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SPECIFICATION 

TITLE OF THE INVENTION 

METHOD AND APPARATUS FOR CONVERTING COLOR COMPONENT TYPE OF 

5 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 INVENTION 

10 !.FIELD OF THE INVENTION: 

The present invention relates generally to a picture 

signal ~onverting apparatus in which digital picture signals 

are converted, a picture signal converting method used in the 

picture signal converting apparatus and a picture providing 

15 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 

20 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 

25 signals of a color component type has been frequently 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 siqnal Y and a first 

color difference signal er and a second color difference 

s signal Cb, and there are many color component types 

respectively corresponding to a sampling frequency ratio of a 

group of two color difference signals er and Cb to a group of 

luminance signals. 

A first color component type is a 4:4:4 color component 

10 type. As shown in Fig. lA, one color difference signal er 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. 

15 In this case, as shown in Fig. lB, 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 

20 Cr (x,yi and Cb(x,y) placed at co-ordinates ( x, y) respectively 

correspond to the luminance signal Y(x,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 component 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 

5 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 

10 co-ordinates (x,y) of a frame, two color difference signals 

Cr (x,y) and Cb(x,y) respectively correspond to one luminance 

signal Y c2x,yi and one luminance signal Y (lx+l,y). In this case, 

an information volume of color difference signals Cr for one 

frame and an information volume of color difference signals Cb 

15 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. JA, a color difference signal er of one 

pixel and a color difference signal Cb of one pixel 

20 respectively correspond to four luminance signals of four 

pixels arranged in a matrix 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(lt,yJ 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 diff ere nee signals Cr (x,y) and Cb(x,y) 

respectively correspond to one luminance signal Y c2x,ly)I one 

luminance signal Y (lx+l,ly), one luminance signal Y (lx,2y+l) and 

5 one luminance signal Y (2x+l,ly+1). In 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. 

10 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 

15 cases where an X-Y co-ordinate system is considered for each 

type of signal Y, Cr and Cb, one luminance signal Ycx,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 Cbcx,yi respectively correspond to one luminance 

20 signal Y (4x,y), one luminance signal Yc 4x+l,y)I one luminance 

signal Yc4x+2, 11 and one luminance signal Yc 4xH,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 

5 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 

10 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 

15 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 

20 reduced by performing a discrete cosine transform, and a code 

volume is reduced by performing a variable lenqth coding. 

MPEGl is explained in a literature of ISO/IEC 11172-2 

ttinformation Technology -coding of Moving Pictures and 

Associated Audio for Digital Storage Media at up to about 1.5 

25 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. 

s Fig. s 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 

10 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, 

15 when the user uses a digital video apparatus 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 

20 produced from the non-compressed digital picture signal in the 

MPEG encoder 104 according to the compression format based on 

MPEGl or MPEG2. 

In this case, the non-compressed digital picture signal 

input to the MPEG encoder 104 is classified into the 4:2:2 

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

5 compression standards of ov, ovc, 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 ov, ovc, DVCPRO and DVcam are 

10 similar to each other, ovc, DVCPRO and ovcam are treated as ov 

in this specification. ov is image compression standards 

enacted in 1996 for a video cassette recorder and is based on 

"Specifications of Consumer-Use Digital VCRs (HD Digital VCR 

Conference, 1996)". A video apparatus using a picture signal 

15 based on ov has been recently widespread rapidly. Also, a 

video camera for public use has been widespread rapidly as a 

video apparatus using a picture signal based on ov, so that 

people can easily produce a picture signal based on ov at a 

low cost. 

20 In the compression format based on DV, redundancy in each 

frame is reduced by performing a discrete cosine transform, 

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 shuftling processing 

25 for a compressed signal based on ov. 
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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 

S 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 & 

10 paste" can be easily performed for each frame. Also, because a 

code volume of the DV data 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. 

15 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 

20 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: 

25 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 

5 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 ov data of the picture input to a computer is directly 

converted into the MPEG data according to a software program 

10 without using any MPEG encoder. However, in cases where the ov 

data is directly converted into the MPEG data according to a 

software program, there are following problems. 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, 

15 in which the ov 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 ov 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 

20 of time to perform the decoding and encoding operation in a 

general computer (second problem). 

SUMMARY OF THE INVENTION 

A first object of the present invention is to provide, with 

25 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 

5 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 

10 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. 

15 A third object of the present invention is to provide a 

picture providing system for providing a plurality of digital 

picture signals compressed according to a compression format 

requested by a user. 

The first object is achieved by the provision of a picture 

20 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 beinq arranged in a matrix of rows and 

columns; 

25 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 siqnals of converted digital picture signals of a 

4:2:0 color component type by removing color difference 
"' 

5 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 

10 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 

15 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 receivinq means and 

20 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 

25 picture signals of the 4:2:0 color component type. 
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In the above configuration, 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+l,y), 

(x,y+l) and (x+l,y+l), and a color difference signal of the 

5 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 

10 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 

15 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 signals of the 4:2:0 color component type are 

20 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 

25 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. 

5 It is preferred that the color difference signal converting 

means comprise 

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 

10 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 

15 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 double the number of color 

difference signals obtained by the y-directional signal 

20 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, when a color difference signal 

is added to a position between each pair of color difference 

25 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. 

5 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. 

10 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; 

15 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 

20 co-ordinates (x,2y) of even-numbered y values or co-ordinates 

(x,2y+l) 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 

25 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 

5 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 siqnal is doubled in the x 

10 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 

15 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 

20 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 

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 

25 (x,2y) and (x,2y+l) (or {x,2y+l) and (x,2y+2)); 
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y-directional siqnal 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 

5 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 

10 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 

15 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) 

20 {or (x,2y+l) 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. 

25 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. 

5 Therefore, 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. 

10 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 siqn·als, 

even though a noise is undesirably added to a particular color 

difference signal, an adverse influence of the noise on the 

15 converted color difference signals can be reduced to half. 

Also, because the calculation of the arithmetic average is 

only required in the signal value setting means, the 

arithmetic calculation is easy. 

The above features of the present invention are also 

20 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 

25 (x,y) of an X-Y co-ordinate system (x=O,l,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 

5 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 

10 direction by removing color difference signals placed at 

co-ordinates (x,2y) of even-numbered y values or co-ordinates 

(x,2y+l) 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 

15 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 

20 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 

25 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 

S 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 si~nal 

converting means comprise 

10 signal value setting means for setting 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 they 

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) 

15 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 

20 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 

25 signal halving means and are adjacent to each other in an X 

a ·-.., 
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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 

5 difference signal to double the number of color difference 

signals obt;ained 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 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 

number of color difference signals in the y direction is 

15 halved by the 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 

20 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, ev~n though values of particular converted 

25 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 

5 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 (OCT) is performed for the 

converted color difference signals of the 4:2:0 color 

10 component type, because color information of the converted 

color difference signals 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 

15 method, comprising the steps of: 

receiving a diqital 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 

20 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; 

25 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 

5 co-ordinates (x,2y) of even-numbered y values or co-ordinates 

{x,2y+l) of odd-numbered y values; 

addinq 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 

10 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 

15 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 

20 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 

25 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 

5 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}) 

adjacent to each other in the y direction and a second average 

of values of two color difference signals placed at 

co-ordinates (x+l,2y) and (x+l,2y+l} {or (x+l,2y+l) and 

10 (x+l,2y+2)) adjacent to each other in they direction for each 

group of color difference signals of the co-ordinates (x,2y), 

(x,2y+l), (x+l,2y) and (x+l,2y+l) (or (x,2y+l), (x,2y+2), 

(x+l,2y+l) and (x+l,2y+2)); 

interpolated value calculating means for calculating a 

15 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 

20 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 

25 (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 

5 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 

10 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 

15 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+l), (x+l,2y) and (x+l,2y+l) (or 

(x,2y+l), (x,2y+2), (x+l,2y+l) and (x+l,2y+2)) is set as 

20 values of the color difference signals of the co-ordinates 

(x,2y) and (x,2y+l) {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 

25 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 

5 of co-ordinates (x,2y), (x,2y+l), (x+l,2y) and (x+l,2y+l) (or 

(x,2y+l), (x,2y+2), (_x+l,2y+l) and (x+l,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 

10 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 (OCT} is 

performed for the converted color difference signals of the 

15 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. 

The above features of the present invention are also 

obtained by the provision of a picture siqnal converting 

20 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 siqnals placed at co-ordinates 

(x,y) of an X-Y co-ordinate system (x=O,l,2,3,--, and 

25 y=0,1,2,3,--) from the digital picture signals; 
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calculating a first 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 

and a second average of values of two color difference signals 

5 of co-ordinates (x+l,2y) and {x+l,2y+l) (or (x+l,2y+l) and 

(x+l,2y+2)} adjacent to each other in they direction for each 

group of color difference signals of the co-ordinates (x,2y), 

(x,2y+l), (x+l,2y) and (x+l,2y+l) (or (x,2y+l), (x,2y+2), 

{x+l,2y+l) and (x+l,2y+2)); 

10 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; 

15 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+l) and (x,2y+2)}; 

halving the number of color difference signals in the y 

direction by removing color difference signals placed at 

20 co-ordinates (x,2y) of even-numbered y values or co-ordinates 

(x,2y+l) 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 

25 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 

5 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; 

10 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. 

15 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 

20 y direction for each pair of color difference signals; 

weighting factor calculating means for obtaining luminance 

signals of the digital picture signals corresponding to the 

color difference signals of co-ordinates (x,2y) and (x+l,2y) 

as first referential luminance signals, calculating a first 

25 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 

+l,2y+l) as second referential luminance signals and 

5 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 

10 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+l,2y) by the second weighting factor obtained by the 

15 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 

20 the value of the color difference signal of the co-ordinates 

(x+l,2y+l) 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 values; 

25 signal value setting means for setting each average 
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calculated by the average value calculatinq 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 

5 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 

10 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 

15 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 value set for 

20 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 

ref erring values of luminance signals corresponding to the 

25 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 

5 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 

10 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 

15 (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) adjacent to each 

other in the y direction for each pair of color difference 

20 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 

25 correspond to the color difference signals of co-ordinates 
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{x,2y} and (x+l,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 

5 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+l,2y+l); 

calculating a third weighting factor and a fourth weighting 

10 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 

15 multiplied value by multiplying the value of the color 

difference signal of the co-ordinates {x+l,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 third weighting factor, 

20 calculating a fourth multiplied value by multiplying the value 

of the color difference signal of the co-ordinates (x+l,2y+l) 

by the fourth weighting factor and calculating a~ interpolated 

value from the first, second, third and fourth multiplied 

values; 

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

halvinq 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 

5 (x,2y+l) 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; 

10 setting a value of one added color difference signal to the 

interpolated value for each added color difference signal to 

produce converted color difference siqnals 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 

15 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 

20 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 

25 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+l,2y} as first referential 

luminance signals , calculating a first weighting factor, a 

5 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+l) and 

(x+l,2y+l) as second referential luminance signals and 

10 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 

15 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 

20 (x+l,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 

25 means, calculating a fourth multiplied value by multiplying 
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the value of the color difference signal of the co-ordinates 

{x+l,2y+l) by the sixth weighting factor obtained by the 

weighting factor calculating means, calculating a first 

interpolated value from the first, second, third and fourth 

5 multiplied values, calculatinq 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 

10 difference signal of the co-ordinates (x+l,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 

15 weighting factor calculating means, calculating an eighth 

multiplied value by multiplying the value of the color 

difference signal of the co-ordinates (x+l,2y+l) by the eighth 

weighting factor obtained by the weighting factor calculating 

means, calculating a second interpolated value from the fifth, 

20 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); 

25 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 values are set by the signal 

value setting means, to halve the number of color difference 

signals in the y direction; and 

5 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 

10 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 

15 the converted color difference signals of the 4:2:0 color 

component type. 

In the above configuration, 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 

20 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 

25 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 (OCT) is performed for the converted color 

S difference signals of the 4:2:0 color component type, because 

color information of the converted color dif f er~nce signals is 

concentrated in lower frequency portions, a compression 

efficiency can be improved. 

Also, because the value of each converted color difference 

10 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 

15 difference signals, and an image of the natural picture can be 

faithfully reproduced at high definition. 

The above jeatures of the present invention are also 

obtained by the provision of a picture signal converting 

method, comprising the steps of: 

20 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; 

25 extracting luminance signals placed at co-ordinates cx,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 

5 (x,2y) and (x+l,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 

10 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+l,2y+l); 

calculating a fifth weighting factor and a sixth weighting 

15 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 

20 (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+l,2y) by the second weighting factor; 

calculating a third multiplied value by multiplying the 

25 value of the color difference signal of the co-ordinates 
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(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+l,2y+l) by the sixth weighting factor; 

5 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; 

10 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 

15 (x,2y+l) 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, 

20 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,2y+l); 

halving the number of color difference signals in the y 

direction by removing color difference signals placed at 

25 co-ordinates (x,2y) of ·even-numbered y values or co-ordinates 
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{x,2y+l) 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 

5 in the x direction; 
. 

setting a value of one added color dif ~erence signal to the 

second interpolated value for each added color difference 

siqnal to produce converted color difference signals of a 

4:2:0 color component type from the color difference signals 

10 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; 

15 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. 

20 The second object is achieved by the provision of a picture 

signal converting appqratus 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 

25 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 

5 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 

10 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 

15 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 

20 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; 

25 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 formati and 

5 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 

signals compressed in a first format is decoded to a plurality 

10 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 

15 on every other row from the color difference signals of the 

4:1:1 color component type and color difference signals are 

added on every other column to remaininq color difference 

signals. Therefore, a plurality of converted color difference 

signals of the 4:2:0 color component type, in which the number 

20 of signals in the y direction is half that of color difference 

siqnals of the 4:1:1 color component type and the number of 

converted color difference signals in the x direction is 

double that of color difference signals of the 4:1:1 color 

component type, are produced. Values of the converted color 

25 difference signals are determined accordi~g to_valu's of the 

·~· .. 
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color difference siqnals 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 

5 - 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 

1 O digital compressed picture signals compres'sed in the first 

format in his computer Cl and the transmission of signals 

compressed in the second format from the computer to another 

computer C2 through a network is more advantaqeous than that 

of signals compressed in the first.format, the digital 

15 compressed picture signals compressed in the first format can 

be easily converted into a plurality of digital compressed 

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 

20 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 OVC 

25 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 (OCT) processing for 

each block of non-compressed picture signals of a 4:1:1 color 

component type to obtain a block of OCT coefficients from each 

5 block of non-compressed picture signals, quantizing each block 

of OCT 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 

10 variable-length codes as the digital picture signals 

compressed in the ovc 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 

15 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; 

20 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 

25 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 

5 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 

10 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 

15 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, 

20 the second format be the MPEG format, the picture decoding 

means comprise 

preparing means for deshufflinq the digital picture signals 

to rearrange the digital picture signals; 

variable-lenqth decoding means for performing a variable-

25 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 

5 variable-length decoding means to produce a plurality of 

blocks of discrete cosine transform {OCT) coefficients of the 

non-compressed picture signals of the 4:1:1 color component 

type; and 

inverted DCT processing means for performing an inverted 

10 OCT 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 

15 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 b~ing classified into a plurality o.f blocks of 

20 non-compressed picture signals respectively corresponding to a 

block of the current frame; 

DCT compressing means for performing a discrete cosine 

transform (OCT) processing for each block of non-compressed 

picture signals stored in the input buffer to obtain a 

25 plurality of blocks of discrete cosine transform (OCT} 
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coefficients and quantizing the OCT coefficients to obtain a 

plurality of blocks of quantized values; 

inverted OCT expanding means for performing an inverted OCT 

processing for the blocks of OCT coefficients obtained by the 

5 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 OCT expanding means as picture 

10 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 

15 indicating the mot!on of a picture according .to one block of 

non-compressed picture signals of the current frame stored in 

the input buff er 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 

20 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; 

25 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 compressinq means; 

variable length cod~nq means for performing a variable 

length coding for the ~uantized values obtained by the DCT 

5 compressing means a~cording to the coding type selected by the 

coding selecting means, the motion vectors and the inter-frame 

differences calcula.te.d ·py- the motion predicting means to 

produce pieces of variaple-length coded data; and 

structure-.codinq means-for producing the digital picture 

10 signals comp~ess~d in the MPEG format from the variable length 

coded data obtained ~y t~ 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 

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

type are coded to ~he.digital picture signals compressed ·in 

the MPEG format. 

Also, it is preferred.~hat the motion ~redictinq means 

comprise· 

20 hierarchy picture producing means for producing a plurality 

of current hierarchy pi~tures 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 buff er and producing a plurality of 

25 referential hie~archy 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 

5 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 

10 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 

15 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 

20 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 

25 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 int~rmediate motion vector, and finally 

calculating the motion vector from the current and referential 

5 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 

10 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 

15 block of the current frame and a group of pixel values of a 

corresponding block of the referential frame indicated by 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 

20 hierarchy pictures of different resolutions are produced from 

a current original picture ot 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 

25 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 
. 
5 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 

10 particular block of the referential frame is calculated while 

using the rouqh 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 

15 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 

20 natural picture, an intermediate motion vector roughly 

indicating the motion of the large object is calculated more 

precisely each time the intermediate motion vector is 

calculated. Therefore, a motion vector indicating the motion 

of the large object can be precisely calculated. 

25 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 

5 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 

10 the current hierarchy pictures and the referential hierarchy 

pictures. 

Also, it is preferred that the picture coding means further 

comprise: 

a OCT coefficient buff er for storing a block of DCT 

15 coefficients of luminance signals extracted from each block of 

OCT coefficients of the non-compressed picture signals 

produced by the inverted quantization means, each block of OCT 

coefficients of luminance signals corresponding to a block of 

the current frame, and the DCT coefficients of each block 

20 being arranged in a matrix of rows and columns; and 

hierarchical inverted OCT processing means for repeatedly 

extracting a group of OCT coefficients from each block of OCT 

coefficients of luminance signals stored in the OCT 

coefficient buff er on condition that a frequency band of the 

25 group of OCT coefficients gradually extends to a higher 
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frequency and perf orminq an inverted OCT 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 

s 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 

10 by the hierarchical inverted OCT 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 

15 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 

20 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 curre~t frame 

indicating a block of the referential frame, and the rough 

25 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 

S 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. 

10 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 

15 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 vector is set as a rough 

motion vector for each calculation of the intermediate motion 

20 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 

25 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. 

S 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. 

