DCT expanding unit 45, the
frame memory 46, the DCT coefficient buffer 63,

a one~dimensional inverted DCT processing unit 73 for
extracting a first group of DCT coefficients arranged in a row
from the DCT coefficients of luminance signals stored iﬁ the
DCT coefficient buffer 63, extracting a second group of DCT
coefficients arranged in a column from the DCT coefficients of
luminance signals stored in the DCT coefficient buffer 63,
perfo:ming a one-dimensional inverted DCT processing for the
first group of DCT coefficients of luminance signals and the
second group of DCT coefficients of luminance signals to
obtain one dimensional information (x-directional information
and y-directional information),

a motion predicting unit 74 for predicting the motion of a
picture (or a motion vector) according to the non-compressed
4:2:0 type component picture signals of the referential frame
stored in the frame memory 46, the non-compressed 4:2:0 type
component picture signals of the current frame stored in the
input buffer 43 for each macroblock and the one dimensional
information obtained in the one-dimensional inverted DCT

processing unit 73 and calculating an inter-frame difference
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according to the motion vectors and the difference between the
non-compressed 4:2:0 type component picture signals of the
referential frame and the non-compressed 4:2:0 type component
picture signals of the current frame for each macroblock,

the coding selecting unit 48, the variable length coding unit
49, and the structure coding unit 50.

As shown in Fig. 33, the motion predicting ﬁnit 74
comprises the motion vector calculating unit 53, the rough
motion vector storing unit 54, the motion vector producing
unit 55, and the inter-frame difference information producing
unit 56.

The whole processing in the apparatus 71 is almost the same
as those of the third and fourfh embodiments shown in Fig. 19.
That is, the steps S$301 and §302 are performed in the
apparatus 71 in the same manner as in the fourth embodiment,
and a picture signal compressing processing in the step $303
is different from that in the fourth embodiment. Fig. 34 is a
flow chart showing a picture signal compressing procéssing
performed in the picture signal decoding unit 72.

As shown in Fig. 34, after the steps S341 to S342 are
performed in the same manner as in the fourth embodiment, the
coding control unit 42 selects a frame type for the current
frame processed in the DCT compressing unit 44 in the step
§343.

In cases where an I-picture is selected by the coding
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control unit 42, the DCT coefficients of the picture signals
(the DCT coefficients of the color difference signals and the
DCT coefficients of the luminance signals read out from the
DCT coefficient buffer 63) of the current frame are quantized
in the DCT compressing unit 44 in the step §344, and the
quantized values of the current frame are transmitted to the
variable length coding unit 49 through the coding selecting
unit 48. Also, in the step §345, an inverted quantization is
performed in the inverted DCT expanding unit 45 for the
quantized values of picture signals obtained in the DCT
compressing unit 44 to produce DCT coefficients of picture
signals, a DCT processing is performed for the DCT
coefficients to reproduce the non-compressed 4:2:0 type
component picture signals, and the non-compressed 4:2:0 type
component picture signals are stored in the frame memory 46 as
picture signals of the referential frame.

In contrast, in cases where a P-picture or a B-picture is
selected by the coding control unit 42 in the step S343, the
procedure proceeds to a step $351. In the step S§351, a omne-
dimensional inverted DCT processing described later in detail
is performed in the one-dimensional inverted DCT processing
unit 73 for the DCT coefficients of luminance signals stored
in the DCT coefficient buffer 63 to produce one-dimensional
information of the current frame, and the one-dimensional

information is transmitted to the motion predicting unit 74.
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In a step S352, a motion prediction is performed in the
motion predicting unit 74 according to luminance signals of
the referential frame stored in the frame memory 46 and the
one-dimensional information of the current frame, so that
motion vectors and inter-frame difference information of pixel
values are obtained. Thereafter, the motion vectors and the
inter-frame difference information DCT-processed and quantized
in the DCT compressing unit 44 are transmitted to the coding
selecting unit 48.

Thereafter, the steps S348 and S349 and the steps S327 and
§328 are performed in the same manner as in the fourth
embodiment.

Next, the one-dimensional inverted DCT processing performed
in the step S351 and the motion prediction performed in the
step 5352 are described in detail with reference to Fig. 35.

Fig. 35 shows the one-dimensional inverted DCT proceséing
and the motion prediction performed in the one-dimensional
inverted DCT processing unit 73 and the motion predicting unit
74.

As shown in Fig. 35, a plurality of DCT coefficients are
arranged in each DCT bloék in a matrix of rows and columns.

In the one-dimensional inverted DCT processing performed in
the one-dimensional inverted DCT processing unit 73, an
x-directional group of DCT coefficients arranged in series in

the x direction (or lateral direction) and a y-directional
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group of DCT coefficients arranged in series in the y
direction (or longitudinal diregtion) a;: selécted from each
DCT block, an inverted DCT processing is performed for the
x-directional group of DCT coefficients and the y-directional
5 group of DCT coefficients, and values of eight non-compressed
luminance signals arranged in the x direction and values of
eight non-compressed luminance signals arranged in the y
direction are obtained. In this case, the values of eight
non-compressed luminance signals arranéed in the x direction
10 are called x-directional information for one DCT block, the
values of eight non-compressed luminance signals arranged in
the y direction are called y-directional information for one
DCT block, and one-dimensional information for one DCT block
is composed of the x-directional information and the
15 y-directional information. Thereafter, because one macroblock
is composed of 2#2 DCT blocks, x-directional information.'
"{values of 2*16 luminance signals) for one macroblock is
produped by combining four pieces of x-directional information
corresponding to 2*#2 DCT blocks, and y-directional information
20 (values of 16+*2 luminance signals) for one macroblock is
produced by combining four pieces of y-directional information
correéponding to 2*2 DCT blocks. Thereafter, pieces of
x-directional information corresponding to one frame and
pieces of y-directional information corresponding to one frame

25 are produced by repeating the production of the x-directional
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information and y-directional infoymation for the macroblock.
Thereafter, the motion prediction is performed in motion
predicting unit 74. In detail, as shown in Fig. 36, a matching
between a patten of the x-directional information for one
current macroblock corresponding to a remarked current frame
and a patten of values of 2*16 luminance signals of each
referential macroblock of the referential frame extracted from
the frame memory 46 is performed, and a specific referential
macroblock of the referential frame is determined in the same
manner as in the third embodiment on condition that an average
error for the specific referential macroblock is minimum among
those for the referential macroblocks of the referential
frame. Thereafter, a plurality of referential macroblock
candidates composed of the specific referential macroblock and
a plurality of referential macroblocks placed in the
neighborhood of the specific referential macroblock are
specified, a matching between a patten of the y-directional
inforpation for the remarked current macroblock and a patten
of values of 16+*2 luminance signals of each referential
macroblock candidate of the referential frame is performed, a
particular referential macroblock of the referential frame is
determined in the same manner as in the third embodiment on
condition that an average error for the particular referential
macroblock is minimum among those for the referential

macroblock candidates of the referential frame, and a vector
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connecting the remarked current macroblock and the particular
referential macroblock is determined as a motion vector of the
remarked current macroblock. Therefore,.a plurality of motion
vectors of the macroblocks of the current frame are obtained
for performing the motion prediction for each macroblock of
the current frame.

Accordingly, because the number of values used for the
calculation in each macroblock is 32 (2+*16) though the number
of values in each macroblock is 256 (16*16), the calculation
volume in the motion prediction can be considerably reduced.
Also, because the calculation for the y-directional
information is performed for only the specific referential
macroblocks after the calculation for the x-directional
information, the calculation volume in the motion prediction
required for the y-directional information is not so much.
Therefore, the calculation volume in the motion predictiéh can
be reduced to almost 1/8 as compared with that in the third
embodiment;

In this embodiment, any hierarchy picture used in the third
embodiment is not used. However, it is applicable that a
plurality of hierarchy pictures for the current frame and a
plurality of hierarchy pictures for the referential frame be
used. In this case, the one-dimensional inverted DCT
processing is performed for each hierarchy picture of the

current frame, a matching between a patten of x-directional
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information for one hierarchy picture of one current
macroblock and a patten of values of 2*16 luminance signals of
each referential macroblock of one hierarchy picture of the
referential frame is performed, and a matching between a
patten of y-directional information for one hierarchy picture
of one cu;rent macroblock and a patten of values of 16*2
luminance signals of each referential macroblock candidate of
one hierarchy picture of the referential frame is performed.

(Sixth Embodiment)

In this embodiment, any component signal converting unit
used in the third to fifth embodiments is not used, but the
arrangement of DCT coefficients of 4:1:1 type color difference
signals obtained in a picture decoding processing as
intermediate information is changed to convert a compression
format of digital picture signals.

Fig. 37 is a block diagram of a picture signal converéing
apparatus according to a sixth embodiment.

As_shown in Fig. 37, a picture signal converting apparatus
81 comprises

the input-output unit 32,

a picture signal decoding unit 82 for decoding the compressed
picture signals of the DVC format received in the input-output
unit 32 to produce non-compressed 4:2:0 type component picture
signals, and

the picture signal coding unit 35.
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The picture signal decoding unit 82 comprises the preparing
unit 38, the variable length decoding unit 39, the inverted
quantization unit 40,

a DCT coefficient converting unit 83 for extracting DCT
coefficients of 4:1:1 type color difference signals from the
DCT coefficients of 4:1:1 type component picture signals
obtained in the inverted quantization unit 40 and converting
the DCT coefficients of 4:1:1 type color difference signals to
DCT coefficients of 4:2:0 type color difference signals by
changing the arrangement of the DCT coefficients of 4:1:1 type
color difference signals, and

an inverted DCT processing unit 84 for performing an inverted
DCT processing for the DCT coefficients of luminance signals
obtained in the inverted quantization unit 40 and the DCT
coefficients of 4:2:0 type color difference signals obtained
in the DCT coefficient converting unit 83 to produce the.
non-compressed 4:2:0 type éomponent picture signals.

In the above configuration, an operation of the picture
signal converting apparatus 81 is described.

In this apparatus 81, because lower frequency components
placed on an upper left side in a block of DCT coefficients of
color difference signals indicates color difference
information, a half portion of the DCT coefficients of 4:1:1
type color difference signals placed on a lower side (or

higher frequency side} is removed to halve a resolution of the
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DCT coefficients in a y direction (or longitudinal direction),
and a plurality of specific DCT coefficients set to 0 are
added on a right side {or higher frequency side) of the
remaining DCT coefficients to double a resolution of the DCT
coefficients in an x direction (or lateral direction).
Therefore, DCT coefficients of 4:2:0 type color difference
signals are obtained from the DCT coefficients of 4:1:1 type
color difference signals in the DCT coefficient converting
unit 83, and non-compressed 4:2:0 type component picture
signals are produced from the DCT coefficients of 4:2:0 type
color difference signals.

Fig. 38 is a flow chart showing the whole processing
performed in the apparatus 81.

In a step §401, the compressed picture signals of the DVC
format received in the input-output unit 32 is decoded and
inversely quantized to DCT coefficients of 4:1:1 type coibr
difference signals in the picture signal decoding unit 82, and
non-compressed 4:2:0 type component picture signals are
produced by converting the DCT coefficients of 4:1:1 type
color difference signals into DCT coefficients of 4:2:0 type
color difference signals and performing an inverted DCT
processing for the DCT coefficients of 4:2:0 type color

difference signals. Thereafter, in the step S303, the

non-compressed 4:2:0 type component picture signals are coded

to digital picture signals compressed in the MPEG1 format or
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MPEG2 format.

Fig. 39 is a flow chart showing a picture decoding
processing (step S401) performed in the picture signal
decoding unit 82.

As shown in Fig. 39, after the steps §311, §312 and S313
are performed in the same manner as in the third embodiment,
the procedure proceeds to a step S411. In the step S411, a DCT
coefficient converting processing is performed in the DCT
coefficient converting unit 83 for DCT coefficients of 4:1:l
type color difference signals obtained in the inverted
quantization unit 40, so that DCT coefficients of 4:2:0 type
color difference signals, in which a resolution in the y
direction is halved and a resolution in the x direction is
doubled as compared with those in the DCT coefficients of
4:1:1 type color difference signals, are produced.

In a step S412, an inverted DCT processing is performéd in
the inverted DCT processing unit 84 for the DCT coefficients
of 4:2:0 type color difference signals obtained in the DCT
coefficient converting unit 83 and DCT coefficients of
luminance signals obtained in the inverted quantization unit
40. Therefore, values of non-compressed 4:2:0 type color
differential signals are obtained from the DCT coefficients of
4:2:0 type color difference signals, and values of
non-compressed luminance signals are obtained from the DCT

coefficients of luminance signals. The values of the
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non-compressed 4:2:0 type color differential signals and the
values of the non-compressed luminance signals are transmitted
to the input buffer 43 as values of non-compressed 4:2:0 type
component picture signals.

The DCT coefficient converting processing is described in
detail. Fig. 40 shows a component type conversion from 4:1:1
type to 4:2:0 type in the DCT coefficient converting
processing and the inverted DCT processing for DCT
coefficients of 4:2:0 type color difference signals.

As shown in Fig. 40, a DCT block of 4:1:1 type color
difference signals is composed of 8#8 DCT coefficients of 8*8
color difference signals. Because color difference information
of color difference signals is mainly included in lower
frequency components placed on an upper left side of the DCT
block, a group of 8*4 DCT coefficients placed on the upper
side of the DCT block is extracted from the DCT block to halve
a resolution of DCT coefficients in the y direction, and 8*4
DCT coefficients of which values are set to 0 are added on the
right side of the group of 8+*4 DCT coefficients to produce a
deformed DCT block of 16*4 DCT coefficients. Therefore, a
resolution of DCT coefficients in the x direction is doubled
in the deformed DCT block. Thereafter, when the inverted DCT
processing is performed for the deformed DCT block of 16*4 DCT
coefficients, values of 16*4 non-compressed color difference

signals are obtained as 4:2:0 type color difference signals.
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Accordingly, because a group of DCT coefficients of 4:1:l
type color differeﬁce signals is converted into a group of DCT
coefficients of 4:2:0 type color difference signals, even
though the color component signal converting unit 34 used in
the third to fifth embodiments is not used, the digital
picture signals compressed in the DVC format can be converted
to the digital picture signals compressed in the MPEGl format
or MPEG2 format. )

Also, when a component type conversion from 4:1:1 type to
4:2:0 type is performed in the DCT coefficient converting
processing, because color difference information of color
difference signals is mainly included in lower frequency
components of the DCT block and a group of 8+4 DCT
coefficients placed on the upper side of the DCT block is
extracted from the DCT block of 8#8 DCT coefficients, color
difference informafion included in the 8#8 DCT coefficieﬁts
can be almost included in the group of 8+*4 DCT coefficients.
Therefore, the change of colors in a picture reproduced from
the 4:2:0 type component picture signals is smooth, the colors
are not changed unnaturally, and a picture having a high color
quality can be reproduced.

