
1 8 MAY ?f94 SPECIFICATION A Video display unit and A Program Recording
Medium Field of the In*ention This invention relates to a video display
unit including a set top box for receiving digital broadcasting  signals
which multiplex digital data such as compressed video  signals or progam
information and for decoding and outputting the elected video signals. This
invention also relates to a program recording medium. Background of
Technology in accordance with the recent development of the  digital
technology, digital broadcasting services have been  realized which use
videos, audio, and data signals for  broadcasting ask digital signals in a
unified way, and  broadcast them by utilizing a satellite or the like. In
those services to provide tens or hundreds of  channels of broadcasting by
means of a compression multiplex  technology represented by MPEG2
(standardized with ISO/IEC--13818) or the like. Each broadcasting service
provider intends to complete a variety of services for   implementing high
definition video broadcasting and for realizing the differentiation such as
an information service 8 MAY 2004 using still picture or the like by
utilizing the  characteristics of the digital broadcasting where all the
signals for videos, audio, and data or the like are handled  as digital
signals, and a video display unit is required to  



cope with those. An example of a conventional MPEG video decoder system  is
shown in Fig 14, which will be described in operation in  the following. In
Fig 14, the numeral 100 denotes a system control  .  means for controlling
the entire system, the numeral p.01  denotes a video decoding means for
decoding MPEG, the numeral  102 denotes a frame memory for storing display
data, anc the   video decoding Means 101 stores video data to be decodes,
and  graphics data o on-screen display (hereinafter referred to  as OSD).
The numeral 1.03 denotes a display timing generation  means for generating
a synchronizing signal or the like the reading  numeral 104 is a memory
control means for controlling ~ . or writing of the frame memory 102. The
numeral 105 devotee  an output buffer means for temporarily storing the di
play  data read by th memory control means 104. The numeral 800  ' 1.
denotes a videos processing unit for generating display~data  by using the
data of the output buffer means 105, anc the  numeral 801 demotes a control
timing generation mean for  controlling the video processing unit 800. 1 8
MAY 2004 Fig 15 illustrates an exemplary internal configuration  of the
video processing unit 800 in the above mentioned MPEG  video decoder
system. The numerals 8001 and 8002 denote  



horizontal filter circuits for horizontal up/dawn scaling  operations of
the video data, the numeral 8003 denotes a  vertical falter circuit for
up/dawn scaling in the vertical  direction the sequential two line data
from the horizontal  filters 8001 ands 8002, and the numeral 8004 denotes a
blending  circuit for swiching between video data from the vertical  falter
circuit X8003 and the OSD data. Fig 16 (a) shows a video output format to
be implemented  at a receiver for digital broadcasting established by the
DVB (Digital Video Broadcasting DOCUMENT A001-revision 1)'  standard. In
order to implement the horizontal and vertical  up-scaling processing shown
in Fig 16(a), the horizontal filter circuit X001 and 8002 as well as the
vertical filter  circuit 8003 are provided with circuits in advance
corresponding to the following magnifications. horizontal filter circuits:
3/4, 1, 9/8, 4/3, 3/2, 2, 8/3 vertical filter circuits: 1, 2 Fig 16(b)
shows a pan--scanning process, which cuts out  and expands horizontally the
central display portion (Pan & 16 MAY 2004 Scan Window) in base an input
video with an aspect ratio 16:9  is outputted on~a monitor with 4:3. In
this gay, in a video display unit for a digital  broadcasting receiver, the
horizontal and vertical  up-scaling processing of the video signals has
become an indispensable function. The MPEG decoder system in Fig 14 is
described in  