10 Also, it is preferred that the picture coding means further 

comprise: 

a OCT coefficient buff er for storing a block of DCT 

coefficients of luminance signals extracted from each block of 

OCT coefficients of the non-compressed picture signals 

15 produced by the inverted quantization means, each block of OCT 

coefficients of lum~nance signals corresponding to a block of 

the current frame, and the OCT coefficients of each block 

being arranged in a matrix of rows and columns; and 

a one-dimensional inverted OCT processing means for 

20 extracting a block of DCT coefficients of luminance signals 

arranged in a row as an x-directional group of OCT 

coefficients from each block of OCT coefficients stored in the 

OCT coefficient buffer, extracting a block of OCT coefficients 

of luminance signals arranged in a column as a y-directional 

25 group of OCT coefficients from each block of OCT coefficients 
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stored in the OCT coefficient buffer, performing an inverted 

OCT processing for the x-directional group of OCT coefficients 

to obtain x-directional information composed of non-compressed 

luminance signals arranged in the x direction for each block 

5 of a current frame and performing an inverted OCT 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 

10 the motion predicting means comprise 

motion vector producing means for calculating an 

x-directional motion vector accord~ng to the x-directional 

information obtained by the one-dimensional inverted OCT 

processing means and non-compressed luminance signals of the 

15 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 

20 x-directional motion vector and calculating a motion vector 

according to the y-directional information obtained by the 

one-dimensional inverted OCT processing means and 

non-compressed luminance signals of the remarked blocks for 

each block of the current frame; and 

25 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 

5 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 

10 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 

15 referential frame, and a motion vector is calculated according 

to the x-directional motion vector and the y-directional 

information. 

Accordingly, a calculation volume required for the 

calculation of the motion vector can be reduced as compared 

20 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: 

25 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 receiving means to produce a plurality 

of discrete cosine transform (OCT) coefficients of 

5 non-compressed picture signals of a 4:1:1 color component 

type, converting the OCT coefficients into a plurality of OCT 

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 

10 type from the OCT coefficients of the non-compressed picture 

siqnals 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 

15 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. 

20 In the above configuration, a plurality of digital picture 

signal compressed in a first format are decoded to a plurality 

of OCT coefficients of non-compressed picture signals of a 

4:1:1 color component type, the OCT coefficients are converted 

into a plurality of OCT coefficients of non-compressed picture 

25 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 OCT 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 

S color component type are coded to a plurality of digital 

picture signals compressed in a second format. 

Accordingly, because the OCT coefficients corresponding to 

the 4:1:1 color component type are converted into the OCT 

coefficients corresponding to the 4:2:0 color component type, 

10 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 pref erred that the first format be the ovc format, 

the second format be the MPEG format, and the picture decoding 

15 means comprises 

preparing means for deshuffling the digital picture s1gnals 

to rearrange the digital picture signals; 

variable-length decoding means for performing a variable­

length decoding for the digital picture signals deshuffled by 

20 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 

25 blocks of discrete cosine transform (OCT) 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 beinq arranged in a 

matrix of rows and columns; 

DCT coefficient converting means for extractinq a block of 

5 DCT coefficients of non-compressed color difference signals of 

the 4:1:1 color component type from each block of OCT 

coefficients of the non-compressed picture signals obtained by 

the inverted quantization means and converting each block of 

OCT coefficients of the non-compressed color difference 

10 signals of the 4:1:1 color component type to a block of OCT 

coefficients of non-compressed color difference signals of a 

4:2:0 color component type by removing a lower half portion of 

OCT coefficients corresponding to higher frequency from each 

block of OCT coefficients to halve a resolution of the OCT 

15 coefficients in a y direction for each block and adding OCT 

coefficients on the right side of the remaining OCT 

coefficients for each block to double a resolution of the OCT 

coefficients in an x direction for each block; and 

inverted OCT processing means for performing an inverted 

20 DCT processing for each block of OCT coefficients of 

non-compressed luminance signals extracted from the OCT 

coefficients of the non-compressed picture signals obtained by 

the inverted quantization means and a corresponding block of 

OCT coefficients of the non-compressed color difference 

25 signals of the 4:2:0 color component type obtained by the OCT 
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coefficient converting means to produce a plurality of blocks 

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

type. 

In the above conf iquration, color difference information in 

S 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 OCT 

coefficients of the non-compressed color difference signals of 

the 4:1:1 color component type into a block of DCT 

10 coefficients of non-compressed color difference signals of a 

4:2:0 color component type is performed by removing a lower 

half portion of OCT coefficients corresponding to higher 

frequency from the block of OCT coefficients of the 4:1:1 

color component type to halve a resolution of the DCT 

15 coefficients of the 4:1:1 color component type in a y 

direction and adding DCT coefficients on the right side of the 

remaining OCT coefficients to double a resolution of the OCT 

coefficients of the 4:1:1 color component type in an x 

direction. 

20 Accordingly, because color difference information existing 

in the block of OCT coefficients of the non-compressed color 

difference signals of the 4:1:1 color component type is 

maintained in the block of OCT coefficients of the 

non-compressed color difference signals of the 4:2:0 color 

25 component type. Therefore, any viewer does not feel an 



61 

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 

5 method, comprising the steps of: 

receiving a digital picture signal compressed in a ovc 

format for each of pixels of a frame, the digital picture 

signals compressed in the ovc format being obtained by 

performing a discrete cosine transform (OCT) processing for 

10 each block of non-compressed picture signals of a 4:1:1 color 

component type to obtain a block of OCT coefficients from each 

block of non-compressed picture signals, quantizing each block 

of OCT coefficients to obtain a block of quantized values from 

each block of OCT coefficients, coding each block of quantized 

15 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 ovc format; 

performing a variable-lenqth decoding for the digital 

20 picture siqnals compressed in the DVC format 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 (OCT) coefficients of the non-compressed picture 

25 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 OCT coefficients of non-compressed 

luminance signals and a block of OCT coefficients of the 

non-compressed color difference signals of the 4:1:1 color 

5 component type; 

converting each block of OCT coefficients of the non­

compres sed 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 

10 type, the OCT coefficients of each block being arranged in a 

matrix of rows and columns; 

combining each block of OCT coefficients of the 

non-compressed color difference signals of the 4:2:0 color 

component type and a corresponding block of OCT coefficients 

15 of non-compressed luminance signals to produce a plurality of 

blocks of OCT coefficients of non-compressed picture signals 

of the 4:2:0 color component type; 

performing an inverted OCT processing for each block of OCT 

coefficients of non-compressed picture signals of the 4:2:0 

20 color component type to produce a block of non-compressed 

picture signals of the 4:2:0 color component type for each 

block of OCT coefficients; 

coding each block of non-compressed picture signals of the 

4:2:0 color component type to produce a plurality of digital 

25 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 

5 variable length coding; and 

outputting the digital picture signals compressed in the 

MPEG format, and 

the step of converting each block of OCT coefficients 

comprises the steps of: 

10 removing a lower half portion of OCT coefficients 

corresponding to higher frequency from each block of OCT 

coefficients to halve a resolution of the OCT coefficients in 

a y direction for each block; and 

adding DCT coefficients on the right side of the remaining 

15 DCT coefficients for each block to double a resolution of the 

OCT coefficients in an x direction for each block and to 

produce the blocks of OCT 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 

20 picture providing system, comprising: 

picture input means for r.eceiving 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 

25 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 'ormat from the pictur1 input 

means, converting the digital picture signals compressed in 

the first format into the digital picture signals compressed 

5 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 

10 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: 

15 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 

20 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 

25 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 

5 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 

10 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 

15 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 difference signals of the 

20 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 

25 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 

compon~~t type; and 

picture coding means for coding the non-compressed picture 

signals of the 4:2:0 color component type obtained by the 

5 component signal convertinq means to produce the digital 

picture signals compressed in the second format. 

In the above configuration, a plurality of digital picture 

signals compressed in a first format transmitted from the 

picture input means are received in the picture providinq 

10 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 ~ plurality of 

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

15 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. Thereafter, 

when the picture reproducing means request the digital picture 

signals compressed in the second format of the picture 

20 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 

25 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. 

5 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 

10 accordinq 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 

15 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 

20 compressed in the first format is transmitted from the picture 

input means to the picture providing means and the digital 

picture siqnals compressed in the second format is transmitted 

from the picture providing means to the picture reproducing 

means, 

25 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 

5 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 

10 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 

15 cosine transform (DCT) coefficients of non-compressed picture 

signals of a 4:1:1 color component type, converting the OCT 

coefficients into a plurality of OCT coefficients of 

non-compressed picture signals of a 4:2:0 color component type 

and producing a plurality of non-compressed picture signals of 

20 the 4:2:0 color component type from the OCT 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 

25 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 picture 

signals of a first format transmitted from the picture input 

means to the picture providing means are decoded to a 

5 plurality of OCT coefficients of non-compressed picture 

signals of a 4:1:1 color component type, the DCT coefficients 

are directly converted into a plurality of OCT coefficients of 

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

type, an inverted OCT processing is performed for the OCT 

10 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 

15 signals compressed in a second format. 

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 

reproducing means differs from that of the digital picture 

20 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 

25 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. lA shows the correspondence of a luminance signal Y to 

color difference signals Cr and Cb in the 4:4:4 color 

5 component type digital ~icture signal; 

Fig. lB 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. 2A shows the correspondence of a luminance signal Y to 

10 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 er and Cb 

in the 4:2:2 color component type digital picture signal; 

15 Fig. 3A shows the correspondence of a luminance signal Y to 

color difference signals er and Cb in the 4:2:0 color 

component type digital picture signal; 

Fig. 38 shows the comparison of information volumes of the 

luminance signal Y and the color difference signals er and Cb 

20 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 er and Cb in the 4:1:1 color 

component type digital picture signal; 

Fig. 48 shows the comparison of information volumes of the 

25 luminance signal Y and the color difference signals er and Cb 
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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 

5 apparatus according to a first embodiment of the present 
"' 

invention; 

Fig. 7 is a flow chart showing the whole processing 

performed in the picture signal converting apparatus shown in 

Fig. 6; 

10 Fig. BA shows a plurality of values of 4:1:1 type luminance 

signals Y corresponding to S*4 pixels placed at a sub-frame; 

Fig. SB shows a plurality of values of 4:1:1 type first 

color difference signals Cr corresponding to the luminance 

signals Y; 

15 Fig. SC shows a plurality of values of 4:1:1 type second 

color difference signals Cb corresponding to the luminanc·e 

signals Y; 

Fig. 80 shows a plurality of values of 4:2:0 type first 

converted color difference signals er• corresponding to the 

20 luminance signals Y; 

Fig. SE shows a plurality of values Vlx,y of 4: 2: O type 

second converted color difference signals Cb' corresponding to 

the luminance signals Y; 

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 

5 signal converting method; 

10 

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. 90 is a block diagram of a color difference signal 

converting unit shown in Fig. 6 in a fourth color difference 

signal converting method; 

Fig. lOA shows a plurality of values of 4:2:2 type 

luminance signals Y; 

Fig. lOB shows a plurality of values of the 4:2:2 type 

15 color difference signals Cr and Cb; 

Fig. lOC shows a plurality of values of the 4:1:1 type 

color difference signals Cr and Cb compressed in the DV 

compression format; 

Fig. llA shows a first actual example of values of 4:1:1 

20 type color difference signals Cr (or Cb) input to the picture 

signal converting unit shown in Fig. 6; 

Fig. llB 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 

25 difference signal converting method; 
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Fig. llC shows a first actual exa•ple of values of 4:2:0 

type converted color difference signals Cr' (or Cb') output. 

from the picture siqnal converting unit in the second color 

difference signal converting method; 

5 Fig. llD 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. llE shows a first actual example of values of 4:2:0 

10 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 

15 signal converting unit shown in Fig. 61 

Fig. 12B shows a second actual example of values of 4 :.2: O 

type converted color difference signals Cr' (or Cb') output 

from the picture signal converting unit in the first color 

difference signal converting method; 

20 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 methodi 

Fig. 120 shows a second actual example of values of 4:2:0 

25 type converted color difference signals er• (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 

5 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; 

10 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 

15 type converted color difference signals er• (or Cb'} output 

from the picture signal converting unit in the second color 

difference signal converting method; 

Fig. 130 shows a third actual example of values of 4:2:0 

type converted color difference signals Cr' (or Cb'} output 

20 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 

25 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 

5 performed in the picture signal converting apparatus shown in 

Fig. 14_; 

Fig. 16A is a block diagram of a color difference signal 

converting unit shown in Fig. 14 in a fifth color difference 

signal converting method; 

10 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; 

15 Fig. 17B shows an actual example of val~es_of 4:1:1 type 

color difference signals Cr (or Cb) input to a picture signal 

converting unit shown in Fig. 14; 

Fig. 17e shows an actual example of values of 4:2:0 type 

converted color difference signals er• (or Cb') output from 

20 the picture signal converting unit in the fifth color 

difference signal converting method; 

Fig. 170 shows an actual example of values of 4:2:0 type 

converted color difference signals er• (or Cb') output from 

the picture signal converting unit in the sixth color 

25 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 er• (or Cb') output from 

the picture signal converting unit in the first color 

difference signal converting method of the first embodiment; 

5 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; 

10 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; 

15 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; 

Pig. 24 is a flow chart showing a motion vector calculating 

20 method using a plurality of hierarchy pictures; 

Figs. 2SA and 25B show the motion vector calculating 

method; 

Fig. 26 is a block diagram of a picture signal converting 

apparatus according to a fourth embodiment; 

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

Fiq. 28 is a flow chart showing a picture siqnal decoding 

{or expanding} processing performed in a picture signal 

decoding unit shown in Fig. 26; 

5 Fig. 29 is a flow chart showing a picture signal 

compressing processing performed in a picture signal coding 

unit shown in Fig. 26; 

Fig~. 30A to 30D show a hierarchical inverted DCT 

processing performed in the picture signal converting 

10 apparatus shown in Fig. 26; 

Fig. 31 shows another hierarchical inverted OCT processing 

performed in the picture signal converting apparatus shown in 

Fig. 26; 

Fig. 32 is a block diagram of a picture signal converting 

15 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 

20 unit shown in Fig. 26; 

Fig. 35 shows a one-dimensional inverted OCT 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-

25 dimensional inverted OCT 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 

S 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 

IO to 4:2:0 type in a OCT coefficient converting processing and 

an inverted OCT processing for OCT coefficients of 4:2:0 type 

color difference signals; 

Fig. 41 is a block diagram of a picture signal converting 

apparatus according to a modification of the seventh 

15 embodiment; 

Fig. 42 is a block diagram of a picture signal converting 

apparatus according to another modification of the seventh 

embodiment; 

Fig. 43 is a block diagram of a multi-format picture 

20 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 

25 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 

5 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. 

10 PETAILED DESCBIPTION OF THE EMBODIMENTS 

Pref erred 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. 

15 (First Embodiment} 

In this embodiment, a picture signal converting apparatus 

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 

20 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 

25 invention, and Fig. 1 is a flow chart showing the whole 
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processing perf orm.ed in the picture signal converting 

apparatus. 

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

11 comprises 

5 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, 

10 an input er frame memory 14 for storing first color 

difference signals er 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 siqnals er are placed at er co-ordinates (x,y) of 

15 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 

20 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 siqnals Cr' of 4:2:0 type component 

25 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 

5 second converted color difference signals) for each frame, 

an output er 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 

10 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 

15 an X-Y co-ordinate system, and 

an output unit 19 for outputting the 4:2:0 type component 

picture signals composed of the luminance signals Y stored in 

the Y frame memory 13, the 4:2:0 type first converted color 

difference signals er• and the 4:2:0 type second converted 

20 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 SlOl, a processing frame of a 

25 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 

S 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 5102, the color difference signals Cr and Cb 

stored in the input er frame memory 14 and the input Cb ·frame 

10 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 

15 third color difference signal converting method or a fourth 

color difference signal converting method. Thereafter, th·e 

first converted color difference signals er• are stored in the 

output Cr frame memory 17, and the second converted color 

difference signals Cb' are stored in the output Cb frame 

20 memory 18. 

In a step 5103, 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 

25 frame memory 18 are combined in the output unit 19 to produce 
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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 Sl04, it is judged whether or not the processing 

5 frame is a 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 SlOl to 

10 Sl04 are repeated for the processing frame newly specified. 

Each of the color difference signal converting methods 

performed in the step Sl02 is described in detail with 

reference to Fiqs. 8 to 10. 

Fig. BA shows a plurality of values Yx,y of luminance 

15 signals Y corresponding to 8*4 pixels placed at one sub-frame 

(8 columns * 4 rows) of the processing frame, Fig. SB shows a 

plurality of values Ulx,y of 4:1:1 type first color difference 

signals Cr corresponding to the luminance signals Y, Fig. BC 

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

20 difference signals Cb corresponding to the luminance signals 

Y, Fig. 80 shows a plurality of values u2x,y of 4:2:0 type 

first converted color difference signals Cr' corresponding to 

the luminance signals Y, and Fig. SE shows a plurality of 

values V2x,y 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 (O,O) at 

its top left is considered for each type of signals Y, Cr, Cb, 

5 er• and Cb', a luminance value of the luminance signal Y 

corresponding to the pixel placed at co-ordinates (x,y) is 
·. 

indicated by Yx,y, a value of the 4:1:1 type first color 

difference signal Cr corresponding to the luminance signals of 

the values Y4x,y, Y4x+i,y, Y4x+2,y and Y4x+J,y is indicated by Ulx,y1 a 

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

corresponding to the luminance signals of the values Y4x,y, 

Y4x+1,y, Y4x+2,y and Y4x+3,y is indicated by Vlx,y 1 a value of the 

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

corresponding to the luminance signals of the values Y2x,2y, 

15 Y2x+i,2y, Y2x,2y+1 and Y2x+i,2y+1 is indicated by Vlx,y1 a value ·of 

the 4:2:0 type second converted color difference signal Cb' 

corresponding to the luminance signals of the values Y2x,2y, 

Y2x+1,2y, Y2x,2y+l and Y2x+1,2y+1 is indicated by V2x,y· 

Because the processing frame is composed of a plurality ·of 

20 sub-frames, the color difference signal converting processing 

is performed for each sub-frame in the step Sl02. 