Also, because the right half portion of the deformed DCT
block of 16+%4 DCT coefficients has no relation to color

difference information, even though 8%*4 DCT coefficients set

‘to 0 are added on the right side of the group of 8*4 DCT
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coefficients to produce the deformed DCT block of 16*4 DCT
coefficients, an adverse influence of the 8*4 DCT coefficients
set to 0 on a reproduced picture is inconspicuous, and any
viewer does not feel an unnatural color change in a reproduced
picture.

In this embodiment, the picture coding unit 35 is the same
as that in the third embodiment. However, it is applicable
that the picture coding unit 62 used in the fourth embodiment
be used in place of the picture coding unit 35 (refer to Fig.
41) or the picture coding unit 72 used in the fifth embodiment
be used in place of the picture coding unit 35 (refer to Fig.
42).

(Seventh Embodiment)

In this embodiment, a multi-format picture providing
client-server system, in which a digital picture signal
compressed in a particular format (such as a DVC format, an
MPEG1 format or an MPEG2 format) requested by a client is
prov;ded for the client, is described.

Fig. 43 is a block diagram of a multi-format picture
providing system according to a seventh embodiment.

As shown in Fig. 43, a multi-format picture providing
system 81 comprises

a picture reproducing terminal 92 made of & client computer
for outputting a picture output request indicating the

reception of a plurality of digital picture signals compressed
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in a particular format such as a DVC format, an MPEGl format
or an MPEG2 format, receiving the digital picture signals
compressed in the particular format and reproducing a digital
picture according to the digital picture signals,

a picture inputting unit 93 for receiving a plurality of
digital picture signals compressed in the CVC format,
outputting a picture input request indicating the output of
digital picture signals compressed in the CVC format and
outputting the digital picture signals compressed in the CVC
format,

a picture providing unit 94 of a server for receiving the
digital picture signals compressed in the CVC format from the
picture inputting unit 93 when the picture input request is
received and oqtputting the digital picture signals compréssed
in the particular format to the picture reproducing terminal
92 when the picture output request is received, and

a network 95 for connecting the picture reproducing terminal
92, the picture inputting unit 93 and the picture providing
unit 94 by transmitting information such as the picture output
request, the digital picture signals of the particular format,
the picture input request and the digital picture signals of
the particular format.

The picture providing unit 94 comprises
a communicating unit 96 for communicating with the picture

reproducing terminal 92 and the picture inputting unit 93
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through the network 95,

a picture signal storing unit 97 for storing the digital
picture signals of the CvC format received through the
communicating unit 96 and storing the digital picture signals
compressed in the particular format,

a picture signal converting unit 98, realized by the picture
signal converting apparatus 31, 61, 71 or 81, for converting
the CVC format of the picture signals stored in the picture
signal storing unit 97 to the particular format requested by
the picture reproducing terminal 92 through the communicating
unit 96, and

a control unit 99 for controlling the operations performed in
the communicating unit 96, the picture signal storing unit 97
and the picture signal converting unit 98.

In the above configuration, an operation of the multi-
format picture providing system 91 is described with reference
to Figs. 44A, 44B, 45A and 45B.

Fig. 44A is a flow chart showing a picture inputting
processing performed in the picture providing unit 94, Fig.
44B is a flow chart showing a picture outputting processing
performed in the picture providing unit 94, Fig. 45 is a flow
chart showing a picture inputting processing performed in the
picture providing unit 94 in cases where a picture signal
converting processing is performed at a speed higher than a

real time speed, and Fig. 45B is a flow chart showing a
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picture outputting processing performed in the picture
providing unit 94 in cases where a picture signal converting
processing is performed at a speed higher than a real time
speed.

A picture inputting processing is described. As shown in
Fig. 44A, in a step S501, when the control unit 99 receives a
picture input request from the picture input unit 93 through
the communicating unit 96, the control unit 99 transmits an
input enabling signal to the picture input unit 93. In a step
$502, a plurality of digital picture signals compressed in the
DVC format input from the picture input unit 93 through the
communicating unit 96 are stored in the picture signal storing
unit 97. In a step S$503, the control unit 99 instructs the
picture signal converting unit 98 to convert a compression
format of the digital picture signals, and the picture signal
converting unit 98 reads out the digital pictures stored in
the picture signal storing unit 97 and converts the DVC format
of the signals into the MPEGl format and the MPEG2 format.
Thereafter, the digital picture signals compressed in the
MPEG] format and the digital picture signals compressed in the
MPEG2 format are stored in the picture signal storing unit 97,
Therefore, the digital picture signals compressed in the DVC
format, the digital picture signals compressed in the MPEGI
format and the digital picture signals compressed in the MPEG2

format are stored in the picture signal storing unit 97.
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A picture outputting processing is described. As shown in
Fig. 44B, in a step S511, when the control unit 99 receives a
picture output request from the picture reproducing terminal
92 through the communicating unit 96, the control unit 99
transmits an output enabling signal to the picture reproducing
terminal 92. In a step S512, the digital picture signals
compressed in a particular format (for example, the DVC
format, the MPEGl format or the MPEGZ format), which is
indicated by the picture output request, are read out from the
picture storing unit 97 and are output to the picture
reproducing terminal 92 through the communicating unit 396.

Accordingly, even though digital picture signals compressed
in a specific format such as the DVC format are input to the
picture providing unit 94 and the picture reproducing terminal
92 requests digital picture signals compressed in a particular
format from the picture providing unit 94, because the piéture
signal converting unit 98 converts the digital picture signals
compressed in the specific format into the digital picture
signals compressed in the particular format, the picture
providing unit 94 can provide the digital picture signals
compressed in the particular format for the picture
reproducing terminal 92.

Also, in cases where a picture signal converting processing
is performed at a speed higher than a real time speed, a

picture inputting processing shown in Figq. 45A is described.
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In a step S521, when the control unit 99 receives a picﬁqré
input request from the picture input unit 93 through the '
communicating unit 96, the control unit 99 transmits an inpﬁt
enabling signal to the picture input unit 93. In a step §522,

5 a plurality of digital picture signals compressed in the DVC
format are input from the picture input unit 93 through the
communicating unit 96 and are stored in the picture signal
storing unit 97. Thereafter, a picture outputting processing
shown in Fig. 45B is performed as follows.

10 In a step §531, when the control unit 99 receives a picture
output request from the picture reproducing terminal 92
through the communicating unit 96, the control unit 99
transmits an output enabling signal to the picture reproducing
terminal 92, In a step $532, it is judged in the control unit

15 99 whether or not a particular compression format indicated by
the picture output request is the DVC format. In cases where
the particular compression format indicated by the picture
output request is the DVC format, the digital picture signals
stored in the picture signal storing unit 97 are output to the

20 picture reproducing unit 92 through the communicating unit 96
in a step S534. Also, in cases where the particular
compression format indicated by the picture output request is
not the DVC format, the procedure proceeds to a step S533. In
the step S533, the control unit 99 instruct; the picture

25 signal converting unit 98 to convert a compression format of
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the digital picture signals into the particular compression
format, and the picture signal converting unit 98 reads out
the digital pictures stored in the picture signal storing unit
97 and converts the DVC format of the signals into the
particular format such as the MPEGl format or the MPEG2
format. Thereafter, the digital picture signals compressed in
the particular compression format are output to the picture
reproducing unit 92 in the step §534.

Accordingly, even though a compression format of the
digital picture signals stored in the picture storing unit 97
is not the particular compression format indicated by the
picture output request, because a compression format of the
digital picture signals stored in the picture storing unit 97
is converted into the particular compression format at a real
time in the picture signal converting unit 98, the digital
picture signals, of which a compression format is the
particular compression format indicated by the picture output
request, can be immediately output to the picture reproducing
terminal 92.

Having illustrated and described the principles of the
present invention in a preferred embodiment thereof, it should
be readily apparent to those skilled in the art that the
invention can be modified in arrangement and detail without
departing from such principles. We claim all modifications

coming within the scope of the accompanying claims.
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A
WHAT IS CLAIMED IS:
1. A picture signal converting apparatus comprising:
receiving means for receiving a digital picture signal of a
4:1:1 color component type for each of pixels of a frame, the
5 digital picture signals being arranged in a matrix of rows and
columns;
color difference signal converting means for directly
converting color difference signals of the digital picture
signals received by the receiving means into converted color
10 difference signals of converted digital picture signals of a
4:2:0 color component type by removing color difference
signals on every other row from the color difference signals
of the digital picture signals to halve the number of color
difference signals in a y direction, adding a color difference
15 signal to a position between each pair of color difference
signals adjacent to each other in an x direction to double the
number of color difference signals in the x direction and
setting the color difference signals, of which the number is
halved in the y direction and is doubled in the x direction,
20 as the converted color difference signals of the 4:2:0 color
component type, and setting values of the converted color
difference signals of the 4:2:0 color component type according
to values of the color difference signals of the digital
picture signals received by the receiving means; and

25 outputting means for combining luminance signals of the
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digital picture signals received by the receiving means and
the converted color difference signals of the converted
digital picture signals of the 4:2:0 color component type
obtained by the color difference signal converting means for
each pixel of the frame to produce digital picture signals of
the 4:2:0 color component type and outputting the digital

picture signals of the 4:2:0 color component type.

2. A picture signal converting apparatus according to claim 1
in which the color difference signals of the digital picture
signals of the 4:1:1 color component type received by the
receiving means are placed at c¢o-ordinates {(x,y) of an X-Y
co-ordinate system, the color difference signal converting
means comprises:

y-directional signal halving means for removing color
difference signals on every other row from the color
difference signals of the digital picture signals to halve the
number of color difference signals in the y direction; and

x-directional signal doubling means for adding a color
difference signal to a position between each pair of color
difference signals which are obtained by the y-directional
signal halving means and are adjacent to each other in an X
direction, setting a value of one added color difference
signal to a value of one color difference signal adjacent to

the added color difference signal in the x direction for each
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added color difference signal to double the number of color
difference signals obtained by the y-directional signal
halving means in the x direction and outputting the color
difference signals as the converted color difference signals

of the 4:2:0 color component type.

3. A picture signal converting apparatus according to claim 1
in which the color difference signals of the digital picture
signals of the 4:1:1 color component type received by the
receiving means are placed at co-ordinates (x,y) of an X-Y
co-ordinate system, the color difference signal converting
means comprises:

signal value setting means for setting values of two color
difference signals of co-ordinates (x,2y) and (x,2y+l} (or
(x,2y+1) and (x,2y+2)) adjacent to each other in the y
direction to an average of values of the color difference
signals of the co-ordinates (x,2y) and (x,2y+l) (or (x,2y+l)
and (x,2y+2)) for each pair of color difference signals of
co-ordinates (x,2y) and (x,2y+1) (or (x,2y+l) and (xX,2y+2));

y-directional signal halving means for removing color
difference signals on every other row from the color
difference signals, of which the values are set by the signal
value setting means, to halve the number of color difference
signals in the y direction; and

x-directional signal doubling means for adding a color
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difference signal to a position between each pair of color
difference signals which are obtained by the y-directional
signal halving means and are adjacent to each other in an X
direction, setting a value of one added color difference
signal to a value of a color difference signal adjacent to the
added color difference signal in the x direction for each
added color difference signal to double the number of color
difference signals obtained by the y-directional signal
halving means in the x direction and outputting the color
difference signals as the converted color difference signals

of the 4:2:0 color component type.

4. A picture signal converting apparatus according to claim 1
in which the color difference signals of the digital picture
signals of the 4:1:1 color component type received by.the
receiving means are placed at co-ordinates (x,y) of an x;Y
co-ordinate system, the color difference signal converting
means comprises:

signal value setting means for setting values of two color
difference signals of co-ordinates (x,2y) and (Xx,2y+l) (or
(x,2y+1) and (x,2y+2)) adjacent to each other in the ¥y
direction to an average of values of the color difference
signals of the co-ordinates (x,2y) and (x,2y+l) (or (Xx,2y+l)
and (x,2y+2)) for each pair of color difference signals of

co-ordinates (x,2y) and (x,2y+l) (or (x,2y+l) and (x,2y+2));



Ay

10

15

20

25

y-directional signal halving means for removing color
difference signals on every other row from the color
difference signals, of which the values are set by the signal
value setting means, to halve the number of color difference
signals in the y direction; and

x-directional signal doubling means for adding a color
difference signal to a position between each pair of color
difference signals which are obtained by the y-directional
signal halving means and are adjacent to each other in an X
direction, setting a value of one added color difference
signal to an interpolated value of the values of the color
difference signals placed on both sides of the added color
difference signal in the x direction for each added color
difference signal to double the number of color difference
signals obtained by the y-directional signal halving means in
the x direction and outputting the color difference signﬁls as
the converted color difference signals of the 4:2:0 color

component type.

