" 681743
SPRUSON & FERGUSON
AUSTRALIA

PATENTS ACT 1990
PATENT REQUEST: STANDARD PATENT

I/We, the Applicant(s)/Nominated Person{s) specified below, request I/We be
granted a patent for the invention disclosed in the accompanying standard
complete specification.

[70,71] Applicant(s)/Nominated Person(s):

Fujitsu Limited, incorporated in Japan, of 1015, Kamikodanaka,
Nakahara-ku, Kawasaki-shi, Kanagawa, 211, JAPAN

[54] Invention Title:
Image Data Conversion Processing Device and Information
Processing Device Having the Same

[72] Inventor(s):
Makoto Nakamoto, Satoshi Nakamura, Akinori Takayama, Kazunori
Takahashi, Akio Takigami, Yasuo Sato, Chiaki Ito and Yoichi Aoki

[74] Address for service In Australla:
Spruson & Ferguson, Patent Attorneys
Level 33 St Martins Tower
31 Market Street
Sydney New South Wales Australia (Code SF)

Divisional A?pllcation Detalls _ ,
[62] Original Application No(s): < 44684/93.
Person by whom made: Fujitsu Limited
DATED this SECOND day of MARCH 1995
Fujitsu Limited
By: ’i? ,
Vi M.

Registered Patent Attorney

IRN: 248081D1 INSTR CODE: 61229

053660 0z0393

5845




SPRUSON & FERGUSON
Australla

Patents Act 1990
NOTICE OF ENTITLEMENT

I, John Gordon Hinde, of Spruson & Ferguson, St Martins Tower, 31 Market
Street, Sydney, New South Wales, 2000, Australia, being the patent attorney
for the Applicant(s)/Nominated Person(s) in respect of an application entitled:

Image Data Conversion Processing Device and Information
Processing Device Having the Same

state the following:-

The Applicant(s)/Nominated Person(s) has/have entitlement from the actual
inventor(s) as follows:-

The Applicant(s)/Nominated Person(s), by virtue of a Contract of
Employment between the actual inventor(s) as employee(s) and the
Applicant(s)/Nominated Person(s) as employer(s), is a person which would
be entitled to have the patent assigned to it if a patent were granted
on an application made by the actual inventor(s).

The Applicant(s)/Nominated Person(s) is/are the applicant(s)/patentee(s) of
the original application(s)/patent(s).

DATED this SECOND day of MARCH 19 95
/] . 1. <
e, / /[ R
John Gordon Hinde
IRN: 248081D1 INSTR CODE: 61229
15
665P




AR

AU9513601

(12) PATENT ABRIDGMENT  (11) oocumentNo. AU-B-13601/95
(19) AUSTRALIAN PATENT OFFICE ~ (10) Acceptance No. 681743

(54) Title
IMAGE DATA CONVERSION PROCESSING DEVICE AND INFORMATION PROCESSING DEVICE

HAVING THE SAME

International Patent Classification(s)
(51) HO4N 007/01

(21) Application No. : 13601/95 (22) Application Date : 02,03.95
(30) Priority Data
(31) Number (32) Date (33) Country

4-219309 18.08.92 JP JAPAN

5-169159 08.07.93 JP JAPAN

(43) Publication Date : 04.05.95
(44) Publication Date of Accepted Application : 04.09.97
(62) Related to Division(s) :44684/93

(71) Applicant(s)
FUJITSU LIMITED

(72) Inventor(s)
MAKOTO NAKAMOTO; SATOSHI NAKAMURA; AKINORI TAKAYAMA; KAZUNORI TAKAHASHI;

AKIO TAKIGAMI; YASUO SATO; CHIAKIITO; YOICHI AOKI

(74) Attorney or Agent
SPRUSON & FERGUSON , GPO Box 3898, SYDNEY NSW 2001

(56) Prior Art Documents
US 4905167
US 4872054
US 4785351

e Clal;r? An image data conversion processing device for converting image data
having plural lines, said image conversion processing device comprising:

storing means for storing a program and pixel image data which can be stored
in plural kinds of data lines, and storing mode data identifying the number of lines;

mode managing means for managing the mode data identifying the number of
lines of the image data; and

conversion processing means for changing the conversion of the pixel image
data in accordance with the mode data supplied from said mode managing means and

for converting the pixel image data to a television signal having a predetermined

number of lines based on the mode data.
6. An information processing device for executing plural programs

comprising:
processing means for executing the plural programs and processing mode data

and image data, wherein said processing means includes
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image storing means for storing one of the plural programs which contains the
mode data and the image data, and developing image pixel data in different lines based
on said one program, said mode data identifying a number of lines, and
conversion processing means for conducting a predetermined conversion on the

image data stored in said image storing means in accordance with the mode data to

convert the image data to a television signal, said television signal having a number of

lines.
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IMAGE DATA CONVERSION PROCESSING DEVICE AND

INFORMATION PROCESSING DEVICE HAVING THE SAME

BACKGROUND OF THE INVENTION

This invention relates to an image data conversion

processing device for converting into television signals

image data which are developed in plural kinds of
developing formats in a memory, and an information
processing device having the image data conversion
processing device.

The information processi~7 device comprises a
personal computer including a memory and a processing
unit, for example. The ;‘.nformation processing device is
connected to a cathode ray tube (CRT), and image dalta
output fr'o'm the memory is displayed on the CRT. At'this
time, the image data is developed in various kinds of
developing formats into a video random access memory
(VRAM).

_ The image data comprises 320 pixel (dots) on each
line, and the total number of lines is 200. Alternately, the
image data comprises 640 dots x 400 lines or 640 dots x 480

lines. The frame (screen) of the CRT is divided into a

non-display frame area.
A program has mode data corresponding to an image

mode of the image data for displaying the image data on

. the screen. The mode data repreéents the size of the non-
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display frame area, the number of dots of the display frame area in a horizontal
direction, a flyback period and a read-out frequency for each dot.

A device for controlling the CRT to display the image data serves to set a
horizontal scanning frequency 31KHz on the basis of the mode data of the program
when the image data comprises 640 dots x 480 lines., This device reads out the image
data at a read-out frequency 28MHz from the VRAM in accordance with the set
horizontal scanning frequency. The CRT displays the image data on the display frame
area thereof on the basis of the mode data.

On the other hand, this device sets a horizontal scanning frequency of 15KHz
when the image data comprises 320 dots x 200 lines. In this case, the device reads out
the image data at a read-out frequency of 21 MHz from the VRAM in accordance with
the horizontal scanning frequency. Further, the device sets a horizontal scanning
frequency of 24KHz when the image data comprises 640 dots x 400 lines. In this case,
the device reads out the image data at a read-out frequency of 25MHz from the VRAM
in accordance with this horizontal scanning frequency. Various CRTs are individually
provided in accordance with image data which are developed in various kinds of
developing formats.

As described above, the device for controlling the CRT to perform its display

operation enables the CRT to display image data corresponding to the image mode by

setting a horizontal scanning frequency.

[N:\Iibk}00168:BFD
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In addition, a multi-CRT capable of displaying
various image data of 320 dot_;; x 200 lines, 640 dots x 400
lines and 640 dots x 480 lines for example has been
recently proposed. In this case, an information
processing device having the program outputs a composite
signal to the multi-CRT. The composite signal comprises
horizontal synchronizing signal and a vertical
synchronizing signal of 31/24/15. On the basis of the
composite signal, the multi-CRT.displays image data.of RGB
signals which are output from the information processing
device.

On the other hand, there is a television device which
is generally used for a domestic purpose in contraposition
with the CRT and the multi-CRT as described above. The
horizontail scanning frequency of this television device
is specified to 15KHz (accurately 15.73426KHz), and an
effective line number is specified to 400 lines. In the
television device, one frame is displayed with two fields
through an interlaced scanning operation in which the
frame is scanned with interlacing lines.

It has been increasingly required that this type of
television device is connected to the information
processing device;_'j:o promoté the propagation of the
information processing device. In this case, a scan
converter for converting image data into a television
signal is required. The scan converter is provided with a

change-over switch for selecting any one of the plural
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horizonal scanning frequencies as described above, and on
the basis of a set (selected) horizontal scanning
frequency the scan converter converts the image data to be
displayed. by the information processing device. The

television device displays an image on the frame thereof

" on the basis of the television signal.

As described above, when the television device is
connected to the information processing device, the scan
converter converts image data transmitted imr an analog
form into digital signals and then stores the digital
signals into an internal VRAM. Further, the scan converter
conv:erts the image data to television signals which will
be ihterlaced at a horizontal scanning frequency 15KHz,
and output the converted television signals to the
televisidﬁ device.

When the line number of image data to be developed in
the VRAM exceeds 400 lines of a television frame, the
con\‘rentional"scan converter displays only an image..
portion corresponding to 400 lines, which is specified by
an adjusting volume. Therefore, in this case, a problem
occurs in that the other image data corresponding plural
lines other than the above 400 lines is not displayed on
the television-frame (screen'). In order to solve this
problem, the image data is compressed by the scan

converter.

If the image data is uniformly compressed by the scan

converter, an image which should not be compressed might
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be compressed. For example, the information processing
device frequently outputs image data of 640 dots x 480
lines and image data of 640 dots x 420 lines at a
horizontal scanning frequency 31KHz, for example. In this

case,' the image data of 640 dots x 420 lines can be

' displayed on the television screen, whereas the image data

of 640 dots x 480 lines can not be displayed on the
television screen.

The scan converter serves to compress the image data
of 640 dots x 480 lines to 640 dots x 420 lines at a
constant compression rate, however, it also compresses,
at the constant compression rate, the image data of 640
dots x 420 lines which is originally unnecessary to be
compressed.

Furthér, use of the scan converter as described above
induces a problem that a user must select a horizontal
scanning frequency through the change-over switch. The
comﬁosite signal may be used to remove a user's
manipulation of the change-over switch.‘ The composite
signal is a synchronizing signal, and comprises signals
having respective frequencies. In this case, code
information representing each of the frequencies is not
transmitted. Thus the frc.a-qﬁenc-:y caﬂ not be immediately
identified on the basis of the composite signal.
Accordingly, for example, a frequency detector for
detecting each frequency is provided to the scan

converter. The manipulating operation of the change-over
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switch can be omitted by using a detection result of the frequency detector. However,
in this case the circuit construction of the scan converter is more complicated.

Further, when the scan converter is used, the image data to be displayed,
which is developed in the information processing device, is converted from a digital
signal to an analog signal. Then the analog signal is re-converted to the digital signal
again by the scan converter. As a result a problem occurs in that the image quality of
the image data to be displayed on the television device is deteriorated.

Still further, in the conventional scan converter, the image data transmitted
from the information processing device is converted to the television signal merely
through the interlaced scanning operation. Therefore, a flicker occurs on the screen of
the television device, and consequently, a displayed image is obscure.

SUMMARY OF THE INVENTION

According to one aspect of the invention there is provided an image data
cenversion processing device for converting image data having plural lines, said image
conversion processing device comprising:

storing means for storing a program and pixel image data which can be stored
in plural kinds of data lines, and storing mode data identifying the number of lines;

mode managing means for managing the mode data identifying the number of
lines of the image data; and

conversion processing means for changing the conversion of the pixel image
data in accordance with the mode data supplied from said mode managing means and
for converting the pixel image data to a television signal having a predetermined

number of lines based on the mode data.

[N:\libk)00168:BFD
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In a preferred embodiment of the invention, said conversion processing means
converts the image data based on a previously determined ratio of a number of lines of
a television and the number of lines correspon(iing to the mode data, thereby converting
the image data corresponding to the mode data to the television signal.

In another preferred embodiment of the invention the television signal has a
line number, and the image data conversion processing device further comprises:

a managing table having at least a first conversion information for converting
the image data having a number of image lines to be converted which is larger than the

number of lines of the television signal into the image data having the number of lines

of the television signal.

[N:\libk}00168:BFD.
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In still another preferred embodiment of the invention, said conversion

processing means converts a read-out range of image data which is read out from said

storing means in accordance with the mode data.

In yet another preferred embodiment of the invention, said conversion

processing means performs a conversion operation in accordance with a scan frequency

of the image data.