In the first color difference signal converting method, 

as shown in Fig. 9A, the color difference signal converting 
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unit 16 comprises 

a y-directional siqnal halvinq unit 16a for removinq first 

colo' difference signals er on every other row from the first 

color difference signals stored in the input Cr frame memory 

5 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 

10 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 er 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 first 

15 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 

20 halving unit 16b in the x direction, adding a second color 

difference signal to a position 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 

25 color difference signal to a value of one second color 
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difference signal er 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 

5 halving unit 16b in the x direction, outputting the first 

color difference signals as the 4:2:0 type first converted 

color difference signals er• 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 

10 second converted color difference signals Cb'. 

In the above configuration, in the halving unit 16a, odd 

numbered color difference signals er and Cb (having values 

u1x, 2y+t and v1x, 2y+i) placed at odd-numbered y co-ordinate values 

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

15 values Ulx, 2y and Vlx, 2y) 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 

er {or Cb) in the y direction. Thereafter, in the doubling 

20 unit 16b, a first (or second) color difference signal er (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, 

5 the first (or second} color difference signals er (or Cb) are 

output as first (or second) converted color difference signals 

er• {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 

10 a resolution of the converted color difference signals er• and 

Cb' in the x direction {or lateral direction} is doubled in 

the doubling unit 16b by setting a value Ulx, 2y (or Vlx, 2y) of 

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

placed at co-ordinates ( x, 2y) as values u22x,y and U22x+l,y (or 

15 V22x+i,y) of two first (or second) converted color difference 

signal Cr' {or Cb') placed at co-ordinates (2x,y) and (2 

x+l,y). 

In cases where the odd-numbered color difference signals Cr 

and Cb havinq values u1x,2y+l and Vlx,ay+i are removed, the even-

20 numbered color difference signals er and Cb having values 

u1x,2y and Vlx, 21 remain, and values of converted color 

difference signals er• and Cb' are determined according to a 

signal conversion equation (1). 

U22x,y = U22x+l,y = U1x,2y 
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---(1) 

The signal conversion equation (1) indicates that any 

arithmetic·calculation is not required to convert the 4:1:1 

type color difference signals Cr and Cb into the 4:2:0 type 

5 color difference signals Cr' and Cb• • 

For example, as shown in Figs. SA to SE, 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 

10 4:2:0 type converted color difference signals Cr' and Cb' are 

determined as follows. 

15 

U2o,o = 021,0 = 0 10,01 U22,o = 023,0 = Ul1,o, U20,1 = 021,1 = Ulo,2' 

U22, 1 = 023,1 = 0 11,2 I V2o,o = V21,o = V1o,Ot V22,o = V23,o = Vl1,01 

V2o,i = V21,1 = Vlo,2 and V22,1 = V23,1 = Vl1,2 

Also, in cases where the even-numbered color difference 

signals Cr and Cb having values Ulx, 2y and v1x, 2y are removed, 

the odd-numbered color difference signals Cr and Cb having 

values Ulx, 2y+l and Vlx, 2y+1 remain, and values of converted color 

difference signals er• and Cb' are determined according to a 

20 signal conversion equation (l)'. 

U22x,y = U22x+l,y = U1x,2y+l 

V22x,y = V22x+l,y = V1x,2y+l ---(1)' 

Accordingly, in cases where 4:1:1 type component picture 

signals are directly converted into 4:2:0 type component 

25 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 

5 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 

10 4:2:2 type color difference signals ~djacent to each other in 

the x direction. The production of the 4:1:1 type color 

difference signals is, for example, shown in Figs. lOA to lOC.· 

Fig. lOA shows a plurality of values Yx,y of 4:2:2 type 

luminance signals Y input to the dig;tal video apparatus, Fig. 

15 lOB shows a plurality of values Ulx,y and Vlx,y of the 4: 2: 2 

type color difference signals Cr and Cb, and Fig. lOC shows 

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

signals Cr and Cb compressed in the ov compression format. 

As shown in Figs. lOA to lOC, 4:2:2 type color difference 

20 signals having values u12x+l,y and v12x+l,y are removed in the 

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

signals. Therefore, for example, the value 010, 0 of the 4:2:2 

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

values u2 0, 0 and u2 1, 0 of the 4: 2: o type color difference signal . 
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shown in Fig. 80 without any signal converting arithmetic 

calculation, the value 012 , 0 of the 4: 2: 2 type color difference 

signal shown in Fig. lOB is used as the values u22 , 0 and u2 3, 0 

of the 4:2:0 type color difference signal shown in Fig. 80 

5 without any signal converting arithmetic calculation, the 

value u10, 1 of the 4:2:2 type color difference signal shown in 

Fig. lOB is used as the values u20, 1 and 02 1, 1 of the 4:2:0 type 

color difference signal shown in Fig. so without any signal 

converting arithmetic calculation, and the value 012, 1 of. the 

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

as the values u22 , 1 and 02 3, 1 of the 4:2:0 type color difference 

signal shown in Fig. so without any signal converting 

arithmetic calculation. 

Accordingly, in cases where 4:2:2 type component picture 

15 signals indicating a picture are input to a digital videb 

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 

20 converted into 4:2:0 type component picture signals compressed 

according to MPEGl or MPEG2, because the value u1 1, 0 of the 

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

u2 2 , 0 and U2 3, 0 of the 4:2:0 type color difference signal but 
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the value u1 2 , 0 of the 4: 2: 2 type color difference signal is 

used as the values 02 2, 0 and u2 3, 0 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 

5 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 

10 difference signal converting method. 

Next, the second color difference signal converting method 

performed in the step 5102 is described with reference to 

Figs. SA to SE. 

In the second color difference signal converting method, as 

15 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+l) {or (x,2y+l) and (x,2y+2)) adjacent to each other in 

20 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+l) (or (x,2y+l) and (x,2y+2)) for each pair of first 

color difference signals er of co-ordinates (x,2y) and (x, 

2y+l) (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+l) (or (x,2y+l) 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) and 

5 {x,2y+l)· (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+l} (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 

10 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 er 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 

15 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 

20 unit 16c, an average of two values Ulx,zy and u1x,zy+l (or Vlx,zy 

and Vlx, 2y+1 ) of two color difference signals er {or Cb) 

adjacent to each other in the y direction is calculated for 

each pair of color difference signals er (or Cb) adjacent to 

each other in the y direction, and the averaqe is set as 
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values Ulx, 2y and Ulx, 2y+l (or Vlx, 2y and Vlx, 2y+1) of two color 

difference siqnals Cr (or Cb). Thereafter, in the same manner 

as in the first color difference signal converting method, the 

number of color difference signals er (or Cb) in the y 

5 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 er• and Cb' are determined according to a 

10 signal conversion equation (2). 

U22ic,y = U22x+1,y = (U1x,2y + Ulx,2y+i) /2 

V22x,y = V22x+l,y = (V1x,2y + V1x,2y+l) /2 ---(2) 

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

For example, as shown in Figs. SA to SE, in cases where 

15 color difference signals er and Cb corresponding to luminance 

signals Y of one sub-frame composed of 8*4 pixels are input to 

the color difference siqnal converting unit 16, values of 

4:2:0 type converted color difference signals Cr' and Cb' are 

determined as follows. 

20 U2o,o = 0 21,0 = (Ulo,o + Ulo,1)/2, u22,o = Ul3,o = (Ul1,o + U11,1)/2, 

020,1 = U21,1 = (U 10,2 + Ulo,3) /2, 022,1 = 023,1 = {U11,2 +011,3) /2, 

V2o,o = V21,o = (Vlo,o + Vlo,1)/2, V22,o = V23,o = (V11,o + V11,1)/2, 

V20,1 = V21,1 = (Vlo,2 + Vlo,3)/2 and V22,1 = V23,1 = (Vl1,2 +V11,3)/2 

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

25 signals er and Cb are used to produce the 4:2:0 type converted 
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color difference signals er• 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 picture indicated by the 4:1:1 type 

5 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 Ulx, 2y and Ulx,ay+l of 

two color difference signals er {or Cb) placed at positions 

10 adjacent to each other is calculated and set as values U22x,y 

and U2 2x+l,y of two converted color difference signals Cr• (or 

Cb') adjacent to each other, even though a particular color. 

difference signal er (or Cb), in which a noise is undesirably 

added, is input to the converting unit 16, an adverse 

15 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 

20 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. SA to SE. 

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

lo comprises: 

the signal value setting unit 16c, the y-directional signal 

halving unit 16a, and 

s an x-directional signal doubling unit 16d 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 

10 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 

15 outputting the color difference signals as the 4:2:0 type 

converted color difference signals er• (or Cb'). 

In the above configuration, the number of first (or second) 

color difference signals er (or Cb) is halved in the halving 

unit 16a, Thereafter, in the doubling unit 16d, a first (or 

20 second) color difference signal Cr {or Cb) is added to a 

position between each pair of first (or second) color 

difference signals er {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 

25 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 the 4:2:0 type converted 

5 color difference signals er• (or Cb'). That is, in the halving 

unit 16a, 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 er and Cb in the 

same manner as in the second color difference signal 

10 converting method. Also, in the doubling unit 16d, for 

example, a particular converted color difference signal er• 

(or Cb') placed at each odd-numbered x co-ordinate value is 

added, a value u22x+l,y {or v22x+i,y) of each particular converted 

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

15 value of values u22x,y and U22 cx+l),y (or V22x,y and V22cx+i),y) of 

converted color difference signals er• (or Cb') placed on both 

sides of the particular converted color difference signal in 

the x direction, so that a resolution of the converted color 

difference signals Cr' and Cb' in the x direction is doubled. 

20 For example, values _of converted color difference signals er• 

and Cb' are determined according to a signal conversion 

equation (3). 

U22x,y = ( U1x,2y + U1x,2y+d /2 

U22x+1,y = ( a022x,y + ( l-a)U22cx+l),y) /2 
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V22x,y = {V1x,2y + V1x,2y+d /2 ~ 

V22x+1,y = ( aV22x,y + ( l-a)V22cx+i1,y) /2 ---(3) 

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

In this case, because any of values of rightmost converted 

5 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 

10 on the left side of the rightmost converted color difference 

signal for each row of each sub-frame. 

As an example shown in Figs. SA to SE, 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 

15 the color difference signal converting unit 16, when a 

20 

constant value a is set to o.s, values of 4:2:0 type converted 

color difference signals Cr' and Cb' are determined as 

follows. 

020,0 = { Ulo,o + U10,i)/2, U22,o = {U11,o + U11,1} /2, 

021,0 = (U2o,o + 0 22,0)/2, 023,0 = 022,0' 010,1 = ( Ulo,2 + Ulo,3) /2, 

022,1 = ( Ul1,2 + Ul1,3)/2, 021, 1 = ( 020, 1 + U22,i) /2 / U2 3, l = t)'l 2 I l t 

V2o,o = (Vlo,o + Vlo,1)/2, V22, o = (Vl1,o + Vl1,d /2' 

v21,o = (V2o,o + V22,o) /2, V21,o = V22,01 V2o, 1 = ( V10,2 + Vlo,3)/2, 

V22, l = (V11,2 + V11,3)/2, V21, 1 = (V2o,1 + V2 2, i) / 2, V23, 1 = V22, 1 
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Accordingly, even though values U2 2x,y and U22cx+l) ,y of 

particular converted color difference signals Cr' (or Cb') 

produced from values of color difference signals er (or Cb) 

are considerably different from each other, beca~se a value 

5 between the values u2 2x,y and u22(x+l) ,y is interpolated as a 

value U2 2x+i,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 

10 discrete cosine transform (OCT) 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 

15 frequency portions, a compression efficiency can be impr~ved. 

Next, the fourth color difference signal converting method 

performed in the step 5102 is described with reference to 

Figs. SA to BE. 

In the fourth color difference signal converting method, as 

20 shown in Fig. 90, 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+l) 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+l,2y) and 

(x+l,2y+l) adjacent to each other in the y direction for each 

5 group of first (or second) color difference signals of the 

co-ordinates (x,2y), (x,2y+l), (x+l,2y) and (x+l,2y+l); 

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 

10 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 l6q for setting the first 

interpolated value calculated in the interpolated value 

15 calculating unit 16f as values of the first (or second} color 

difference signals of the co-ordinates (x,2y) and {x,2y+l}; 

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 

20 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 

25 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 er• (or Cb'). 

5 In the above configuration, in the average value 

calculating unit 16e, a first average of two values Ulx, 2y and 

u1x,2y+i (or Vlx, 2y and Vlx, 2y+l) of two color difference signals 

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

second average of two values Ulx+I, 2y and Ulx+i, 2y+i (or Vlx+1, 2y and 

10 Vlx+i, 21+1 } of 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 

15 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 

20 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 er {or Cb) 

adjacent to each other in the X direction and setting 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 u2 2x,y (or V2 2x,y) of 

5 each converted color difference signal Cr' (or Cb') in the 

setting unit 16g, a resolution of the color difference signals 

er and Cb in the y direction is reduced to half that of the 

4:1:1 type color difference signals er 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 

u22x+1,y (or V2 2x+i,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 U22x,y = (3A + B)/4 

U22x+1,y = {A + 3B)/4 

A = ( Ulx:,2y + Ulx,2y+i} /2 

B = ( 0 1x+1,2y + U1x+t,2y+d /2 

V22x,y = (3C + 0)/4 

2 0 v22x+i,y = ( C + 30) / 4 

C = (V 1x,2y + Vlx,2y+i) /2 

D = (V1x+i,ly + V1x+l,2y+i) /2 

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

---(4) 

In this case, any of values of rightmost converted color 

25 difference signals is not determined according to the 
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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 

5 each sub-frame. 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 

10 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. SA to BE, in cases.where color 

15 difference signals Cr and Cb corresponding to luminance 

siqnals Y of one sub-frame composed of 8*4 pixels are input to 

the color difference signal conv~rting unit 16, values of 

4:2:0 type converted color difference signals Cr' and Cb' are 

determined as follows. 

20 U2o,o = (tJlo,o + {Jlo,1)*3/8 + (Ul1,o + Ul1,1)*l/8, 

021,0 = (Ulo,o + Ulo,i}*l/8 + (Ul1,o + Ul1,i)*3/8, 

u20,1 = (Ulo,1 + Ulo, 3)*3/8 + (Ul 1 , 2 + 01 1, 3}*1/8, and 

Ul1,1 = (Ulo,2 + Ulo,3)*1/8 + (Ul 1,2 + Ul1,3)*3/8 

Accordingly, even though values of color difference signals 

25 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 

5 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 

10 method. 

Next, three actual examples (x=O,l and y=O,l in the 

equations ( 1), ( 2), ( 3) and { 4)) of the color difference 

signal conversion are described with reference to Figs. 11 and 

13. 

15 In a first actual example, in cases where 4:1:1 type color 

difference signals er (or Cb), of which values are shown in 

Fig. llA, 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 

20 method, 4:2:0 type converted color difference signals er• (or 

Cb'), of which values are shown in Fig. llB, 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 

25 difference signals Cr' (or Cb'), of which values are shown in 
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Fig. llC, 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 er• (or Cb'), of which 

5 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 er• (or 

Cb'}, of which values are shown in Fig. llE, are output from 

10 the converting unit 16. 

Also, in a second actual example, in cases where 4:1:1 type 

color difference signals er (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 

15 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 er• (or Cb'), of which values are 

20 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 1
), of which 

values are shown in Fig. 120, are output from the converting 

25 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 

5 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 er (or Cb), of which values are shown 
. 

in Fig. 13A, are input to the color difference signal 

10 converting unit 16, 4:2:0 type converted color difference 

signals Cr' (or Cb'), of which values are shown in Fig. l3B, 

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 

15 color difference signals Cr' (or Cb'), of which values are 

shown in Fig. 13C, 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 er• (or Cb'), of which 

20 values are shown in Fig. 130, 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 1 

(or Cb'), of which values are shown in Fig. 13E, are output 

25 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, 

5 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 siqnal not indicated in Fig. llA, Fig. 12A 

or Fig. 13A, the value is indicated by a sign "-" in Fig. llE, 

10 Fig. 12E or Fig. 13E. 

Features of conversion results (or converted color 

difference signals Cr' (or Cb 1
)} in the actual examples are 

described. 

In the first and second color difference signal converting 

15 methods, values u22x,y and u22x+I,y (or v22x,y and v22x+i,y) of 

converted color difference signals Cr' (or Cb') adjacent to 

each other in the x direction are the same as each other in 

all actual examples. 

In the first color difference signal converting method, 

20 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 Fig. llA, 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 

5 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. llA, a set of values of color difference signals in the 

second line shown in Fig. 12A and a set of values of color 

difference signals in the second line shown in Fig. 13A are 

10 different from each other, a set of values of converted color 

difference signals placed in the first line shown in Fig. llB, 

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 

15 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+l) adjacent to each 

other in the y direction is set as a value of a converted 

20 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+l,2y) and (x+l,2y+l) 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 

25 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+l,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+l,y). 

5 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 

10 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 

15 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 

20 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 

25 component picture signals can be directly converted into the 
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4:2:0 type component picture siqnals. 

(Second Embodiment} 

In general, luminance information of a natural picture and 

color information of the natural picture correlate to each 

5 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 

10 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 

15 21 comprises 

the input unit 12, the Y frame memory 13, the input er 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 

20 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 

25 signals Cb' for each frame while referring the referential 
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luminance signals, 

the output er frame memory 17, the output Cb frame memory 18 

and the output unit 19. 

In the above configuration, an operation performed in the 

5 picture signal converting apparatus 21 is described in brief 

with reference to Fig. 15. 

As shown in Fig. 15, after the step SlOl 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 

10 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 er• and Cb' while 

referring a plurality of referential luminance signals Y 

extracted by the referential luminance signal extracting unit 

15 22 according to a fifth color difference signal converting 

method or a sixth first color difference signal convertin·g 

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 

20 in the output Cb frame memory 18. Thereafter, the steps Sl03 

and Sl04 are performed in the same manner as in the converting 

unit 11. 

The fifth color difference signal converting method 

performed in the step S201 according to the second embodiment 

25 is described in detail with reference to Figs. SA to 8E. 