5. A picture signal converting apparatus according to claim 4
in which the interpolated value of the values of the color
difference signals set by the x-directional signal doubling
means is an average of the values of the color difference

signals.
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6. A picture signal converting apparatus according to claim 1
in which the color difference signals of the digital picture
signals of the 4:1:1 color component type received by the
receiving means are placed at co-ordinates (x,y) of an X-Y

5 co-ordinate system, the color difference signal converting
means comprises:

average value calculating means for calculating a first

average of values of two color difference signals placed at
co-ordinates (x,2y)} and (x,2y+l) (or {x,2y+l) and (x,2y+2))

10 adjacent to each other in the y direction and a second average
of values of two color difference signals placed at
co-ordinates (x+1,2y) and (x+1,2y+1) {or (x+l1,2y+l) and
(x+1,2y+2)) adjacent to each other in the y direction for each
group of color difference signals of the co-ordinates (x,2y),

15  (x,2y+l), (x+1,2y) and (x+1,2y+1) (or (x,2y+l), (x,2y+2),
(x+1,2y+1) and (x+1,2y+2}); |

interpolated value calculating means for caiculating a
first interpolated value obtained by weighting the first and
second averages calculated by the average value calculating

20 means at a first weighting ratio and a second interpolated
value obtained by weighting the first and second averages at a
second weighting ratio for each pair of first and second
averages;

signal value setting means for setting the first

25 interpolated value calculated by the interpolated value
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calculating means as values of the color difference signals of
the co-ordinates {x,2y) and (x,2y+l) (or {x,2y+l) and
(x,2y%2});

y-directional signal halving means for removing color
difference signals on every other row from the color
difference signals, of which the values are set by the signal
value setting means, to halve the number of color difference
signals in the y direction; and

x-directional signal doubling means for adding a color
difference signal to a position between each pair of color
difference signals adjacent to each other in an X direction,
setting a value of one added color difference signal to the
second interpolated value calculated by the interpolated value
calculating means for each added color difference signal to
double the number of color difference signals obtained by the
y-directional signal halving means in the x direction an&
outputting the color difference signals as the converted color

difference signals of the 4:2:0 color component type.

7. A picture signal converting apparatus according to claim 1,
further comprising:

luminance signal storing means for storing a plurality of
luninance signals of the digital picture signals received by
the receiving means, pixels of the luminance signals being

placed at co-ordinates (x,y) of an X-Y luminance
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co-ordinate system; and

referential luminance signal extracting means for extracting
a plurality of luminance signals corresponding to the color
difference signals directly converted by the color difference
signal converting means from the luminance signal storing
means as a plurality of referential luminance signals, values
of the converted color difference signals obtained by the
color difference signal converting means being determined

according to values of the referential luminance signals.

8. A picture signal converting apparatus according to claim 6
in which the color difference signals of the digital picture
signals of the 4:1:1 color component type received by the
receiving means are placed at co-ordinates (x,y) of an X-Y
co-ordinate system, the color difference signal converting
means comprises: |
average value calculating means for calculating an average
of values of two color difference signals placed at
co-ordinates (x,2y) and (x,2y+l) adjacent to each other in the
y direction for each pair of color difference signals;
weighting factor calculating means for obtaining the
referential luminance signals extracted by the referential
luminance signal extracting means as first referential
luminance signals on condition that the first referential

luminance signals correspond to the color difference signals
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of co-ordinates (x,2y) and {(x+1,2y), calculating a first
weighting factor and a second weighting factor from values of
the first referential luminance signals, obtaining the
referential luminance signals extracted by the referential
luminance signal extracting means as second referential
luminance signals on condition that the second referential
luminance signals correspond to the color difference signals
of co-ordinates (x,2y+l) and (x+1,2y+1l) and calculating a
third weighting factor and a fourth weighting factor from
values of the second referential luminance signals;
interpolated value calculating means for calculating a
first multiplied value by multiplying the value of the color
difference signal of the co-ordinates (x,2y) by the first
weighting factor obtained by the weighting factor calculating
means, calculating a second multiplied value by multiplying
the value of the color difference signal of the co-ordinates
{x+1,2y) by the second weighting factor obtained by the
weighting factor calculating meﬁns, calculating a third
multiplied value by multiplying the value of the color
difference signal of the co-ordinates (x,2y+l)} by the third
weighting factor obtained by the weighting factor calculating
means, calculating a fourth multiplied value by multiplying
the value of the color difference signal of the co-ordinates
(x+1,2y+1) by the fourth weighting factor obtained by the

weighting factor calculating means and calculating an
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interpolated value from the first, second, third and fourth
multiplied values;

signal value setting means for setting each averége
calculated by the average value calculating means as values of
the color difference signals of the co-ordinates (x,2y) and
(x,2y+1};

y-directional signal halving means for removing color
difference signals on every other row from the color
difference signals, of which the values are set by the signal
value setting means, to halve the number of color difference
signals in the y direction; and

x-directional signal doubling means for adding a color
difference signal to a position between each pair of color
difference signals adjacent to each other in an X direction,
setting a value of one added color difference signal to the
interpolated value calculated by the interpolated value
calculating means for each added color difference signal to
double the number of color difference signals obtained by the
y-directional signal halving means in the x direction and
outputting the color difference signals as the converted color

difference signals of the 4:2:0 color component type.

9. A picture signal converting apparatus according to claim 6
in which the color difference signals of the digital picture

signals of the 4:1:1 color component type received by the
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receiving means are placed at co-ordinates (x,y) of an X-Y
co-ordinate system, the color difference signal converting
means comprises:
weighting factor calculating means for obtaining the

referential luminance signals extracted by the referential
luminance signal extracting-means as first referential
luminance signals on condition that the first referential
luminance signals correspond to the color difference signals
of co-ordinates (x,2y) and (x+1,2y), calculating a first
weighting factor, a second weighting factor, a third weighting
factor and a fourth weighting factor from values of the first
referential luminance signals, obtaining the referential
luminance signals extracted by the referential luminance
signal extracting means as second referential luminance
signals on condition that the second referential luminance
signals correspond to the color difference signals of
co-ordinates (x,2y+l)} and (x+1,2y+l) and calculating a fifth
weignting factor and a sixth weighting factor, a seventh
weighting factor and an eighth weighting factor from values of
the second referential luminance signals;

interpolated value calculating means for calculating a
first multiplied value by multiplying the value of the color
difference signal of the co-ordinates (x,2y) sy the first
weighting factor obtained by the weighting factor calculating

means, calculating a second multiplied value by multiplying
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the value of the color difference signal of the co-ordinates
(x+1,2y) by the second weigﬁting factor obtained by the
weighting factor calculating means, calculating a third
multiplied value by multiplying the value of the color

5 difference signal of the co-ordinates {x,2y+l) by the fifth
weighting factor obtained by the weighting factor calculating
means, calculating a fourth multiplied value by multiplying
the value of the color difference signal of the co-ordinates
(x+1,2y+1) by the sixth weighting factor obtained by the

10 weighting factor calculating means, calculating a first
interpolated value from the first, second, third and fourth
multiplied values, calculating a fifth multiplied value by
multiplying the value of the color difference signal of the
co-ordinates (x,2y) by the third weighting factor obtained by

15 the weighting factor calculating means, calculating a sixth
multiplied value by multiplying the value of the color
difference signal of the co-ordinates ({x+1,2y} by the fourth
weighting factor obtained by the weighting factor calculating
means, calculating a seventh multiplied value by multiplying

20 the value of the color difference signal of the co-ordinates
(x,2y+1}) by the seventh weighting factor obtained by the
weighting factor calculating means, calculating an eighth
multiplied value by multiplying the value of the color
difference signal of the co-ordinates (x+1,2y+l) by the eighth

25 weighting factor obtained by the weighting factor calculating
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means, calculating a second interpolated value from the fifth,
sixth, seventh and eighth multiplied values;

signal value setting means for setting the first
interpolated value calculated by the interpolated value
calculating means as values of the color difference signals of
the co-ordinates (x,2y) and (x,2y+l);

y~directional signal halving means for removing color
difference signals on every other row from the color
difference signals, of which the values are set by the signal
value setting means, to halve the number of color difference
signals in the y direction; and

x-directional signal doubling means for adding a color
difference signal to a position between each pair of color
difference signals which are obtained by the y-directional
signal halving means and are adjacent to each other in an X
direction, setting a value of one added color difference“
signal to the second interpolated value calculated by the
interpolated value calculating means for each added coloer
difference signal to double the number color difference
signals obtained by the y-directional signal halving means in
the x direction and outputting the color difference signals as
the converted color difference signals of the 4:2:0 color

component type.

10. A picture signal converting method, comprising the steps
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of:

receiving a digital picture signal of a 4:1:1 color
component type for each of pixels of a frame;

extracting color difference signals placed at co-ordinates
(x,y) of an X-Y co-ordinate system (x=0,1,2,3,--, and
y=0,1,2,3,~--) from the diqitél picture signals;

halving the number of color difference signals in a y
direction by removing color difference signals placed at
co-ordinates (x,2y) of even-numbered y values or co-ordinates
(x,2y+1) of odd-numbered y values;

doubling the number of color difference signals in an x
direction by adding a color difference signal to a position
between each pair of color difference signals adjacent to each
other in the X direction;

setting a value of one added color difference signal to a
value of one color difference signal adjacent to the added
color difference signal in the x direction for each added
color difference signal to produce converted color difference
signals of a 4:2:0 color component type from the color
difference signals in which the number of converted color
difference signals is halved in the y direction as compared
with the number of color difference signals and the number of
converted color difference signal is doubled in the x
direction as compared with the number of color difference

signals;
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combining the converted color difference signals and
luminance signals of the digital picture signals to produce
digital picture signals of the 4:2:0 color component type; and

outputting the digital picture signals of the 4:2:0 color

component type.

11. A picture signal converting method, comprising the steps
of:

receiving a digital picture signal of a 4:1:1 color
component type for each of pixels of a frame;

extracting color difference signals placed at co-ordinates
(x,y) of an X-Y co-ordinate system (x=0,1,2,3,--, and
y=0,1,2,3,-~) from the digital picture signals;

calculating an average of values of two color difference
signals of co-ordinates (x,2y) and (x,2y+l) (or (x,2y+l) and
(x,2y+2f) adjacent to each other in a y direction for each
pair of color difference signals;

sgtting each average as values of the color difference
signals of the co-ordinates (x,2y) and (x,2y+l} (or (x,2y+l)
and {x,2y+2));

halving the number of color difference signals in the y
direction by removing color difference signals placed at
co-ordinates (x,2y) of even-numbered y values or co-ordinates
(x,2y+1) of odd-numbered y values;

doubling the number of color difference signals in an x
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direction by adding a color difference signal to a position
between each pair of color difference signals adjacent to each
other in the X direction;

setting a value of one added color difference signal to a
5 value of one color difference signal adjacent to the added
color difference signal in the x direction for each added
color difference signal to produce converted color difference
signals of a 4:2:0 color component type from the color
difference signals in which the number of converted co}or

10 difference signals is halved in the y direction as compared
with the number of color difference signals and the number of
converted color difference signal is doubled in the x
direction as compared with the number of color difference
signals;

15 combining the converted color difference signals and
luminance signals of the digital picture signals to prodﬁce
digital picture signals of the 4:2:0 color component type; and

outputting the digital picture signals of the 4:2:0 color
component type.

20
12. A picture signal converting method, comprising the steps
of:

receiving a digital picture signal of a 4:1:1 color

component type for each of pixels of a frame;

25 extracting color difference signals placed at co-ordinates
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(x,y} of an X-Y co-ordinate system (x=0,1,2,3,~--, and
y=0,1,2,3,--) from the digital picture signals;

calculating an average of values of two color difference
signals of co-ordinates (x,2y) and (x,2y+l} {or (x,2y+l) and

5 (x,2y+2)) adjacent to each other in a y direction for each

palr of color difference signals;

setting each average as values of the color difference
signals of the co-ordinates (x,2y) and (x,2y+l) (or (x,2y+l)
and (x,2y+2));

10 halving the number of color difference signals in the y
direction by remqving color difference signals placed at
co-ordinates (x,2y) of even-numbered y values or co-ordinates
(x,2y+1l) of odd-numbered y values;

adding a color difference signal to a position between each

15 pair of color difference signals adjacent to each other in an
X direction to double the number of color difference sigﬁéls
in the x direction;

setting a value of one added color difference signal to an
interpolated value of the values of the color difference

20 signals placed on both sides of the added color difference
signal in the x direction for each added color difference
signal to produce converted color difference signals of a
4:2:0 color component type from the color difference signals
in which the number of converted color difference signals is

25 halved in the y direction as compared with the number of color
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difference signals and the number of converted color
difference signal is doubled in the x direction as compared
with the number of color difference signals;
combining the converted color difference signals and
luminance signals of the digital picture signals to produce
digital picture signals of the 4:2:0 color component type; and
outputting the digital picture signals of the 4:2:0 color

component type.

13. A picture signal converting method, comprising the steps
of:

receiving a digital picture signal of a 4:1:1 color
component type for each of pixels of a frame;

extracting color difference signals placed at co-ordinates
(x,y) of an X-Y co-ordinate system (x=0,1,2,3,--, and
y=0,1,2,3,--) from the digital picture signals;

calculating a first average of values of two color
difference signals of co-ordinates (x,2y) and (x,2y+1l} (or
(x,2y+1) and (x,2y+2)) adjacent to each other in a y direction
and a second average of values of two color difference signals
of co-ordinates (x+1,2y) and (x+1,2y+l) (or (x+1,2y+1) and
(x+1,2y+2)) adjacent to each other in the y direction for each
group of color difference signals of the co-ordinates (x,2y),
(x,2y+1l), (x+1,2y) and (x+1,2y+l) (or (x,2y+l), (x,2y+2),

{x+1,2y+1) and {x+1,2y+2));
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calculating a first interpolated value obtained by
weighting the first and second averages at a first weighting
ratio and a second interpolated value obtained by weighting
the first and second averages at a second weighting ratio for
each pair of first and second averages;

setting the first interpolated value as values of the color
difference signals of the co-ordinates (x,2y) and (x,2y+l} (or
(x,2y+1) and (x,2y+2));

halving the number of color difference signals in the ¥
direction by removing color difference signals placed at
co-ordinates (X,2y) of even-numbered y values or co-ordinates
(x,2y+1) of odd-numbered y values;

adding a color difference signal to a position between each
pair of color difference signals adjacent to each other in an
X direction to double the number of color differemce signals
in the x direction;

setting a value of one added color difference signal to the
second interpolated value for each added color difference
signal to produce converted color difference signals of a
4:2:0 color component type from the color difference signals
in which the number of converted color difference signals is
halved in the y direction as compared with the nﬁmber of color
difference signals and the number of converted color
difference signal is doubled in the x direction as compared

with the number of color difference signals;
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combining the converted color difference signals and
luminance signals of the digital picture signals to produce
digital picture signals of the 4:2:0 color component type; and

outputting the digital picture signals of the 4:2:0 color

component type.