According to a second aspect of the invention there is provided an information
processing device for executing plural programs comprising:

processing means for executing the plural programs and processing mode data
and image data, wherein said processing means includes

image storing means for storing one of the plural programs which contains the
mode data and the image data, and developing image pixel data in different lines based
on said one program, said mode data identifying a number of lines, and

conversion processing means for conducting a predetermined conversion on the
image data stored in said image storing means in accordance with the mode data to

convert the image data to a television signal, said television signal having a number of

lines.

(N:\libk]00168:BFD
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In a preferred embodiment of said information processing device, the image
data have predetermined image modes, and the image data having the different image
modes are different in the— number of lines and the mode data and the image data
correspond to the number of lines, and wherein said conversion processing means has

an image data conversion device for converting the image data to image data having the

number of lines of the television signal, in accordance with the mode data.

{N:\libk]00168:8FD
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In another preferred embodiment, said information processing device further
comprises a television device connected to said conversion processing means and an

image data conversion device for allowing said television device to display the image

data output from said conversion processing means.

Preferably said information processing device comprises a housing having an

image data conversion device.

ST

{N:\libk]00168:BFD
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BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 is a block diagram showing an information processing device having an

image data conversion processing device of a first embodiment of this invention;

Fig. 2 is a block diagram showing the basis of construction of the image data

conversion processing

'*3168:BFD
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device as shown in Fig. 1;

Fig. 3 is a flowchart showing an operation of the
image data conversion processing device as shown in Fig.
2;

Fig. 4 is a block diagram showing the typical
‘construction of the image data conversion processg'ing
device as shown in Fig. 1;

Fig. 5 is a block diagram showing a main part of the
construction as shown in Fig. 4;

Fig. 6 is an explanatory diagram for calculation of an
interpolative coefficient;

Fig. 7 is another explanatory diagram for calculation
of an interpolative coefficient;

' ] Figs. 8A and 8B show an embodiment of a management

: data of a fnanagement table;

Fig. 9 is a time chart for an operational processing

of the embodiment;

-~ Fig. 10 is another time chart for the operational

processing of the embodiment;

Fig. 11 is an explanatory diagram showing a television
signal generating processing;
Fig. 12 is another explanatory diagram showing the

televisign signal generating processing;

Fig. 13 is another explanatory diagram showing the

television signal generating processing;

Fig. 14 is an explanatory diagram for introducing an

interpolative coefficient;
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Fig. 15 is a«diaéram showing the basic construcfion of
thé image data conversion processing device according to a
second embodiment of this invention;

Fig. 16 is a flowchart for the operation of the image
data conversion processing device as shown in Fig. 15;

Fig. 17 is a block diagram showing a semiconductor
memory unit in the typical construction of the image data
conversion processing device according to the second
embodiment of this invention;

Fig. 18 is block diagram showing a peripheral circuit
containing a format conversion processing unit in the
typical construction of the image data conversion
processing device of the second embodiment of this
invention;

Fig. 19 is a block diagram showing the construction of
a conversion processing control unit;

Fig. 20 is block diagram showing the construction of
the calculation processing unit;

Fig. 21 is a timing chart for a display section of a
first television signal of an ODD field;

Fig. 22 is a timing chart for a display section of a
second television signal of an ODD field;

Fig. 23 is a schematic diagram for generation of a
television signal of an ODD field:;

Fig. 24 is a diagram for calculation of a
semiconductor memory read-out address and an

interpolative coefficient;
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Fig. 25 is. a timing chart for a display section of a
first television sigr;al of an EVEN field;
Fig. 26 is a timing chart for a display section of a
second teleyision signal of an EVEN field;

Fig. 27 is schematic diagram for generation of a

- television signal of an EVEN field;

Fig. 28 is a block diagram showing the construction of
a first modification of the second embodiment;

Fig. 29 is a timing chart for a display section of a
first television signal of an ODD field of the first
modification;

Fig. 30 is a timing chart for a display section of a

second television signal of an ODD field of the first

|
modification;

Fig. 31 is a schematic diagram for generation of a
television signal of an ODD field;

Fig. 32 is a timing chart for a display section of a
first television signal of an EVEN field of the first
mp:dification;

Fig. 33 is a timing c‘hart for a display section of a
second telévision signal of an EVEN field of the first
modification;

Fig. 34 is a.schematic diagram for generation of a
television signal of an EVEN field;

Fig. 35 is a block diagram showing the constxuction of
a second modification of the second embodiment;

Fig. 36 is a block diagram showing the construction of
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a conversion processing control unit; A
Fig. 37 is a bloc};: diagram showing the construction of
a calculation processing unit;
Fig. 38 is a block diagram showing the basis

construction of the information processing device

' according to a third embodiment of this invention;

Flg 39 is a flowchart for the operation 'of the
information processing device as shown in Fig. 38;

Fig. 40 is a block diagram.showing the typical
construction of the information processing device of the
third embodiment according to this invention:;

Fig. 41 is ;1 flowchart for the operation of the
information prt‘:cessir{g device as shown in Fig. 40;

Fig. 42 is a diagram showing’a transversal filter;

Fig. 43 is a diagram showing‘a linear interpolating
circuit;

Fig. 44 is a diagram showing an example of an
interpolative coefficient value; and

Fig. 45 is é diagram showing the coﬁéfruction of a
linear interpolafing circuit 120.

DETAILED DESCRIPTION OF THE-I PREFERRED EMBODIMENTS

Preferred embodiments of the image data conversion
prccessing device and the informationsprocessing device
having the image data conversion processing device will be

described with reference to the accompanying drawings.

< First Embodiment >
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Fig. 1 is a block diagram showing the construction of an information
processing device having an image data conversion processing device of a first
embodiment according to this invention.

In Fig. 1, the information processing device comprises a personal computer,
for example. The information processing device includes a CPU 31, an image memory
32, a VRAM 2, a mode managing unit 33, and a read-out control unit 34, The
information processing device 30 is connected to an external television device 40.

The image memory 32 serves to store a program and image data. The
program has mode data storing information corresponding to an image mode of an
image data thereof or specified information.

The CPU 31 processes the program and the image data from the image
memory 32. This image data has a predetermined image mode. The CPU 31 executes
plural programs in which the image modes are different from each other, and it receives
the mode data contained in the program and the image data.

The CPU 31 also outputs the image data of the image memory 32 to the
VRAM 2, and outputs the mode data to the mode managing unit 33. The image data
comprises plural lines, and each line comprises plural dots. In this construction, the
image data whose image modes are different from each other have different line

numbers of data. The mode data corresponds to the line

{N:\libk]00168:BFD




10

15

25

- 17 -
number.

The VRAM 2 serves to store image data of various kinds
of developing formats. The image data are stored into the
VRAM 2, for example, in a developing format of 320 pixel
(dots) x 200 lines, 640 dots x 400 lines or 640 dots x 480
lines. The image data may be stored in another developing
format.

The mode managing unit 33 manages the mode
data corresponding to the line number of the image data
which will be developed in the VRAM 2 and converted. The
read-out control unit 34 constitutes an image data
conversion processing device. The read-out control unit
34 rénews a conversion mode (manner) of image data in

{
accordance with the mode data supplied from the mode

‘managing ﬁnit 34. to convert image data corresponding to at

least plural mode data into television signals.

The image data for television signals represents a
predetermined line number. The read-out control unit 34
‘subjects the image data to a predetermined conversion
determined on the basis of a line number ratio of
the above predetermined line number and the mode data. This
thereby converts +the image data corresponding to at
least plural mode data into television signals.

In this construction, a managing table 220 as
described later is provided to the read-out control unit
34. The managing table 220 includes first conversion

information for converting to image data having the line :
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nu_mber of the television signal image data in which the
image line number to be converted is larger than the line
number of the television signal. The managing table 220
also includes second conversion information for
converting to image data having the line number of the
television signal image data in which the image line
number to be converted is smaller than the line number of
the television signal.

The read-out control unit 34 selects any one of the
first and second conversion information, and performs the
conversion of the image data on the basis of the selected
conversion information.

The read-out control unit 34 may alter a read-out
range of data to be read out !from the VRAM 2 in accordance
with the mode data. Further' it may carry out the
conversion in accordance with the scanning frequency of
the television signal.

In this construction, an image output. from the read-
out control unit 34 is displayed on a television device
40. The information processing device 30 may be designed
in one-housing structure.

A. Basic Construction of Image Data Conversion Processing
Device of First Embodiment | i

Fig. 2 is a block diagram showing the basic
construction of the image data conversion processing
device. The image data conversion processing device 1

includes a VRAM 2, plural line buffers 3, a generating
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unit 4, a first counter 5, a second counter 6, a table 7 and an issue unit 8.

The VRAM 2 serves to store image data to be converted to a television signal.
The image data stored in the VRAM 2 is developed with the program. The image data
comprises 640 dots x 400 lines or 640 dots x 480 lines, for example.

The plural line buffers 3 are connected to the VRAM 2 as shown in Fig. 2,
and each of the line buffers 3 cyclically stores the image data transmitted from the
VRAM 2 line by line.

The generating unit 4 is connected to the plural line buffers 3, and generates
the horizontal synchronizing signal and the vertical synchronizing signal of a television
signal. The generating unit 4 multiplies the image data stored in the line buffer 3 in
synchronism with the horizontal synchronizing signal by an interpolative coefficient
which is assigned to the image data, and generates the television signal by adding these
multiplied results.

That is, the generating unit 4 carries out a linear interpolation of the image
data of two image data lines of an image data line for a television signal line and an
adjacent image data line thereto using a predetermined value which is set beforehand as
the interpolative coefficient. This thereby calculates a signal level, and also calculates

an average in signal level between the two television signal lines of the linearly

interpolated

IN:\libk}00168:BFD
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television signal line and a television signal line
adjacent thereto

Further, the generating unit 4 generates a television.
signal through the calculation of the average:value in
signal level between the two image data lines of the image
data line corresponding to the television signal line and
the adjacent image data line thereto using the
predetermined value which is set beforehand as an
interpolative coefficient.

The first counter 5 cyclically counts the horizontal
synchronizing signal of the television signal on the basis
of the mode data supplied from the mode n}anagin_g unit 33
at a period specified by the mode data.

The table 7 manages interpolative coefficients and'
identifyiﬁg clock numbers for the horizontal
synchronizing signal of the television signal in
accordance with the developing formats of the image data.
These managing data are defined in accordance with the
developing formats of the image data stored in the VRAM 2,
and has periodicity to the horizontal synchronizing
signal of the television si;_:;nal.

The table 7 sets the interpolative coefficients and
the identifying clock numberé for the mode aaté supplied
from the mode managing unit 33 to be output.

The table 7 uses a count value of the first counter 5 as an
access address to output ah interpolative coefficient

having periodicity corresponding tou the count value in the
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interpolative coefficients and the identifying clock
numbers which aré objects to be output. The interpolative
or correction coefficient output is supplied to the
generating unit 4 while the identifying clock number is
output to the issue unit 8.

The second counter 6 countis the clock number of the
horizonal synchronizing signal of the television signal.
The issue unit 8 issues an instruction for transmitting
the .image data to the VRAM 2 through the comparison
between the identifying clock number output from the table
7 and the count value counted by the second counter 6.

Next, the operation of the image data conversion
processing device thus coirmstrucfed will be described.

Fig. 3 is a flowchart showing the operation of the
image data conversion processing device as shown in Fig.
2.

First, mode data for an image data which will be
developed in the VRAM 2 is supplied to the first counter 5
and the table 7 (step 101). The first counter 5 performs
its cyclic counting operation of the horizontal
synchror;izing signal of the te.:wvision signal at the
period defined by the mode data (step 102).

In response to the count;'.ng operation as described
above, the table 7 outputs an interpolative coefficient
and an identifying clock number having periodicity

defined by the above count value in the interpolative

coefficients and the identifying clock numbers which are
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objects to be output in accordance with the mode data (step 103). The second counter
6 counts the clock number of the horizontal synchronizing signal of the television signal
(step 104).

The issue unit 8 compares the identifying clock number output from the table 7
and the count value of the second counter 6. When the identifying clock number is
coincident with the count value, a transmission instruction for a series of image data
sequential to previous image data is issued (step 105). More specifically, the issue unit
8 issues the transmission instruction of the series of image data sequential to the
previous one in accordance with the periodicity defined by the ratio in line number
between the line number of the image data developed in the VRAM 2 and the line
number of the television signal.