1 1 1 

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 

5 averaqe of values of two color difference signals er (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 

10 luminance 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+l,2y}, calculating a first 

weighting factor B/2(A+B) and a second weighting factor 

15 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 

20 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 

25 a first multiplied value by multiplying the value Ulx, 2y (or 
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Vlx, 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 Ulxu,2y (or Vlx+l, 2y) 

of the color difference signal of the co-ordinates (x+l,2y) by 

S the second weighting factor, calculating a third multiplied 

value by multiplying the value Ulx, 2y+l (or Vlx,2y+i) 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 Ulx+t,ly+l (or Vlx+1, 2yu) of the color 

10 difference signal of the co-ordinates (x+l,2y+l) 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 

15 (x,2y) and (x,2y+l); 

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 

20 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 • ) • 

In the above configuration, an average of two values u1x, 2y 

and Ulx, 2y+l {or Vlx, 2y and Vlx,ly+i) of two color difference 

signals er (or Cb) adjacent to each other in the y direction 
' 

5 is calculated in the average value calculating unit 23a and is 

set as a value u22x,y (or V22x,y) 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 16a to 

reduce a resolution of the converted color difference signals 

10 Cr' and Cb 1 in the y direction to half that of the 4:1:1 type 

color difference signals er and Cb. Also, a value u22x+l,y (or 

V22x+l,y) of a converted color difference siqnals Cr' {or Cb') 

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

having the value u22x,y {or v22x,y) in the x direction is 

15 calculated in the interpolated value calculating unit 23d and 

the x-directional signal doubling unit 23e by linearly 

interpolating weighted values obtained by weighting vaiues of 

four color difference signals placed at co-ordinates (x,2y}, 

{x+l,2y), (x,2y+l) and (x+l,2y+l) with the weighting factors 

20 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+l,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 siqnals placed at co-ordinates (4 

(x+l),2y), {4(x+l)+l,2y), {4(x+l)+2,2y} and (4(x+l)+3,2y) 

corresponding to the color difference signal at the co-ordinat 

es (x+l,2y), a third group of referential luminance signals 

5 placed at co-ordinates (4x,2y+l), (4x+l,2y+l), (4x+2,2y+l) and 

(4x+3,2y+l) 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+l),2y+l}, (4 

(x+l)+l,2y+l), (4{x+l)+2,2y+l) and (4(x+l)+3,2y+l) 

10 corresponding to the color difference signal at the 

co-ordinates (x+l,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 

15 conversion equation (5). 

U22x,y = ( U1x,2y + U1x,2y+i} /2 

U22x+1,y = Ulx,2y * B/2(A+B) + Ulx+l,2y * A/2(A+B) + 

Ulx,2y+1 * D/2{C+D) + Ulx+l,2y+t * C/2(C+O) 

V22x,y = (V 1x,2y + V1x,2y+i} /2 

20 V22x+l,y = Vlx,2y * B/2(A+B) + Vlx+l,2y * A/2(A+B) + 

Vlx,2y+l * D/2(C+D) + Vlx+l,2y+l * C/2(C+D) 

A= {(Y4x,2y + Y4x+1,2y) - (Y4x+2,2y + Y4x+J,2y}}2 

B = {{Y4(x+lJ,2y + Y4(x+l)+l,2y) - (Y4x+2,2y + Y4xu,2y)}2 

C = {(Y4x,2y+l + Y4x+1,2y+1) - (Y4x+2,2y+l + Y4x+J,2y+1)}2 

25 D = {(Y4(x+l),2y+l + Y4(X+l)+l,2y+i) - (Y4x+2,2y+l + Y4x+J,2y+1) }2 

---(5) 
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Here x=O,l,2,3,-- and y=0,1,2,3,-- are satisfied. 

In the equation (5), as values of particular luminance 

signals Y 4x+2,2y and Y4x+3,2y {or Y 4x+2,2y+1 and Y 4x+3,2y+i} 

corresponding to a particular converted color difference 

5 signal u22x+l,y or v2 2x+l,y placed at an interpolation position 

( 2x+l ,y) approaches values of luminance signals Y4(x+l),2y and 

Y4{x+l)+1,2y (or Y4cx+l),2y+l and Y4cx+1i+1, 2y+i) placed on the right 

side of the particular luminance signals, the influence of a 

particular color difference signal Ulx+1, 2y or Vlx+1, 2y (or 

10 Ulx+1,2y+l or Vlx+l,ly+i) corresponding to the luminance signals 

Y4cx+1i,2y and Y4(x+1i+1,2y (or Y4cx+1i,2y+1 and Y4cx+l)+1,2y+i) on a value 

of the particular converted color difference signal is 

increased. In contrast, as values of particular luminance 

signals Y4x+2,2y and Y4x+3,2y (or Y4x+2,2y+1 and Y4x+l,2y+i) 

15 corresponding to a particular converted color difference 

signal U22x+l,y or v22x+l,y placed at an interpolation position 

( 2x+l ,y} approaches values of luminance signals Y4x,2y and 

Y4x+i,2y (or Y4x,2y+1 and Y 4x+l,2y+i) placed on the left side of the 

particular luminance signals, the influence of a particular 

2 0 color difference signal Ulx,ly or Vlx, 2y (or Ulx,2y+1 or v1x,2y+i) 

corresponding to the luminance signals Y 4x, 2y and Y4x+i,2y (or 

Y4x,2y+1 and Y4x+1,2y+i) 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 Y4(x+1i,2y and Y4(x+1i+1,2y1 B<A is 

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

5 the influence of the color difference signal Ulx+t, 2y on the 

value of particular converted color difference signal 

U2 2x+l,y is larger than the influence of the color difference 

signal u~, 21 on the value of particular converted color 

difference signal U2 2x+l,y. Here, the value A corresponds to a 

10 distance between a group of values of the luminance signals 

Y4x,2y and Y4x+i,ly and a group of values of the luminance 

signals Y4x+2,2y and Y4x+l,2y1 and the value B corresponds to a 

distance between a group of values of the luminance signals 

Y4(x+l) ,2y and Y4(x+l)+l, 2y and a group of values of the luminance 

15 signals Y4x+2,2y and Y4x+3,2y• 

Therefore, the correlation between luminance information 

and color information in a natural picture can be considered. 

In the equation {S), because any of values of rightmost 

converted color difference signals is not determined according 

20 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 siqnal for each row of each sub­

frame. 

As an example shown in Figs. SA to SE, in cases where color 

5 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 er• and Cb• are 

determined as follows. 

10 U2o,o = {Ulo,o + Ulo,i)/2 

021,0 = U1o,o*Bo/2 (Ao+Bo} + Ul1,o*Ao/2 (Ao+Bo) + Ulo,1*Do/2 (Co+Do) 

+ Ul1,1*Co/2(Co+Do) 

0 22,0 = (011,0 + 0 11,1)/2 

020,1 = ( Ulo,2 + Ulo,J) /2 

15 021,1 = Ulo,2*B1/2_(A1+B1) + Ul1,2*A1/2(A1+Bi) + Ulo,3*D1/2(C1+D1} 

+ Ul1,3*Ci/2 ( C1+D1} 

022,1 = (U11,2 + U11,3) /2 

V2o,o = (V1o,o + Vlo,1} /2 

V21,o = Vlo,o*Bo/2 (Ao+ Bo) + Vl1,o*Ao/2 (Ao+Bo} + Vlo,1*Do/2 ( Ca+Do} 

20 + Vl1,1 *Co/2 {Co+ Do) 

V22,o = (V11,o + V11,1) /2 

V20,1 = (Vlo,2 + Vlo,J) /2 

V21,1 = Vlo,2*B1/2 (A1+Bi) + Vl1,2*Ai/2 (A1+B1) + V10,3*D1/2 ( C1+Di) 

+ Vl1,3*C1/2(C1+Di) 

25 V22,1 = (Vl1,2 + Vl1,3) /2 

Ao = {(Yo,o+Y1,o) - (Y2,o+Y3,o) }2, Bo = { (Y4,a+Ys,o) - (Y2,o+Y3,o) }2 



118 

. 
Co = { ( Yo,1+Y1,i) (Y2,1+Y1,1) }2, Do = { (Y4,1+Y5,1) - (Y2,1+Y1,1) }2 

A1 = {(Yo,2+Y1,2} { Y2,2+Y1,2) }2, B1 = { ( Y4,2+Y5,2) (Y2,2+Y3,2) }2 

C1 = {(Yo,1+Y1,3) ( Y2,1+Y3,1) }2, D1 = { ( Y4, 3+Ys,3) - (Y2,3+Y1,1) }2 

Accordingly, because the luminance signals Y are ref erred 

5 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 

10 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 

15 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 

20 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+l,2y), calculating a 

25 first weighting factor B/2(A+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 

5 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+l,2y+l) and calculating a fifth weighting factor F/2 

(F+E) and a sixth weighting factor E/2(E+F), a seventh 

10 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 23g for calcul~ting 

a first multiplied value by multiplying the value of the color 

15 difference signal Cr (or Cb) of the co-ordinates (x,2y) by the 
•. 

first weighting factor, cal~ulating a second multiplied value 

by multiplying the value of the color difference signal of the 

co-ordinates (x+l,2y) by the second weighting factor, 

calculating a third multiplied value by multiplying the value 

20 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+l,2y+l) by the sixth weighting factor, 

calculating a first interpolated value from the first, second, 

25 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 

5 co-ordinates (x+l,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+l) by the seventh weighting factor, calculating an 

eighth multiplied value by multiplying the value of the color 

10 difference signal of the co-ordinates (x+l,2y+l) by the eighth 

weighting factor, c~lculating 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 

15 calculating unit 23g as values of the color difference signals 

er (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 

20 are set in the signal value 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 

25 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 

5 y-directional signal halving unit 23h in the x direction and 

outputting the color difference signals as the 4:2:0 type 

converted c"olor difference signals Cr' (or Cb'). 

In the above configuration, a value U22x,y (or v22_x,y) of a 

converted color difference signal er• {or Cb') is set in the 

10 signal value setting unit 23h to a first interpolated value 

calculated from a value Ulx, 2y (or Vlx, 2y) of a color difference 

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

Ulx+1,2y (or Vlx+1, 2y) of a color difference signal of second 

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

15 the x direction, a value u1x, 2y+l (or Vlx,ly+d 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 Ulx+1,2y+1 

(or Vlx+i, 2y+1) of a color difference signal of fourth 

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

20 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 calculat~d 

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 U22x+1,y {or V22x+i,y) of a 

5 converted color difference signal adjacent to the converted 

color difference signal of the value U22x,y (or V22x,y) in the x 

direction is calculated in the x-directional signal doubling 

unit 2 3i from the values Ulx,2y, Ulx+1,2y1 Ulx,2y+11 01x+1,2y+1 (or 

v1x,2y1 Vlx+l,2yr v1x,2y+1 1 Vlx+l,2y+l) of the color 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). 

20 

U22x,y = Ulx,2y * B/2(A+B) + Ulx+1,2y * A/2(A+B) + 

Ulx,2y+1 * F/2(E+F) + Ulx+l,ly+l * E/2(E+F) 

U22x+1,y = Ulx,2y * D/2(C+D) + Ulx+1,2y * C/2(C+D} + 

Ulx,2y+l * H/2(G+R) + Ulx+l,2y+l * G/2(G+R) 

V22x,y = v1x,2y * B/2(A+B) + vlx+l,2y * A/2(A+B) + 

vlx,2y+l * F/2(E+F) + vlx+l,2y+l * E/2(E+F) 

v22x+l,y = Vlx,ly * D/2(C+D) + vlx+l, 2y * C/2(C+D) + 

Vlx,2y+l * H/2(G+H) + Vlx+l,2y+l * G/2(G+H) 

A= {(Y4x,2y + Y4x+l,2y + Y4x+2,2y + Y4x+J,2y} - 2(Y4x,2y + 

25 Y4x+1,2y) }2 
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B = { (Y4(x+l),2y + Y4(x+l)+l,2y + Y4{x+l)+l,2y + Y4(x+1)+3,2y) 

- 2(Y4x,2y + Y4x+1,2y)}2 

C = {(Y4x,2y + Y4x+1,2y + Y4x+2,2y + Y4x+l,2y) - 2{Y4x+2,2y + 

Y4x+l,2y) }2 

5 D = { (Y4(x+l),2y + Y4(x+l)+l,2y + Y4(X+l)+2,2y + Y4(x+l)+3,2y) 

- 2 (Y4x+2,2y + Y4x+3,2y} }2 

E = {(Y4x,2y+l + Y4x+l,2y+l + Y4xi'.2,2y+l + Y4x+l,2y+l) 

- 2(Y4x,2y+l + Y4x+l,2y+1) }2 

F = { (Y4(x+l),2y+l + Y4(x+l)+l,2y+l + Y4(x+l)+2,2y+l + Y4(x+l)+3,2y+i) 

10 - 2(Y4x,2y+l + Y4x+l,2y+i)}2 

G = { (Y4x,2y+1 + Y4x+1,2y+i + Y4x+2,2y+l + Y4x+3,2y+i) 

- 2 ( Y4x+2,2y+l + Y 4x+l,2y+l) >2 

F = { (Y4(x+l),2y+l + Y4(x+l)+l,2y+l + Y4(x+l)+2,2y+l + Y4(x+l)+3,2y+i) 

- 2(Y4x+2,2y+l + Y4x+3,2y+1)} 2 ---(6) 

15 Here x=0,1,2,3,-- and y=O,l,2,3,-- are satisfied. In the 

equation (6), it is applicable that the square root of each 

weighting factor A to F 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 interpolati~n for 

ea.ch 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 
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the extrapolation. For example, a value of one rightmost 

converted color difference signal and a value of one second 

riqhtmost converted color difference signal are set to a value 

of a third rightmost converted color difference signal placed 

5 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. SA to SE, 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 

10 the color difference signal converting unit 23, values of 

4:2:0 type converted color difference signals er• and Cb' are 

determined as follows. 

020,0 = Olo,o*Bo/2(Ao+Bo) + Ol1,o*Ao/2(Ao+Bo) + Ulo,1*Fo/2(Eo+Fo) 

+ Ul1,1*Eo/2 (Eo+Fo} 

15 u21,o = Ulo,o*D0/2(C 0+D 0 ) + Ul1, 0*C 0/2(Co+Do} + Ulo,1*Ho/2(Go+Ho) 

+ Uli,f*G0/2(G0+H 0 ) 

20 

25 

V2o,o = Vlo,o*Bo/2 (Ao+ Bo) + Vl1,o*Ao/2 (Ao+ Bo) + Vlo, 1*Fo/2 (Eo+Fo) 

+ V11,1*Eo/2(Eo+Fo) 

V21,o = Vlo,o*Do/2(Co+Do) + Vl1,o*Co/2(Co+Do) + Vlo,1*Bo/2(Go+Bo) 

+ Vl1,1*Go/2(Go+Ho) 

Ao = { ( Yo , o + Y 1, o + Y 2 , o + Y 3 , o ) 2(Yo,o + Y1,0)>2 

Bo = {(Y4,o + Ys,o + Y6,o + Y1,o) - 2(Yo,o + Y1,0)}2 

Co = {(Yo,o + Y1,o + Y2,o + y 3,0} 2 ( Y2,o + Y3,o) }2 

Do = {(Y4,o + Ys,o + Y6,o + Y7 ,a) 2 ( Y2,o + Y3,o) }2 

Eo = {(Yo,1 + y 1, 1 + Y2,1 + Y3,i) 2(Yo,1 + Yi,1)}2 

Fo = {{Y4,1 + Ys, 1 + Y6,1 + Y1, i) 2 (Yo, 1 + Y1,1) }2 
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Go = { (Yo,1 + Y1,1 + Y2,1 + Y3,i) 

Ho= {(Y4,1 + Ys,1 + Ys,1 + Y1,1) 

2(Y2,1 + Y3,i)}2 

2(Y2,1 + Y3,i)}2 

U20,1 = Ulo,2*B1/2 ( A1+Bt) + Ul1,2*A1/2 {A1+B1) + Ulo,f*F1/2 {E1+F1) 

+ Ul1,3*E1/2 (E1+F1) 

5 U21,1 = Ulo,2*D1/2{ C1+D1) + Ul1,2*C1/2 (C 1+Di) + Ulo,3*H1/2 (G1+Hi) 

10 

15 

20 

+ 011,f*Gi/2 ( G1 +Hi) 

V20,1 = Vlo,2*B1/2 (A1+B1} + Vl1,2*A1/2 (A1+Bi) + Vlo,3*F1/2 (E1+Fi) 

+ V11,3*E1/2 (E1+Fi) 

V21,1 = V10,2*D1/2(C1+Di) + Vl1,2*C1/2(C1+D1) + Vlo,3*H1/2(G1+Hi) 

+ Vl1,3*G1/2{G1+H1) 

A1 = {{Yo,2 + Y1,2 + Y2,2 + Y3,2) 2{Yo,2 + Y1,2} }2 

B1 = {(Y4,2 + Ys,2 + Y&,2 + Y1,2) 2 {Yo,2 + Y1,2)}2 

C1 = {{Yo,2 + Y1,2 + Y2,2 + Y3,2) 2(Y2,2 + Y1,2)}2 

01 = { { y 4,2 + Ys,2 + Y&,2 + Y1,2) 2 ( Y2,2 + Y3,2)>2 

E1 = {(Yo,3 + Y1,3 + Y2,3 + Y3,3} 2(Yo,3 + Y1,3) }2 

F1 = {(Y4
1
3 + Ys,3 + Ys,3 + Y7,3) 2 ( Yo,3 + Y1,3) }2 

G1 = { (Yo,3 + Y1,3 + Y2,3 + Y3,3) 2 ( Y2,l + Y3,3) }2 

H1 = {( Y4,3 + Ys,3 + Y&,3 + Y1 ,l) 2(Ya,3 + !3 1 3} }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 

25 difference signals can be made smoother that in the fifth 

color difference signal converting method. Therefore, when a 

discrete cosine transform (OCT) 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 

5 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 

10 the converted color difference signals, and an image of the 

natural picture can be faithfully reproduced at high 

definition. 

Next, actual examples of the color difference signal 

conversion according to the second embodiment are described 

15 with reference to Figs. 17A to 17E. 

Fig. 17A shows a plurality of 4:1:1 type luminance signals 

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 

20 plurality of 4:2:0 type converted color difference signals er 

(or Cb) obtained according to the fifth color difference 

signal converting method, Fig. 170 shows a plurality of 4:2:0 

type converted color difference signals Cr (or Cb) obtained 

according to the sixth color difference signal converting 

25 method, and Fig. 17E shows a plurality of 4:2:0 type converted 
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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 

5 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. 11B, the value 

10 is indicated by a sign "-" in Fig. 17C and 170. 