14. A picture signal converting method, comprising the steps
of:

receiving a digital picture signal of a 4:1:1 color
component type for each of pixels of a frame;

extracting color difference signals placed at co-ordinates
(x,¥) of an X-Y co-ordinate system (x=0,1,2,3,--, and
y=0,1,2,3,--) from the digital picture signals;

calculating an average of values of two color difference
signals of co-ordinates (x,2y) and (x,2y+l) adjacent to each
other in the y direction for each pair of color difference
signals;

extracting luminance signals placed at co-ordinates (x,y)
of an X-Y luminance co-ordinate system from the digital
picture signals as first referential luminance signals on
condition that the first referential luminance signals
correspond to the color difference signals of co-ordinates
(x,2y) and (x+1,2y);

calculating a first weighting factor and a second weighting

factor from values of the first referential luminance signals;
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extracting other luminance signals of the X-Y luminance
co-ordinate system from the digital picture signals as second
referential luminanée signals on condition that the second
referential luminance signals correspond to the color
difference signals of co-ordinates (x,2y+l) and (x+1,2y+l);

calculating a third weighting factor and a fourth weighting
factor from values of the second referential luminance
signals;

calculating a first multiplied value by multiplying the
value of the color difference signal of the co-ordinates
(x,2y) by the first weighting factor, calculating a second
nmultiplied value by multiplying the value of the color
difference signal of the co-ordinates (x+1,2y) by the second
weighting factor, calculating a third multiplied value by
multiplying the value of the color difference signal of the
co-ordinates (x,2y+1)-by the third weighting factor, .
calculating a fourth multiplied value by multiplying the value
of the color difference signal of the co-ordinates (x+1,2y+l)
by the fourth weighting factor and calculating an interpolated
value from the first, second, third and fourth multiplied
values;

setting each average as values of the color difference
signals of the co-ordinates (x,2y) and (x,2y+l1);

halving the number of color difference signals in the y

direction by removing color difference signals placed at
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co-ordinates (x,2y) of even-numbered y values or co-ordinates
{x,2y+1l) of odd-numbered y values;

adding a color difference signal to a position between each
pair of color difference signals adjacent to each other in an
X direction to double the number of color difference signals
in the x direction;

setting a value of one added color difference signal to the

interpolated value for each added color difference signal to

produce converted color difference signals of a 4:2:0 color

component type from the color difference signals in which the
nunber of converted color difference signals is halved in the
y direction as compared with the number of color difference
signals and the number of converted color difference signal is
doubled in the x direction as compared with the number of
color difference signals;

combining the converted color difference signals and H
luminance signals of the digital picture signals to produce
digital picture signals of the 4:2:0 color component type; and

outputting the digital picture signals of the 4:2:0 color

component type.

15. A picture signal converting method, comprising the steps
of:
receiving a digital picture signal of a 4:1:1 color

component type for each of pixels of a frame;
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extracting color difference signals placed at co-ordipnates
(x,y) of an X-Y co-ordinate system (x=0,1,2,3,--, and
y=0,1,2,3,--) from the digital picture signals;

extracting luminance signals placed at co-ordinates (x,y)
of an X-Y luminance co-ordinate system from the digital
picture signals as first referential luminance signals on
condition that the first referential luminance signals
correspond to the color difference signals of co-ordinates
(x,2y) and (x+1,2y);

calculating a first weighting factor, a second weighting
factor, a third weighting factor and a fourth weighting factor
from values of the first referential luminance signals;

extracting other luminance signals from the digital picture
signals as second referential luminance signals on condition
that the second referential luminance signals correspond to
the color difference signals of co-ordinates (x,2y+l) ana
(x+1,2y+1);

calculating a fifth weighting factor and a sixth weighting
factor, a seventh weighting factor and an eighth weighting
factor from values of the second referential luminance
signals;

calculating a first multiplied value by multiplying the
value of the color difference signal of the co-ordinates
{(x,2y) by the first weighting factor;

calculating a second multiplied value by multiplying the
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value of the color difference signal of the co-ordinates
(x+1,2y) by the second weighting factor;

calculating a third multiplied value by multiplying the
value of the color difference signal of the co-ordinates
(x,2y+1) by the fifth weighting factor;

calculating a fourth multiplied value by multiplying the
value of the color difference signal of the co-ordinates
(x+1,2y+1) by the sixth weighting factor;

calculating a first interpolated value from the first,
second, third and fourth multiplied values;

calculating a fifth multiplied value by multiplying the
value of the color difference signal of the co-ordinates
(x,2y) by the third weighting factor;

calculating a sixth multiplied value by multiplying the
value of the color difference signal of the co-ordinates
(x+1,2y) by the fourth weighting factor;

calculating a seventh multiplied value by mdltiplying the
value of the color difference signal of the_co-ordinates
(x,2y+1) by the seventh weighting factor;

calculating an eighth multiplied value by multiplying the
value of the color difference signal of the co-ordinates
(x+1,2y+1} by the eighth weighting factor;

calculating a second interpolated value from the fifth,

sixth, seventh and eighth multiplied values;

setting the first interpolated value as values of the color
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difference signals of_the co-ordinates (x,2y) and (x,2y+1);

halving the number of color difference signals in the y
direction by removing color difference signals placed at
co-ordinates (x,2y) of even-numbered y values or co-ordinates
{x,2y+1l) of odd-numbered y values;

adding a color difference signal to a position between each
pair of color difference signals adjacent to each other in an
X direction to double the number of color difference signals
in the x direction;

setting a value of one added color difference signal to the
second interpolated value for each added color difference
signal to produce converted color difference signals of a
4:2:0 color component type from the color difference signals
in which the number of converted color difference signals is
halved in the y direction as compared with the number of color
difference signals and the number of converted color
difference signal is doubled in the x direction as compared
with the number of color difference signals;

combining the converted color difference signals and
luminance signals of the digital picture signals to produce
digital picture signals of the 4:2:0 color component type; and

outputting the digital picture signals of the 4:2:0 color

component type.

16. A picture signal converting apparatus comprising:
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receiving means for receiving a digital picture signal
compressed in a first format for each of pixels of a frame;

picture decoding means for decoding the digital picture
signals received by the receiving means to produce a plurality
of non-compressed picture signals of a 4:1:1 color component
type, the non-compressed picture signals being arranged in a
matrix of rows and columns;

component signal converting means for directly converting
color difference signals of the non-compressed picture signals
obtained by the picture decoding means into converted color
difference signals of a 4:2:0 color.component type by removing
color difference signals on every other row from the color
difference signals of the non-compressed picture signals to
halve the number of color difference signals in a y direcfion
and adding a color difference signal to a position between
each pair of color difference signals adjacent to each oiher
in an x direction to double the number of color difference
signals in the x direction, setting values of the converted
color difference signals of the 4:2:0 color component type
according to values of the color difference signals of the
non-compressed picture signals obtained by the picture
decoding means and combining luminance signals of the
non-compressed picture signals obtained by the picture
decoding means and the converted color difference signals of

the 4:2:0 color component type obtained by the color
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difference signal converting means for each pixel of the frame
to produce non-compressed picture signals of the 4:2:0 color
component type;

picture coding means for coding the non-compressed picture
signals of the 4:2:0 color component type obtained by the
component signal converting means to produce a plurality of
digital picture signals compressed in a second format
different from the first format; and

output means for outputting the digital picture signals
compressed in the second format obtained by the picture coding

means.

17. A picture signal converting apparatus according to claim
16 in which the first format of the digital picture signals
received by the receiving means is a DVC format, the digital
picture signals compressed in the DVC format being obtaiﬁed by
performing a discrete cosine transform (DCT) processing for
each block of non-compressed picture signals of a 4:1:1 color
component type to obtain a block of DCT coefficients from each
block of non-compressed picture signals, quantizing each block
of DCT coefficients to obtain a block of quantized values from
each block of DCT coefficients, coding each block of quantized
values to obtain a block of variable-length codes from each
block of quantized values and recording each block of

variable-length codes as the digital picture signéls



S

R A

10

15

20

25

210

compressed in the DVC format, and the second format of the
digital picture signals obtained by the picture coding means
is a moving picture experts group (MPEG) format in which a
time-redundancy between frames is reduced by performing a
motion compensation, a space-redundancy in each frame is
reduced by performing a discrete cosine transform and a code

volume is reduced by performing a variable length coding.

18. A picture signal converting apparatus according to claim
16 in which the picture decoding means comprises

preparing means for deshuffling the digital picture signals
to rearrange the digital picture signals;

variable-length &ecoding means for performing a variable-
length decoding for the digital picture signals deshuffled by
the preparing means to produce a plurality of quantized
values;

inverted quantization means for performing an inverted
quantization for the quantized values produced by the
variable-length decoding means to produce a plurality of
blocks of discrete cosine transform (DCT} coefficients of the
non-compressed picture signals of the 4:1:1 color component
type; and

inverted DCT processing means for performing an inverted
DCT processing for each block of DCT coefficients produced by

the inverted quantization means to produce a plurality of
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blocks of non-compressed picture signals of the 4:1:1 color
component type, and
the picture coding means comprises

an input buffer for storing the non-compressed picture
signals of the 4:2:0 color component type produced by the
component signal converting means as picture signals of a
current frame frame by frame, the non-compressed picture
signals being classified into a plurality of blocks of
non-compressed picture signals respectively corresponding to a
block of the current frame;

DCT compressing means for performing a discrete cosine
transform (DCT) processing for each block of non-compressed
picture signals stored in the input buffer to obtain a
plurality of blocks of. discrete cosine transform (DCT)
coefficients and quantizing the DCT coefficients to obtain a
plurality of blocks of quantized values;

inverted DCT expanding means for performing an inverted DCT
procgssing for the blocks of DCT coefficients obtained by the
DCT compressing means to reproduce the blocks of
non-compressed picture signals of the 4:2:0 color component
type;

frame picture storing means for storing each block of
non-compressed picture signals of the 4:2:0 color coméonent
type reproduced by the inverted DCT expanding means as picture

signals of a block of a referential frame, other
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non-compressed picture signals of the 4:2:0 color component
type corresponding to a frame succeeding to the referential
frame being stored in the input buffer;

motion predicting means for calculating a motion vector
indicating the motion of a picture according to one block of
non-compressed picture signals of the current frame stored in
the input buffer and the non-compressed picture signals of the
4:2:0 color component type of the referential frame stored in
the frame picture storing means for each block of the current
frame and calculating an inter-frame difference between one
block'of non-compressed picture signals of the current frame
and a corresponding block of non-compressed picture signals of
the referential frame indicated by the motion vector for each
block of the current frame;

coding selecting means for selecting a type of coding
performed for the quantized values of the current frame
obtained by the DCT compressing means;

variable length coding means for performing a variable
length coding for the quantized values obtained by the DCT
compressing means according to the coding type selected by the
coding selecting means, the motion vectors and the inter-frame
differences calculated by the motion predicting means to
produce pieces of variable length coded data; and

structure coding means for producing the digital picture

signals compressed in the second format from the variable
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length coded data obtained by the variable length coding

means.

19. A picture signal converting apparatus according to claim
5 16 in which the picture coding means comprises
an input buffer for storing the non-compressed picture
signals of the 4:2:0 color component type produced by the
component signal copverting means as picture signals of a
current frame frame by frame, the non-compressed picture
10 signals being classified into a plurality of blocks of
non-compressed picture signals respectively corresponding to a
block of the current frame;
DCT compressing means for performing a discrete cosine
transform (DCT) processing for each block of non-compressed
15 picture signals stored in the input buffer to obtain a
plurality of blocks of discrete cosine transform (DCT)
coefficients and quantizing the DCT coefficients to obtain a
plur;lity of blocks of quantized values;
inverted DCT expanding means for performing an inverted DCT
20 processing for the blocks of DCT coefficients obtained by the
DCT compressing means to reproduce the blocks of
non-compressed picture signals of:the 4:2:0 color component
type;
frame picture storing means for storing each block of

25 non-compressed picture signals of the 4:2:0 color component
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type reproduced by the inverted DCT expanding means as picture
signals of a block of a referential frame, other non-
compressed picture signals of the 4:2:0 color component type
corresponding to a frame succeeding to the referential frame
being stored in the input buffer;

motion predicting means for calculating a motion vector
indicating the motion of a picture according to one block of
non-compressed picture signals of the current frame stored in
the input buffer and the non-compressed picture signals of the
4:2:0 color component type of the referential frame stored in
the frame picture storing means.for each block of the current
frame and calculating an inter-frame difference between one
block of non-compressed picture signals of the current frame
and a corresponding block of non-compressed picture signals of
the referential frame indicated by the motion vector for each
block of the current frame; and

coding means for coding the quantized values obtained by the
DCT compressing means by using the motion vectors and the
inter-frame differences calculated by the motion predicting
means to produce the digital picture signals compressed in the
second format,
the motion predicting means comprises

hierarchy picture producing means for producing a plurality
of current hierarchy pictures of different resolutions.from a

current original picture of each block of the current frame
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indicated by one block of non-compressed picture signals
stored in the input buffer and producing a plurality of
referential hierarchy pictures from a referential original
picture of each block of the referential frame indicated by
one block of non-compressed picture signals stored in the
frame picture storing means, a current hierarchy picture of
the highest resolution being the current original picture, a
current hierarchy picture of a resolution lower than that of a
specific current hierarchy picture being obtained each time
every other pixel is removed in an x direction from pixels of
the specific current original picture and every other pixel is
removed in a y direction from pixels of the specific current
original picture, a referential hierarchy picture of the
highest resolution being the referential original picture, and
a referential hierarchy picture of a resolution lower than
that of a specific referential hierarchy picture being
obtained each time every other pixel is removed in an x
direction from pixels of the specific referential original
picture and every other pixel is removed in a y direction from
pixels of the specific referential original picture;

motion vector producing means for repeatedly calculating an
intermediate motion vector from one current hierarchy picture
and one referential hierarchy picture produced by the
hierarchy picture producing means and a rough motion vector

calculated just before the calculation of the intermediate
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motion vector while changing the current and referential
hierarchy pictures to other current and referential hierarchy
pictures of higher resolution for each calculation of the
intermediate motion vector and setting the intermediate motion
vector as the rough motion vector for each calculation of the
intermediate motion vector, and finally calculating the motion
vector from the current and referenﬁial hierarchy pictures of
the highest resolution, the motion vector being calculated for .
each block of the current frame, the motion vector for a block
of the current frame indicating a block of the referential
frame, and the rough motion vector indicating candidates for a
particular block of the referential frame indicated by the
intermediate motion vector; and

inter-frame difference information producing means for
producing inter-frame difference information indicating the
inter-frame difference between a group of pixel values of one
block of the current frame and a group of pixel values of a
corrgsponding block of the referential frame indicated by the
motion vector produced by the motion vector producing means

for each block of the current frame.