Accordingly, when the line number of the image data of the VRAM 2 is larger
than the line number of the television signal, the issue unit 8 issues the transmission
instruction of the image data in accordance with a short period. Alternatively, when
the line number of the image data is smaller than the line number of the television
signal, the issue unit 8 issues the transmission instruction of the image data in
accordance with a long period.

In response to the transmission instruction of the issue unit 8, the image data is

transmitted from the VRAM 2 to the line buffer 3 (step 106). In this case, the image

[N:\libk]o0O168:BFD
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data is first sequentiélly transmitted with the image data
of the top line at a transmission starting point every
transmission unit of a predetermined number of lines. Wheﬁ
the transmission of the image data is cbmpleted,
the image data is sequentially transmitted

with the image data of the next line to the top line, at a

transmission starting point every transmission unit of a

predetermined number of lines. When the transmission of
the image data is completed, the image data is
sequentially transmitted with the top line thereof at a
transmission starting point, again every transmission
unit. As described above, the imagé. data is transmitted
while the transmission uni.t using the image data of the.
top line as the transmission starting point and the other
transmission unit using the image data of the next line to
the top line as the transmission starting point are
alternately selected.

The line buffer 3. cyclically latches the image data
‘transmitted from the VRASM 2 line by line (step 107). In .. .
response to the latch operation as described above, the
generating unit 4 multiplies the image data latched in the
line buffer 3 and the interpolative coefficient output
from the table 7 in synchronism with the horizontal
synchronizing signél of the television signal (step 108).
The generating unit 4 generates the television signal by
adding these multiplied results (step 109).

That is, the line buffer 3 renews the latched image
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data at a short period when the line number of the image data developed in the VRAM
2 is large. When the line number of the image data is small, the line buffer 3 renews
the latched image data at a long period. In response to the latch operation of the image
data by the line buffer 3, the generating unit 4 can generate the television signal while
reducing (compressing) the image data developed in the VRAM 2,

A case also exists where the number of the line buffers 3 provided is larger
than the line number of the image data required for the generating processing of the
television signal by the generating un.c 4. In this case, the issue unit 8 issues the
transmission instruction of the image data at such timing so as to keep the line buffers
3, whose number is sufficient to store the image data required for the generation of the
television signal, in the write-in processing of the image data into the line buffers 3. In
this case, the write-in speed of the image data into the line buffers 3 is set to be higher
than the read-out speed of the image data from the line buffers 3.

A set value of the interpolative coefficient used in this case is set by the
generating unit 4. This set value is calculated as follows. The image data of two image
data lines adjacent to an image data line corresponding to a television signal line, ars

subjected to linear interpolation to calculate a signal level. The
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interpolative coefficientis set so thata television
signal having an average value between the above signal
level and a similar signal level obtained for a television
signal line adjacent to the above television signal line
is generated.

In accordance with the set value of the interpolative
coefficient, the generating unit 4 calculates the signal
level of each television signal by obtaining the signal
level of a linear interpolative value of two image data
sandwiching the corresponding image data line which is in
reduced (compressed) relation witq the television signal.

Subsequently, the generating unit 4 determines the final

; ,
'signal level of the television signal by calculating the

average value of the two adjacent television signals thus
obtained.

- As described above, the generating unit 4 determines
the signal level of the television signal while reducing
the image data of the VRAM 2. Further, the generating unit
4 averages the signal level between the adjacent
television signals. Through this operation, flickerless .
television signals are generated from all image data of
the VRAM 2. Further, the generating unit 4 generates
television signals of interlaced scanning in accordance
with the set value of the interpolative coefficient and
the alternately-transmitted image data.

B. An Image Data Conversion Processing Device having.

Typical Construction of First Embodiment
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Next, the image data conversion processing device having a typical
construction will be described. Fig. 4 is a block diagram showing the typical
construction of the image data conversion processing device.

In Fig. 4, the image data conversion processing device reads out the image
data stored in the VRAM 2 in accordance with the mode data from the mode managing
unit 33 (Fig. 1). Further, it reduces the image data to display all the image data stored
in the VRAM 2 on the television device 40, and determines the signal level of the
television signal. Still further, it generates a flickerless television signal by averaging
the signal level between adjacent television signals.

In Fig. 4, an RGB matrix circuit 10 converts the image data of RGB
components read out from the VRAM 2 to the image data of YUV components. A
low-pass filter (LPF) 11 removes noise components of the image data of U-components
converted by the RGB matrix circuit 10. A LPF 12 removes noise components of the
image data of V-components converted by the RGB matrix circuit 10.

A multiplexer 13 selects the image data of any one of the two low-pass filters
11 and 12. A line buffer 14-i (i=1 to 4) serves to cyclically and successively store the
image data of the Y-component converted by the RGB matrix circuit 10 and the image
data of the component selected by the multiplexer 13 line by line.

A selector 15 selects the image data stored in the

[N:\libk]00168:BFD
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li—ne buffer 14-i. A logical operation circuit .16 generates
a television s.ignal by subjecting the image data stored in
the line buffer 14-i to a reducing operation and a flicker
removing operation. A demultiplexer allocates the
selector 18 with the U and V-component television signals
of the television signals output from the logical
operation circuit 16, which are selected by the
multiplexer 13.

The selector 18 selects any one of the image data
converted by the RGB mafrix circuit 10 and the television
signal output from the logical operation circuit 16. An
NTSC encoder 19 encodes the television signal output from
the selector 18 into an N'I‘SC signal. A D/A converter 20
converts a digital signal output from the NTSC encoder 19
to an analbg signal and then outputs the analog signal to
the television device 40.

A line buffer write-in control circuit 21 controls the
write-in operation of the image data into the line buffer
14-i on the basis of the mode data from the mode managing
unit 33. An interpolative coefficient generating circuit
22 generates an interpolative coefficient which is
required for the logical operation circuit 16 to perform
the reducing operation and t.he flicker removing operation
as described above on the basis of the mode data and clock
signals CLKSO and CLKS1l. An interpolative coefficient
generating circuit 22 outputs the interpolative

coefficient to the logical operation circuit 16.
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An NTSC synchronizing signal generating circuit 23
generates an NTSC synchronizing signal containing a
horizontal synchronizing signal and a vertical
synchronizing signal on the basis of a clock of 28.63MHz
for example. An NTSC synchronizing signal generating
circuit 23 outputs an NTSC synchronizing signal to an
interpolative coefficient generating curcuit 22.

In this construction, each of the line buffer 14-i,
the selector 15 and the logical operation circuit 16 is
respectively provided in pairs (i.e., two groups of line
buffers, selectors and logical operation circuits are
provided) in correspondence with the ODD field and the
EVEN fiel.d of the television signals. In Fig. 4, one group
of the line buffers 14-i, the selector 15 and the logical
operation‘circuit 16 are illustrated. The write-in
operation of the image data into the line buffer 14-i is
executed at 28.6MHz (8fsc). The operation of the logical
operation circuit 16 is executed at 14.3MHz (4fsc) in
synchronism with the generation of the television
signals. That is, the write-in operation of the image data
into the line buffer 14-i and the operation of the logical
operation circuit 16 are executed in asynchronism with
each other. |

Fig. 5 is a block diagram showing the detailed
construction of the main part of the circuit as shown in
Fig. 4. In Fig. 5, the same elements as Fig. 4 are

represented by the same reference numerals.
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The image data which is potentially developed in the VRAM 2 is 640 dots x
480 lines, or 640 dots x 400 lines, 320 dots x 200 lines. These image data are
converted to television signals of 640 dots x 400 lines, 640 dots x 400 lines and 320
dots x 400 lines, respectively.

The program developed in the memory 32 develops the image data in the
VRAM 2 in accordance with any developing format in three kinds of developing
formats through the execution of its processing. The developing format of this case is
provided to a managing table 220 »xd a selector 223, as described later, through the
mode managing unit 33 (not shown) in accordance with a coded mode data.

A selector 15 comprises three selectors 150-i (i = 1 to 3). The selector 150-i
selects any one of the image data stored in the line buffers 14-1 and 14-2. The selector
150-1 selects the image data of the line buffer 14-1 when a selection control signal
output from an a-terminal of the managing table 220 as described later represents "1",
and selects the image data of the line buffer 14-2 when the selection control signal
represents "0".

The selector 150-2 selects any one of the image data stored in the line buffers
14-2 and 14-3. The selector 150-2 selects the image data of the line buffer 14-2 when
the selection control signal output from a b-terminal of the managing table 220

represents "1", and selects the image data of the line buffer 14-3 when the selection

control signal represents "0".
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The selector 150-3 selects any one of the image data stored in the line buffers
14-3 and 14-4. The selector 150-3 selects the image data of the line buffer 14-3 when
the selection control signal output from a c-terminal of the managing table 220
represents "1", and selects the image data of the line buffer 14-4 when the selection
control signal represents "0".

The logical operation circuit 16 comprises three multiplier 160-i (i = 1 to 3)
and an adder 161. The logical operation circuit 16 performs a calculation using the
interpolative coefficient as described above to thereby reduce and average the image
data.

Thke multiplier 160-1 carries out a multiplying operation between the image
data output from the selector 150-1 and the interpolative coefficient output from a
a-terminal of the managing table 220. The multiplier 160-2 carries out a multiplying
operation between the image data output from the selector 150-2 and the interpolative
coefficient output from a B-terminal of the managing table 220. The multiplier 160-3
performs a multiplying operation between the image data output from the selector 150-3
and the interpolative coefficient output from a y-terminal of the managing table 220.

The adder 161 performs an adding operation of the multiplied results which are

output from the multipliers 160-1 to 160-3. As a result the reducing and
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averaging operation of the imagé. datd is performed.

The interpélaj:ive coefficient ger'xerating circuit 22
comprises a managing table 220, two counters 221 and
222 and a selector 223.

The managing table 220 manages the selection control _
signals to be supplied to the selector 150-i and the
interpolative coefficients to be supplied to the
multiplier 160-i every mode data. Further, the managing
table 220 manages an identifying clock number
(hereinafter referred to as "LWT" ) corresponding to thé
specified clock number of the horizontal synchronizing
signal of the television signal. The interpolative
coefficient and the identifying clock number are
specit:ied in accordance with the developing format of the
image data stored in the VRAM 2, and have periodicity to
the horizontal synchronizing signal of the television
signal.

The.' counter 221 cyclically counts the horizontal
synchronizing signal of the television signal to
cyclically output "O" and."l1". The counter 222 cyclically
counts the horizontal sy'nchrdnizing signal of the
television signal to cyclically output "O" to "4" in this
order. The selector 223 seleci:s a count value of the
counter 221 when the mode data represents 640 dots x 400
lines. The'seléctor 223 selects a ‘count value of the
counter 222 when the mode data represents 640 dots x 480

lines. The selector 223 outputs the selected count value
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to the managing table 220 as an access address of the
managing table 220.

The NTSC synchronizing signal circuit 23 is equipped
with a counter 230 and a comparator 231.

The counter 230 starts its counting operation of the
horizontal synchronizing signal of the television signal
with a clock sigral, and outputs a clock count value. In
this embodiment, the number of clocks from the start of
the counting operation of the horizontal synchronizing
signal till the end of the counting operation is set to
"910", for example. The comparator 231 compares the count
value output from the counter 230 with the idehtifying
clock number output from the managing table 2éo. The
comparator 231 instructs the transmission of the image
data to a control mechanism (not shown) for the VRAM 2
when the count value output from the counter 230 reaches
the identifying clock number.

Next, the interpolative coefficient which is managed

by the managing table 220 will be described. When the

'reduction rate of the line number of the image data and

the iiné number of the television signal is larger than
"2/3", image data of three adjacent lines are required to
generate a reduced flickerleés television signal.

More specifically, when the reduction rate of the line
number of the image data and the line number of the television
signal is "2/3", image data of four lines as'inaicated by

a black circle corfespond to reduced image data of three
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lines as indicated by a white circle in Fig. 6. When the reduction rate of the line
number is larger than "2/3", the reduced image data is shifted to a direction as
indicated by an arrow.

Accordingly, when the reduction rate of the line number is larger than "2/3",
each reduced image data as indicated by a white circle is calculated by linearly
interpolating the signal level of the image data of the two adjacent lines. The signal
level of the television signal is calculated by averaging the signal level of the reduced
image data of the two adjacent lines. Therefore, image data of three adjacent lines are
required to generate a reduced flickerless television signal.