operation in the following. The system control means 100 inputs a bit
stream  corresponding tea a channel the user has selected into:the  video
decoding means 101. The videos decoding means 101 picks out information for
the input resolution of Fig 16(a) in the bit stream to be  transferred to
he system control means 100. The video decoding means i01 performs the MPEG
video decode processing  by using the frame memory 102 as a reference frame
buffer and a display framer buffer. A description for the MPEG decode
processing is omitted in the detailed operation, since it doesn't directly
relates to the purpose of the present invention. The systm control means
100 draws the on-screen  display ( OSD ) data for the frame memory 102 in
parallel with the decode control. This is program table data called
operational information of the menu or the like or the EPG (Electronic
Program Guide). In the video display, the system I 8 MAY 2004 control means
100 controls the memory control means 104 to  read out the vido data
decoded from the frame memory 102 and  the OSD data per line unit. The data
read out per line unit  is temporarily Stored in the output buffer means
105. The system control means 100, in compliance with the  resolution
information of the input video picked out of the video decoding *eana 101
and the aspect ratio of the output  monitor indicated in advance by the
user, sets the up-scaled  ratio of the horizontal filter circuits 8001 and
8002 as well  as the vertical filter circuit 8003 in the video processing  



unit 800 so as to control the up-scaling processing shown in  the figure 16
{ a ) . The decode video processed for up-scaling  is outputted externally
after blended with the OSD data at  the blending circuit 8004. In this why,
the conventional video processing unit in  the MPEG decoder system is
provided with a dedicated circuit  corresponding to the up-scaled ratio set
in advance and a  blending circuit with the OSD data, to generate a display
output complying to the resolution information or the like  of the decode
video. Fig 17 shows a block diagram of the MPEG decoder system for
implementing a still picture display in addition to an  video and an OSD~
displays in order to correspond to a still picture information service. The
video processing unit 800  is provided with two system horizontal filter
circuits 8001 5 f 8 MAY 2U 4 and 8002 as well; ate a vertical filter
circuit 8003 to control  for video data and still picture data respectively
and is further provided with a blending circuit (1) 8005 for switching
between the video data and the still picture data. in opera$on, the system
control means 100 draws not  only the OSD data but also the still picture
data for the frame  memory 102. The Estill picture data are sent by
utilizing data   broadcasting such as digital satellite broadcasting, or
are  sent through the telephone line. In any case, the data are  obtained
by the operation of the user and displayed by.   



control of the system control means 100. The still picture  data written in
the frame memory 102 are read out to the output  buffer means 10$ per line
unit together with the video Bata and the OSD data by the memory control
means 104. At hie  time, in case the vertical filter processing is
performed for  the video data, sequential two lines of data are read out
for the video data. Using the se data, down-scaling processing is carded  i
out independently for the video and the still picture ;data  by the video
processing unit 800 shown in Fig 17, and by blending the result of this
operation with the OSD data, an  output video as shown in Fig 17 can be
gained. As described above, the conventional video display  unit is
implemented by having a dedicated circuit as shown  in Figs 15 and 17
corresponding to a different display 6 1 fl MAY 2004 specification dpending
on each service provider. Those are  usually built in has part of the MPEG
video decoder LSI circuit. On the other hand, the digital broadcasting
standards for the ground rave in the U.S.A. correspond to as much as  high
definition ystem with three kinds of numbers of scanning  lines 1080, 720
and 480 and with two kinds of scanning systems, the progressive scanning
and the interlaced scanning, which  makes it possible to have broadcasting
with 18 types of video  formats by combing those. To output those on a TV
monitor,  a scaling processing other than that shown in Fig 16(a) is
necessary. Andean EPG display or the like by the above  



mentioned still picture service or the down-scaling video are  expected to
be required to cope with more filter operations  as a video display unit.
In this way, a conventional video display unit,  however, requirs a
different dedicated circuit depending on  a service provider, and in order
to correspond to a plurality  of broadcasting services, there are problems
such that the E  total circuit i increased because of the necessity of
different circuits to have the individual display  requirements, o the
development cost is increased for the  need of developing different types
of LSI for the optimization  depending on the services. There also is a
problem with expanding the system  because there is no other method than
building in a necessary 18 MAY 2O 4 circuit in advance in order to deal
with processing required  in future. Disclosure of to Invention Taking
those problems with the conventional video  display unit into
consideration, it is a purpose of the  present invention to provide a video
display unit to be able  to limit the increase of development cost compared
to the  prior art. Taking tIose problems with a conventional video  display
unit into consideration, it is also a purpose of. the  present invention to
provide a video display unit to be able  to limit the increase of the
development cost compared to a  prior art, and o have a better flexibility
for the future 