20. A picture signal converting apparatus according to claim
16 in which the picture decoding means comprises
variable-length decoding means for performing a variable-

length decoding for the digital picture signals to produce a
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plurality of quantized values;

inverted quantization means for performing an inverted
quantization for the quantized values produced by the
variable-length decoding means to produce a plurality of
blocks of discrete cosine transform (DCT) coefficients of the
non-compressed picture signals of the 4:1:1 color component
type, the DCT coefficients of the non-compressed picture
signals being classified into DCT coefficients of
non-compressed luminance signals and DCT coefficients of
non-compressed color difference signals; and

inverted DCT processing means for performing an inverted
DCT processing for each block of DCT coefficients of
non-compressed color difference signals produced by the
inverted quantization means to produce a plurality of blocks
of non-compressed color difference signals of the 4:1:1 color
component type, a plurality of blocks of non-compressed color
difference signals of the 4:2:0 color component type being
prodqced from the blocks of non-compressed color difference
signals of the 4:1:1 color component type by the component
signal converting means,
the picture coding means comprises

an input buffer for storing the non-compressed picture
signals of the 4:2:0 color component type produced by the
component signal converting means as picture signals of a

current frame frame by frame, the non-compressed picture
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signals being classified into a plurality of blocks of
non-compressed picture signals respectively corresponding to a
block of the current frame;

a DCT coefficient buffer for storing a block of DCT
coefficients of luminance signals extracted from each block of
DCT coefficients of the non-compressed picture signals
produced by the inverted quantization means, each block of DCT
coefficients of luminance signals corresponding to a block of
the current frame, and the DCT coefficients of each block
being arranged in a matrix of rows and columns;

hierarchical inverted DCT processing means for repeatedly
extracting a group of DCT coefficients from each block of DCT
coefficients of luminance signals stored in the DCT
coefficient buffer on condition that a frequency band of the
group of DCT coefficients gradually extends to a higher
frequency and performing an inverted DCT processing for each
group of DCT coefficients to produce a plurality of hierarchy
pictures respectively indicated by a plurality of
non-compressed luminance signals, the hierarchy pictures of
different resolutions being produced for each block of the
current frame;

DCT compressing means for performing a discrete cosine
transform (DCT) processing for each block of non-compressed
picture signals stored in the input buffer to obtain a

plurality of blocks of discrete cosine transform (DCT)
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coefficients and quantizing the DCT coefficients to obtain a
plurality of blocks of quantized values;

inverted DCT expanding means for performing an inverted DCT
processing for the blocks of DCT coefficients obtained by the
DCT compressing means to reproduce the blocks of
non-compressed picture signals of the 4:2:0 color component
type;

frame picture storing means for storing each block of
non-compressed picture signals of the 4:2:0 color component
type reproduced by the inverted DCT expanding means as picture
signals of a block of a referential frame, other
non-compressed picture signals of the 4:2:0 color component
type corresponding to a frame succeeding to the referential
frame being stored in the input buffer;

motion predicting means for calculating a motion vector
indicating the motion of a picture according to one blocf of
non-compressed picture signals of the current frame stored in
the ipput buffer and the non-compressed picture signals of the
4:2:0 color component type of the referential frame stored in
the frame picture storing means for each block of the current
frame and calculating an inter-frame difference between one
block of non-compressed picture signals of the current frame
and a corresponding block of non-compressed picture signals of
the referential frame indicated by the motion vector for each

block of the current frame; and
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coding means for coding the quantized values obtained by the
DCT compressing méahs by using the motion vectors and the
inter-frame differences calculated by the motion predicting
means to produce the digital picture signals compressed in the
second format,
the motion predicting means comprises

motion vector producing means for repeatedly calculating an
intermediate motion vector from one hierarchy picture produced
by the hierarchical inverted DCT processing means and a
referential original picture of the referential frame
indicated by non-compressed luminance signals of the non-
compressed picture signals stored in_the frame picture storing
means and a rough motion vector calculated just before the
calculation of the intermediate motion vector while changing
the hierarchy picture to another hierarchy picture of a higher
resolution for each calculation of the intermediate motion
vector and setting the intermediate motion vector as the rough
motion vector for each calculation of the intermediate motion
vector, and finally calculating the motion vector from the
hierarchy picture of the highest resolution and the
referential original picture for each block of the current
frame, the motion vector for a block of the current frame
indicating a block of the referential frame, and the rough
motion vector indicating candidates for a particular block of

the referential frame indicated by the intermediate motion
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vector; and

inter-frame difference information producing means for
producing inter-frame difference information indicating the
inter-frame difference between a group of pixel values of one
block of the current frame and a group of pixel values of a
corresponding block of the referential frame indicated by the
motion vector calculated by the motion vector producing means

for each block of the current frame.

21. A picture sigynal converting apparatus according to claim
16 in which the picture decoding means comprises

variable-length decoding means for performing a variable-
length decoding for the digital picture signals to produce a
plurality of quantized values;

inverted quantization means for performing an inverted
quantization for the quantized values produced by the
variable-length decoding means to produce a plurality of
blocks of discrete cosine transform (DCT)} coefficients of the
non-compressed picture signals of the 4:1:1 color component
type, the DCT coefficients of the non-compressed picture
signals being classified into DCT coefficients of
non-compressed luminance signals and DCT coefficients of
non-compressed color difference signals; and

inverted DCT processing means for performing an inverted

DCT processing for each block of DCT coefficients of
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non~-compressed color difference signals produced by the
inverted quantization means to produce a plurality of blocks
of non-compressed color difference signals of the 4:1:1 color
component type, a plurality of blocks of non-compressed color
difference signals of the 4:2:0 color component type being
produced from the blocks of non-compressed color difference
signals of the 4:1:1 color component type by the component
signal converting means,
the picture coding means comprises

an input buffer for storing the non-compressed picture
signals of the 4:2:0 color component type produced by the
component signal converting means as picture signals of a
current frame frame by frame, the non-compressed picture
signals being classified into a plurality of blocks of
non-compressed picture signals respectively corresponding to a
block of the current frame;

a2 DCT coefficient buffer for storing a block of DCT
coefﬁicients of luminance signals extracted from each block of
DCT coefficients of the non-compressed picture signals
produced by the inverted quantization means, each block‘of DCT
coefficients of luminance signals corresponding to a block of
the current frame, and the DCT coefficients of each block
being arranged in a matrix of rows and columns;

a one-dimensional inverted DCT processing means for

extracting a block of DCT coefficients of luminance signals
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arranged in a row as an x-directional group of DCT
coefficients from each block of DCT coefficients stored in the
DCT coefficient buffer, extracting a block of DCT coefficients
of luminance signals arranged in a column as a y-directional
group of DCT coefficients from each block of DCT coefficients
store& in the DCT coefficient buffer, performing an inverted
DCT processing for the x-directional group of DCT coefficients

to obtain x-directional information composed of non-compressed

" luminance signals arranged in the x direction for each block

of a current frame and performing an inverted DCT processing
for the y-directional group of DCT coefficients to obtain
y-directional information composed of non-compressed luminance
signals arranged in the y direction for each block of the
current frame;

DCT compressing means for performing a discrete cosine
transform (DCT) processing for each block of non-compreséed
picture signals stored in the input buffer to obtain a
plurqlity of blocks of discrete cosine transform (DCT)
coefficients and quantizing the DCT coefficients to obtain a
plurality of blocks of quantized values;

inverted DCT expanding means for performing an inverted DCT
processing for the blocks of DCT coefficients obtained by the
DCT compressing means to reproduce the blocks of

non-compressed picture signals of the 4:2:0 color component

type;
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frame picture storing means for storing each block of
non-compressed picture signals of the 4:2:0 color component
type reproduced by the inverted DCT expanding means as picture
signals of a block of a referential frame, other

non-compressed picture signals of the 4:2:0 color component

_type corresponding to a frame succeeding to the referential

frame being stored in the input buffer;

motion predicting means for calculating a motion vector
indicating the motion of a picture according to one block of
non-compressed picture signals of the current frame stored in
the input buffer and the non-compressed picture signals of the
4:2:0 color component type of the referential frame stored in
the frame picture storing means for each block of the current
frame and calculating an inter-frame difference between one
block of non-compressed picture signals of the current frame
and a corresponding block of nop-compressed picture signﬁls of
the referential frame indicated by the motion vector for each
block of the current frame; and

coding means for coding the quantized values obtained by the
DCT compressing means by using the motion vectors and the
inter-frame differences calculated by the motion predicting
means to produce the digital picture signals compressed in the
second format,
the motion predicting means comprises

motion vector producing means for calculating an x-
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directional motion vector according to the x-directional
information obtained by the one-dimensional inverted DCT
processing means and non-compressed luminance signals of the
non-compressed picture signals stored in the frame picture
storing means for each block of the current frame, specifying
a plurality of remarked blocks of the referential frame
arranged in the neighborhood of a particular block indicated
by the
x-directional motion vector and calculating a motion vector
according to the y-directional information obtained by the
one-dimensional inverted DCT processing means and
non-compressed luminance signals of the remarked blocks for
each block of the current frame; and

inter-frame difference information producing means for
producing inter-frame difference information indicating the
inter-frame difference between a group of pixel values of one
block of the current frame and a group of pixel values of a
corresponding block of the referential frame indicated by the
motion vector calculated by the motion vector producing means

for each block of the current frame.

22. A picture signal converting apparatus comprising:
receiving means for receiving a digital picture signal
compressed in a first format for each of pixels of a frame;

picture decoding means for decoding the digital picture
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signals received by the receiving means to produce a plurality
of discrete cosine transform (DCT) coefficients of
non-compressed picture signals of a 4:1:1 color component
type, converting the DCT coefficients into a plurality of DCT
coefficients of non-compressed picture signals of a 4:2:0 .
color component type and producing a plurality of
non-compressed picture signals of the 4:2:0 color component
type from the DCT coefficients of the non-compressed picture
signals of the 4:2:0 color component type;

picture coding means for coding the non-compressed picture
signals of the 4:2:0 color component type obtained by the
picture decoding means to produce a plurality of digital
picture signals compressed in a second format different from
the first format; and

output means for outputting the digital picture signals
compressed in the second format obtained by the picture éoding

means.

23. B picture signal converting apparatus according to claim
22 in which the first format of the digital picture signals
received by the receiving means is a DVC format, the digital
picture signals compressed in the DVC format being obtained by
performing a discrete cosine transform (DCT) processing for
each block of non-compressed picture signals of a 4:1:1 color

component type to obtain a block of DCT coefficients from each
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block of non-compressed picture signals, quantizing each block
of DCT coefficients to obtain a block of quantized values from
each block of DCT coefficients, coding each block of quantized
values to obtain a block of variable-length codes from each
block of quantized values and recording each block of
variable-length codes as the digital picture signals
compressed in the DVC fofmat, and the second format of the
digital picture signals obtained by the picture coding means
is a moving picture é%perts group (MPEG) format in which a
time-redundancy between frames is reduced by performing a
motion compensation, a space-redundancy in each frame is
reduced by performing a discrete cosine transform and a code

volume is reduced by performing a variable length coding.