Here, representing the ratio of line number between the line number of the
image data and the line number of the television signal by "m:n"; the line number of
the reduced image data, L,; and the line number of the corresponding image data in the
VRAM 2, 1,, the following equation is satisfied from the relationship between integer
values:

1y = Ly x (m/n).

Further, representing a decimal value of "L, x (m/n)" by b, the following

equation is also satisfied in consideration of the relationship of the decimal value:
1, + b = Ly x (m/n).
More specifically, as shown in Fig. 7, the L, line of the reduced image data

corresponds to a divisional position of "b:(1-
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b)" between the lines 1, and 1,,, of the image data stored
in the VRAM 2. However, the dot positions of these image
data are coincident with each other. In addition, the
following equation is satisfied:
(L + 1) x (m/n) = L, x (m/n) + (m/n)
=1, + b+ (m/n)
= (1, + 1) + b + (m/n) - 1.

From this equation, as si.own in Fig. 7, the L., line of the

. reduced image data corresponds to a divisional position as

represented by the following equation 1 between the lines
1... :‘:md 1,.,, of the image data stored in the VRAM 2.

{b + (m-n)/n} : {1 -(b+ (m-n)/n)}*' .... (1)
Here;; the dot positions of the reduced image data and the
image data stored in the VRAM 2 are coincident with each
other. In Fig. 7, a black circle represents an image data
before it has been reduced, and a white circle represents
a reduced image data.

The signal level of the L, line of the reduced image
data is calculated on the basis of the sum of a value
obtained by multiplying the signal level of the 1, line of
the image clata of the VRAM 2 and a weight value (1-b) and a

value obtained by multiplying the signal level of the 1,,,

~ line.of:the image data of the VRAM 2 and a weight value b.

That is, the signal level is provided as a linearly-
interpolated walue.-
Further, the signal level of the L,,, line of the

reduced image data is calculated on the basis of the sum
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of a value obtained by multiplying the signal level of the
1l.., line of the image data of the VRAM'2 and a weight value
as represented by the following equation (2) and a value
obtained by multiplying the:signal level of the 1,,, 1ine

of the image data of the VRAM 2 and a weight value as

"'represented by the following equation (3).

l1-(b+ (m-n)/n) ..... (2)
b+ ((m-n)/n) ..... (3)
The signal level is provided as a linearly-interpolated
value.

Accordingly, the average value D, (the signal level of
(1) line in Fig. 7) between the signal level of the L, line
of the reduced image data and the signal level of the L,,,
line of the reduced image data is calculated by the
following equation (a)

Iij =Di, xa, + Dij X &, + Di,,., X a,, ... (2)

Here, Di,, represents the signal level of the 1, line
of’;—the image data in the VRAM 2. Di, ,; represents the
siénal level of the 1,,; line of the image data in the VRAM
2. Di,,,, represents the signal level of the 1,,, line of the
image data in the VRAM 2; The interpolative coefficient a,
is equal to {(1-b) + 0} / 2. The interpolative
coefficient a,,, is equal to a value as represented by the
following equation (4)

- [{1 - (b+(m-n)/n} + b]/2 = {1-(m-n)/n}/2 ... (4)

The interpolative coefficient a,,, is equal to a value as

represented by the following equation (5)
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[{b + (m-n)/n} + 0]/2 = {b + (m-nn)/n}/2 ... (5)
Here, the calculation processing is executed at the same
dot position.

The managing table 220 manages the interpolative
coefficients a,, a,,,, 4., which satisfy the above
equations, and also outputs the interpolative
coefficients as indicated by the count values of tl}e
counters 221 and 22A2 to the multiplier 160-i. Further, the
managing table 220 outputs the selection control signals
indicated by the count values of the counters 221 and 222
to the selector 150-i. The managing table 220 manages the
identifying clock number to be supplied to the comparator
231, and outputs the identifying clock numbers as
jindicated by the counters 221 and 222 to the comparator
231 to thereby satisfy the above equations.

Figs. 8(a) and 8(b) is an embodiment of a managing
data of the managing table 220. Here, ‘the data as shown in
Fig. 8(a) is managing data used when the image
data of the VRAM 2 to be converted adopts a developing
format of 640 dots x 400 lines. The data as shown in Fig.
8(b) is managing data used when the image data

of the VRAM 2 to be converted adopts a developing format"

-0of 640 dots x 480 lines..-

In Figs. 8(a) and 8(b), a, b and c represent managing

. data for the selection control signals, and LWT represents

managing data for the identifying clock numbers. a, B and

Y represent managing data for the interpolative
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coefficients. The interpolative ccefficient is represented with five bits of "X. XXXX" in
binary system. Accordingly, for example, "08" is represented by "0.1000", and this
value corresponds to "0.5" in decimal system. Further, the sign "-" of the LWT means
that data which is an object to be compared in the comparator 231 is not output.

When the image data of the VRAM 2 to be converted has the developing
format of 320 dots x 200 lines, as described later, the selector 18 as shown in Fig. 4
directly selects the image data which is cenverted in the RGB matrix circuit 10.
Through this operation, the managing table 220 does not manage the managing data
corresponding to this developing format.

Figs. 9 and 10 are ﬂov;/charts for the operation of the typically-constructed
image conversion processing device. Next, the operation of the image data conversion
processing device as shown in Fig. 4 will be described. In Figs. 9 and 10, the two
waveforms (a) show the hcrizontal synchronizing signal of the television signals. In
Figs. 9 and 10, the two wavetorms (b) represent the display sections of the television
signal. Figs. 9 and 10, the two waveforms (c) represent the vertical display sections of
the television signal. In Fig. 9, waveform (d) shows the count value of the counter
221, and in Fig. 10, waveform (d) shows the count value of the counter 222.
<Image data of 640 dots x 400 lines >

First, the operation of the image data conversion
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processing device will be described for the case where the
image data of the VRAM 2 to be converted has the
developing format of 640 dots x 400 lines. In this case,
the selector 223 selects the count value of the counter

221 which cyclically outputs "O" and "1", and outputs the

. selected count value to the managing table 220.

For the odd (ODD) field of the television signa} as
shown in Fig. 8(a), the managing table 220 outputs
[LWT=816, a=1, b=1, c=1, a=08, B=08, y=00] in
correspondence with the count value "0", and outputs
[LWT=-, a=1, b=0, c=0, a=00, B=08, y=08] in correspondence
with the count value "1". !

When the count value of the counter 221 .ndicates "0O",
the managing table !220 outputs "LWT=816". In response to
"LWT=816", the comparator 231 issues the control
mechanism (not shown) for the VRAM 2 with the
transmission instruction of the image data sequential to
the previous transmissi ...

In response to the issue of the transmission

. instruction of thie image data, the control mechanism of

the VRAM 2 cransmits the image data with a slight time loss

as indicated by a heavy line of the time chart of Fig. 9.

At this.time, in the.edd field of the television signal,

the image data is transmitted for about 89puSEC period
every four lines with the image data of the O-th line at a
transmission starting point. In the even field of the

television signal, the image data is transmitted for
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about 89uSEC period every four lines with the image data of the first line at the
transmission starting point.

In response to the transmitting operation of the image data as described above,
as shown in the time chart of Fig. 9, for the odd field of the television signal, the line
buffer 14-1 stores t':» irnag« data of the O-th line in a first television signal display
section, more specifically, in a section where the count value of the counter 221
indicates "0". Further, the line buffer 14-2 stores the image data of the first line, and
the line buffer 14-3 stores the image data of a second line. Further, the line buffer 14-1
stores the image data of a fourth line in a second television signal display section, more
speciucally, in a section where the count value of the counter 221 indicates "1". The
line buffer 14-3 stores the image data of the second line, and the line buffer 14-4 stores
the image data of a third line. As described above, the line buffer write-in control
circuit 21 writes effective image data of three lines into the line buffers in each display
section of the television signal,

For the even field of the television signals, the line buffer 14-1 stores the
image data of the first line in the first television signal display section, more
specifically, in the section where the counter 221 indicates "0". The line buffer 14-2
stores the image data of the second line, and the line buffer 14-3 stores the image data

of the third line. Turther, in the second television display section,

(N:\libk100168:BFD
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more épecificélly, in the section where the count value of the
counter 221 indicates "1", the line buffer 14-1 stores the
image data of a fifth line. The line buffer 14-3 stores
the image data of the third line, and the line buffer 14-4
stores the image data of the fourth line. As described
abo_ge, the line buffer write-in control circuit 21 writes
effective image data of three lines into the line buffers
in each display section of the television signal. )

The logical operation circuit 16 receives the image
data from the line buffer 14-1 and both of the selection
control signal and the interpolative coefficient from the
managing table 220. The logical operation’‘circuit 16 reads
out the image data stored in the line buffer 14-i for
about 45uSEC.

For the oud field of the television signal, the
logical operation circuit 16 carries out a multiplied
value between the image data of the 0-th line and the
interpolative coefficient "08" (0.5 in decimal system) in
the first television signal display section. Further, the
logical operation circuit 16 adds the obtained
multiplied value with the multiplied value of the image

data of the first line and the interpolative coefficient

) l|08" .

Further, the logical operation circuit 16 adds the
multiplied value of the image data of the second line and
the interpolative coefficient "08" with the'multiplied

value of the image data of the third line and the
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interpolative coefficient "08" iﬁ the second television
signal display section. In the manner described above,
the logical operation circuit 16 executes the generation
precessing of the television signal. |

Still -further, for the even field of the television
signal, the logical operation circuit 16 calculates a
multiplied value of the image data of the first 1iqe and
the interpolative coefficient "08", and adds the
obtained multiplied value with the multiplied value of the
image data of the second line and the interpolative
coefficient "08". In the first television signal display
section, the logical operation circuit 16 'adds the
multiplied value of the image data of the third line and
the interpolative coefficient "08" with'the multiplied
value of the i'mag.e data of the fourth' line and the
interp.olative coefficient "08". In the manner
described above, the logical operation circuit 16
executes the generation of the television signal.

As described above, the image data conversion
processing device generates the television signal of 640
dots x 400 and applies the interlaced scanning by

calculating the average value in signal level between the

~image data of two adjacent lines as shown in Fig. 11 when

the image data of the VRAM 2 to be converted has the
developing format of 640 dots x 400 lines..Through. the
averaging operation of the signal level of the image data,

the flickerless television signal can be generated.
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<Image data of 640 dots x 480 lines>

The operation of the image data conversion processing
device will be next described for the case where the; image
data of the VRAM 2 to be converted has the developing
format of 640 dots x 480 lines. In this case, the selector
223 selects the count value of the counter 22 which .
cyclically outputs "0" to "4", and outputs the selected
count value to the managing table 220. In accordance with
the count value,  the managing table 220 cyclically oufputs
the managing data as shown in Fig. 8(b).

Here, the managing table 220 cyclically outputs the
managing data at a f)eriod corresponding td five horizontal
synchronizing signals of the television signal. This
results due to the image data of 480 lines are sreduced to the
television signal of 400 ]:ines in a ratio of 6:5.

The comparator 231 receives the LWT output from the
managing table 220. Firstly, the comparator 231 is input
with "LWT=196" which is output when the count ve;.iue of the
counter 222 indicates "0". In response to the input of
"LWT=196", it issues the transmission instruction of the
image data sequential to the previous transmission Lo the
control mechanism of the VRAM 2 when the count value of

Secondly, the comparator 231 is input with "LWT=816"
which.is output when the count value of the counter 222
indicates "1". In response to the input of " LWT.=816", it

issues the transmission instruction of the image data
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sequential to the previous transmission to the control
mechanism of the VRAM 2 when the count value of the
counter 230 reaches "816".

Thirdly, the comparator 231 is input with "LWT=516"
which it outputs when the count value of the counter 222
indicates "3". In response to the input of "LWT=516", it
issues the transmission instruction of the image data
sequential to the previous transmission to the control
mechanism.of the VRAM 2 when the count value of the
counter 230 reaches "516".

The control mechanism of the VRAM 2 receivgs the
issued instruction, and transmits the image da;ta with
slight time loss as indicated by a heavy line éf the time
chart of Fig. 10. For v.e odd field of the television
signal, the image data is transmitted for about 89uSEC
every four lines with the image data of the O-th line at
the transmission starting point. Further, for the even
field of the television signals, the image data is
transmitted for about 89uSEC every four lines with the
image data of the first line at the transmission starting-

point.