expansion of the system. A let invention of the present invention
(corresponding io claim 1 of the present invention) is a video  E display
unit characterized by comprising:  a frame memory storing display data; a
displa timing generation means for generating a  display timing;; a memory
control means for reading out display data  from said frame z~emory by
synchronizing to said display taming generation mean; -8  1 8 MAY 2004 an
output buffer means for temporarily storing dislay  data read out by said
memory control means; an arithmetic unit for generating display data y
carrying out at ].east one operation within one period of pixel clock; i  a
data selection means for reading out display data from said output buffer
means by synchronizing to the pixel  clock and for seecting data inputted
to said arithmetic unit; and an instruction sequencer for controlling said
data  selection means rand said arithmetic unit by synchronizing to the
timing of said display timing generation means.  A 2nd invention of the
present invention (corresponding i o claim 2 of the present invention) is a
video  



i  display unit according to said 1st invention characterized by said
instruction sequencer having: an instruction memory for storing control
information  to control said arithmetic unit and said data selection means
;  an instruction execution control means for reading out at least one or
more instructions within one period o the pixel clock; and an instrubtion
decoder means for decoding said rea out  instructions and for controlling
data inputted to said arithmetic unit by said data selection means. 1 8
t1AY24 In this way, a video display unit according to the  present
invention, for example, is provided with an  arithmetic unit which performs
an arithmetic processing at  least once within a period of a pixel clock
and an instruction  sequencer for controlling the selection and the output
of data  to be inputted to this, and by synchronizing this instruction  to
the display clock for execution, implements video up/down  scaling
processes as well as a blending process with the bSD. This configuration
allows the arithmetic unit and the  instruction sequencer to be in a common
circuit for  corresponding to a plurality of display specifications by
switching instructions instead of an implementation method  of providing a
dedicated circuit for each required  specification according to a
conventional unit. This also allows the instructions stored in the
instruction sequencer to be re-writable so as to be able to  correspond
more display specifications easily. 



A 3rd invention of the present invention  (corresponding to claim 3 of the
present invention) is a video  display unit according to said 2nd invention
characterized by: said instruction memory storing execution instruction
within at least one period of the pixel clock; and 1 8 MAY 2004 said
instruction execution means reading out  repetitively sa 4d instruction
memory by synchronizing to the pixel clock. This can implement video
display processes such as the  video up/down scaling as well as a synthetic
process with the  OSD with only a little instruction memory just for one
pixel.  A 4th invention of the present invention (corresponding i3o claim 4
of the present invention) is a video  display unit according to said 2nd or
3rd invention  characterized by having an operational result buffer means
for enabling to temporarily memorize outputs of said arithmetic unity and
for enabling to output to said data  selection means. f This all s to
select the arithmetic operational result as an arithmetic unit input freely
even on and after  i the next cycles by storing temporarily the arithmetic;
operational results so that more kinds of arithmetic  processes can b
controlled by instructions. A 5th inention of the present invention  



(corresponding 1o claim 5 of the present invention) is a video  display
unit ae,ording to either one of said 2nd to 4th  inventions characterized
by having a write back means for  f writing back dada outputs from said
arithmetic unit to said  output buffer means and the instruction sequencer
controlling sail write back means. 1 8 MAY 2004 This allows to provide a
screen arranging and  displaying a plurality of reduced videos by the
function  writing a decode video after up-scaling or down-scaling back  to
the frame memory. A 6th invention of the present invention  (corresponding
to claim 6 of the present invention) is a video  display unit acording to
either one of said 2nd to 5th  inventions characterized by said instruction
sequencer being  provided with a switching means for the number of
instructions  read out within one period of pixel clock. This allows to
implement a video process only by  changing the number of executable
instructions even in case  480 or 1080 line of interlace scanning and 480
or 720 lines  of progressive canningr are mixed for broadcasting, by
switching the number of executable instructions within one  period of the
pixel clock in accordance with the decode video. A 7th invention of the
present invention  (corresponding to claim 7 of the present invention) is a
video  display unit characterized by comprising; a memory frame for
storing display data; a display timing generation means for  generating a
diplay timing; a memory control means for  