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 

15 color difference signals compressed in the DV compression 

format and the 4:1:1 color difference signals are converted 

into 4:2:0 type color difference signals compressed according 

to MPEGl or MPE~2, 4:2:2 type color difference signals of 

co-ordinates (O,y), (l,y), (2,y) and (3,y} correspond to 

20 luminance signals having values 200 for Y co-ordinates (O,y) 

and (l,y}, 100 for Y co-ordinates (2,y} and (3,y), 100 for Y 

co-ordinates (4,y) and (S,y) and 100 for Y co-ordinates (6,y) 

and (7,y), color difference signals of the 4:1:1 color 

difference signals of co-ordinates (O,y) and (1,y) correspond 

25 to luminance signals having values 200 for Y co-ordinates 
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(O,y) and (l,y) and 100 for Y co-ordinates (4,y) and {5,y). 

Therefore, 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 the correlation between color 

5 information and luminance information generally existlng in a 

natural picture is considered, it is preferable that values of 

the 4:2:0 type converted color difference signal of 

co-ordinates (O,O) and (l,O) be different from each other. 

As shown in Fig. 17(E), values of converted color 

10 difference signals Cr (or Cb) of co-ordinates (O,O} and (O,l) 

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 (O,O) and (0,1) 

15 are different from each other in the fifth color difference 

signal converting method. Therefore, a natural picture ca·n be 

faithfully reproduced in the fifth color difference signal 

converting method as compared with that in the first color 

difference.signal converting method. 

20 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 (O,O) and (O,l) according to the sixth 

color difference signal converting method is smaller than that 

according to the fifth color difference signal converting 

25 method. Therefore, because color information of the converted 
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color difference signals is concentrated in lower frequency 

portions, a compressi_on efficiency in an orthogonal conversion 
..... 

such aa OCT can be improved. 

Accordingly, in cases where the picture signal converting 

5 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 

10 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 

15 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 ovc format is converted into an 

20 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 

2 5 invention. 
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As shown in Fig. 18, a picture signal converting apparatus 

31 comprises 

an input-output unit 32 for receiving an orthogonal-converted 

digital compressed picture signal compressed in a DVC format 

5 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 

10 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 

15 signals, and 

a picture signal coding unit 35 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. 

20 The input-output unit 32 comprises an input unit 36 for 

receiving the digital compressed picture signals compressed in 

the ovc format, and an output unit 37 for outputting the 

digital compressed picture signals compressed in the MPEG2 

format with motion compensation. 

25 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 

5 length decoding for the digital compressed picture signals 

deshuffled in the preparing unit 38 to produce a plurality of 

quantized values of OCT coefficients, 

an inverted quantization unit 40 for performing an inverted 

quantization for the quantized values of the OCT coefficients 

10 to produce the OCT coefficients, and 

an inverted OCT processing unit 41 for performing an inverted 

DCT processing for the OCT coefficients to produce the 

non-compressed 4:1:1 type component picture signals. 

The picture signal coding unit 35 comprises 

15 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, 

20 a OCT compressing unit 44 for performing a OCT processing for 

the non-compressed 4:2:0 type component picture signals to 

obtain a plurality of OCT coefficients of picture signals and 

quantizing the DCT coefficients by dividing each of the OCT 

coefficients by a value of a quantized table to obtain a 

25 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 OCT coe·f ficients of picture signals, performing an 

inverted OCT processing for the OCT coefficients obtained in 

5 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 OCT 

expanding unit 45 as picture signals of a referential frame, a 

10 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 buff er 43 being set 

as picture signals of a current frame newly ~efined, 

a motion predicting unit 47 for predicting the motion of a 

15 picture of the current frame by calculating 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 

and the non-compressed 4:2:0 type component picture signals of 

the current frame stored in the input buff er 43 for each 

20 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 

25 specified by the motion vector for each macroblock, 
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a coding 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 

5 from the OCT 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-

10 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 

15 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 

20 picture signal converting unit 34. 

In the above configuration, an ope~ation 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. 

25 In a step 5301, 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. 

5 In a step 5302, 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 S303, the non-compressed 4:2:0 type component 

10 picture signals are coded to compressed picture signals 

compressed in the MPEG2 format with motion compensation, and 

the compressed picture signals are output from the outputting 

unit 37. 

In this case, it is preferred that the operations in the 

15 steps S301 to 5303 be performed in parallel to each other. 

That is, non-compressed 4:1:1 type component picture signals 

obtained in the step S301 are directly converted into 

non-compressed 4:2:0 type component picture signals in the 

step 5302 before all non-compressed 4:1:1 type component 

20 picture signals are not obtained in the step S301, and 

non-compressed 4:2:0 type component picture signals obtained 

in the step S302 are coded in the step S303 before all 

non-compressed 4:2:0 type component picture signals are not 

obtained in the step S302. 

25 Next, the decoding processing in the step 5301 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. 

5 To obtain digital picture signals compressed in the ovc 

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 

OCT block of DCT coefficients from each block, the OCT 

10 coefficients of each OCT 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 

15 format. 

Also, a macroblock is composed of four OCT blocks of OCT 

coefficients corresponding to luminance signals Y and two OCT 

blocks of OCT coefficients corresponding to color difference 

signals Cr and Cb, a superblock is composed of a plurality of 

20 macroblocks, and one frame in the ovc 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 

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

Fig. 20 is a flow chart of the decoding processing 

performed in the step S301. 

In a step S311, the digital compressed picture signals 

5 shuffled in the ovc format are deshuff led in the preparing 

unit 38, so that information of the macroblocks are arranged 

in the original positions for each frame. 

In a step S312, a variable length decoding is performed for 

the digital compressed picture signals in the variable length 

10 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 5313, an inverted quantization is performed for 

15 the variable length decoded information in the inverted 

quantization unit 40, so that the OCT coefficients are 

obtained. 

In a step 5314, an inverted OCT processing is performed for 

the OCT coefficients in the inverted OCT processing unit 41 to 

20 obtain pixel values of pixels for each frame. Therefore, the 

non-compressed 4:1:1 type component picture signals having the 

pixel values are produced. 

Next, the 4:2:0 type component picture signals coding 

processing performed in the step 5303 is described in detail. 

25 Fig. 21 is a flow chart of the picture signals coding 
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processing performed in the step S303. 

In a step 5321, a OCT processing is performed in the OCT 

compressing unit 44 for the non-compressed 4:2:0 type 

component picture signals obtained from the input buffer 43 to 

5 obtain a plurality of OCT coefficients of picture signals, and 

the OCT coefficients are quantized to obtain a plurality of 

quantized values of picture signals. 

In a step 5322, the coding control unit 42 selects a 

picture type (an I-picture, a P-picture or a B-picture) for 

10 the current frame processed in the OCT compressing unit 44. 

Here, an I-picture is predicted by encoding quantized values 

of OCT 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 

15 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 a frame 

succeeding to the frame of the B-picture. 

In cases where a P-picture or a B-picture is selected for 

20 the current frame by the coding control unit 42, the procedure 

proceeds to a step S323. 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 

25 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 

5 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, 

10 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 

15 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 OCT processing and the quantization are 

20 performed for the inter-frame difference information in the 

DCT compressing unit 44, and the motion vectors and the 

difference information OCT-processed and quantized (or the 

motion vectors and the difference information not 

OCT-processed or quantized) are transmitted to the coding 

25 selecting unit 48. 
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In a step 5324, an inverted quantization is performed in 

the inverted OCT expanding unit 45 for the quantized values of 

picture signals obtained in the OCT compressing unit 44 to 

produce OCT coefficients of picture signals, a OCT processing 

5 is performed for the OCT coefficients to reproduce the 

non-compressed 4:2:0 type component picture signals, and the 

non-compressed 4: 2: O type component ·picture signals are stored 

in the frame memory 46 as picture signals of the referential 

frame. 

10 In a step 5325, 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 

15 and inter-frame difference information OCT-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 

20 quantized values of the picture signals of one macroblock) 

produced in the OCT compressing unit 44 are transmitted to the 

variable length coding unit 49 for each macroblock. 

In contrast, in the step 5322, in cases where an I-picture 

is selected for the current frame by the coding control unit 

25 42, the quantized values of picture signals obtained in the 
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OCT compressinq 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 siqnals are transmitted to the 

5 inverted OCT expandinq unit 45, and the procedure proceeds to 

a step S326. 

In the step S326, an inverted quantization and a OCT 

processing are performed in the inverted OCT expanding unit 45 

for the quantized values of picture signals obtained in the 

10 OCT compressing unit 44 to reproduce the·· non-compress~d 4:2:0 

type component picture signals in the same manner in the step 

S324, 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 

15 to a step S327. 

In the step S327, a variable length coding is performed in 

the variable length coding unit 49 for the macroblock 

information transmitted from the coding selecting unit 48. 

In a step S328, a structure coding is performed in the 

20 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. 

25 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 

5 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. 

10 Next, the calculation of a motion vector obtained in the 

motion predicting processing of the step 5323 is described in 

detail. 

In the well-known calculation of the motion vectors, 

current pixel values at a macroblock of a current frame are 

15 compared with values of referential pixels placed at each of 

all macroblocks of a referential frame, errors respectively 

indicating the difference between one current pixel value and 

one ~orresponding referential pixel value are calculated for 

each macroblock of the referential frame, an average of the 

20 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 averaqe error 

smallest in the average errors is selected, and a positional 

difference between the macroblock of the current frame and the 

25 particular macroblock of the referential frame is calculated 



------------ ------

142 

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. 

5 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. 

10 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, 

15 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 pictures for the current frame is called a group of 

current hierarchy pictures (or simply called a group of 

20 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 

25 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 

5 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 the referential frame designated by a 

10 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. 

15 A producing method of a plurality of hier.archy pictures is 

described with reference to Fig. 22. Fig. 22 shows an example 

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 

20 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-

25 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 quarter that of the original picture as a 

hierarchy picture. Therefore, in cases where this down­

sampling is repeatedly performed for a picture produced just 

S 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. 

10 Accordingly, in cases where a large object is drawn in a 

natural picture, the motion of the large object is first 

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 

15 corresponding to a higher resolution while using a rough 

motion vector calculated just before the calculation of t·he 

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 

20 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 

25 plurality of current hierarchy pictures from a current 
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otiqinal 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 

S picture signals stored in the frame memory 46, 

a hierarchy picture memory 52 for storing the current 

hierarchy pictures and the referential hierarchy pictures, 

a motion vector calculating unit 53 for repeatedly 

calculating an intermediate motion vector from one current 

10 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 

15 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 motion vector calculating unit 53, 

a motion vector producing unit 55 for producing a motion 

20 vector from current and referential hierarchy pictures of the 

highest resolution and the intermediate motion vector finally 

calculated in the motion vector calculating unit 53 from 

current and referential hierarchy pictures of the second 

highest resolution and outputting the motion vector to the 

25 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 

di~f erence between a group of pixel values of one macroblock 

of the current frame and a group of pixel values of one 

5 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 

10 shown in Fig. 24. 

In a step 5331, 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 

15 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. 

20 In a step 5332, an intermediate motion vector is repeatedly 

calculated in the motion vector calculating unit 53. That is, 

the pixels of the 1/8-resolution picture of the current frame 

are divided into a plurality of current macroblocks 

respectively composed of 256 pixels (16*16). Also, a plurality 

25 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 

5 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 

10 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 

15 of the current frame designates the particular referential 

macroblock of the referential frame, and the intermediate 

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 

20 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 1/4-resolution picture of the referential frame in the 

25 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 

S 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 

10 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 

15 referential macroblock to the remarked current macroblock is 

calculated. Thereafter, the intermediate motion vector is 

stored in the rouqh motion vector storing unit 54 as a rough 

motion vector for each current macroblock. 

Thereafter, intermediate motion vectors are calculated for 

20 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 S333, a motion vector is finally produced in the 

motion vector producing unit 55 for each current macroblock 6f 

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

In a step 5334, 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 

5 referential macroblock specified by the motion vector 

corresponding to the current macroblock is produced in the 

inter-frame dif_ference 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 

10 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 

15 calculation of the intermediate motion vector. Therefore, a 

motion vector indicating the motion of the large object can be 

precisely calculated, and a compression efficiency in the MPEG 

coding can be heightened, and a reproduced picture quality can 

be improved. 

20 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 

25 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 ovc format can be precisely 

converted into the digital compressed picture signals 

compressed in the MPEG2 format with motion compensation, and a 

5 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 

10 intermediate motion vector, a calculation volume r~quired 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 

15 applicable that a well-known motion vector calculating method 

be used~to convert the digital compressed picture signals 

compressed in the ovc format into the digital compressed 

picture signals compressed in the MPEG2 format with motion 

compensation. 

20 (Fourth Embodiment) 

In a picture signal converting apparatus according to this 

embodiment, an orthogonal-converted digital compressed picture 

signal compressed in a ovc format is converted into an 

orthogonal-converted digital compressed picture signal 

25 compressed in an MPEG2 format with motion compensation while 
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OCT 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 

5 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 

10 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 OCT coefficients of luminance signals 

of the ovc format for the production of the digital compressed 

15 picture signals of the MPEG2 format. 

The picture signal coding unit 62 comprises the coding 

control unit 42, the input buffer 43, the OCT compressing unit 

44, the inverted OCT expanding unit 45, the frame memory 46, 

a DCT coefficient buffer 63 for storing a plurality of OCT 

20 coefficients of luminance signals obtained in the inverted 

quantization unit 40, 

a hierarchical inverted OCT processing unit 64 for performing 

a hierarchical inverted OCT processing for the OCT 

coefficients of luminance signals to produce a plurality of 

·25 hierarchy pictures of the current frame respectively 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 

5 stored 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 

10 frame and the non-compressed 4:2:0 type component picture 

signals of a corresponding macroblock of the referential frame 

indicated by the motion vector for each macroblock of the 

current frame, 

the coding selecting unit 48, the variable length coding unit 

15 49, and the structure coding unit so. 

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 

20 produced in the hierarchical inverted OCT processing unit 64, 

the motion vector calculating unit 53, the rough motion vector 

storing unit 54, the motion vector producing unit SS, and the 

inter-frame difference information producinq unit 56. 

In the above configuration, an operation of the picture 

25 signal converting apparatus 61 is described. 
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In this apparatus 61, a plurality of OCT coefficients 

expressing a plurality of luminance signals of non-compressed 

4:1:1 type component picture signals are transmitted to the 

picture signal coding unit 62, and a plurality of hierarchy 

5 picture~ are directly produced from the OCT 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 sfgnals compressed in 

10 the ovc 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 

15 picture signal decoding processing for the DVC format in the 

step S30l and a picture signal compressing processing for the 

MPEG format in the step 5303 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 

20 picture signal decoding unit 33. 

As shown in Fig. 28, after the steps 8311 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 8315 

whether or not a OCT block processed in the unit 40 to produce 

25 a plurality of DCT coefficients corresponds to luminance 
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signals. In cases where the OCT block corresponds to luminance 

si~nals, OCT coefficients of luminance signals included in the 

DCT block are stored in the OCT coefficient buff er 63 in a 

step 5316. In contrast, in cases where the DCT block 

5 corresponds to color difference siqnals er {or Cb), the 

procedure proceeds to a step 5317, an inverted OCT processing 

is performed in the i·nverted DCT processing unit 41 to produce 

non-compressed 4:1:1 type color difference signals er {or Cb} 

from OCT coefficients of color difference signals included in 

10 the OCT block by calculating pixel values of pixels from the 

OCT 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 

15 the input buffer 43. In this case, any OCT block of OCT 

coefficients of luminance signals is not processed in the 

inverted OCT processing unit 41, and any non-compressed 

lu~inance signal is not processed in the component picture 

signal converting unit 34. 

20 Fig. 29 is a flow chart showing a picture signal 

compressing processing performed in the picture signal coding 

unit 62. 

In a step 5341, because the OCT coefficients of luminance 

signals stored in the OCT coefficient buffer 63 and the 

25 non-compressed 4:2:0 type color difference signals stored in 



155 

the input buffer 43 are input to the OCT compressing unit 44, 

it is judged in the OCT compressing unit 44 whether or not 

data input to the OCT compressing unit 44 is a OCT block of 

OCT coefficients of luminance signals. In cases where 

5 non-compressed 4:2:0 type color difference siqnals transmitted 

from the input buffer 43 are input to the DCT compressing unit 

44, a OCT processing is performed for the non-compressed 4:2:0 

type color difference signals in a step 5342 to produce DCT 

coefficients of color difference signals. In contrast, in 

10 cases where DCT coefficients of luminance signals transmitted 

from the OCT coefficient buff er 63 are input to the OCT 

compressing unit 44, any OCT processing is not performed. 

Therefore, in cases where the steps 5341 and S342 are 

repeated, OCT coefficients of 4:2:0 type component picture 

15 signals of the current frame are prepared in the OCT 

compressing unit 44. 

In a step S343~ 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. 

20 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, the OCT coefficients of the picture signals 

(the OCT coefficients of the color difference signals and the 

25 DCT coefficients of the luminance signals) of the current 
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frame are quantized in the OCT 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, 

5 the quantized values of the current frame are transmitted to 

the inverted OCT 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 

10 produce OCT coefficients of picture signals, a OCT processing 

is performed for the OCT 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 

15 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 S346. In the step S346, a 

hierarchical inverted OCT processing described later in detail 

20 is performed in the hierarchical inverted OCT processing unit 

64 for the OCT coefficients of luminance signals stored in the 

OCT 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 

25 predicting unit 65. 
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In a step S347, a motion prediction is performed in the 
.... 

motion predictinq unit 65 according to the luminance signals 

of the referential frame stored in the frame memory 46 and the 

hierarchy pictures of the current frame stored in the 

5 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 

10 inter-frame difference information (or the inter-frame 

difference information OCT-processed and quantized in the OCT 

compressing unit 44) are transmitted to the coding selecting 

unit 48. 

In a step S348, an inverted OCT processing is performed in 

15 the inverted OCT expanding unit 45 for the OCT coefficients of 

the picture signals of the current frame obtained in the OCT 

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 

20 picture siqnals of the referential frame. 

In a step 5349, 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 

25 vectors is selected, the motion vectors and the inter-frame 
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difference information produced in the motion predicting 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 

5 selected, the quantized values of the picture signals produced 

in the OCT compressing unit 44 are transmitted to the variable 

length coding unit 49 as macroblock information for each 

macroblock. 

Thereafter, the steps S327 and 5328 are performed in the 

10 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 OCT coefficients of the 

15 luminance signals of the DVC format are used to predict the 

motion of a picture in each frame. 

The hierarchical inverted OCT processing performed in the 

step_S346 is described in detail with reference to Figs. JOA 

to 300. 

20 In brief, OCT 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 OCT coefficients while 

25 adding higher frequency components to the group of OCT 
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coefficients step-by-step, and a plurality of hierarchy 

pictures having different resolutions are produced. 