The line write-in control circuit 21 writes the

"effective image data of three lines into the line buffers

14-i in each display section of the television signal as

shown in the time chart of Fig. 10.
The following matter is apparent from comparison

between the time charts of Figs. 9 and '10. When the image

~
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data of the VRAM 2 to be converted has the devéloping
format of 640 dots x 480 lines, the comparator 231 issues
the transmission instruction of the image data at a
shorter period :than when the image data has the developing

format of 640 dots x 400 lines. Upon compal lson of the

" image data transmission in the fourth television signal

display section of the odd field for exeample, the image
data of sixth, seventh and eighth lines are stored into
the line buffers 14-i as shown in the time chart of Fig. 9
fqr the developing format of 640 dots x 400 lines, whereas
the image data of seventh, eighth and ninth lines are
stored into the line buffers 14-i as shown’'in the time
chart of Fig. 10 for the developing format of 640 dots x
480 lines. As described above, the image data is stored
into the line buffers 14-i at higher speed in the
developing format of 640 dots x 480 lines.

The logical operation circuit 16 reads out the image
da’i:a stored in the line buffers 14-i for about 45pSEC on

the basis of the selection control signal and the

_interpolative coefficient from the managing table 220,

and then carries out the logical operation as represented
by the equation (a) to thereby generate the television
signal. sk '

Through this operation, the image data conversion
processing device of the first embodiment carries out the
linear interpolation as shown in Fig. 12 to reduce the

image data of six lines to the image data of five lines
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‘when the image data of the VRAM 2 to be converted has the

developing format of 640 dots x 480 lines. Further, the
image data conversion processing device calculates the
average value in signal level of the two adjacent lines of
the reduced image data to thereby generate the television
signal of 640 dots x 400 lines which will be subjected to
the interlaced scanning. Through the reducing and ‘
averaging operations of the image data, the flickeriess
television signal having the whole information of the
image data of 640 dots x 480 lines can be generated.
<Image data of 320 dots x 200 lines>

Next, the case where the imagé data of' the VRAM 2 to be
converted has the developinguforrinat of 320 dots x 200
lines will be described. In this case, as shown’ in Fig.
13, the control mechanism of the VRAM 2 normally
transmits the image data of all of 200 lines in the odd
field and also transmits the image data of all of 200
lines in the even field.

In this case; the image data conversion processing
device 1 of this invention is not required to be operated.
When the mode data repfesents the developing format of 320

dots x 200 lines, the selector 18 as shown in Fig. 4

directly selects the image data to be converted in the RGB

matrix circuit 10 to directly output the image data
transmitted from the VRAM 2 to the NTSC encoder 19. -
When the image data of the VRAM 2 to be converted has

the developing format of 320 dots x 200 lines, the
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transmission control proc;assing may be carried out by the
image data conversion processing device 1 of this
embodiment in place of the control mechanism of the VRAM
2.

According to the first embodiment as described above,
it is assumed that the reduction rate of the line number
of the image data and the line number of the teélevision
signal i¥ larger than "2/3". Further, it is assumed “that
the line number of the image data required to generate the
television signal is three lines. This invention is not
limited to these value, and may be applied
to a case where the reduction rate is smaller than "2/3".
In this case, as sfhown iﬁ Fig. 14, the line number of the
image data required to generate the television signal 1s
equal to four lines, and thus, the hardware construction
and the managing data of the managing table 220 are |
provided in correspondence with the above line number.
<Second .Emb‘odiment>

A second embodiment of the image data conversion
processing device of this invention will be next
described. -

Fig. 15 is a block diagram showing the image data
conversion processing device:of the second embodiment
according to this invention. Fig. 16 is a flowchart for
the operation of the image data conversion processing

device as shown in Fig. 15.

~The image data conversion processing device of this
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embodiment includes an even sté:ring unit 24-1, an odd
storing unit 24-2, a format coﬁversion prooes.sing unit 50
and a signal generating unit 60. The device converts the
image data, which can be developed in.plural kinds of
developing formats, into the television signal having a
predetermined number of lines.

The even storing unit 24-1 stgres image data of even
lines in the image data to be converted. Here, the i}nage
data is image datg in the information processing device
30. The image data comprises plur_al lines, and each line
comprises plural dots. The odd storing unit 24-2 stores
ima'ge data of odd lines in the image data to be converted.

' The signal generating unit 60 generates plurél rate
data which are determined on the basis of the line numb{'ar
of the image data and the predetermnined line number of the
television signal in accordance with the plural kinds of
developing formats, and also the horizontal synchronizing
signal of the television signal. The signal generating
unit 60 outputs the rate ‘data and the horizontal
synchronizing signal to the conversion processing control
unit 52. Each of the plural rates can have a value which is
larger or smaller than "1".

The even storing unit 24-1, the odd-storing unit 24-2
and the signal generating unit 60 are connected to the
format conversion processing unit 50.

The format conversion unit 50 converts the image data

of the even and odd lines supplied from the even storing
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unit 24-1 and the odd storing unit 24-2 to ‘the television
signal format using the horizontal synchronizing signal
and the rate data corresponding to the developing format
of the image data to be converted. The format conversion
unit 50 includes the conversion processing control unit 52
and a calculation processing unit 54. The format
conversion unit 50 includes a line buffer 56 and an
average processing unit 58.

. The conversion processing control unit 52 receives
the hori‘zontal synchronizing signal and the rate data
corresponding to the developing format of the image data
to be converted from the signal generating unit 60. On the
basis of the rate data and the horizontal synchronizing
signal, the conversion processing control unit 52
generates a read-out address for reading out the image
data of adjacent odd and even lines stored in the even
storing unit 24-1 and the odd storing unit 24-2 and an
interpolative coefficient which will be used tc convert
the image data to the television signal. The calculation
processing unit 54 is connected to the conversion
processing control unit 52, the even storing unit 24-1 and
the odd storing unit 24-2.

The calculation processir;g unit 54 reads cut the-image
data of two adjacent odd and even lines stored in the two
storing units on the basis of the read-out address
sﬁpplied from the conversion processing control unit 52.

The calculation processing unit 54 multiplies the read-




10

15

20

25

- 49 -
out image data by-the interpolative coefficient to convert
the image data to the television signal.

The’ line buffer 56 is connected to the calculation
processing unit 54, and-stores the television signal on a
line calculated in the calculation processing unit 54.

The average processing unit 58 is connected to the
calculation processing unit 54 and the line buffer 56. The
average processing unit 58 calculates the average value of
a television signal just before one line which is stored
in the line buffer 56 and the television signal obtained
in the calculation processing unit 54 to thereby generate
an average television signal of one line. '

Next, the operation of the second embodiment of the
image data conversion processing device having the basic
constructiéh as déscribed above will be described. Fig. 16

is a flowchart for the operation of the second

embodiment.

First, the image data of even lines in the image data
transmitted from a data bus (not shown) is stored in the
even storing unit 24-1, and the image data of odd lines in
the image data transmitted from the data bus is stored' in
the odd storing unit 24-2 (step 201).

Subsequently, the signals‘generating unit 60 generates
the horizontal synchronizing signal of the television
signél, and:outputs it to the conversion processing control
unit 52 (step 202). The conversion processing cdnfrOl unit

52 receives the horizontal synchronizing signal and the
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rate data corresponding to the developing format of the
image data to be converted from the signal generating unit
60 (step 203). Subsequently, on the basis of the rate data
and the horizontal synchronizing signal from the signal
genefating unit 60, the conversion processing control
unit 52 generates read-out address for reading out the
image data of adjacent odd and even lines stored iq the
even storing unit 24-1 and the even storing unit 24—2,’ and
an interpolative coefficient for conversion of the image
datc—i to the television signal (step 204).
‘ 'I“he calculation processing unit 54

reads the image data of adjacent odd ahd even lines
stored in the two storing units on the basis of the read-
out address supplied from the calculation processing unit
54 (step 205). The calculation processing unit 54
multiplies the read-out image data by the interpolative
coefficient to convert the image data to the television
signal (step 206).

The line buffer 56 stores the television signal of the
line obtained in the calculation processing unit 54 (step
207). The average processiné unit 58 calculates the

average value of a television signal just before one line

which is stored in the line buffer 56 and the television’

signal calculated in the calculation processing unit 54 to
thereby generate the average television signal of one line

(step 208).

B. Image data conversion processing device having typical
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constructién

Next, the image data conversion processing device
having typical construction according to this invenfion
will be described. Figs. 17 and 18 are block diagrams
showing the typical construction of the image data
conversion processing device according to the second
embodiment of this invention. Fig. 17 is.a block diagram
showing a semiconductor memory unit, and Fig. 18 shows
peripheral circuits containing a format conversion
processing unit.

The image data conversion processing deyice serves to
convert the image data adopting plural kinds of developing
formats into the television signal having pi‘édetefmined
number of linsz. The image data conversion processing
device of this embodiment is provided with semiconductor
memory units for EVEN and ODD fields to simplify the
construction of the format conversion processing unit.

The image data conversion processing device includes
semiconductor memory units 24-1 and 24-2, and a format
conversion processing unit 50a..The image data conversion
processing device further includes an NTSC synchronizing
signal generating unit 60 and an NTSC encoder unit 70. The
semiconductor memory unit 24-'1 as.shown in Fig. 17 stores
'the image data to be converted, which has 640 dots x 480
lines or the like as described in the first embodiment.
The semiconductor memory unit 24-1 comprises display

EVEN RAMs 25-1 and 26-1, a layer composite circuit 27-1
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and a pallet 28-1. |

The diwplay EVEN RAM 25-1 stores image data of EVEN
field (second line, fourth line, etc.) of a layer O of a
two-frame mode at even addresses. The two-frame mode
comprises a layer O and a layer 1. |

The display EVEN RAM 26-1 stores image data of EVEN
field of the layer 1 of the two-frame mode at aven _
addresses. The layer composite circuit 27-1 composii:es
the image data of the layers 0 and 1 of the EVEN field. The
pallet'28-1 conducts an RGB gradation processing on the
image data output from the 1a'yer composite circuit 27-1.

The pallet 28-1 selects, for example, RGB data of 256

. colors and 16 colors from ime{ge data of 16G00 colors and

4096 colors, respectively.

The semiconrnductor memory unit 24-1 comprises display
ODD RAMs 25-2 and 26-2,' a layer composite circuit 27-2,
and a pallet 28-2. The display ODD RAM 25-2 stores image
data of ODD field (first line, third line, etc.) of a
layer O of the two-frame mode at odd addresses. The
display ODD RAM 26-2 stores image data of ODD field of a
layer 1 of the two-frane mode at even addresses. The layer

composite circuit 27-2 composites the image data of the

layers 0 and 1 of the ODD field. The:pallet 28-2 conducts

the RGB gradation processing on the image data output from
the layer composite circuit 27-2. The pallet 28-2 selects,
for example, RGB data of 256 colors and 16 colors from

display data of 16000 cclors and 4096 colors,
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respectively.

The NTSC synchronizing signal generating uni1': 60
generates an NTSC synchronizing signal containing a
horizontal synchronizing signal and a vertical
synchronizing signal of the television signal. The NTSC
synchronizing signal generating unit 60 comprises an H
counter 62, a V counter 64 and a reduction rate tab;Le 66.

The H counter 62 counts the number of clocks of the

-horizontal synchronizing signal (H-SYNC) of the

television signal, and the V counter 64 counts the number
of horizontal synchronizing signals. The reduction rate
table 66 storés plural reduction rate datd which are
determined on the basis of a ratio of the line number of
the image data and the predetermined lin’e number of the
television signal in acccrdance with the plural kinds of
developing formats. The reduction rate table 66 stores
reduction rate data for RGB data with which RGB data (for
example, 640 dots x 400 lines) for a CRT of the
information processing device is converted to RGB data
(640 dots % 400 lines) of the television device 40.

The format conversion processing unit 50a converts the
image data of even and odd lines supplied from the
semiconductor memory units 24—1 and 24-—2 to the format of
the television signal using the horizontal synchronizing
signal and the reduction rate data corresponding to the
develo‘ping“ format-of the image data to be converted. The

format conversion processing unit 50a includes a
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conversion processing control unit 52 and a calculation
processing unit 54. The format conversion processing unit
50a includes a line buffer 56, a flicker reducing
processing unit 58 and a second line buffer 59.