reading out display data from said frame memory by  synchronizing tb the
generated display timing; an output  buffer means fo temporarily storing
display data read out  by the memory control means; a display data read out
means 1 8 MAY 200k for controllingreading out of display data from said
output  buffer means inj accordance with a desired display specification;
!a plurality of video processing units for  processing display data read
out from said display data  reading out meals; an output selection means
for selecting  output data of aid plurality of video processing units; and
an instruction sequencer for controlling said plurality of  video
processing units and said output selection means by  utilizing processing
instructions corresponding to a desired  ~ display speciflication within
processing instructions  corresponding too a plurality of display
specifications  stored in advance. A 8th invention of the present invention
(corresponding o claim 8 of the present invention) is a video  display unit
according to said 7th invention characterized by: each of sa4d video
processing units comprising an  arithmetic unit for carrying out at least
one operation within  i one period of th4e pixel clock and for generating
display data,  and a data selection means for reading out display data by
synchronizing t the pixel clock from said output buffer means  and for
selecting data to be inputted to said arithmetic unit; and said instruction
sequencer comprising an instruction  



memory storingcontrol information for controlling said  arithmetic unit and
said data selection means, an instruction  execution contiol means for
reading out at least one or more 1 6 MAY 2OD4 instructions within one
period of the pixel clock, an4 an  instruction decder means for controlling
data inputted to an arithmetic unit within said plurality of video
procesing  unit by decoding the read out instructions. The above mentioned
configuration allows the  arithmetic unit. and the instruction sequencer to
be in a  common circuit ib order to be able to correspond to a plurlity  of
display specifications by switching instructions instead of applying an
'implementation method for` providing the  dedicated circuit for each
required specification sucih as that in a conventional unit. in this iay,
by providing an arithmetic unit f it carrying out ad arithmetic process at
least once within a  period of the pixel clock and the instruction sequence
for  controlling they selection and the output of the data o be inputted to
this, and by synchronizing this instructi n to  the display clock so as to
execute this instruction, ideo  up/down scaling processes and a blending
process with t 1e OSD  are implementer. Accordingly, a video display
process; such  as video up/down scaling as well as a blending process with
the OSD can be described with instructions of the instru tion  sequencer.
And because of the configuration where the same i 4ne  video processiIig
units are arranged in parallel and t 



instruction sequencer controls this, the pixel clock azd the 1 8 MAY 2004
up-scaling in accordance with the arithmetic processing  contents have
bcome easy with a simple configuration. A 9th inention of the present
invention (corresponding o claim 9 of the present invention) is a video
display unit acording to said 7th invention characterized  by: each of said
video processing units comprising and arithmetic unit for carrying out at
least one operation within  one period of th pixel clock and for generating
display ,ata,  and a data selection means for reading out display data from
said output buffer means by synchronizing to the pixel lock and for
selecting data to be inputted to said arithmetic nit;  and said instrdction
sequencer comprising an instruction  memory storing control information for
controlling s id  arithmetic unit and said data selection means, an
instruction execution control means for reading out at least one or more
instructions within one period of the pixel clock,and an   instruction
decoder means provided in each of said plurality  of video processing units
and for controlling data inp~: tted  to an arithmetic unit within the video
processing undt by  decoding said a ead out instructions. This
configuration makes it possible to descrie a  video display process such as
video up/down scaling  operations as dell as a blending process with OSD
with  instructions o the instruction sequencer. And because of  



the configuration where the same video processing uni S are - 15   8 MAY
2004 arranged in parallel, which are controlled by the instruction  decoder
corresponding to each of the video processing units,  it has become easy to
expand in accordance with the pixel clock  and the contents of arithmetic
process with a simple configuration,  A 10th invention of the present
invention  (corresponding to claim 10 of the present invention) is a  video
display nit according to said 8th or 9th invention  characterized 4y said
instruction memory storing an  execution inst]uctions within at least one
period of pixel clock, and saidinstruction execution control means reading
out said instruction memory repetitively by synchronizing to  the pixel
clock. This allows to implement with only a little instruction  memory just
fo* one pixel. A 11th invention of the present invention corresponding to
claim 11 of the present invention) is a  video display uitit according to
either one of said 8th to 10th  i inventions characterized by each of said
video processing  units having an operational result buffer means for
enabling  to temporarily memorize outputs of ss.id arithmetic unit and  for
enabling t4 output to said data selection means. In this iay, by storing
temporarily the arithmetic operational result, it has become possible to
select the  