Figs. 30A to 30D respectively show a OCT block composed of 

a plurality of OCT coefficients arranged in a matrix of rows 

s and columns and a hierarchy picture obtained by performing an 

inverted OCT processing for a group of OCT coefficients 

selected from the OCT block. 

As shown in Fiq. 30A, in a first stage, a direct current 

component (or the lowest frequency component) arranged on the 

10 top left side of a OCT 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. 

15 As shown in Fig. 30B, in a second stage, four lower 

components arranged on the upper left side of the OCT block 

are selected, an inverted OCT processing is performed for the 

four lower components to obtain values of luminance signals 

corresponding to the lower components, and a 1/4-resolution 

20 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 1/2-resolution picture is produced. Also, 

as shown in Fig. 300, in a final stage, all components of the 

25 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 OCT processing, each inverted 

5 OCT 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 

10 the upper left side of the OCT block, and the 1/4-resolution 

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 

15 corresponding to the 1/4-resolution picture are selected from 

the upper left side of the OCT 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 

20 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 OCT processing 

shown in Fig. 31, a calculation volume can be reduced. 

25 Accordingly, because the OCT coefficients of the luminance 
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signals of the DVC format are used as the OCT coefficients of 

the luminance siqnals of the MPEG2 format by directly 

transmitting the OCT coefficients of the luminance siqnals 

obtained in the inverted quantization unit 40 to the picture 

5 coding unit 62 as the DCT coefficients of the luminance 

siqnals 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 OCT coefficients 

of the luminance signals of the DVC format into the DCT 

10 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 

15 compensation can be reduced. 

Also, because the calculation volume required for the 

production of the hierarchy pictures in the hierarchical 

inverted OCT processing unit 64 is almost the same as that 

required in the inverted OCT processinq unit 41 in which the 

20 inverted OCT processing is performed for the OCT coefficients 

of the luminance siqnals of the ovc format in the third 

embodiment, even though the hierarchy pictures is p_roduced, 

the increase of the calculation volume can be disregarded. 

In this embodiment, because any of the DCT coefficients of 

25 the luminance siqnals of the ovc format is not transmitted to 



162 

the inverted DCT processing unit 41, the component picture 

signal converting unit 34 does not function as the picture 

signal converting apparatus 21. However, in cases where the 

OCT coefficients of the luminance signals of the ovc format 

5 are transmitted to both the OCT coefficient buffer 63 and the 

inverted OCT processing unit 41, the component picture signal 

converting unit 34 can function as the picture signal 

converting apparatus 21. 

(Fifth Embodiment} 

10 In a picture signal converting apparatus according to this 

embodiment, an orthogonal-converted digital compressed picture 

signal compressed in a ovc format is converted into an 

orthogonal-converted digital compressed picture signal 

compressed in an MPEG2 format with motion compensation while 

15 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 

20 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 

25 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. 

-Th·e picture signal coding unit 72 comprises 

the coding control unit 42, the input buffer 43, -the OCT 

5 compressing unit 44, the inverted OCT expanding unit 45, the 

frame memory 46, the OCT coefficient buffer 63, 

a one-dimensional inverted OCT processing unit 73 for 

extracting a first group of OCT coefficients arranged in a row 

from the OCT coefficients of luminance signals stored in the 

10 OCT coefficient buffer 63, extracting a second group of OCT 

coefficients arranged in a column from the OCT coefficients of 

luminance signals stored in the OCT coefficient buffer 63, 

perf orminq a one-dimensional inverted OCT processing for the 

first group of OCT coefficients of luminance signals and the 

15 second group of OCT coefficients of luminance signals to 

obtain one dimensional information ex-directional information 

and y-directional information}, 
.. 

a m~tion predicting unit 74 for predicting the motion of a 

picture (or a motion vector) according to the non-compressed 

20 4:210 type component picture siqnals 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 OCT 

25 processing unit 73 and calculatinq 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, 

5 the coding selecting unit 48, the variable length coding unit 

49, and the structure coding unit SO. 

As shown in Fig. 33, the motion predicting unit 74 

comprises the motion vector calculating unit 53, the rough 

motion vector storing unit 54, the motion vector producing 

10 unit SS, 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 fourth embodiments shown in Fig. 19. 

That is, the steps 5301 and 5302 are performed in the 

15 apparatus 71 in the same manner as in the fourth embodiment, 

and a picture signal compressing processing in the step S303 

is different from that in the fourth embodiment. Fig. 34 is a 

flow _chart showing a picture signal compressing processing 

performed in the picture signal decoding unit 72. 

20 As shown in Fig. 34, after the steps 5341 to 5342 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 OCT compressing unit 44 in the step 

5343. 

25 In cases where an I-picture is selected by the coding 
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control unit 42, the OCT coefficients of the picture signals 

(the OCT coefficients of the color difference signals and the 

DCT coefficients of the luminance signals read out from the 

OCT coefficient buffer 63) of the current frame are quantized 

5 in the OCT compressing unit 44 in the step 5344, 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 5345, an inverted quantization is 

performed in the inverted OCT expanding unit 45 for the 

10 quantized values of picture signals obtained in the OCT 

compressing unit 44 to produce OCT coefficients of picture 

signals, a OCT processing is performed for the OCT 

coefficients to reproduce the non-compressed 4:2:0 type 

component picture signals, and the non-compressed 4:2:0 type 

15 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 5351. In the step 5351, a one-

20 dimensional inverted OCT processing described later in detail 

is performed in the one-dimensional inverted OCT processing 

unit 73 for the OCT coefficients of luminance signals stored 

in the OCT coefficient buffer 63 to produce one-dimensional 

information of the current frame, and the one-dimensional 

25 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 

5 motion vectors and inter-frame difference information of pixel 

values are obtained. Thereafter, the motion vectors and the 

inter-frame difference information OCT-processed and quantized 

in the OCT compressing unit 44 are transmitted to the coding 

selecting unit 48. 

10 Thereafter, the steps S348 and 5349 and the steps S327 and 

S328 are performed in the same manner as in the fourth 

embodiment. 

Next, the one-dimensional inverted OCT processing performed 

in the step S351 and the motion prediction performed in the 

15 step S352 are described in detail with reference to Fig. 35. 

Fig. 35 shows the one-dimensional inverted OCT processing 

and the motion prediction performed in the one-dimensional 

inverted OCT processing unit 73 and the motion predicting unit 

74. 

20 As shown in Fig. 35, a plurality of OCT coefficients are 

arranged in each OCT block in a matrix of rows and columns. 

In the one-dimensional inverted OCT processing performed in 

the one-dimensional inverted OCT processing unit 73, an 

x-directional group of OCT coefficients arranged in series in 

25 the x direction (or lateral direction) and a y-directional 
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group of OCT coefficients arranged in series in the y 
... ~ • direction (or longitudinal direction) are selected from each 

OCT block, an inverted OCT processing is performed for the 

x-directional group of OCT coefficients and the y-directional 

5 group of OCT 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 arranged in the x direction 

10 are called x-directional information for one OCT block, the 

values of eight non-compressed luminance signals arranged in 

the y direction are called y-directional information for one 

OCT block, and one-dimensional information for one OCT 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 

produced by combining four pieces of x-directional information 

corresponding to 2*2 OCT 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 

corresponding to 2*2 OCT 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 information 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 

5 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 

10 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 

15 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 

information for the remarked current macroblock and a patten 

of values of 16*2 luminance signals of each referential 

20 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 

25 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 

5 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 

10 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 predicti~n 

15 required for the y-directional info~mation is not so much. 

Therefore, the calculation volume in the motion prediction 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 

20 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 OCT 

processing is performed for each hierarchy picture of the 

25 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 

5 patten of y-directional information for one hierarchy picture 

of one current 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) 

10 In this embodiment, any component signal converting unit 

used in the third to fifth embodiments is not used, but the 

arrangement of OCT coefficients of 4:1:1 type color difference 

signals obtained in a picture decoding processing as 

intermediate information is changed to convert a compression 

15 format of digital picture signals. 

Fig. 37 is a block diagram of a picture signal converting 

apparatus according to a sixth embodiment. 

As shown in Fig. 37, a picture signal converting apparatus 

81 comprises 

20 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 

25 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 

quantizatio·n unit 4 0, 

a OCT coefficient converting unit 83 for extracting OCT 

5 coefficients of 4:1:1 type color difference signals from the 

OCT coefficients of 4:1:1 type component picture signals 

obtained in the inverted quantization unit 40 and converting 

the OCT coefficients of 4:1:1 type color difference signals to 

OCT coefficients of 4:2:0 type color difference signals by 

10 changing the arrangement of the OCT coefficients of 4:1:1 type 

color difference signals, and 

an inverted DCT processing unit 84 for performing an inverted 

OCT processing for the OCT coefficients of luminance signals 

obtained in the inverted quantization unit 40 and the OCT 

15 coefficients of 4:2:0 type color difference signals obtained 

in the OCT coefficient converting unit 83 to produce the 

non-compressed 4:2:0 type component picture signals. 

In the above configuration, an operation of the picture 

signal converting apparatus 81 is described. 

20 In this apparatus 81, because lower frequency components 

placed on an upper left side in a block of OCT coefficients of 

color difference signals indicates color difference 

information, a half portion of the OCT coefficients of 4:1:1 

type color difference signals placed on a lower side (or 

25 higher frequency side) is removed to halve a resolution of the 
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OCT coefficients in a y direction (or longitudinal direction), 

and a plurality of specific OCT coefficients set to O are 

added on a right side {or higher frequency side} of the 

remaining OCT coefficients to double a resolution of the OCT 

5 coefficients in an x direction (or lateral direction). 

Therefore, OCT coefficients of 4:2:0 type color difference 

signals are obtained from the OCT coefficients of 4:1:1 type 

color difference signals in the OCT coefficient converting 

unit 83, and non-compressed 4:2:0 type component picture 

10 signals are produced from the OCT coefficients of 4:2:0 type 

color difference signals. 

Fig. 38 is a flow chart showing the whole processing 

performed in the apparatus Bl. 

In a step S401, the compressed picture signals of the DVC 

15 format received in the input-output unit 32 is decoded and 

inversely quantized to OCT coefficients of 4:1:1 type color 

difference signals in the picture signal decoding unit 82, and 

non-compressed 4:2:0 type component picture signals are 

produced by converting the OCT coefficients of 4:1:1 type 

20 color difference signals into OCT coefficients of 4:2:0 type 

color difference signals and performing an inverted OCT 

processing for the OCT coefficients of 4:2:0 type color 

difference signals. Thereafter, in the step 5303, the 

non-compressed 4:2:0 type component picture signals are coded 

25 to digital picture signals compressed in the MPEGl format or 

.·:. 
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MPEG2 format. 

Fig. 39 is a flow chart showing a picture decoding 

processing (step 5401) performed in the picture signal 

decoding unit 82. 

5 As shown in Fig. 39, after the steps 5311, 5312 and 5313 

are performed in the same manner as in the third embodiment, 

the procedure proceeds to a step 5411. In the step 5411, a OCT 

coefficient converting processing is performed in the OCT 

coefficient converting unit 83 for OCT coefficients of 4:1:1 

10 type color difference signals obtained in the inverted 

quantization unit 40, so that OCT coefficients of 4:2:0 type 

color difference signals, in ~hich 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 

· 15 4:1:1 type color difference signals, are produced. 

In a step 5412, an inverted DCT processing is performed in 

the inverted DCT processing unit 84 for the OCT coefficients 

of 4:2:0 type color difference signals obtained in the DCT 

coefficient converting unit 83 and DCT coefficients of 

20 luminance signals obtained in the inverted quantization unit 

40. Th~refore, values of non-compressed 4:2:0 type color 

differential signals are obtained from the OCT coefficients of 

4:2;0 type color difference signals, and values of 

non-compressed luminance signals are obtained from the OCT 

25 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. 

S The OCT 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 OCT processing for OCT 

coefficients of 4:2:0 type color difference signals. 

10 As shown in Fig. 40, a DCT block of 4:1:1 type color 

difference signals is composed of 8*8 OCT 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 

15 block, a group of 8*4 OCT coefficients placed on the upper 

side of the OCT block is extracted from the OCT 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 OCT coefficients to produce a 

20 deformed OCT block of 16*4 DCT coefficients. Therefore, a 

resolution of OCT coefficients in the x direction is doubled 

in the deformed OCT block. Thereafter, when the inverted OCT 

processing is performed for the deformed OCT block of 16*4 OCT 

coefficients, values of 16*4 non-compressed color difference 

25 signals are obtained as 4:2:0 type color difference signals. 
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Accordingly, because a group of OCT coefficients of 4:1:1 

type color difference signals is converted into a group of OCT 

coefficients of 4:2:0 type color difference signals, even 

though the color component signal converting unit 34 used in 

5 the third to fifth embodiments is not used, the digital 

picture signals compressed in the ovc 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 

10 4:2:0 type is performed in the OCT coefficient converting 

processing, because color difference information of color 

difference signals is mainly included in lower frequency 

components of the OCT block and a group of 8*4 DCT 

coefficients placed on the upper side of the OCT block is 

15 extracted from the OCT block of 8*8 OCT coefficients, color 

difference information included in the 8*8 DCT coefficients 

can be almost included in the group of 8*4 OCT coefficients. 

Therefore, the change of colors in a picture reproduced from 

the 4:2:0 type component picture signals is smooth, the colors 

20 are not changed unnaturally, and a picture having a high color 

quality can be reproduced. 

Also, because the right half portion of the deformed OCT 

block of 16*4 OCT coefficients has no relation to color 

difference information, even though 8*4 OCT coefficients set 

25 ·to O are added on the right side of the group of 8*4 DCT 



176 

coefficients to produce the deformed OCT block of 16*4 OCT 

coefficients, an adverse influence of the 8*4 OCT coefficients 

set to o on a reproduced picture is inconspicuous, and any 

viewer does not feel an unnatural color change in a reproduced 

5 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. 

10 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 

15 client-server system, in which a digital picture signal 

compressed in a particular format (such as a DVC format, an 

MPEGl format or an MPEG2 format) requested by a client is 

provided for the client, is described. 

Fig. 43 is a block diagram of a multi-format picture 

20 providing system according to a seventh embodiment. 

As shown in Fig. 43, a multi-format picture providing 

system Bl comprises 

a picture reproducing terminal 92 made of a client computer 

for outputting a picture output request indicating the 

25 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, 

5 a picture inputting unit 93 for receiving a plurality of 

digital picture signals compressed in the eve format, 

outputting a picture input request indicating the output of 

digital picture signals compressed in the eve format and 

outputting the digital picture signals compressed in the eve 

10 format, 

a picture providing unit 94 of a server for receiving the 

digital picture signals compressed in the eve format from the 

picture inputting unit 93 when the picture input request is 

received and outputting the digital picture signals compressed 

15 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 

20 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 

25 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 eve format received through the 

communicating unit 96 and storing the digital picture signals 

5 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 eve format of the picture signals stored in the picture 

signal storing unit 97 to the particular format requested by 

10 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. 

15 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. 

20 44B is a flow chart showing a picture outputting processing 

performed in the picture providing unit 94, Fig. 45A is a flow 

chart showing a picture inputting processing performed in the 

pictur~ providing unit 94 in cases where a picture signal 

converting processing is performed at a speed higher than a 

25 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. 

5 A picture inputting processing is described. As shown in 

Fig. 44A, in a step 5501, 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 

10 SS02, 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~03, the control unit 99 instructs the 

picture signal converting unit 98 to convert a compression 

15 format of the digital picture signals, and the picture signal 

converting unit 98 reads out the digital pictures stored in 

the pictu·re 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 

20 MPEGl 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 MPEGl 

format and the digital picture signals compressed in the MPEG2 

25 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 SSll, when the control unit 99 receives a 

picture output request from the picture reproducinq terminal 

92 through the communicating unit 96, the control unit 99 

5 transmits an output enabling signal to the picture reproducing 

terminal 92. In a step 5512, the digital picture signals 

compressed in a particular format (for example, the ovc 

format, the MPEGl format or the MPEG2 format), which is 

indicated by the picture output request, are read out from the 

10 picture storing unit 97 and are output to the picture 

reproducing terminal 92 through the communicating unit 96. 

Accordingly, even though digital picture signals compressed 

in a specific format such as the ovc format are input to the 

picture providing unit 94 and the picture reproducing terminal 

15 92 requests digital picture signals compressed in a particular 

format from the picture providing unit 94, because the picture 

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 

20 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 

25 picture inputting processing shown in Fig. 45A is described. 
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In a step S52l, when the control unit 99 receives a pic.ture 

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 S522, 

5 a plurality of digital picture signals compressed in the ovc 

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 S531, 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 S532, it is judged in the control unit 

15 99 whether or not a particular compression·format indicated by 

the picture output request is the ovc format. In cases where 

the particular compression format indicated by the picture 

output request is the ovc 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 5534. Also, in cases where the particular 

compression format indicated by the picture output request is 

not the ovc format, the procedure proceeds to a step S533. In 

the step 5533, the control unit 99 instructs the pic~ure 

25 signal converting unit 98 to convert a compression forma't of 
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the diqital picture signals into the particular compression 

format, and the picture siqnal converting unit 98 reads out 

the digital pictures stored in the picture signal storing unit 

97 and converts the ovc format of the signals into the 

5 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 5534. 

Accordingly, even though a compression format of the 

10 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 

15 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. 

20 Having illustrated and described the principles of the 

present invention in a pref erred 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 

25 coming within the scope of the accompanying claims. 
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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 com~onent type 

obtained by the color difference signal converting means for 

5 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 

10 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: 

15 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 

20 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 

25 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 

5 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 

10 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 

15 (x,2y+l) and (x,2y+2)) adjacent to each other in they 

direction to an average of values of the color difference 

signals of the co-ordinates (x,2y) and (x,~y+l) (or (x,2y+l) 

and (~,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)); 

20 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 

25 x-directional signal doubling means for adding a color 



\ \11\11\ \\\I\\ ltl\\ \\t\I \\ \ll\ 
* C L M S 186 

difference signal to a position between each pair of color 

difference siqnals 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 

S 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 

10 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 

15 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 

20 difference signals of co-ordinates (x,2y} and (x,2y+l) (or 

(x,2y+l) and (x,2y+2)) adjacent to each other in they 

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 

25 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 

5 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 

10 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 

15 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. 

20 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 differe.nce 

signals. 