The conversion processing control unit 52 generates
an interpolative coefficient and a semiconductor memory
read-out address for a reducing operation of RGB data on
the basis of the V count value and the reduction rate data
from the NTSC synchronizing signal generating unit 60. The
conversion processing control unit 52 outputs the
interpolative coefficient and the semiconductor memory
.read—out address to the calculation processing unit 54.

F1g 19 is a block diagram showing an embodiment of
the conversion processing control unit 52. The conversion
processing unit 52 includes a multiplier 521, a calculator
522 and an adder 523. The conversion processing control
unit 52 has a LSB 524 and a selector 525. The multiplier
521 multiplies the V count value from the V counter 64 and
the reduction rate data from the reduction rate table 66
to output the read-out addresses of the semiconductor
memory units 24-1 and 24-2 and the interpolative
coefficients for the semiconductor memory side.

Here, the decimal part of the multiplied out value
corresponds to the interpolative coefficient. This
interpolative coefficient is output from a Y-terminal of
the multiplier 521. A (.l-Y) calcglator 522 subtracts the

decimal part of the Y-terminal from "1". The selector 525
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carries out its switching operation between "Y" and "1-Y" on the basis of a control
signal from the LSB 524 to output the interpolative coefficients of the semiconductor
memories 24-1 and 24-2.

The calculation processing unit 54 reads out the RGB data of two lines of
adjacent EVEN and ODD fields from the pallets 28-1 and 28-2 on the basis of the
semiconductor memory read-out address from the conversion processing control unit
52. The calculation processing unit 54 multiplies the RGB data of the two lines of the
EVEN and ODD fields by the interpolative coefficient to thereby reduce the RGB data.

Fig. 20 is a block diagram showing the construction of the calculation
processing unit 54. The calculation processing unit 54 comprises a first multiplier 541,
a second multiplier 542 and an adder 543. The first multiplier 541 multiplies the RGB
data read out on the basis of the read-out address of the semiconductor memory unit
24-1 by the interpolative coefficient of the semiconductor memory unit 24-1. The
second multiplier 542 multiplies the RGB data read out on the basis of the read-out
address of the semiconductor memory unit 24-2 by the interpolative coefficient of the
semiconductor memory unit 24-2, The adder 543 adds the multiplied output of the
multiplier 541 with the multiplied output of the multiplier 542.

The line buffer 56 stores the RGB data calculated in the calculation processing

unit line by line. The flicker

[N:\libk]00168:BFD
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reducing proceésing un;t 58 averages thé RGB data of a
line from the line buffer 56 and the RGB data of a line
from the calculation processing unit 54 to thereby
generate the RGB data of one line. The line buffer 59
stores the RGB data of one line obtained from the flicker
reducing processing unit 58. The NTSC encoder 70 has the
same construction as the NTSC encoder 19 and the D(A
converter 20 of the first embodiment 1 as described’
above. .

Fig. 21 is a timing chart for a first display section
of the television signal of the ODD field. Fig. 22 J.S a
timing chart for the second display section of the .
television signal. Fig. 23 is a schematic diagram for
generation of the television signal of the ODD field.

Next, the operation of the image data conversion
processing device thus constructed will be described.
Here, it is assumed that the RGB data for a computer CRT
comprises 640 dots x 480 lines, and the RGB data for the
television device 40 comprises 640 dots x 400 lines, for
example. In this case, the reduction rate of the image
data to be displayed is set to "5/6".

First, the layer composite circuit 27-1 composites
the image data of the EVEN fiéld of the layer 0 stored in: -
the display EVEN RAM 25-1 and the image data of the EVEN
field of the layer 1 stored in the display EVEN RAM 26-1.
The pallet 28-1 conducts the RGB gradation processing on

the composite image data to generate RGB data.
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The layer composite circuit 27-2 composites the image
data of the ODD field of the layer O stored in the display
ODD RAM 25-2 and the image data of the ODD field of the
layer 1 stored in the display ODD RAM 26-2. The pallet 28-
2 conducts the RGB gradation processing on the composite
image data to generate RGB data.

Next, the number of horizontal synchronizing signals
counted by the V counter 64, that is, the V count value is
output to.the conversion processing control unit 52. A
desired reciuction rate is output from the reduction rate
table 66 to the conversion processing control unit 52.

Further, in the conversion processing'c.ontrol unit
52, the multiplier 521 multiplies the V count value from

‘the V counter 64 and the reduction rate data from the
-reduction rate table 66 to obtain the semiconductor memory
read-out address and the semiconductor memory side
interpolative coefficient. Fig. 24 is a diagram for the
calculation of the semiconductor memory read-out address
and the interpolative coefficient.

First, at the first timing, the value of the V counter
64 is equal to "1". In this case, the multiplier 521
performs the following calculation:

One line x 1/(5/6) = 1.2 .

In Fig. 24, the numerical value representing the VRAM
read-out address represents a line to be read out from the
pallet. The numerical value of the V counter 64 represents

the count value as described above. The numerical value in




10

15

20

25

- 58 -
parentheses represents a display position. When the V
count value is "1" for example, the display position is
"1.2". For the V count value of "5", the display position
is "6.0".

Th; read-out address becomes "1" and "2" on the basis
of constant value of 1.2. Accordingly, as shown in Fig.
21, a (2) line corresponding to the read-out address "2"
is read out from the pallet 28-1 of the EVEN field, and a
(1) line corresponding to the read-out address "1" is read
out from the pallet 28-2 of the ODD field.

Further, the interpolative coef;f.icient "0.2" is
output from the Y-terminal of the muitipli’er on the basis
of the Constant value of "1.2". The ;esult -of the (1-Y)
calcula.i:or 522 is equal to 0.8. Through the switching
operation of the selector 525, the interpolative -
coefficient of the semiconductor memory unit 24-1 is equal
to 0.2. The interpolative coefficient of the
semiconductor memory unit 24-2 is equal to 0.8.

The multiplier 541 multiplies the RGB data of the (2)
line of the pallet 28-1 of the EVEN field by the
interpolative coefficient "0.2" of the semiconductor
memory unit. The multiplier 542 multiplies the RGB data of
the (1) line of the pallet 28-;2 of the ODD field by the
interpolative coefficient "0.8" of the semiconductor
memory unit 24-2. the adder 543 adds the multiplied output
of the multiplier 541 with the multiplied output of the

multiplier 542. The added output is represented as
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follows.

1x0.8+2%x0.2=1.2

That is, the calculation processing unit 54 obtains
reduced RGB data of.:(1)' line which corresponds to the
display position "1.2". This RGB data is written in the
line buffer 56 as shown in Fig. 21.

Subsequently, at the second timing; the value of the V
counter 64 is equal to "2". In this case, the multipiier
521 performs the following calculation.

two lines x 1 / (5.6) = 2.4

The read-out address is equal to "2" and "3" on the
basis of a constant value of 2.4. Accordingly, as shown in
Fig. 21, the RGB data of the (2) line of the EVEN field is
used. Further, a (3) line corrésponding to the read-out
address "3" is read out from the pallet 28-2 of the ODD
field.

On the basis of a decimal part of the constant value
"2.4", the interpolative coefficient "0.4" is output from
the Y-terminal of the multiplier. The result of the (1-Y)
calculator 522 is equal to 0.6, and the interpolative
coefficient of the semiconductor memory unit 24-1 is equal
to 0.6 through the switching operation of the selector
525. The interpolative coefficient of the semiconductor
memory unit 24-2 is equal to 0.4.

The multiplier 541 multiplies the RGB data of the (2)
line of the pallet 28-1 of the EVEN field by the

interpolative coefficient "0.6" of the semiconductor
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memory unit 24-1. The multiplier 542 multiplies the RGB
data of the (3) line of the pallet 28-2 of the ODD field by
the interpolative coefficient "0.4" of the semiconductor
memory unit 24-2. The adder 543.adds the multiplied output

of the multiplier 541 with the multiplied output of the

. multiplier 542. The added output is represented as

follows.

2x0.6+3 x0.4=2.4

That is, the calculation processing unit 54 obtains
the reduced RGB data of the (2)' line corresponding to the
display position 2.4.

Next, the flicker reducing processing’'unit 58
averages the‘ reduced RGB data of the (1)' line from the
line buffer 56 and the reduced RGB data of the '(‘2)' line
from the calculation processing unit 54 to thereby

generate an average RGB data of one line. Here, the

“flicker reducing processing unit 58 performs a weighing

operation using a weight coefficient "0.5" on the reduced
RGB data of each line. The averaged RGB data of a (1)" line
is represented as follows.

RGB data of (1)' line x 0.5 + RGB data of (2)' line x
0.5

Through this.averaging operation, the flicker which

‘'is inherent to the interlaced scanning is suppressed.

Further, the line buffer 59 stores the average RGB data of
the (1)" line which is obtained in the flicker reducing

processing unit 58. In the second display section as shown
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in Fig. 22, the NTSC encoder 19 converts the average RGB
data of the (1)" line read out from the line buffer 59 to
YCV data. The D/A converter 20 converts the YCV data from
the NTSC encoder 19 to the analog signal and then output
the analog signal to the television device 40.

Next, the second display section will be described.
First, at a first timing, the V counter has a count value
"3". The multiplier 521 carries out the following
calculation.

three lines x 1 / (5/6) = 3.6

The read-out address is equal to "3" and "4" on the
basis of a constant value "3.6". Accordingly, as shown in
Fig. 22, the RGB data of the (3) line of the ODD field is
used. Further, a (4) line corresponding to the read-out
address "4" is read out from the pallet 28-2 of the EVEN
field. The multiplier 541 multiplies the RGB data of the
(4) line of the EVEN field by the interpolative
coefficient "0.6". The multiplier 542 multiplies the RGB
data of the (3) line of the ODD field by the interpolative
coefficient "0.4". The added output is represented as
follows.

3x0.4+4x0.6=23.6

That is, the calculation brocessingwunit 54 obtains
the reduced RGB data of the (3)' line corresponding to the
display position "3.6". As shown in Fig. 22, this RGB data
is written in the line buffer 56. | |

Next, at a second timing, the count value is equal to
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"4". The multiplieér 521 carries out tha following
calculation. |
four lines x 1 / (5/6) = 4.8
the multiplier 521 uses a (4) line of the EVEN field

and a (5) line of the ODD field on the basis of a constant

- value "4.8". The multiplier 541 multiplies the RGB data of

the (4) line of the EVEN field by the interpolative
coefficient "0.2". The multiplier 542 multiplies the RGB
data of the (5) line of the ODD field by the interpolative
coefficient "0.8". The added output is represented as
follows.

4x0.2+5x0.8=4.8 '

That is, the calculation processing unit 54 obtains
the reduced RGB data of a (4)' line corresponding to the
display position "4.8".

Next, the RGB data of a (3)" line which is averaged in
the flicker reducing processing unit 58 is represénted as
follows.

RGB data of (3)' line x 0.5 + RGB data of (4)' line x
0.5

Further, the line buffer 59 reads out the averaged RGB
data of the (3)" line for a next display section period.
The averaged RGB data is dispiayed on the television
device 40 through the NTSC encoder 19 and the D/A
converter 20.

Through the above operation, as shown in Fig. 23, the

average RGB data of the lines (1)", (3)", (5)", .. of the
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ODD field are successively displayed on the television
device 40.
Fig. 25 is a timing chart for the first display
section of the television signal of the EVEN field. Fig.

26 is a timing chart for the second display section of the

-television signal of the EVEN field, and Fig. 27 is a

schematic diagram for generation of thé television signal
of the EVEN field.

Next, the operation of the EVEN field will be
described with reference to Figs. 25 to 27.

First, the V count value of the V count 64 is
initially equal set to "2". At a first timing of the first
display section, the calculation processing unit 54 reads
out the (2) line of the EVEN field and the (3) line of the
ODD field.

Subsequently, the calculation processing unit 54
obtains the reduced RGB data of the (2)' iine

corresponding to the display position "2.4". The reduced

~ RGB data-is.written in the line buffer 56.