24, A picture signal converting apparatus according to claim
22 in which the picture decoding means comprises

preparing means for deshuffling the digital picture signals
to rearrange the digital picture signals;

variable-length decoding means for performing a variable-
length decoding for the digital picture signals deshuffled by
the preparing means to produce a plurality of quantigzed
values;

inverted quantization meéns for performing an inverted
quantization for the quantized values produced by the

variable-length decoding means to produce a plurality of
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blocks of disfrete cosine transform (DCT) coefficients of the
non-compressed picture signals of the 4:1:1 color component
type, the DCT coefficients of each block being arranged in a
matrix of rows and columns;

DCT coefficient converting means for extracting a block‘of
DCT coefficients of non-compressed color difference signals of
the 4:1:1 color component type from each block of DCT
coefficients of the non-compressed picture signals obtained by
the inverted quantization means and converting each block of
DCT coefficients of the non-compressed color difference
signals of the 4:1:1 color component type to a block of DCT
coefficients of non-compressed color difference signals of a
4:2:0 color component type by removing a lower half portion of
DCT coefficients corresponding to higher frequency from each
block of DCT coefficients to halve a resolution of the DCT
coefficients in a y direction for each block and adding DCT
coefficients on the right side of the remaining DCT
coefficients for each block to double a resolution of the DCT
coefficients in an x direction for each block;

inverted DCT proc;ssing means for performing an inverted
DCT processing for each block of DCT coefficients of
non-compressed luminance signals extracted from the DCT
coefficients of the non-compressed picture signals obtained by
the inverted quantization means and a corresponding block of

DCT coefficients of the non-compressed color difference
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signals of the 4:2:0 color component type obtained by the DCT
coefficient converting means to produce a plurality of blocks
of non-compressed picture signals of the 4:2:0 color component
type, and
the picture coding means comprises

an input buffer for storing the blocks of non-compressed
picture signals of the 4:2:0 color component type produced by
the inverted DCT processing means as picture signals of a
current frame frame by frame, each block of non-compressed
picture signals corresponding to a block of the current frame;

DCT compressing means for performing a discrete cosine
transform (DCT) processing for each block of non-compressed
picture signals stored in the input buffer to obtain a
plurality of discrete cosine transform (DCT) coefficients for
each block and quantizing the DCT coefficients to obtain a
plurality of quantized values for each block;

inverted DCT expanding means for performing an inverted DCT
processing for the DCT coefficients obtained by the DCT
compressing means to reproduce the blocks of non-compressed
picture signals of the 4:2:0 color component type;

frame picture storing means for storing the blocks of
non-compressed picture signals of the 4:2:0 color component
type reproduced by the inverted DCT expanding means as blocks
of picture signals of a referential frame, other

non-compressed picture signals of the 4:2:0 color component
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type corresponding to a frame succeeding to the referential
frame being stored in the input buffer;
motion predicting means for calculating a motion vector

indicating the motion of a picture according to one block of

- non-compressed picture signals of the current frame stored in

the input buffer and the non-compressed picture signals of the
4:2:0 color component type of the referential frame stored in
the frame picture storing means for each block of the current
frame and calculatiﬁg an inter-frame difference according to
the difference between one block of non-compressed picture
signals of the current frame and a corresponding block of
non-compressed picture signals of the referential frame
indicated by the motion vector;

coding selecting means for selecting a type of coding
performed for the quantized values of the current frame
obtained by the DCT compressing means; -

variable length coding means for performing a variable
length coding for the gquantized values obtained by the DCT
compressing means according to the coding type selected by the
coding selecting means, the motion vectors and the inter-frame
differences calculated by the motion predicting means to
produce pieces of variable length coded data; and

structure coding means for producing the digital picture
signals compressed iﬁ the second format from the variable

length coded data obtained by the variable length coding
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means.

25. A picture signal converting apparatus according to claim
24 in which the motion predicting means comprises

hierarchf picture producing means for producing a plurality
of current hierarchy pictures of different resolutions from a
current original picture of each block of the current frame
indicated by one block of non-compressed picture signals
stored in the input buffer and producing a plurality of
referential hierarchy pictures from a referential original
picture of each block of the referential frame indicated by
one block of non-compressed picture signals stored in the
frame picture storing means, a current hierarchy picture of
the highest resolution being the current original picture, a
current hierarchy picture of a resolution lower than that of a
specific current hierarchy picture being obtained each time
every other pixel is removed in an x direction from pixels of
the specific current original picture and every other pixel is
removed in a y direction from pixels of the specific current
original picture, a referential hierarchy picture of the
highest resolution being the referential original picture, and
a referential hierarchy picture of a resolution lower than
that of a specific referential hierarchy picture being
obtained each time every other pixel is removed in an x

direction from pixels of the specific referential original



AR

10

15

20

25

232

picture and every other pixel is removed in a y direction from
pixels of the specific referential original picture;

motion vector producing means for repeatedly calculating an
intermediate motion vector from one current hierarchy picture
and one referential hierarchy picture produced by the
hierarchy picture producing means and a rough motion vector
calculated just before the calculation of the intermediate
motion vector while changing the current and referential
hierarchy pictures to other current and referential hierarchy
pictures of higher resolution for each calculation of the
intermediate motion vector and setting the intermediate motion
vector as the rough motion vector for each calculation of the
intermediate motion vector, and finally calculating the motion
vector from the current and referential hierarchy pictures of
the highest resolution, the motion vector being calculated for
each block of the current frame, the motion vector for a block
of the current frame indicating a block of the referential
frame, and the rough motion vector indicating candidates for a
particular block of the referential frame indicated by the
intermediate motion vector; and

inter-frame difference information producing means for
producing inter-frame difference information indicating the
inter-frame difference between a group of pixel values of one
block of the current frame and a group of pixel values of a

corresponding block of the referential frame indicated by the
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motion vector produced by the motion vector producing means

for each block of the current frame.

26. A picture signal converting apparatus according to claim
24 in thch the picture coding means further comprises:

a DCT coefficient buffer for storing a block of DCT
coefficients of luminance signals extracted from each block of
DCT coefficients of the non-compressed picture signals
produced by the inverted quantization means, each block of DCT
coefficients of luminance signals corresponding to a block of
the current frame, and the DCT coefficients of each block
being arranged in a matrix of rows and columns; and

hierarchical inverted DCT processing means for repeatedly
extracting a group of DCT coefficients from each block of DCT
coefficients of luminance signals stored in the DCT
coefficient buffer on condition that a frequency band of the
group of DCT coefficients gradually extends to a higher
frequency and performing an inverted DCT processing for each
group of DCT coefficients to produce a plurality of hierarchy
pictures respectively indicated by a plurality of
non-compressed luminance signals, the hierarchy pictures of
different resolutions being produced for each block of the
current frame, and
the motion predicting means comprises

motion vector producing means for repeatedly calculating an
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intermediate motion vector from one hierarchy picture produced
by the hierarchical inverted DCT processing means and a
referential original picture of the referential frame
indicated by non-compressed luminance signals of the non-
compressed picture signals stored in the frame picture storing
means and a rough motion vector calculated just before the
calculation of the intermediate motion vector while changing
the hierarchy picture to another hierarchy picture of a higher
resolution for each calculation of the intermediate motion
vector and setting the intermediate motion vector as the rough
motion vector for each calculation of the intermediate motion
vector, and finally calculating the motion vector from the
hierarchy picture of the highest resolution and the
referential original picture for each block of the current
frame, the motion vector for a block of the current-frame
indicating a block of the referential frame, and the rouéh
motion vector indicating candidates for a particular block of
the referential frame indicated by the intermediate motion
vector; and

inter-frame difference information producing means for
producing inter-frame difference information indicating the
inter-frame difference between a group of pixel values of one
block of the current frame and a group of pixel values of a
corresponding block of the referential frame indicated by the

motion vector calculated by the motion vector producing means
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for each block of the current frame.

27. A picture signal converting apparatus according to claim
24 in which the picture coding means further comprises:

a DCT coefficient buffer for storing a block of DCT
coefficients of luminance signals extracted from each block of
DCT coefficients of the non-compressed picture signals
produced by the inverted quantization means, each block of DCT
coefficients of luminance signals corresponding to a block of
the current frame, and the DCT coefficients of each block
being arranged in a matrix of rows and columns; and

a one~dimensional inverted DCT processing means for
extracting a block of DCT coefficients of luminance signals
arranged in a row as an x-directional group of DCT
coefficients from each block of DCT coefficients stored in the
DCT coefficient buffer, extracting a block of DCT coeffiéients
of luminance signals arranged in a column as a y-directional
group of DCT coefficients from each block of DCT coefficients
stored in the DCT coefficient buffer, performing an inverted
DCT processing for the x-directional group of DCT coefficients
to obtain x-directional information composed of non-compressed
luminance signals arranged in the x direction for each block
of a current frame and performing an inverted DCT processing
for the y-directional group of DCT coefficients to obtain

y-directional information composed of non-compressed luminance
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signals arranged in the y direction for each block of the
current frame, and
the motion predicting means comprises

motion vector producing means for calculating an
x-directional motion vector according to the x-directional
information obtained by the one-dimensional inverted DCT
processing means and non-compressed luminance signals of the
non-compressed picture signals stored in the frame picture
storing means for each block of the current frame, specifying
a plurality of remarked blocks of the referential frame
arranged in the neighborhood of a particular block indicated
by the
x-directional motion vector and calculating a motion vector
according to the y-directional information obtained by the

one-dimensional inverted DCT processing means and

non-compressed luminance signals of the remarked blocks for .

each block of the current frame; and

in;er-frame difference information producing means for
producing inter-frame difference information indicating the
inter-frame difference between a group of pixel values of one
block of the current frame and a group of pixel values of a
corresponding block of the referential frame indicated by the
motion vector calculated by the motion vector producing means

for each block of the current frame.



T R 237

i0

15

20

25

28. A picture signal converting method, comprising the steps
of:

receiving a digital picture signal compressed in a DVC
format for each of pixels of a frame, the digital picture
signals compressed in thé DVC format being obtained by
performing a discrete cosine transform (DCT} processing for
each block of non-compressed picture signals of a 4:1:1 color
component type to obtain a block of DCT coefficients from each
block of non-compressed picture signals, quantizing each block
of DCT coefficients to obtain a block of quantized values from
each block of DCT coefficients, coding each block of quantized
values to obtain a block of variable-length codes from each
block of quantized values and recording each block of
variable-length codes as the digital picture signals
compressed in the DVC format;

decoding the digital picture signals to produce 2 plufality
of non-compressed picture signals of a 4:1:1 color component
type, the non-compressed picture signals being arranged in a
matrix of rows and columns;

removing color difference signals on every other row from
the color difference signals of the non-compressed picture
signals to halve the number of color difference signals in a y
direction;

adding a color difference signal to a position between each

pair of color difference signals adjacent to each other in an
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x direction to doubie the number of color difference signals
in the x direction;

getting values of the color difference signals according to
values of the non-compressed picture signals of the 4:1:1
color component type to directly convert the color difference
signals of the 4:1:1 color component type into converted color
difference signals of a 4:2:0 color component type;

combining luminance signals of the non-compressed picture
signals of the 4:1:1 color component type and the converted
color difference signals of the 4:2:0 color component type for
each pixel of the frame to produce non-compressed picture
signals of the 4:2:0 color component type;

coding the non-compressed picture signals of the 4:2:0
color component type to produce a plurality of digital picture
signals compressed in a moving picture experts group (MPEG)
format in which a time-redundancy between frames is reduced by
performing a motion compensation, a space-redundancy in each
frame is reduced by performing a discrete cosine transform and
a code volume is reduced by performing a variable length
coding; and

outputting the digital picture signals compressed in the

MPEG format.

29. A picture signal converting method according to claim 28

in which the step of coding the non-compressed picture signals
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comprises the steps of:

storing the non-compressed picture signals of the 4:2:0
color component type in an input buffer as picture signals of
a current frame frame by frame, the non-compressed picture
signals being classified into a plurality of blocks of
non-compressed picture signals respectively corresponding to a
block of the current frame;

performing a disc¢rete cosine transform (DCT) processing for
tﬁe blocks of non-compressed picture signals stored in the
input buffer to obtain a plurality of blocks of discrete
cosine transform (DCT) coefficients;

quantizing the blocks of DCT coefficients to produce a
plurality of quantized values of the current frame;

performing an inverted DCT processing for each block of DCT
coefficients to rep?qduce the blocks of non-compressed picture
signals of the 4:2:0 color component type;

storing the blocks of non-compressed picture signals of the
4:2:0 color component type in a frame memory as picture
signals of a referential frame, other non-compressed picture
signals of the 4:2:0 color component type corresponding to a
frame succeeding to the referential frame being stored in the
input buffer;

calculating a motion vector indicating the motion of a
picture according to one block of non-compressed picture

signals of the current frame stored in the input buffer and
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the non-compressed picture signals of the 4:2:0 color
component type of the referential frame stored in the frame
memory for each block of the current frame;

calculating an inter-frame difference between one block of
non-compressed picture signals of the current frame and a
corresponding block of non-compressed picture signals of the
referential frame indicated by the motion vector;

selecting a type of coding performed for.the quantized
values of the current franme;

performing a variable length coding for the quantized
values according to the coding type, the motion vectors and
the inter-frame differences to produce pieces of variable
length coded data; and

producing the digital picture signals compressed in the
MPEG format from the variable length coded data, and
the step of calculating a motion vector comprises the stéps of

producing a plurality of current hierarchy pictures of
different resolutions from a current original picture of one
block of the current frame indicated by one block of
non-compressed picture signals stored in the input buffer for
each block of the current frame by setting the current
original picture as a current hierarchy picture of the highest
resolution and obtaining a current hierarchy picture of a
resolution lower than that of a specific current hierarchy

picture each time every other pixel is removed in an x
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direction from pixels of the specific current original picture
and every other pixel is removed in a y direction from pixels
of the specific current original picture;

producing a plurality of referential hierarchy pictures of
different resolutions from a referential original picture of
one block of the referential frame indicated by one block of
non-compressed picture signals stored in the frame memory for
each block of the referential frame by setting a referential
hierarchy picture of the highest resolution as the referential
original picture and obtaining a referential hierarchy picture
of a resolution lower than that of a specific referential
hierarchy picture each time every other pixel is removed in an
X direction from pixels of the specific referential original
picture and every other pixel is removed in a y direction from
pixels of the specific referential original picture;

repeatedly calculating an intermediate motion wvector from
one current hierarchy picture and one referential hierarchy
pictqre and a rough motion vector calculated just before the
calculation of the intermediate motion vector while changing
the current and referential hierarchy pictures to other
current and referential hierarchy pictures of higher
resolution; and

finally calculating the motion vector from the current and
referential hierarchy pictures of the highest resolution, the

motion vector for a block of the current frame indicating a
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block of the referential frame, and the rough motion vector
indicating candidates for a particular block of the

referential frame indicated by the motion vector.