25 
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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,~y+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+l,2y) and (x+l,2y+l) {or (x+l,2y+l) and 

(x+l,2y+2)) adjacent to each other in they direction for each 

group·of color difference signals of the co-ordinates (x,2y), 

15 (x,2y+l), (x+l,2y) and (x+l,2y+l) (or (x,2y+l), {x,2y+2), 

{x+l,2y+l) and (x+l,2y+2}); 

interpolated value calculating means for calculating a 

firs~ 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 

5 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 

10 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 

15 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. 

20 7. A picture signal converting apparatus according to claim 1, 

further comprising: 

luminance signal storing means for storing a plurality of 

luminance signals of the digital picture signals received by 

the receiving means, pixels of the luminance signals being 

25 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 

5 signal converting means from the luminance signal storing 

10 

means as a plurality of referential ~uminance 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 

15 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 

20 y direction for each pair of color difference signals; 

weighting factor calculating means for obtai~ing the 

referential luminance signals extracted by the referential 

luminance signal extracting means as first referential 

luminance signals on condition that the first referential 

25 luminance siqnals correspond to the color difference signals 
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of co-ordinates (x,2y) and (x+l,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 

5 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+l,2y+l) and calculating a 

third weighting factor and a fourth weighting factor from 

10 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 

15 means, calculating a second multiplied value by multiplying 

the value of the color difference signal of the co-ordinates 

(x+l,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 

20 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+l,2y+l) by the fourth weighting factor obtained by the 

25 weighting factor calculating means and calculating an 



Hllltl\ \\\I\\ 111\ \\II \\\II\ 
* C L M S * 192 

interpolated value from the first, second, third and fourth 

multiplied values; 

signal value setting means for setting each average 

calculated by the average value calculating means as values of 

5 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 

10 value s~tting 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, 

15 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 

20 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 

25 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 

. 5 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+l,2y), calculating a first 

10 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 

15 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 fifth 

weighting factor and a sixth weighting factor, a seventh 

weighting factor and an eighth weighting factor from values of 

20 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 

25 means, calculating a second multiplied value by multiplying 
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the value of the color difference signal of the co-ordinates 

(x+l,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 

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+l,2y+l) 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+l,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+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+l,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 

5 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 

10 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 

15 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 

inte~polated value calculating means for each added color 

difference signal to double the number color difference 

20 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. 

25 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 

5 (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 

10 (x,2y+l) 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; 

15 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 

20 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 

25 signals; 
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combining the converted color difference signals and 

luminance signals of the diqital picture signals to produce 

digital picture signals of t~e 4:2:0 color component type; and 

outputting the digital picture signals of the 4:2:0 color 

5 component type. 

11. A picture signal converting method, .comprising the steps 

of: 

receiving a digital picture signal of a 4:1:1 color 

10 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=O,l,2,3,--, and 

y=O,l,2,3,--) from the digital picture signals; 

calculating an average of values of two color difference 

15 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) 

20 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+l) of odd-numbered y values; 

25 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 color 

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 

20 

luminance signals of the digital picture signals to produce 

digital picture signals of the 4:2:0 color component type; and 

ou~putting the digital picture signals of the 4:2:0 color 

component type. 

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 

S (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)); 

10 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+l) of odd-numbered y values; 

adding a color difference signal to a position between each 

15 pair of color d~ff erence signals adjacent to each other in an 

X direction to double the number of color difference signals 

in the x direction1 

se_tting 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 

5 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. 

10 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 

15 (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 

diff~rence 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 

20 and a second average of values of two color difference signals 

of co-ordinates (x+l,2y) and (x+l,2y+l) {or (x+l,2y+l) and 

(x+l,2y+2)) adjacent to each other in they direction for each 

group of color difference signals of the co-ordinates (x,2y), 

(x,2y+l), (x+l,2y) and (x+l,2y+l) (or (x,2y+l), (x,2y+2}, 

25 (x+l,2y+l) and (x+l,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 

5 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+l} and (x,2y+2)); 

halving the number of color difference signals in the y 

10 direction by removing color difference signals placed at 

co-ordinates (x,2y) of even-numbered y values or co-ordinates 

(x,2y+l} 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 

15 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 

20 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 

25 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 

5 component type. 

14. A picture signal converting method, comprising the steps 

of: 

receiving a digital picture signal of a 4:1:1 color 

10 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=O,l,2,3,--, and 

y=0,1,2,3,--) from the digital picture signals; 

calculating an average of values of two color difference 

15 signals of co-ordinates (x,2y) and (x,2y+l) adjacent to each 

other in they 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 

20 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+l,2y); 

calculating a first weighting factor and a second weighting 

25 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 luminance signals on condition that the second 

referential luminance signals correspond to the color 

5 difference signals of co-ordinates (x,2y+l) and (x+l,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 

10 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+l,2y) by the second 

weighting factor, calculating a third multiplied value by 

15 multiplying the value 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 

of the color difference signal of the co-ordinates (x+l,2y+l) 

by the fourth weighting factor and calculating an interpolated 

20 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+l); 

halving the number of color difference signals in the y 

25 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+l) 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 

5 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 

10 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 

15 color difference siqnals; 

combining the converted color difference signals and 

luminance signals of the digital picture •ignals to produce 

digi~al picture signals of the 4:2:0 color component type; and 

outputting the digital picture signals of the 4:2:0 color 

20 component type. 

15. A picture signal converting method, comprising the steps 

of: 

receiving a digital picture signal of a 4:1:1 color 

25 component type for each of pixels of a frame; 
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extracting color difference signals placed at co-ordinates 

(x,y) of an X-Y co-ordinate system {x=0,1,2,3,--, and 

y=O,l,2,3,--) from the digital picture signals; 

extracting luminance signals placed at co-ordinates (x,y) 

5 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+l,2y); 

10 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 

15 that the second referential luminance signals correspond to 

the color difference signals of co-ordinates (x,2y+l) and 

{x+l,2y+l); 

c~lculating a fifth weighting factor and a sixth weighting 

factor, a seventh weighting factor and an eighth weighting 

20 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; 

25 calculating a second multiplied value by multiplying the 
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value o! the color difference signal of the co-ordinates 

(x+l,2y) by the second weighting factor; 

calculating a third multiplied value by multiplying the 

value of the color difference signal of the co-ordinates 

5 {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+l,2y+l) by the sixth weighting factor; 

calculating a first interpolated value from the first, 

10 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 

15 value of the color difference signal of the co-ordinates 

(x+l,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+l) by the seventh weighting factor; 

20 calculating an eighth multiplied value by multiplying the 

value of the color difference signal of the co-ordinates 

(x+l,2y+l) by the eighth weighting factor; 

calculating a second interpolated value from the fifth, 

sixth, seventh and eighth multiplied values; 

25 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+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 

5 (x,2y+l) 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; 

10 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 

15 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 signalsi 

combining the converted color difference signals and 

20 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. 

25 16. A picture signal converting apparatus comprising: 
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receiving means for receiving a digital picture siqnal 

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 

5 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 

10 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 

15 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 

sign~ls in the x direction, setting values of the converted 

color difference signals of the 4:2:0 color component type 

20 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 

25 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 

5 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 

10 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 

15 received by the receiving means is a DVC format, the digital 

picture signals compressed in the ovc format being obtained by 

performing a discrete cosine transform (OCT) processing for 

each block of non-compressed picture signals of a 4:1:1 color 

component type to obtain a block of OCT coefficients from each 

20 block of non-compressed picture signals, quantizing each block 

of OCT coefficients to obtain a block of quantized values from 

each block of OCT 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 

25 variable-length codes as the digital picture signals 
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compressed in the DVC format, and the second format of the 

digital picture sign.als obtained by the picture coding means 

is a moving picture experts group (MPEG) format in which a 

time-redundancy between frames is reduced by perf orminq a 

5 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 

10 16 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 

15 the preparing means to produce a plurality of quantized 

values; 

inverted quantization means for performing an inverted 

quan~ization for the quantized values produced by the 

variable-length decoding means to produce a plurality of 

20 blocks of discrete cosine transform (OCT} coefficients of the 

non-compressed picture signals of the 4:1:1 color component 

type; and 

inverted OCT processing means for performing an inverted 

OCT processing for each block of OCT coefficients produced by 

25 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 

5 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 

10 block of the current frame; 

OCT compressing means for performing a discrete cosine 

transform (OCT} processing for each block of non-compressed 

picture signals stored in the input buff er to obtain a 

plurality of blocks of.discrete cosine transform (OCT) 

15 coefficients and quantizing the OCT coefficients to obtain a 

plurality of blocks of quantized values; 

inverted OCT expanding means for performing an inverted OCT 

processing for the blocks of OCT coefficients obtained by the 

OCT compressing means to reproduce the blocks of 

20 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 OCT expanding means as picture 

25 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 

5 indicating the motion of a picture according to one block of 

non-compressed picture signals of the current frame stored in 

the input buff er 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 

10 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; 

15 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 OCT 

20 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 

25 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 buff er for storing the non-compressed picture 

signals of the 4:2:0 color component ~ype produced by the 

component signal co_nverting 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; 

OCT compressing means for performing a discrete cosine 

transform (OCT) processing for each block of non-compressed 

15 picture signals stored in the input buff er to obtain a 

plurality of blocks of discrete cosine transform (OCT) 

coefficients and quantizing the OCT coefficients to obtain a 

plurality of blocks of quantized values; 

inverted OCT expanding means for performing an inverted OCT 

20 processing for the blocks of OCT coefficients obtained by the 

OCT compressing means to reproduce the blocks of 

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

type; 

frame picture ~taring 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 

5 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 

10 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 

15 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 

OCT compressing means by using the motion vectors and the 

inter-frame differences calculated by the motion predicting 

20 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 

25 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 buff er and producing a plurality of 

referential hierarchy pictures from a referential original 

picture of each block of the referential frame indicated by 

5 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 

10 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 

15 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 

20 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 

25 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 

5 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 

10 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 

15 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 produced by the motion vector producing means 

20 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-

25 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 

5 blocks of discrete cosine transform (OCT) coefficients of the 

non-compressed picture signals of the 4:1:1 color component 

type, the OCT coefficients of the non-compressed picture 

signals being classified into OCT coefficients of 

non-compressed luminance signals and OCT coefficients of 

10 non-compressed color difference signals; and 

inverted OCT processing means for performing an inverted 

DCT processing for each block of OCT coefficients of 

non-compressed color difference signals produced by the 

inverted quantization means to produce a plurality of blocks 

15 of non-compressed color difference signals of the 4:1:1 color 

component type, a plurality of blocks of non-compressed color 

di~ference 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 

20 signal converting means, 

the picture coding means comprises 

an input buff er 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 

25 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 OCT 

5 coefficients of luminance signals extracted from each block of 

OCT 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 OCT coefficients of each block 

10 being arranged in a matrix of rows and columns; 

hierarchical inverted OCT processing means for repeatedly 

extracting a group of OCT coefficients from each block of OCT 

coefficients of luminance signals stored in the OCT 

coefficient buffer on condition that a frequency band of the 

15 group Qf OCT coefficients gradually extends to a higher 

frequency and performing an inverted OCT processing for each 

group of OCT coefficients to produce a plurality of hierarchy 

pictures respectively indicated by a plurality of 

non-compressed luminance signals, the hierarchy pictures of 

20 different resolutions being produced for each block of the 

current frame; 

OCT compressing means for performing a discrete cosine 

transform {OCT) processing for each block of non-compressed 

picture signals stored in the input buff er to obtain a 

25 plurality of blocks of discrete cosine transform (OCT} 
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coefficients and quantizing the OCT coefficients to obtain a 

plurality of blocks of quantized values; 

inverted OCT expanding means for performing an inverted OCT 

processing for the blocks of OCT coefficients obtained by the 

5 OCT 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 

10 type reproduced by the inverted OCT 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; 

15 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 buff er and the non-compressed picture signals of the 

4:2:0 color component type of the referential frame stored in 

20 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 

25 block of the current frame; and 
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coding means for coding the quantized values obtained by the 

OCT compressing mea·ns by using the motion vectors and the 

inter-frame dif f er~nces calculated by the motion predicting 

means to produce the digital picture signals compressed in the 

S 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 

10 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 

15 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 

20 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 

25 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 

5 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. 

10 21. 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 

plurality of quantized values; 

15 inverted quantization means for performing an inverted 

quantization for the quantized values produced by the 

variable-length decoding means to produce a plurality of 

bloc~s of discrete cosine transform (OCT} coefficients of the 

non-compressed picture signals of the 4:1:1 color component 

20 type, the OCT coefficients of the non-compressed picture 

signals being classified into OCT coefficients of 

non-compressed luminance signals and OCT coefficients of 

non-compressed color difference signals; and 

inverted OCT processing means for performing an inverted 

25 OCT processing for each block of OCT 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 

5 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 

10 an input buff er 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 

15 non-compressed picture signals respectively corresponding to a 

block of the current frame; 

a OCT coefficient buffer for storing a block ~f DCT 

coefficients of luminance signals extracted from each block of 

DCT coefficients of the non-compressed picture signals 

20 produced by the inverted quantization means, each block of OCT 

coefficients of luminance signals corresponding to a block of 

the current frame, and the OCT coefficients of each block 

being arranged in a matrix of rows and columns; 

a one-dimensional inverted OCT processing means for 

25 extracting a block of OCT coefficients of luminance signals 
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arranged in a row as an x-directional group of OCT 

coefficients from each block of OCT coefficients stored in the 

OCT coefficient buffer, extracting a block of OCT coefficients 

of luminance signals arranged in a column as a y-directional 

5 group of OCT coefficients from each block of OCT coefficients 

stored in the OCT coefficient buffer, performing an inverted 

OCT processing for the x-directional group of OCT coefficients 

to obtain x-directional information composed of non-compressed 

luminance signals arranged in the x direction for each block 

10 of a current frame and performing an inverted OCT processing 

for the y-directional group of OCT coefficients to obtain 

y-directional information composed of non-compressed luminance 

signals arranged in the y direction for each block of the 

current frame; 

15 OCT compressing means for performing a discrete cosine 

transform {OCT) processing for each block of non-compressed 

picture signals stored in the input buffer to obtain a 

plur~lity of blocks of discrete cosine transform (OCT) 

coefficients and quantizing the OCT coefficients to obtain a 

20 plurality of blocks of quantized values; 

inverted OCT expanding means for performing an inverted OCT 

processing for the blocks of OCT coefficients obtained by the 

OCT compressing means to reproduce the blocks of 

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

25 type; 



l lllllll ltllll llltl 1\111111111 
* C L M S * 224 

frame picture storing means for storing each block of 

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

type.reproduced by the inver~ed OCT expanding means as picture 

signals of a block of a referential frame, other 

5 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 

10 non-compressed picture signals of the current frame stored in 

the input buff er 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 

15 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 

bloc~ of the current frame; and 

coding means for coding the quantized values obtained by the 

20 OCT 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 

25 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 OCT 

processing means and non-compressed luminance signals of the 

non-compressed picture signals stored in the frame picture 

S 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 

10 according to the y-directional information obtained by the 

one-dimensional inverted OCT 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 

15 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 

corr~sponding block of the referential frame indicated by the 

motion vector calculated by the motion vector producing means 

20 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; 

25 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 (OCT) coefficients of 

non-compressed picture signals of a 4:1:1 color component 

type, converting the OCT coefficients into a plurality of OCT 

S 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 OCT coefficients of the _non-compressed picture 

signals of the 4:2:0 color component type; 

10 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 

15 output means for outputting the digital picture signals 

compressed in the second format obtained by the picture coding 

means. 

23. A picture signal converting apparatus according to claim 

20 22 in which the first format of the digital picture signals 

received by the receiving means is a ovc format, the digital 

picture signals compressed in the ovc format being obtained by 

performing a discrete cosine transform (OCT) processing for 

each block of non-compressed picture signals of a 4il:l color 

25 component type to obtain a block of OCT 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 OCT coefficients, coding each block of quantized 

values to obtain a block of variable-length codes from each 

5 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 coding means 

is a moving picture experts group (MPEG) format in which a 

10 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. 

15 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-

20 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 

25 variable-length decoding means to produce a plurality of 
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blocks of discrete cosine transform (OCT) coefficients of the 

non-compressed pict.ure signals of the 4: l: l color component 

type, the OCT coefficients of each block being arranged in a 

matrix of rows and columns; 

S OCT coefficient converting means for extracting a block of 

OCT coefficients of non-compressed color difference signals of 

the 4:1:1 color component type from each block of OCT 

coefficients of the non-compressed picture signals obtained by 

the inverted quantization means and converting each block of 

10 OCT coefficients of the non-compressed color difference 

signals of the 4:1:1 color component type to a block of OCT 

coefficients of non-compressed color difference signals of a 

4:2:0 color component type by removing a lower half portion of 

OCT coefficients corresponding to higher frequency from each 

15 block of OCT coefficients to halve a resolution of the OCT 

coefficients in a y direction for each block and adding OCT 

coefficients on the right side of the remaining OCT 

coefficients for each block to double a resolution of the OCT 

coefficients in an x direction for each block; 

20 inverted OCT processing means for performing an inverted 

DCT processing for each block of OCT coefficients of 

non-compressed luminance signals extracted from the OCT 

coefficients of the non-compressed picture signals obtained by 

the inverted quantization means and a corresponding block of 

25 OCT coefficients of the non-compressed color difference 
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signals of the 4:2:0 color component type obtained by the OCT 

coefficient converting means to produce a plurality of blocks 

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

type, and 

5 the picture coding means comprises 

an input buff er for storing the blocks of non-compressed 

picture signals of the 4:2:0 color component type produced by 

the inverted OCT processing means as picture signals of a 

current frame frame by frame, each block of non-compressed 

10 picture signals corresponding to a block of the current frame; 

OCT compressing means for performing a discrete cosine 

transform (OCT) processing for each-block of non-compressed 

picture signals stored in the input buff er to obtain a 

plurality of discrete cosine transform (OCT) coefficients for 

15 each block and quantizing the OCT coefficients to obtain a 

plurality of quantized values for each block; 

inverted OCT expanding means for performing an inverted OCT 

proc~ssing for the OCT coefficients obtained by the OCT 

compressing means to reproduce the blocks of non-compressed 

20 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 OCT expanding means as blocks 

of picture signals of a referential frame, other 

25 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 

5 · 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 according to 

10 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 

15 performed for the quantized values of the current frame 

obtained by the OCT compressing means; 

variable length coding means for performing a variable 

length coding for the quantized values obtained by the OCT 

compressing means according to the coding type selected by the 

20 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 

25 length coded data obtained by the variable length codinq 
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means. 