Subsequently, at a second timing, the V count value of
the V count 64 is set to "3". As shown in Fig. 26, the (4)
line of the EVEN field is read out, and the (3) line of the
ODD.field is used. The calculétion processing unit 54"
obtains the reduced RGB data of the (3)' line
corresponding *» the display position "3.6". Further, the

flicker reducing processing unit multiplies both of the

_.reduced RGB data of the (2)' line and the reduced RGB data

~tg
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of the (3)' line by a weight coefficient "0.5" to obtain
the averaged RGB data of the (2)" line. Likewise, in the
second display section, the data of the (4)" line is
obtained as shown in Fig. 26. W

Through the above operation, as shown in Fig. 27, the
average RGB data of the lines (2)", (4)", (6)", .. of the
EVEN field are successi\}ely displayed on the television
device 40, and one frame is displayed with the ODD field
as shown in Fig. 23 and the EVEN field as shown in Fig.
37.

According to the second embodiment as described
above, the whole image to be displayed on the CRT are
displayed on the television device by reducing the imége
of an information précessing device such as a personal
computer. Therefore,: an expensive CRT is not required to
be provided. Further, flicker is unremarked on the
television device because it is suppressed.

In the first embodiment 1, the foui' line buffers 14,
the selector 15 and the logical operation circuit 16 are
provided for each field, and thus the construction is
complicated. In the second embodiment, the semiconductor
memory units 24 are provided for the EVEN field and the
ODD field, so that the constrﬁction of-the calculation
processing unit 54 and the line buffers 56 of the format
conversion processing unit 50 is simplified. Further,
unlike the first embodiment, it is unnecessary to carry-

out the calculation processing at high speed during a
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timing period because the construction of the format
conversion processing unit 50 is simplified.l
<Construction of First Modification of Second Embodiment>

Fig. 28 is a block diagram of the first modific&tion
of the second embodiment. The first modification is
different from the second embodiment in the construction
of the format conversion processing unit. The formqt
conversion processing unit 50a of this modification
includes a conversion processing control unit 52 and a
calculation processing unit 54. The format cbnversion
processing unit 50a further includes line buffers 56-1 and
56-2 and a line buffe‘r 59, and a flicker réducing
processing unit 58a.' The line buffer 56-1 stores the
RGB data of an n—_th line from the 'calculation processing
unit 54. The line buffer 56-2 stores the RGB data ot 1in
(n+l)-th line from the calculation processing unit 54.
Here, n represents a positive integer.

The flicker reducing processing unit 58a averages the
RGB data of three lines of the line buffers 56-1 and 56-2
and the pallet 28-2..The other construction is identical
to that of the second embodiment, and the same elements
are represented by the same reference numerals.

qu 29 is a timing chart for the first display
section of the television signal of the ODD field in the
first modification of Fig. 29, and Fig. 30 is a timing

chart for the second display section of the television

'signal of the ODD field in the first modification. Fig. 31
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is a diagram for generation of .Y“e television 'sig'hal of
the ODD field. The reduction rax - f the display image
data is set to 5/6.

First, at a first timing, the V counter 64 sets its
count value to "1". The RGB data of the (2) line of the
EVEN field and the RGB data of the (1) line of the ODD
field are read out.

Subsequently, the calculation processing unit 54
obtains the reduced RGB data of the (1)' line"

corresponding to the display position 1.2 on the basis of

the RGB data of these two lines. The data is written in the

line buffer 56-1.

Subsequently, at a second timing, the V counter sets
its count value to "2". The (2) line of the EVEN fie’ld is
used, and the (3) line of the ODD field is read out.
Thereafter, the calculation processing unit 54 obtains
the reduced RGB data of the (2)' corresponding to the
display position 2.4 on the basis c¢§ the RGB data of these
two lines. This data is written in the line buffer 56-2.

Next, in the second display section as shown in Fig.
30, at the first timing, the value of the V counter 64 is
set to "3". The (4) line of the EVEN field and the (3) line
of the ODD field are used. Thé calculation processing unit
54 obtains the reduced RGB data of the (3)' line
corresponding to the display position 3.6 on the basis of
the RGB-data of these two lines.

Further,. the flicker reducing processing unit £8a
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carries out the following calculation to obtain the RGB
data of the (1)" line.

RGB data of (1)' line x 0.25 + RGB data of (2)' line ¥
0.5+ RGB data of (3)' line x 0.25

Through the abové averaging operation, the flicker
i.'riberent to the interlaced scanning is more suppressed in
comparison with the second embodimept. Through this
operation, as shown in Fig. 31, the averaged RGB data of
the. lines (1)", (3)", (5)", .. of the ODD field are
successively displayed on the television device 40. |

Fig. 32 is a timing chart for the first display
sectié:n of the television signal of the EVEN field in the

first' modification. Fig. 33 is a timing chart for the

‘second display section of the television signal of the

EVEN field in the first modification. Fig. 34 is a diagram
for generation of the television signai of the EVEN
field.

In the same ménnér, the average RGB data of the lines
(2)", (4)*, (6)", ... of the EVEN field are successively
displayed on the television device 40.
<Second modification of Second embodiment>

Fig. 35 is ablock diagram for the construction of the
second modification of the sécond embodiment. The second
modification iz characterized in that an RGB matrix
circuit 10-1 is provided between the semiconductor memory
units 24-1 and 24-2 and the format conversion processing“-

unit 50. This RGB matrix circuit 10-1 converts the RGB
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data from the semiconductor memory units 24-1 and 24-2 to
the YUV data. That is, the RGB matrix circuit 10-1
generates a brightness signal Y and a color difference
signal, and thus, the memory capacita:ice of the line buffer
56 can be reduced.
<Modification of Conversion processing control unit>

Fig. 36 is a block diagram showing the construction of
the conversion processing control unit 52b. The
conversion processing control unit 52b includes a read
only memory 526 (ROM). The ROM 526 stores the read-out
addresses of the semiconductor memory units 24-1 and 24-2
and the interpolative coefficients of the 'semiconductor
memory units 24-1 and 24-2 in correspondence with the
count value and the reduction rate.

In this case, when the count value of the V counter 64
and the reduction rate from the reduction rate table 66
are supplied to the ROM 526, the read-out addresses of the
semiconductor memory units 24-1 and 24-2 and the
interpolative coefficients of the semiconductor memory
units 24-1 and 24-2 are read out from the ROM 526.

Through this operation, the conversion processing
control unit 52b can increase the processing speed without
carrying out the reducing operation of the RGB data. e
Such a conversion processing control unit 52b may be used
in place of the conversion processing control unit of the
second embodiment, the first medification of the second

embodiment and the second modification of the second
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embodiment.
<Modification of the cwtlculation processing unit>

Fig. 37 is a block diagram showing the construction of
the calculation processing unit 54b. This calculation
processing unit 54b includes a ROM 544. The ROM 544 sfores
the operation result in correspondence with the read-out
data of the semiconductor memory units 24-1 and 24-2 and
the ihterpolative coefficient of the semiconductor ;nemory
unit 24-1.-In this case, the calculation processing unit
54b reads out from the ROM 544 the operation result
corresponding to the semiconductor memory read-out
address and the interpolative coefficient'output from the
ROM 526 as shown in Fig. 36. Through this operation, the
calculat'ion processing unit 54 can perform the processing
at high speed.
<Third Embodiment>

The third ¢mbodiment of the information processing
device according to this invention will now be described. Fig.
38 is a block diagram showing the basic construction of
the image processing device of the third embodiment.
A. Image data conversion processing device having basic
construction

The information processing device includes a field
buffer circuit 84, a linear interpolating circuit 80, and
a synchronizing signal generating circuit 94. The
information processing device further includes a field buffer

control circuit 90, an average processing circuit 100, and
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an encoder circuit‘88. The information processing device
serves to convert the image data to the television signal
having a predetermined number of lines. The image data
comprises plural lines, and each frame of the television
signal comprises plural fields.

The field buffer circuit 84 includes plural field
buffers (not shown) in correspondence with the plural
fields. Each of the field buffers of the field buffer
circuit 84 serves to store the respective lines of the
image data transmitted from a VRAM (not shown) fieid by
field. The linear interpolative circuit 80 is connected tb
the field buffer circuit 84. '

The linear interpolative circuit 80 conducts the .
linear interpolation on the image data of t&o adjacent
lines in the image data supplied from the field buffer
circuit 84 using a beforehand-set interpolative
vrrefficient to generate a television signal.

The synchronizing signal generating circuit 94 serves
to generate the synchronizing signal and the vertical
synchronizing signal of the television signal. The field
buffer control circuit 90 is connected to the
synchronizing signal generating circuit 94 and the field
buffer circuit 84. The field 5uffer control circuit 90
controls " the write and read-out operations of the
image data into and from the plural field buffers field by
field on the basis of the synchronizing signal.from the

synchronizing signal generating circuit 94.
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Thz averaging processing circuit 100 is connected to
the linear interpolative circuit 80. The average
processing circuit 100 serves to average the signal levels
of plural linesﬁof the television signal, which are output
from the iinear interpolative circuit 80.

The encoder circuit 88 is connected to the average
processing circuit 100. The encoder circuit 88 converts
the television signal to the NTSC signal and then output
it to the television device (not shown).

Next, the operation of the third embodiment thus
constructed will be described. Fig. 39 is a flowchart for
the operation of the information processing device as
shown in Fig. 38.

First, the horizontal synchronizing signal and the
vertical synchronizing signal of the television signal
are generated by the synchronizing signal generating
circuit 94 (step 301). Subsequently, the feed buffer
control circuit 90 controls the writing operation of the
image data into the plural field buffers on the basis of
the synchronizing signal from the synchronizing signal
generating circuit 94 (step 302).

Through the above control, the image data transmitted
from the VRAM (not shown) is étored into the plural field
buffers fiela by field (step 303). Subsequently, the field
buffer control circuit 90 controls the read-out operation
so that the image data is read out from each field buffer

of the field buffer circuit 84 field by field (step 304).
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Subsequently, the linear interpolating circuit"BO
conducts the linear interpolation on the image data of
two adjacent lines which are successively output from the
plural field buffers field by field, thereby reducing the
image data (step 305) . Through this operation, the
television signal can be generated.

The -average processing circuit 100 adds the
television signal of the two lines output from the linear
interpolating circuit 80 to obtain an average value
thereof (step 306). The encoder circuitv 88 converts the
television signal to the NTSC signal and then outputs the
NTSC signal to the television device (not shown) (step
307).

The information processing device as described above
can convert the image data stored in the VRAM to the
televisibn signal wﬁich is reduced in the longitudinal
direction of the image data, and also can obtain the
television signal having suppressed flicker. In addition,
the information processing device can read out the
television signal field by field.

B. A typically-constructed image data conversion prccessing
device

Fig. .40 is a block diagran.\ showing the typical
construction of the image formation processing device of
the third embodiment according to this invention. Fig. 41
is a flowchart for the operation of the information

processing device as shown in Fig. 40.
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.Ne'xt,r the third embodiment of the information
processing device according to this invention will be
described. The information processing device of this
embodiment includes a linear interpolating circuit 80, a
field buffer circuit é4, and adder 87. The information
processing device further includes an encoder circuit 88,
a field buffer control circuit 90, and an NTSC
synchronizing signal generating circuit 94.

The linear interpolating circuit 80 linearly
interpolates the RGB data of the two adjacent lines in the
longitudinal direction of the image data using a
predetermined interpolative coefficient to thereby reduce
the RGB data. The linear interpolating circuit 80
cor”nprises a line buffer 81, a 5/6 reduction operating
circuit 82, ax;d a selector 83. The line buffer 81 stores
the RGB data of 640 dots.x 480 lines from the VRAM (not
shown) line by line.

In order to convert the RGB data of 640 dots x 480
lines to the television signal of 640 dots x 400 lines, -
the 5/6 reduction operating circuit 82 obtains the RGB
data reduced in a reduction rate of 5/6 in the
longitudinal direction of the image on the basis of RGB
data just before one line and -the RGB data from the VRAM.

The selector 83 selects any one of the RGB data from
the VRAM and the RGB data reduced in the reduction rate of
5/6 on the basis of the mode select signal. This linear

interpolating circuit 80 is connected to the field buffer
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circuit 84.
‘The field buffer circuit 84 stores the RGB data output
successively from the linear interpolating circuit 80
field by field...The field buffer circuit 84 comprises

flip-flop circuit (FF .circuits) 85-1 and 85-2, an EVEN

~field buffer 86-1 and an ODD field buffer 86-2.