5 30. A picture signal converting method according to claim 28
in which the step of decoding the digital picture signals
comprises the steps of:

performing a variable-length decoding for the digital
picture signals to produce a plurality of quantized values;
10 performing an inverted quantization for the quantized
values to produce a plurality of blocks of discrete cosine
transform (DCT) coefficients of the non-compressed picture
signals of the 4:1:1 color component type, the DCT
coefficients of the non-compressed picture signals being
15 classified into DCT coefficients of non-compressed luminance
signals and DCT coefficients of the non-compressed color
difference signals; and
performing an inverted DCT processing for each block of DCT
coefficients to produce the non-compressed picture signals of
20 the 4:1:1 color component type,
the step of coding the non-compressed picture signals
comprises the steps of:
storing each block of DCT coefficients of non-compressed
luminance signals in a DCT coefficient buffer;

25 storing the non-compressed picture signals of the 4:2:0
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color component type in an input buffer as picture signals of
a current frame frame by frame, the non-compressed picture
signals being classified into a plurality of blocks of
non-compressed picture signals respectively corresponding to a
block of the current frame;

performing a discrete cosine transform (DCT) processing for
each block of non-compressed picture signals stored in the
input buffer to obtain a plurality of blocks of discrete
cosine transform (DCT) coefficients;

quantizing each block of DCT coefficients to produce a
plurality of quantized wvalues of the current frame;

performing an inverted DCT processing for each block of DCT
coefficients to reproduce the blocks of non-compressed picture
signals of the 4:2:0 color component type;

storing the blocks of non-compressed picture signals of the
4:2:0 color component type in a frame memory as picture '
signals of a referential frame, other non-compressed picture
sign;ls of the 4:2:0 color component type corresponding to a
frame succeeding to the referential frame being stored in the
input buffer;

calculating a motion vector indicating the motion of a
picture according to one block of non-compressed picture
signals of one block of the current frame stored in the input
buffer and the non-compressed picture signals of the 4:2:0

color component type of the referential frame stored in the
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frame memory for each block of the current frame;

calculating an inter-frame difference between one block of
non-compressed picture signals of the current frame and a
corresponding block of non-compressed picture signals of the
referential frame indicated by the motion vector;

selecting a type of coding performed for the quantized
values of the current frame;

performing a variable length coding for the quantized
values according to the coding type, the motion vectors and
the inter-frame differences to produce pieces of variable
length coded data; and

producing the digital picture signals compressed in the
MPEG format from the variable length coded data, and
the step of calculating a motion vector comprises the steps
of:

repeatedly extracting a group of DCT coefficients from each
block of DCT coefficients of luminance signals stored in the
DCT coefficient buffer on condition that a frequency band of
the group of DCT coefficients gradually extends to a higher
frequency;

performing an inverted DCT processing for each group of DCT
coefficients to produce a plurality of hierarchy pictures
respectively indicated by a plurality of non-compressed
luminance signals, the hierarchy pictures of different

resolutions being produced for each block of DCT coefficients
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of luminance signals;

repeatedly calculating an intermediate motion vector from
one hierarchy picture and a referential original picture of
the referential frame indicated by non-compressed luminance
signals of the non-compressed picture signals stored in the
frame memory and a rough motion vector calculated just before
the calculation of the intermediate motion wvector while
changing the hierarchy picture to another hierarchy picture of
a higher resolution, the rough motion vector indicating
candidates for a particular block of the referential frame
indicated by the intermediate motion vector; and

finally calculating the motion vector from the hierarchy
picture of the highest resolution and the referential original
picture, the motion vector for a block of the current frame

indicating a block of the referential frame.

31. A picture signal converting method according to claim 28
in which the step of decoding the digital picture signals
comprises the steps of:

performing a variable-length decoding for the digital
picture signals to produce a plurality of quantized values;

performing an inverted quantization for the quantized
values to produce a plurality of blocks of discrete cosine
transform (DCT} coefficients of the non-compressed picture

signals of the 4:1:1 color component type, each block-of DCT
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coefficients of the non-compressed picture signals being
classified into a block of DCT coefficients of non-compressed
luminance signals and a block of DCT coefficients of the
non-compressed color difference signals; and

performing an inverted DCT processing for each block of DCT
coefficients to produce the non-compressed picture signals of
the 4:1:1 color component type, .
the step of coding the non-compressed picture signals
comprises the steps of:

storing each block of DCT coefficients of non-compressed
luminance signals in a DCT coefficient buffer;

storing the non-compressed picture signals of the 4:2:0
color component type in an input buffer as picture signals of
a current frame frame by frame, the non-compressed picture
signal; being classified into a plurality of blocks of
non-compressed picture signals respectively correspondin§ to a
block of the current frame;

pgrforming a discrete cosine transform (DCT) processing for
each block of non-compressed picture signals stored in the
input buffer to obtain a plurality of blocks of discrete
cosine transform-(DCT) coefficients;

quantizing the blocks of DCT coefficients to produce a
plurality of quantized values of the current frame;

performing an inverted DCT processing for the blocks of DCT

coefficients to reproduce the blocks of non-compressed picture
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signals of the 4:2:0 color component type;

étoring the blocks of non-compressed picture signals of the
4:2:0 color component type in a frame memory as picture
signals of a referential frame, other non-compressed picture
signals of the 4:2:0 color component type corresponding to a
frame succeeding to the referential frame being stored in the
input buffer;

calculating a motion vector indicating the motion of a

picture according to one block of non-compressed picture

signals of the current frame stored in the input buffer and

the non-compressed picture signals of the 4:2:0 color
component type of the referential frame stored in the frame
memory for each block of the current frame;

calculating an inter-frame difference between one block of
non-compressed picture signals of the current frame and a
corresponding block of non-compressed picture signals of:the
referential frame indicated by the motion vector;

selecting a type of coding performed for the quantized
values of the current frame;

performing a variable length coding for the quantized
values according to the coding type, the motion vectors and
the inter-frame differences to produce pieces of variable
length coded data; and

producing the digital picture signals compressed in the

MPEG format from the variable length coded data, and
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the step of calculating a motion vector comprises the steps
of:

extracting a plurality of DCT coefficients of non-compressed
luminance signals arranged in a row as an x-directional group
of DCT coefficients from each block of DCT coefficients of
non-compressed luminance signals stored in the DCT coefficient
buffer;

extracting a plurality of DCT coefficients of non-compressed
luminance signals arranged in a column as a y-directional
group of DCT coefficients from each block of DCT coefficients
of non-compressed luminance signals stored in the DeCT
coefficient buffer;

performing an inverted DCT processing for the x-directional
group of DCT coefficients to obtain x-directional information
composed of non-compressed luminance signals arranged in the x
direction for each block of a current frame;

performing an inverted DCT processing for the y-directional
group of DCT coefficients to obtain y-directional information
composed of non-compressed luminance signals arranged in the y
direction for each block of the current frame;

calculating an x-directional motion vector according to the
x~-directional information and non-compressed luminance signals
of the non-compressed picture signals stored in the frame
memory for each block of the current frame;

specifying a plurality of remarked blocks of the referential
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frame arranged in the neighborhood of a particular block of
the referential frame indicated by the x-directional motion
vector; and

calculating the motion vector according to the y-directional
information and non-compressed luminance signals of the
remarked blocks for each block of the current frame.
32. A picture signal converting method, comprising the steps
of: |

receiving a digital picture signal compressed in a DVC
format for each of pixels of a frame, the digital picture
signals compressed in the DVC format being obtained by
performing a discrete cosine transform (DCT) processing for
each block of non-compressed picture signals of a 4:1:1 color
component type to obtain a block of DCT coefficients from each
block of non-compressed picture signals, quantizing each block
of DCT coefficients to obtain a block of quantized values from
each block of DCT coefficients, coding each block of quantized
values to obtain a block of variable-length codes from each
block of quantized values and recording each block of
variable-length codes as the digital picture signals
compressed in the DVC format;

performing a variable-length decoding for the digital
picture signals compressed in the DVC format to produce a
plurality of quantized values;

performing an inverted quantization for the quantized
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values to produce a plurality of blocks of discrete cosine
transform (DCT) coefficients of the non-compressed picture
signals of the 4:1:1 color component type, each block of DCT
coefficients of the non-compressed picture signals being
classified into a block of DCT coefficients of non-compressed
luminance signals and a block of DCT coefficients of the
non-compressed color difference signals of the 4:1:1 color
component type;

converting each block of DCT coefficients of the
non-compressed color difference signals of the 4:1:1 color
component type into a block of DCT coefficients of
non-compressed color difference signals of a 4:2:0 color
component type, the DCT coefficients of each block being
arranged in a matrix of rows and columns;

combining each block of DCT coefficients of the
non-compressed color difference signals of the 4:2:0 color
component type and a corresponding block of DCT coefficients
of non-compressed luminance signals.to produce a plurality of
blocks of DCT coefficients of non-compressed picture signals
of the 4:2:0 color component type;

performing an inverted DCT processing for each block of DCT
coefficients of non-compressed picture signals of the 4:2:0
color component type to produce a block of non-compressed
picture signals of the 4:2:0 color component type for each

block of DCT coefficients;



\

MO R Il -

10

15

20

25

s

coding each block of non-compressed picture signals of the
4:2:0 color component type to produce a plurality of digital
picture signals compressed in a moving picture experts group
(MPEG) format in which a time-redundancy between frames is
reduced by performing a motion compensation, a space-redundanc
¥y in each frame is reduced by performing a discrete cosine
transform and a code volume is reduced by performing a
variable lengih coding; and

outputting the digital picture signals compressed in the
MPEG format, and
the step of converting each block of DCT coefficients
comprises the steps of:

removing a lower half portion of DCT coefficients
corresponding to higher frequency from.each block of DCT
coefficients to halve a resolution of the DC? coefficients in
a y direction for each block; and

adding DCT coefficients on the right side of the remaining
DCT coefficients for each block to double a resolution of the
DCT coefficients in an x direction for each block and to
produce the blocks of DCT coefficients of the non-compressed

color difference signals of the 4:2:0 color component type.

33. A picture signal converting method according to claim 32
in which the step of coding each block of non-compressed

picture signals comprises the steps of:
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storing the blocks of non-compressed picture signals of the
4:2:0 color component type in an input buffer as picture
signals of a current frame frame by frame, each block of
non-compressed picture signals corresponding to a block of the

5 current frame; |

performing a discrete cosine transform (DCT) processing for
each block of non-compressed picture signals stored in the
input buffer to obtain a plurality of blocks of DCT
coefficients;

10 quantizing each block of DCT coefficients to produce é
plurality of quantized values of the current frame;

pérforming an inverted DCT processing for the DCT
coefficients to reproduce the blocks of non-compressed picture
signals of the 4:2:0 color component type;

15 storing the blocks of non-compressed picture signals of
the 4:2:0 color component type in a frame memory as picture
signals of a referential frame, other non-compressed picture
signals of the 4:2:0 color component type corresponding to a
frame succeeding to the referential frame being stored in the

20 input buffer;

calculating a motion vector indicating the motion of a
picture according to one block of non-compressed picture
signals of the current frame stored in the input buffer and
the non-compressed picture signals of the 4:2:0 color

25 component type of the referential frame stored in the frame
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memory for each block of the current frame;

calculating an inter-frame difference according to the
difference between one block of non-compressed picture signals
of the current frame and a corresponding block of
non-compressed picture signals of the referential frame
indicated by the motion vector;

selecting a type of coding performed for the quantized
values of the current frame;

performing a variable length coding for the quantized
values accordiﬁg to the coding type, the motion vectors and
the inter-frame differences to produce pieces of variable
length coded data; and

producing the digital picture signals compressed in the
MPEG format from the.variable léngth coded data, and
the step of calculating a motion vector comprises the steps of

producing a plurality of current hierarchy pictures of
different resolutions from a current original picture of one
block of the current frame indicated by one block of
non-compressed picture signals stored in the input buffer for
each block of the current frame by setting the current
original picture as a current hierarchy picture of the highest
resolution and obtaining a current hierarchy picture of a
resolution lower than that of a specific current hierarchy
picture each time every other pixel is removed in an x

direction from pixels of the specific current original picture
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and every other pixel is removed in a y direction from pixels
of the specific current original picture;

producing a plurality of referential hierarchy pictures of
different resolutions from a referential original picture of
one block of the referential frame indicated by one block of
non-compressed picture signals stored in the frame memory for
each block of the referential frame by setting a referential
hierarchy picture of the highest resolution as the referential
original picture and obtaining a referential hierarchy picture
of a resolution lower than that of a specific referential
hierarchy picture each time every other pixel is removed in an
x direction from pixels of the specific referential original
picture and every other pixel is removed in a y direction from
pixels of the specific referential original picture;

repeatedly calculating an intermediate motion vector from
one current hierarchy picture and one referential hierarchy
picture and a rough motion vector calculated just before the
calculation of the intermediate motion vector while changing
the current and referential hierarchy pictures to other
current and referential hierarchy pictures of higher
resolution; and

finally calculating the motion vector from the current and
referential hierarchy pictures of the highest resolution for
each block of the current frame, the motion vector for a block

of the current frame indicating a block of the referential
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frame, and the rough motion vector indicating candidates for a
particular block of the referential frame indicated by the

motion vector.