25. A picture signal converting apparatus according to claim 

24 in which the motion predicting means comprises 

5 hierarchy picture producing means for producinq 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 siqnals 

stored in the input buffer and producing a plurality of 

10 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 

15 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 

20 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 beinq 

obtained each time every other pixel is removed in an x 

25 direction from pixels of the specific referential original 
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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 

5 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 

10 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 

15 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 

20 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 

25 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 

5 24 in which the picture coding means further comprises: 

a OCT coefficient buff er for storing a block of OCT 

coefficients of luminance signals extracted from each block of 

OCT coefficients of the non-compressed picture signals 

produced by the inverted quantization means, each block of OCT 

10 coefficients of luminance signals corresponding to a block of 

the current frame, and the OCT coefficients of each block 

being arranged in a matrix of rows and columns; and 

hierarchical inverted OCT processing means for repeatedly 

extracting a group of OCT.coefficients from each block of OCT 

15 coefficients of luminance signals stored in the OCT 

coefficient buffer on condition that a frequency band of the 

group of OCT coefficients gradually extends to a higher 

frequ~ncy and performing an inverted oc·T processing for each 

group of OCT coefficients to produce a plurality of hierarchy 

20 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 

25 motion vector producing means for repeatedly calculating an 
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intermediate motion vector from one hierarchy picture produced 

by the hierarchical inverted OCT processing means and a 

referential original picture of the referential frame 

indicated by non-compressed luminance signals of the non-

5 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 

10 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 

15 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 

20 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 

25 motion vector calculated by the motion vector producing means 
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for each block of the current frame. 

27. A picture siqnal converting apparatus according to claim 

24 in which the picture coding means further comprises: 

5 a OCT coefficient buffer for storing a block of OCT 

coefficients of luminance signals extracted from each block of 

OCT coefficients of the non-compressed picture signals 

produced by the inverted quantization means, each block of OCT 

coefficients of luminance signals corresponding to a block of 

10 the current frame, and the OCT coefficients of each block 

being arranged in a matrix of rows and columns; and 

a one-dimensional inverted OCT processinq means for 

extracting a block of OCT coefficients of luminance signals 

arranged in a row as an x-directional gro~p of OCT 

15 coefficients from each block of OCT coefficients stored in the 

OCT coefficient buffer, extracting a block of OCT coefficients 

of luminance signals arranged in a column as a y-directional 

group of OCT coefficients from each block of DCT coefficients 

stored in the OCT coefficient buffer, performing an inverted 

20 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 OCT processing 

for the y-directional group of OCT coefficients to obtain 

25 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 

5 x-directional motion vector according to the x-directional 

information obtained by the one-dimensional inverted OCT 

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 

10 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 

15 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 

20 inter-frame difference between a qroup 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. 

25 
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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 

5 signals compressed in the eve format being obtained by 

performing a discrete cosine transform (OCT) 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 

10 of DCT coefficients to obtain a block of quantized values from 

each block of OCT 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 

15 compressed in the ovc 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 columns; 

20 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 

25 pair of color difference signals adjacent to each other in an 



l 111llll ll\l\l llltl tllll ll llll 
* C L M S * 238 

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 

5 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 

10 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 

15 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 

2 0 coding-; and 

outputting the digital picture signals compressed in the 

MPEG format. 

29. A picture signal converting method according to claim 28 

25 in which the step of codinq 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 

5 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 (OCT) processing for 

the blocks of non-compressed picture signals stored in the 

10 input buffer to obtain a plurality of blocks of discrete 

cosine transform (DCT) coefficients; 

quantizing the blocks of OCT coefficients to produce a 

plurality of quantized values of the current frame; 

performing an inverted DCT processing for each block of DCT 

15 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 

si~nals of a referential frame, other non-compressed picture 

20 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 indicatinq the motion of a 

picture according to one block of non-compressed picture 

25 signals of the current frame stored in the input buff er and 
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the non-compressed picture signals of the 4:2:0 color 

component type of the ref ereritial frame stored in the frame 

memory for each block of the current frame; 

calculating an inter-frame difference between one block of 

5 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; 

10 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 

15 MPEG format from the variable length 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 

20 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 obtaitiing a current hierarchy picture of a 

resolution lower than that of a specific current hierarchy 

25 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 

5 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 

10 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 

15 pixels of the specific referential original picture; 

repeatedly calculatinq 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 chanqing 

20 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 

25 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 JO. 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 (OCT) coefficients of the non-compressed picture 

signals of the 4:1:1 color component type, the OCT 

coefficients of the non-compressed picture signals being 

15 classified into OCT coefficients of non-compressed luminance 

signals and OCT coefficients of the non-compressed color 

difference signals; and 

performing an inverted DCT processing for each block of OCT 

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 OCT coefficients of non-compressed 

luminance signals in a OCT coefficient buffer; 

25 storing the non-compressed picture signals of the 4:2:0 



l \11\11\ \\\1\\111\\ \\1\1 \\ \II\ 
fr t L M S fr 243 

color component type in an input buff er 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 

5 block of the curre~t frame; 

performing a discrete cosine transform (OCT) 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; 

10 quantizing each block of OCT coefficients to produce a 

plurality of quantized values of the current frame; 

performing an inverted OCT processing for each block of 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 

412:0 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 buffeq 

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 

25 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 

5 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 

10 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 

15 of: 

repeatedly extracting a group of OCT coefficients from each 

block of OCT coefficients of luminance signals stored in the 

OCT coefficient buffer on condition that a frequency band of 

the group of OCT coefficients gradually extends to a higher 

20 frequency1 

performing an inverted OCT processing for each group of OCT 

coefficients to produce a plurality of hierarchy pictures 

respectively indicated by a plurality of non-compressed 

luminance signals, the hierarchy pictures of different 

25 resolutions being produced for each block of OCT 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 

5 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 picture of 

a higher resolution, the rough motion vector indicating 

10 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 

15 indicating a block of the referential frame. 

31. A picture signal converting method according to claim 28 

in w~ich the step of decoding the digital picture signals 

comprises the steps of: 

20 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 (OCT) coefficients of the non-compressed picture 

25 siqnals of the 4!1:1 color component type, each block-of OCT 
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coefficients of the non-compressed picture signals being 

classified into a block of OCT coefficients of non-compressed· 

luminance signals and a block of OCT coefficients of the 

non-compressed color difference signals; and 

5 performing an inverted OCT processing for each block of OCT 

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: 

10 storing each block of OCT coefficients of non-compressed 

luminance signals in a OCT coefficient buffer; 

storing the non-compressed picture signals of the 4:2:0 

color component type in an input buff er as picture signals of 

a current frame frame by frame, the non-compressed picture 

15 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 (OCT) processing for 

each block of non-compressed picture signals stored in the 

20 input buff er to obtain a plurality of blocks of discrete 

cosine transform (OCT) coefficients; 

quantizing the blocks of OCT coefficients to produce a 

plurality of quantized values of the current frame; 

performing an inverted OCT processing for the blocks of OCT 

·25 coefficients to reproduce the blocks of non-compressed picture 
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signals of the 4:2:0 color component type; 

storinq the blocks of non-compressed picture signals of the 

4:2:0 color component type in a frame memory as picture 

siqnals of a referential frame, other non-compressed picture 

5 signals of the 4:2:0 color component type corresponding to a 

frame succeeding to the ref ~rential frame beinq stored in the 

input buffer; 

calculating a motion vector indicating the motion of a 

picture according to one block of non-compressed picture 

10 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 

15 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 f o:r the quantized 

values of the current frame; 

20 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 

25 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 OCT coefficients of non-compressed 

luminance signals arranged in a row as an x-directional group 

5 of OCT coefficients from each block of DCT coefficients of 

non-compressed luminance signals stored in the OCT coefficient 

buffer; 

extracting a plurality of OCT coefficients of non-compressed 

luminance signals arranged in a column as a y-directional 

10 group of OCT coefficients from each block of OCT coefficients 

of non-co~pressed luminance signals stored in the OCT 

coefficient buffer; 

performing an inverted OCT processing for the x-directional 

group of OCT coefficients to obtain x-directional information 

15 composed of non-compressed luminance signals arranged in the x 

dfrection for each block of a current frame; 

performing an inverted OCT processing for the y-directional 

group of OCT coefficients to obtain y-directional information 

composed of non-compressed luminance signals arranged in the y 

20 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; 

25 specifying a plurality of remarked blocks of the referential 



-------------·-----------------------

1111111 \l\l\t 111\l \ll\l l\ \Ill 
* C L M S * 

249 

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 

5 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 

10 format for each of pixels of a frame, the digital picture 

signals compressed in the ovc format being obtained by 

performing a discrete cosine transform (OCT) processing for 

each block of non-compressed picture signals of a 4:1:1 color 

component type to obtain a block of D~T coefficients from each 

15 block of non-compressed picture signals, quantizing each block 

of OCT coefficients to obtain a block of quantized values from 

each block of OCT 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 

20 variable-length codes as the digital picture signals 

compressed in the ovc format; 

performing a variable-length decoding for the digital 

picture signals compressed in the ovc format to produce a 

plurality of quantized values; 

25 performing an inverted quantization for the quantized 
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values to produce a plurality of blocks of discrete cosine 

transform {OCT) 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 

5 classified into a block of DCT coefficients of non-compressed 

luminance signals and a block of OCT coefficients of the 

non-compressed color difference signals of the 4:1:1 color 

component type; 

converting each block of DCT coefficients of the 

10 non-compressed color difference signals of the 4:1:1 color 

component type into a block of OCT coefficients of 

non-compressed color difference signals of a 4:2:0 color 

component type, the OCT coefficients of each block being 

arranged in a matrix of rows and columns; 

15 combining each block of OCT 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 

20 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 

25 block of DCT coefficients; 
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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 

5 reduced by performing a motion compensation, a space-redundanc 

y in each frame is reduced by perf orminq 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 

10 MPEG format, and 

the step of converting each block of OCT coefficients 

comprises the steps of: 

removing a lower half portion of DCT coefficients 

corresponding to higher frequ~ncy from each block of OCT 

15 coefficients to halve a resolution of the OCT coefficients in 

a y direction for each block; and 

adding OCT coefficients on the right side of the remaining 

OCT coefficients for each block to double a resolution of the 

OCT coefficients in an x direction for each block and to 

20 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 

25 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 (OCT) processing for 

each block of non-compressed picture signals stored in the 

input buffer to obtain a plurality of blocks of OCT 

coefficients; 

10 quantizing each block of DCT coefficients to produce a 

plurality of quantized values of the current frame; 

performing an inverted OCT processing for the DCT 

coefficients to reproduce the blocks of non-compressed picture 

signals of the 4:2:0 color component typei 

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 on~ block of non-compressed picture 

signals of the current frame stored in the input buff er 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 

5 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 

10 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 

15 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 buff er for 

20 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 ·. 
25 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 plur~lity of referential hierarchy pictures of 

different resolutions from a referential original picture of 

5 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 

10 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; 

15 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 

20 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 

25 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 OCT coefficients of non-compressed 

luminance signals in a OCT coefficient buffer, each block of 

10 OCT 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 fr~me; 

15 performing a discrete cosine transform (OCT) processing for 

each block of non-compressed picture signals stored in the 

input buff er to obtain a plurality of blocks of discrete 

cosine transform (DCT) coefficients; 

quantizing the blocks of DCT coefficients to produce a 

20 plurality of quantized values of the current frame; 

performing an inverted OCT 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 

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; 

5 calculating a motion vector indicating the motion of a 

picture according to one block of OCT coefficients of 

non-compressed luminance signals in a DCT coefficient buff er 

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

component type of the referential frame stored in the frame 

10 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; 

15 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 

20 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: 

25 repeatedly extracting a group of OCT coefficients from each 
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block of DCT coefficients of luminance siqnals stored in the 

OCT coefficient buffer on condition that a frequency band of 

the group of OCT coefficients gradually extends to a higher 

frequency; 

5 performing an inverted OCT processing for each group of OCT 

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; 

10 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 

15 the calculation of the intermediate motion vector while 

changing the hierarchy picture to another hierarchy picture of 

a higher resolution, the rouqh motion vector indicating 

candidates for a particular block of the referential frame 

indicated by the intermediate motion vector; and 

20 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. 

25 35. A picture signal converting method according to claim 32 
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in which the step of codinq each block of non-compressed 

picture signals comprises the steps of: 

·. 

storing the blocks of OCT coefficients of non-compressed 

luminance signals in a OCT coefficient buffer, each block of 

5 OCT 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; 

10 performing a discrete cosine transform (OCT) processing for 

each block of non-compressed picture signals stored in the 

input buff er to obtain a plurality of blocks of discrete 

cosine transform (OCT) coefficients; 

quantizing the blocks of OCT coefficients to produce a 

15 plurality of quantized values of the current frame; 

performing an inverted OCT processing for the blocks of OCT 

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 

20 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; 

25 calculating a motion vector indicating the motion of a 
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picture according to one block of OCT coefficients of 

non-compressed luminance signals in the OCT coefficient buffer 

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

component type of the referential frame stored in the frame 

5 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; 

10 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 

15 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: 

20 extracting a plurality of OCT coefficients of non-compressed 

luminance signals arranged in a row as an x-directional group 

of DCT coefficients from each block of OCT coefficients of 

non-compressed luminance signals stored in the OCT coefficient 

buffer; 

25 extracting a plurality of OCT coefficients of non-compressed 
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luminance siqnals arranged in a column as a y-directional 

qroup of DCT coefficients from each block of OCT coefficients 

of non-compressed luminance siqnals stored in the OCT 

coefficient buffer; 

5 performing a one-dimensional inverted OCT processing for the 

x-directional qroup of OCT coefficients to obtain 

x-directional information composed of non-compressed luminance 

signals arranged in the· x direction for each block of the 

current frame; 

10 performinq a one-dimensional inverted OCT processing for the 

y-directional group of OCT coefficients to obtain 

y-directional information composed of non-compressed luminance 

signals arranged in the y direction for each block of the 

current frame; 

15 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 

20 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 accordinq to the y-directional 

information and non-compressed luminance signals of the 

25 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; 

5 picture reproducing means for reproducing a digital picture 

according to a plurality of digital picture signals compressed 

in a secorid format different from the first format; 

picture providing means for receiving the digital picture 

signals compressed in the first format from the picture input 

10 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 

15 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 

20 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 

25 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 

5 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 

10 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 

15 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 

20 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 

siqnals in the x direction, setting values of the converted 

25 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 

5 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 

10 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. 

15 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 ovc format being obtained by 

performing a discrete cosine transform (OCT) processing for 

20 each block of non-compressed picture signals of a 4:1:1 color 

component type to obtain a block of OCT coefficients from each 

block of non-compressed picture signals, quantizing each block 

of OCT coefficients to obtain a block of quantized values from 

each block of OCT coefficients, coding each block of quantized 

25 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 

5 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 

10 codinq. 

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 

15 picture signals of the first format received by the 

communicating 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 

20 of the second format from the picture reproducing means 

through the network and the communicating means, controlling 

the picture siqnal storing means and the communicatirtq means 

to output the digital picture signals of the second format 

stored in .the picture signal storing means to the picture 

25 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 

5 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 

10 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 

15 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 

20 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 ,. .. 

25 signals of the first format to produce a plurality of discrete 
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cosine transform (OCT) coefficients of non-compressed picture 

signals of a 4:1:1 color component type, converting the OCT 

coefficients into a plurality of OCT coefficients of 

non-compressed picture signals of a 4:2:0 color component type 

5 and producing a plurality of non-compressed picture signals of 

the 4:2:0 color component type from the OCT 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 

10 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 

15 the first format of the digital picture signals received by 

the picture input means is a ovc format, the digital picture 

signals compressed in the ovc format being obtained by 

performing a discrete cosine transform (OCT) processing for 

each block of non-compressed picture signals of a 4:1:1 color 

20 component type to obtain a block of OCT coefficients from each 

block of non-compressed picture signals, quantizing each block 

of OCT coefficients to obtain a block of quantized values from 

each block of OCT coefficients, coding each block of quantized 

values to obtain a block of variable-length codes from each 

25 block of quantized values and recording each block of 
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variable-length codes as the digital picture signals 

compressed in the ovc format, and the second format of the 

digital picture signals obtained by the picture .signal 

converting means is a moving picture experts group (MPEG) 

5 format in which a time-redundancy between frames is reduced by 

10 

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 perf orminq 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 

15 to rearrange the digital picture signals; 

variable-length decoding means for perf orminq a variable-

length decoding for the digital picture signals deshuffled by 

the preparing means to produce a plurality of quantized 

values; 

20 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 (OCT) coefficients of the 

non-compressed picture signals of the 4:1:1 color component 

25 type, the OCT coefficients of each block being arranged in a 
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matrix of rows and columns; 

OCT coefficient converting means for extracting a block of 

OCT coefficients of non-compressed color difference signals of 

the 4:1:1 color component type from each block of OCT 

5 coefficients of the non-compressed picture signals obtained by 

the inverted qu~ntization 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 OCT 

coefficients of non-compressed color difference signals of a 

10 4:2:0 color component type by removing a lower half portion of 

OCT coefficients corresponding to higher frequency from each 

block of OCT coefficients to halve a resolution of the OCT 

coefficients in a y direction for each block and adding OCT 

coefficients on the right side of the remaining OCT 

15 coefficients for each block to double a resolution of the OCT 

coefficients in an x direction for each block; and 

inverted OCT processing means for performing an inverted 

OCT processing for each block of OCT coefficients of non-

compressed luminance signals extracted from the OCT 

20 coefficients of the non-compressed picture signals obtained by 

the inverted quantization means and a corresponding block of 

OCT coefficients of the non-compressed color difference 

signals of the 4:2:0 color component type obtained by the OCT 

coefficient converting means to produce the non-compressed 

25 picture signals of the 4:2:0 color component type. 
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43. A picture providinq system according to claim 40 in which 

the picture reproducing means further comprises 

picture-signal storinq means for storing the digital 

picture signals of the first format received by the 

S communicating 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 

10 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 

15 network 

44. A picture providing system according to claim 40 in which 

the picture reproducing means further comprises 

control means for receiving a picture output request 

20 indicating a request of the output of diqital picture signals 

of the second format from the picture reproducing means 

throuqh the network and the communicating means, controlling 

the picture signal converting means to convert the digital 

picture signals compressed in the first format into the 

25 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 

means through the network. 