arithmetic operational result as an arithmetic unit input 4 8 MAY 2004
freely on and after the next cycle so that more kindsof  arithmetic
processing can be controlled by the instructions. A 12th invention of the
present invention  (corresponding to claim 12 of the present invention) is
a  video display unit according to either one of said 8th to ;11th
inventions characterized by having a write back means for writing back
output data from each of said video processing  units to said output buffer
means and said instruction  sequencer controlling said write back means. In
this kay, a screen which arranges and displays a  plurality of reduced
videos can be provided by the function  of writing decode videos after
up/dawn scaling into the frame  memory. Brief Description of the Drawings
Fig 1 is 6a block diagram showing a video display unit  according to an
embodiment of the present invention; Fig 2 is 4 diagram showing an example
of an instruction  execution in an instruction sequencer of the video
display unit shown in Fig 1; Fig 3 isl a diagram showing another example of
an  instruction excution in an instruction sequencer of the video display
init shown in Fig 1; Fig 4 is ,a block diagram showing a video displays
unit  according to the second embodiment of the present invention; 1 8 MAY
2004 Fig 5 is a block diagram showing a video display unit according to the
third embodiment of the present invention;  



Fig 6 is block diagram showing a video display unit according to the forth
embodiment of the present embodiment; Fig 7 is a~block diagram showing a
video processing unit  in the video display unit according to the forth
embodiment; Fig 6 is diagram showing an example of an instruction
execution in ani instruction sequencer of the video display  unit shown in
ig 6; Fig 9 is'a diagram showing another example of an  instruction
execution in an execution sequencer of the video  display unit sHown in Fig
6; Fig 10 ie a block diagram of a video display unit  according to th fifth
embodiment of the present invention;  Fig 11 is a diagram showing an
example of an instruction execution in an instruction sequencer of a video
display unit  according to tie fifth embodiment; Fig 12 its a block diagram
showing a video display unit  according to the sixth embodiment of the
present invention; Fig 13 is! another block diagram showing a video display
unit according to the sixth embodiment; Fig 14 .i a block diagram showing
an example of a video  display unit according to a prior art; Fig 15 i a
block diagram of a video processing unit  in detail in a video display unit
according to a priorart; 1 6 MAY 2004 Fig 16 (4) is a diagram showing a
video output  specification inn a digital broadcasting receiver; Fig 16
(l$) is a diagram showing a pan-scan display process in a digital
broadcasting receiver; i  



Fig 17 i a detailed block diagram of another video  processing unit in a
video display unit according to a prior art. (Description off' the
Numerals) 100 system control means  101 video decoding means  i 102 frme
memory 103 display timing generation means  104 memory control means 105
output buffer means  106 video processing unit 106A, 10B video processing
unit  i 107 instruction sequencer 108 input and output buffer means 109,
110' output selection means  117. write back means 112 input and output
buffer means  1061 dta selection means 1062 arithmetic unit A  i 1063
arithmetic unit B - 19 i 1 6 MAY 2004 1064 register file 1065 output
switching means  1066 wr$.te back means 



1071, 1174 instruction memory 1072 instruction execution control means
1073, 1073A, 10738 instruction decoder means 1074 executable instruction
number switching means  110$ display data readout means Best Mode for
carrying out the Invention The mode for carrying out the present invention
will be described referring to the drawings in the following.  (The first
embodiment) One embodiment of a video display unit according to the
present invention will be described referring to Figs 1 and  2 in the
following. In Fig 1 a system control part 100, a video decoding  part 101,
a frame memory 102, a display timing generation  means 103, a me}nnory
control means 104, and an output buffer means 105 have~a similar structure
as a corresponding one  according to a prior art. The present embodiment is
an example of a video display  unit accordingito Claims 1--4. A video
4rocessing unit 106 comprises a data selection  means 1061 for reading out
a display data from the output I R MAY ?.fl1!4 buffer means 10 by
synchronizing to the pixel clock and for  selecting data to be inputted to
an arithmetic unit described  below, an arithmetic unit A 1062 and an
arithmetic unit B 1063,  for carrying out. an arithmetic operation at least
six times  during one period of the pixel clock and for generating the
display data, a4 register file 1064 for temporarily storing  the arithmetic
operational result, and an output switching 