The FF circuits 85-1 and 85-2 read out the RGB data
output from the selector 83 at 25/2 MHz. The EVEN field
buffer 86-1 successively stores the RGB data of the EVEN
field under th:e control of a main control unit 91, and
stores the RGB data of one field. The ODD field buff.er 86-
2 Suc;cessively stores the RGB data of the ODD field. under
the control of the main control unit 91, and stores' the
RGB data of one field.

The NTSC synchronizing signal generating circuit 94
generates a synchronizing signal, a display clock signal,
an EVEN mode signal and an ODD mode signal. The
synchronizing signal comprises a horizontal synéhronizing
signal and a vertica‘l synchronizing signal. -The field
buffer circuit 84 and the NTSC synchronizing signal
generating circuit 94 are connected to the field buffer
control circuit 90.

This field buffer-~control.circui~ 90 controls the
write-in aad read-out operations of the RGB data to the
field buffer circuit 84. The field buffer control circuit
90 comprises the main control unit 91 and a CRT control

unit 92.
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The CRT control unit 92 serves to contrul é CR;P of the
information processing device, and supplies the FF
circuits 84-1 and 84-2 with a control signal for carrying
out the read-out operation:.at 25/2 MHz. The main control
unit 91 control the write-in and read-out operations of
the RGB data of the EVEN field to the EVEN field buffer 86-
1 on the basis of the synchronizing signal, the EVEN mode
signal and the ODD mode signal from the NTSC synchro-nizing
signal generating circuit-94.. The main control unit 91 -
contrz:o':ls. the write-in and read-out operations of the RGB
data of the ODD field to the ODD field buffer 85-2.

The adder 87 adds the RGB data c;f the EVEN field from
the EVEN field buffer 86-1 and the RGB data of the ODD
field from the ODD field buffer 85-2 to output RGB data of
one frame. The adder 87 is connected to the encoder
circuit 88.

The encoder circuit 88 comprises an FF circuit 89a and

_a D/A converter 89b. The FF circuit 89a reads out the RGB

data of the adder 87 at 14.3 MHz on the basis of the NTSC
display cloci< signal from the NTSC synchronizing signal
generating circuit, and outputs it to the D/A converter
89b. The D/A converter converts the RGB data to analog
data suitable for the televis:ltém device (not shown).
Next, the operation of the third embodiment will be
described. The following description represents
to a case  where RGB data of 640 dots x 480 lines is

cohverted to.a television signal of 640 dots x 400 lines .




- 76 -
~will be described.

First, the RGB data of 640 dots x 480 lines from the
VRAM (not shown) stores the line buffer 81 line by line
(step 401). On the basis of the RGB data just before one
line from the line buffer 81 and the RGB data from the
VRAM, RGB data which is reduced in the reduction rate of
5/6 in the longitudinal direction of the image by the 5/6
reduction operating circuit 82 can be obtained (steb
402).

Any one of the RGB data from the VRAM and the 5/6-
reduced RGB data is selected by the selector 83 which is
supplied with mode select signal (step 403'). In this case,
the reduced RGB is selected.

Subsequently, the reduce"d RGB data output from the
selector 83 is read out at a:timing of 25/2 MHz by the FF
circuit 85-1 and the FF circuit 85-2 supplied with the
control signal from a CRTC control unit 92 (step 404). At
this time, the synchronizing signal, the EVEN mode signal
and the ODD mode signal which are generated in the NTSC
synchronizing signal generating circuit 94 are input to
the main control unit 91.

The main control unit 91 generates & write-in timing
signal and a read-out.timing éignal on the basis of the
synchronizing signal, the EVEN mode signal and the ODD
mode signal. The main control unit 91 outputs the write-in
timing signal and the read-out timing signal to the EVEN

field buffer 86-1 and the ODD field buffer 85-2.
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The reduced RGB data of each line of the EVEN field is
stored into the EVEN field buffer 86-1 on the basis of the
write-in timing signal. The reduced FGB data of each line
of the ODD field is stored into the:ODD field buffer 86-2
(step 405).

The reduced RGB data of one field is read out to the
adder 87 at the read-out timing at the time when it is
stored into the EVEN fieid buffexr 86-1 and the ODD field
buffer 86-2 (step 40(?).

Subsequently, the adder 87 adds the RGB data of the
EVEN field from the EVEN field buffer 86-1 and the reduced
RGB of the ODD field :‘%rom the ODD field buffer 85-2 (step
407). .Throagh this operation, the reduced RGB data of one
frame is output, that is, the television signal is
generated.

The reduced RGB data from the adder 87 is read out at
14.3 MHz by the FF circuit 89a which is supplied with the
display clock signal from the NTSC synchronizing signal
generating circuit 94, and then converted to the analog
data by the D/A converter 89b (step 408).

As described above, the information processing device
converts the data stored in the VRAM to thé television
signal by reducing the image ciata in the:longitudinal
direction with hardware. The television signal is read
out field by field. Therefore, the image can be displayed
on a low-price _television device without altering

existing software. In the first and second embodiments,
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the clock number of the horizontal synchronizing signal is counted to read out the
image data to the television device 40 line by line. On the other hand, in this third
embodiment, the image data is read out at the time when the line data of one field is
stored into the field buffer circuit 84.

The line number of one field which can be displayed on one television screen
is about 220 lines. Therefore, in the interlaced scanning operation, the line number of
one frame exceeds 440, so that the image protrudes from the screen. For example, 640
dots x 480 lines can be displayed without protruding from the screen using the reducing
function of the third embodiment.

The field buffer circuit 84 may be provided between the adder 87 and the
encoder 88. Further, in the third embodiment the synchronizing signal is the NTSC
synchronizing signal; however, it may be a PAL synchronizing signal.
< First modification of Third embodiment >

The first modification of the third embodiment comprises a transversal filter
100a at the input or output side of the field buffers 84-1 and 84-2. Fig. 42 shows the
construction of the transversal filter. The transversal filter 100a includes plural filters
102-i (i represents 1 to n) and an adder 104.

According to the construction as described above, the

[N:\llbk]00168:BFD
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filter 102-1 serves to remove a noise component contained
in RGB data of an N-th line, and the filter 102-2 serves to
remove a noise component contained in RGB data of an
(N+1)-th line. As described above, each filter 102-i
removes the noise component contained in the RGB data of
each line. The adder 104 adds the output of the filters
102-i to calculate an average value of the RGB data.

Even in an interlacedAscanning operation for imége
data having high vertical resolution such as 640 x 480
lines which are stored in the VRAM, the flicker can also be
suppressed. Therefore, the image on the screen is
clearly visible. )
<Second modification of Third embodiment>

Thi's second modification of the third embodiment
comprises a linear interpolating circuit 110
at the output side of the field buffer circuit
84. The linear interpolating circuit 110 may be provided
at the input side of the field buffer circuit 84. Fig. 43
is.a block diagram showing the linear interpolating
ci:cuit 110. The linear interpolating circuit 110
includes a counter 111, an interpolating coefficient
table 112, and multipliers 113 and 114. The linear
interpolating circuit 110 furfher includes a line buffer
115 and adders 1i6 and 117.

The counter 111 counts the number of horizontal
synchronizing signals. The interpolative coefficient

table 112 stores interpolative coefficient values. Fig.
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44 is a table showing an example of the interpolative
coefficient values. In Fig. 44, the interpolative
coefficient table 1i2 stores the interpolative
coefficient table value in correspondence with the count
value of the counter 111. For example, an interpolative
coefficient table value "8" (1000 in binary system) is
stored in cocrrespondence with a count value "0".

The multiplier 113 multiplies the RGB data by tr;e
interpolai:ive coefficient table value from the
interpolative coefficient table 112. The line buffer 114
stores RGB data just before one line. The adder 116 adds
the interpolative coefficient table value from the
interpolative coefficient table 112 with a predetermined
value. The multiplier 115 multiplies the output from the
adder 116 by the RGB data just before one line from the
line buffer 114. The adder 117 adds the output of the
multiplier 113 with the output of the multiplier 115, and
output the added result.

According to the above construction, the image can be
reduced.
<Third modification of Third embodiment>

The third modification of the third.embodiment

comprises a linear interpolating circuit 120

at the output side of the field buffer circuit

84. Fig. 45 is a block diagram for the construction of the

linear interpolating circuit 120. This linear

interpolating circuit 120 includes a counter 121, a line
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buffer 122 and a ROM 123. The counter 111 counts the
number of horizontal synchronizing signals. The line
buffer 122 stores RGB data just before one line. The ROM
123 comprises a look-up table, and stores an operation
result as RGB data to be reduced in correspondence with
the count value from the counter 121, the RGB data and the
RGB data just before one line from the line buffer 122.
According to the construction as described abové, the

image ¢an be easily reduced merely by referring to the

content of the ROM 123.
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The claims according to the invention are as follows:

1. An image data conversion processing device for converting image data
having plural lines, said image conversion processing device comprising:

storing means for storing a program and pixel image data which can be stored
in plural kinds of data lines, and storing mode data identifying the number of lines;

mode managing means for managing the mode data identifying the number of
lines of the image data; and

conversion processing means for changing the conversion of the pixel image
data in accordance with the mode data supplied from said mode managing means and
for converting the pixel image data to a television signal having a predetermined
number of lines based on the mode data.

2, The image data conversion processing device as claimed in claim 1,
wherein said conversion processing means converts the image data based on a
previously determined ratio of a number of lines of a television and the number of lines
corresponding to the mode data, thereby converting the image data corresponding to the
mode data to the television signal.

3. The image data conversion processing device as claimed in claim 1,
wherein the television signal has a line number, and further comprising:

a managing table having at least a first conversion information for converting
the image data having a number of image lines to be converted which is larger than the
number of lines of the television signal into the image data having the number of lines
of the television signal.

4, The image data conversion processing device as claimed in claim 1,
wherein said conversion processing means converts a read-out range of image data
which is read out from said storing means in accordance with the mode data.

5. The image data conversion processing device as claimed in claim 1,
wherein said conversion processing means performs a conversion operation in

accordance with a scan frequency of the image data.

[N:\libk]00168:BFD
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6. An information processing device for executing plural programs
comprising:
' processing means for executing the plural programs and processing mode data
and image data, wherein said processing means includes
5 image storing means for storing one of the plural programs which contains the
mode data and the image data, and developing image pixel data in different lines based
on said one program, said mode data identifying a number of lines, and
conversion processing means for conducting a predetermined conversion on the
image data stored in said image storing means in accordance with the mode data to

10 convert the image data to a television signal, said television signal having a number of

lines.

7. The information processing device as claimed in claim 6, wherein the
image data have predetermined image modes, and the image data having the different
image modes are different in the number of lines and the mode data and the image data

15 correspond to the number of lines, and wherein said conversion processing means has
an image data conversion device for converting the image data to image data having the
number of lines of the television signal, in accordance with the mode data.

8. The information processing device as claimed in claim 6, further
comprising a television device connected to said conversion processing means and an

20  image data conversion device for allowing said television device to display the image

data output from said conversion processing means.

9. The information processing device as claimed in claim 6, wherein said

information processing device comprises a housing having an image data conversion

device.

25 DATED this Seventeenth Day of June 1997
Fujitsu Limited
Patent Attorneys for the Applicant

SPRUSON & FERGUSON
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Image Data Conversion Processing Device
and Information Processing Device Having the Same
ABSTRACT

An image data conversion processing device (1) is described, and includes an
issue unit, a number of line storing units and a generating unit for converting image
data stored in plural kinds of developing formats in a storing unit (2) to a television
signal.

The image data comprises plural lines, and the television signal comprises a
predetermined number of lines. The issue unit (8) issues a transmission instruction of
image data to the storing unit (2) in accordance with a period specified by a ratio of the
number of lines of the image data to be converted, and the line number of the television
signal. The plural line storing units (3) cyclically store the image data transmitted from
the storing unit (2) line by line, on the basis of the transmission instruction of the issue
unit (8).

In synchronism with the horizontal synchronizing signal of the television
signal, the generating unit (4) multiplies the image data stored in the line storing unit
(3) by an interpolative coefficient corresponding to the developing format of the image
data to be converted in the plural interpolative coefficients, which are set beforehand

for the plural kinds of developing formats, thereby generating the television signal.

(Figure 2)
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