5 34. A picture signal converting method according to claim 32
in which the step of coding each block of non-compressed
picture signals comprises the steps of:

storing the blocks of DCT coefficients of non-compressed
luminance signals in a DCT coefficient buffer, each block of

10 DCT coefficients of non-compressed luminance signals
corresponding to a block of the current frame;

storing the blocks of non-compressed picture signals of the
4:5:0 color component type in an input buffer as picture
signals of a current frame frame by frame;

15 performing a discrete cosine transform (DCT) processing for
each block of non-compressed picture signals stored in the
input buffer to obtain a plurality of blocks of discrete
cosing transform {DCT) coefficients;

gquantizing the blocks of DCT coefficients to produce a
20 plurality of quantized values of the current frame;
performing an inverted DCT processing for the blocks of DCT
coefficients to reproduce the blocké of non-compressed picture
signals of the 4:2:0 color component type;
storing the blocks of non-compressed picture signals of the

25 4:2:0 color component type in a frame memory as picture
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signals of a referential frame, other non-compressed picture
signals of the 4:2:0 color component type corresponding to a
frame succeeding to the referential frame being stored in the
input buffer;

calculating a motion vector indicating the motion of a
picture according to one block of DCT coefficients of
non-compressed luminance signals in a DCT coefficient buffer
and the non-compressed picture signals of the 4:2:0 color
component type of the referential frame stored in the frame
memory for each block of the current frame;

calculating an inter-frame difference between one block of
non-compressed picture signals of the current frame and a
corresponding block of non-compressed picture signals of the
referential frame indicated by the motion vector;

selecting a type of coding performed for the quantized
values of the current frame;

performing a variable length coding for the quantized
values according to the coding type, the motion vectors and
the inter-frame differences to produce pieces of variable
length coded data; and

producing the digital picture signals compressed in the
MPEG format from the variable length coded data, and
the step of calculating a motion vector comprises the steps
of: |

repeatedly extracting a group of DCT coefficients from each
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block of DCT coefficients of luminance signals stored in the
DCT coefficient buffer on condition that a frequency band of
the group of DCT coefficients gradually extends to a higher
frequency;

performing an inverted DCT processing for each group of DCT
coefficients to produce a plurality of hierarchy pictures
respectively indicated by a plurality of non-compressed
luminance signals, the hierarchy pictures of different
resolutions being produced for each block;

repeatedly calculating an intermediate motion vector from
one hierarchy picture and a referential original picture of
the referential frame indicated by non-compressed luminance
signals of the non-compressed picture signals stored in the
frame memory and a rough motion vector calculated just before
the calculation of the intermediate motion vector while
changing the hierarchy picture to another hierarchy pictﬁre of
a higher resolution, the rough motion vector indicating
candidates for a particular block 6f the referential frame
indicated by the intermediate motion wvector; and

finally calculating the motion vector from the hierarchy

_picture of the highest resolution and the referential original

picture, the motion vector for a block of the current frame

indicating a block of the referential frame.

35. A picture signal converting method according to claim 32
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in which the step of coding each block of non-compressed
picture signals comprises the steps of:

storing the blocks of DCT coefficients of non-compressed
luminance signals in a DCT coefficient buffer, each block of
DCT coefficients of non-compressed luminance signals
corresponding to a block of the current frame;

storing the blocks of non-compressed picture signals of the
4:2:0 color component type in an input buffer as picture
signals of a current frame frame by frame;

performing a discrete cosine transform (DCT) processing for
each block of non-compressed picture signals stored in the
input buffer to obtain a plurality of blocks of discrete
cosine transform {(DCT) coefficients;

quantizing the blocks of DCT coefficients to produce a
plurality of gquantized values of the current frame;

performing an inverted DCT processing for the blocks of DCT
coefficients to reproduce the blocks of non-compressed picture
signals of the 4:2:0 color component type;

storing the blocks of non-compressed picture signals of the
4:2:0 color component type in a frame memory as picture
signals of a referential frame, other non-compressed picture
signals of the 4:2:0 color component type corresponding to a
frame succeeding to the referential frame being stored in the
input buffer;

calculating a motion vector indicating the motion of a
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picture according to one block of DCT coefficients of
non-compressed luminance signals in the DCT coefficient buffer
and the non-compressed picture signals of the 4:2:0 color
component type of the referential frame stored in the frame
memory for each block of the current frame;

calculating an inter-frame difference between one block of
non-compressed picture signals of the current frame and a
corresponding block of non-compressed picture signals of the
referential frame indicated by the motion vector;

selecting a type of coding performed for the quantized
values of the current frame;

performing a variable length coding for the quantized
values according to the coding type, the motion vectors and
the inter-frame differences to produce pieces of variable
length coded data; and

producing the digital picture signals compressed in the
MPEG format from the variable length coded data, and
the step of calculating a motion vector comprises the steps
of:

extracting a plurality of DCT coefficients of non-compressed
luminance signals arranged in a row as an x-directional group
of DCT coefficients from each block of DCT coefficients of
non-compressed luminance signals stored in the DCT coefficient
buffer;

extracting a plurality of DCT coefficients of non-compressed
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luminance signals arranged in a column as a y-directional

group of DCT coefficients from each block of DCT coefficients

of non-compressed luminance signals stored in the DCT
coefficient buffer;

performing a one-dimensional inverted DCT processing for the
x-directional group of DCT coefficients to obtain
x-directional information composed of non-compressed luminance
signals arranged in the x direction for each block of the
current frame;

performing a one-dimensional inverted DCT processing for the
y-directional group of DCT coefficients to obtain
y-directional information composed of non-compressed luminance
signals arranged in the y direction for each block of the
current frame;

calculating an x-directional motion vector according to the
x-directional information and non-compressed luminance signals
of the non-compressed picture signals stored in the frame
memory for each block of the current frame;

specifying a plurality of remarked blocks of referential
frame arranged in the neighborhood of a particular block of
the referential frame indicated by the x-directional motion
vector; and

calculating the motion vector according to the y-directional
information and non-compressed luminance signals of the

remarked blocks for each block of the current frame.
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36. A picture providing system, comprising:

picture input means for receiving a plurality of digital
picture signals compressed in a first format;

picture reproducing means for reproducing a digital picture
according to a plurality of digital picture signals compressed
in a second format different from the first format;

picture providing means for receiving the digital picture
signals compressed in the first format from the picture input
means, converting the digital picture signals compressed in
the first format into the digital picture signals compressed
in the second format and transmitting the digital picture
signals compressed in the second format to the picture
reproducing means; and

a network through which the digital picture signals
compressed in the first format is transmitted from the picture
input means to the picture providing means and the digital
picture signals compressed in the second format is transmitted
from the picture providing means to the picture reproducing
means,
the picture providing means comprising:

communicating means for receiving the digital picture
signals compressed in the first format from the picture input
means through the network and outputting the digital picture

signals compressed in the second format to the picture
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reproducing means_through the network; and

picture signal converting means for converting the digital
picture signals of the first format received by the
communicating means into the digital picture signals
compressed in the second format and outputting the digital
picture signals compressed in the second format to the
communicating means; and
the picture signal converting means comprising

picture decoding means for decoding the digital picture
signals compressed in the first format to produce a plurality
of non-compressed picture signals of a 4:1:1 color component
type, the non-compressed picture signals being arranged in a
matrix of rows and columns;

component signal converting means for directly converting
color difference signals of the non-compressed picture signals
obtained by the picture decoding means into converted color
difference signals of a 4:2:0 color component type by removing
color difference signals on every other row from the color
difference signals of the non-compressed picture signals to

halve the number of color difference signals in a y direction

‘and adding a color difference signal to a position between

each pair of color difference signals adjacent to each other
in an x direction to double the number of color difference
signals in the x direction, setting values of the converted

color difference signals of the 4:2:0 color component type
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according to values of the color difference signals of the
non-compressed picture signals obtained by the picture
decoding means and combining luminance signals of the
non-compressed picture signals obtained by the picture
decoding means and the converted color difference signals of
the 4:2:0 color component type obtained by the color
difference signal converting means for each pixel of the frame
to produce non-compressed picture signals of the 4:2:0 color
component type; and

picture coding means for coding the non-compressed picture
signals of the 4:2:0 color component type obtained by the
component signal converting means to produce the digital

picture signals compressed in the second format.

37. A picture providing system according to claim 36 in which
the first format of the digital picture signals received'by
the picture input means is a DVC format, the digital picture
signals compressed in the DVC format being obtained by
performing a discrete cosine transform (DCT) processing for
each block of non-compressed picture signals of a 4:1:1 color
component type to obtain a block of DCT coefficients from each
block of non-compressed picture signals, quantizing each block
of DCT coefficients to obtain a block of quantized values from
each block of DCT coefficients, coding each block of gquantized

values to obtain a block of variable-length codes from each
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block of quantized values and recording each block of
variable-length codes as the digital picture signals
compressed in the DVC format, and the second format of the
digital picture signals obtained by the picture signal
converting means is a moving picture experts group (MPEG)
format in which a time-redundancy between frames is reduced by
performing a motion compensation, a space-redundancy in each
frame is reduced by performing a discrete cosine transform and
a code volume is reduced by performing a variable length

coding.

38. A picture providing system according to claim 36 in which
the picture reproducing means further comprises

picture signal storing means for storing the digital
picture signals of the first format received by the
copmunicating means and the digital picture signals of the
second format obtained by the picture signal converting means;

control means for receiving a picture output request
indicating a request of the output of digital picture signals
of the second format from the picture reproducing means
through the network and the communicating means, controlling
the picture signal storing means and the communicating means
to output the digital picture signals of the second format
stored in the picture signal storing means to the picture

reproducing means through the communicating means and the
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network

39. A picture providing system according to claim 36 in which
the picture reproducing means further comprises

5 control means for receiving a picture output request
indicating a request of the output of digital picture signals
of the second format from the picture reproducing means
through the network and the communicating means, controlling
the picture signal converting means to convert the digital

10 picture signals compressed in the first format into the
digital picture signals compressed in the second format
according to the picture output request and controlling the
communicating means to output the digital picture signals
compressed in the second format to the picture reproducing

15 means through the network.

40. A picture providing system, comprising:
picture input means for receiving a plurality of digital
picture signals compressed in a first format;

20 picture reproducing means for reproducing a digital picture
according to a plurality of digital picture signals compressed
in a second format different from the first format;

picture providing means for receiving the digital picture
signals compressed in the first format from the picture input

25 means, converting the digital picture signals compressed in
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the first format into the digital picture signals compressed
in the second format and transmitting the digital picture
signals compressed in the second format to the picture
reproducing means; and

a network through which the digital picture signals
compressed in the first format is transmitted from the picture
input means to the picture providing means and the digital
picture signals compressed in the second format is transmitted
from the picture providing means to the picture reproducing
means,
the picture providing means comprising:

communicating.means for receiving the digital picture
signals compressed in the first format from the picture input
means through the network and outputting the digital picture
signals compressed in the second format to the picture
reproducing means through the network; and

picture signal converting means for converting the digital
picture signals of the first format received by the
communicating means into the digital picture signals
compressed in the second format and outputting the digital
picture signals compressed in the second format to the
communicating means, and
the picture signal converting means comprising

picture decoding means for decoding the digital picture

signals of the first format to produce a plurality of discrete
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cosine transform (DCT) coefficients of non-compressed picture
signals of a 4:1:1 color component type, converting the DCT
coefficients into a plurality of DCT coefficients of
non-compressed picture signals of a 4:2:0 color component type
and producing a plurality of non-compressed picture signals of
the 4:2:0 color component type from the DCT coefficients of
the non-compressed picture signals of the 4:2:0 color
component type; and

picture coding means for coding the non-compressed picture
signals of the 4:2:0 color component type obtained by the
picture decoding means to produce the digital picture signals

compressed in the second format.

41. A picture providing system according to claim 40 in which
the first format of the digital picture signals received by
the picture input means is a DVC format, the digital piciure
siénals comgressed in the DVC format being obtained by
performing a discrete cosine transform (DCT) processing for
each block of non-compressed picture signals of a 4:1:1 color
component type to obtain a block of DCT coefficients from each
block of non-compressed picture signals, quantizing each block
of DCT coefficients to obtain a block of quantized values from
each block of DCT coefficients, coding each block of quantized
values to obtain a block of variable-length codes from each

block of quantized values and recording each block of
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variable-length codes as the digital picture signals
compressed in the DVC format, and the second format of the
digital picture signals obtained by the picture signal
converting means is a moving picture experts group {MPEG)
format in which a time-redundancy between frames is reduced by
performing a motion compensation, a space-redundancy in each
frame is reduced by performing a discrete cosine transform and

a code volume is reduced by performing a variable length

coding.

42. A picture providing system according to claim 40 in which
the picture decoding means of the picture signal converting
means comprises

preparing means for deshuffling the digital picture signals
to rearrange the digital picture signals;

.variable-length decoding means for performing a variaSle-
length décoding for the digital picture signals deshuffled by
the preparing means to produce a plurality of quantized |
values;

inverted quantization means for performing an inverted
quantization for the quantized values produced by the
variable-length decoding means to produce a plurality of
blocks of discrete cosine transform (DCT) coefficients of the
non-compressed picture signals of the 4:1:1 color component

type, the DCT coefficients of each block being arranged in a
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matrix of rows and colunmns;

DCT coefficient converting means for extracting a block of
DCT coefficients of non-compressed color difference signals of
the 4:1:1 color component type from each block of DCT
coefficients of the non-compressed picture signals obtained by
the inverted quantization means and converting each block of
DCT coefficients of the non-compressed color difference
signals of the 4:1:1 color component type to a block of DCT
coefficients of non-compressed color difference signals of a
4:2:0 color component type by removiﬁg a lower half portion of
DCT coefficients corresponding to higher frequency from each
block of DCT coefficients to halve a resolution of the DCT
coefficients in a y direction for each block and adding DCT
coefficients on the right side of the remaining DCT
coefficients for each block to double a resolution of the DCT
coefficients in an x direction for each block; and

inverted DCT processing means for performing an inverted
DCT processing for each block of DCT coefficients of non-
compressed luminance signals extracted from the DCT
coefficients of the non-compressed picture signals obtained by
the inverted quantization means and a corresponding block of
DCT coefficients of the non-compressed color difference
signals of the 4:2:0 color component type obtained by the DCT
coefficient converting means to produce the non-compressed

picture signals of the 4:2:0 color component type.
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43. A picture providing system according to claim 40 in which
the picture reproducing means further comprises

picture signal storing means for storing the digital
picture signals of the first format received by the
communicating means and the digital picture signals of the
second format obt;ined by the picture signal converting means;

control means for receiving a picture output request
indicating a request of the output of digital picture signals
of the second format from the picture reproduciﬁg means
through the network and the communicating means, controlling
the picture signal storing means and the communicating means
to output the digital picture signals of the second format
stored in the picture signal storing means to the picture
reproducing means through the communicating means and the

network

44, A picture providing system according to claim 40 in which
the picture reproducing means further comprises

control means for receiving a picture outbut request
indicating a request of the output of digital picture signals
of the second format from the picture reproducing means
through the network and the communicating means, controlling
the picture signal converting means to convert the digital
picture signals compressed in the first format into fhe

digital picture signals compressed in the second format
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according to the picture output request and controlling the
communicating means to output the digital picture signals
compressed in the second format to the picture reproducing

nmeans through the network.