means 1065. The data selection means 1061 is provided with a  function for
controlling the data read out of the output  buffer means 105 in accordance
with a horizontal up-scaled  i ratio. This can be implemented by having,
for example, an  eight bit added to give a fixed value an increment for
each  pixel clock, an4 by applying a carry of the adder for read-out  i
trigger of the next pixel data. In this ease, the-horizontal up-scaled
ratio can be  i designated by diving the fixed value an increment, and the
i eight bit adde$ output can be utilized as an arithmetic  processing
coefficient for the horizontal up-scaling'  process, ; The ari4mietic unit
A (1062) and the arithmetic unit  B (1063) carryout the following equations
respectively.  The arithmetic unit A (1062) : (the operational result)  =a
x A+B~ XB+C 1 MAY 2fR4 The arithmetic unit B (1063) : (the operational
reult ) =r xD+(1-r) xE wherein A, B, C, D and E represent video data sel
cted  by the data selction means 1061. More concretely, then are  video
data outputted from the output buffer means 105, video  data which is the
arithmetic operational result carried out  in the past by tI e arithmetic
units A(1062) and 13(1063), video  



data for background color or the like, video data of th~ OSD  or the like
and video data selected by the data selection means  1061 from fixed value
data (for example zero) or the like to  enable outputs Fof specific values.
And nand /3are coefficients fcr carrying out an arithmetic operation with
II;  particular weighting (filter processing) for video input  data A and B
selected by the data selection means 1061; for  example, arithmetic
coefficients when processing for he horizontal up-scaling as already
mentioned or the arithi~netic  coefficients io carry out the vertical pixel
arithm tic  operations, or the like. And ris a blending arithmetic I
coefficient which enables translucent blending arith.4etic operations for
'video input data D and E selected by the  selection mean 1061, and for
example, if r=0, then data E is outputted as it is, and if r=1,then D is
outputted as it is,  and r=l/2, the D and E are outputted as translucent
videos. The instruction sequencer 107 is synchronized t the  timing of the
display timing generation means 103 to coitrol . " S S _ I R MAY 2004 the
data selection means 1061, the arithmetic units 1062 and  1063, and
comprises the following three. The instruction memory 1071 stores the
control;  information for controlling the input and output of the
arithmetic units 1062 and 1063, the instruction execution  



control means 1072 controls a plurality of the instruction  read--outs
within one period of the pixel clock, and the  instruction decder means
1073 decodes the instructions; read  f out of the instruction memory 1071
and controls data inputted  to the arithmetic units 1062 and 1063 by using
the data  selection mean 105 [sicj. The instructions select coefficient
values [rand $ and input data AF B and C for the arithmetic unit A 1062,
select  coefficient value rand the input data D and E for the I~
arithmetic unit!, B 1063 and designate where the output o f each arithmetic
unity should go (information on where the result  is written in: whether
writing into the resister file 1064  or writing into the output switching
means 1065). Instruct Lon memory 1071 stores 6 instructions an~1 the
instruction e$cution control means 1072 reads out this  repetitively by
synchronizing to the pixel clock and Controls the instructio. execution for
one line. The model constructed as mentioned above is described  in
operation br referring to the Fig 2. 1: 8 MAY 2004 i  First of all, the
system control means 100 controls the display control to one line unit.
More concretely, by the  i indication of the system control part 100, the
memory control  means 104 reads out data to be displayed in line unit from
the frame memory 102 to the output buffer means 105. The video  



processing unit! 106 and the instruction sequencer 107 generate the output
data for one line by utilizing this part  i of data. The part of the
operations until reading out the  display data to the output buffer means
105 is the same as  r that of the prier art. In the cage described below
the input  resolution shown in Fig 8 (a) is 352 X 240 and what is
displayed is expanded twice in the horizontal and vertical  i directions.
In~this case, the output buffer means 105 holds  the data for two lines
where decode videos are in serial from  the frame memory 102. Fig 2 shows
an example which implements a video  processing in Fig 7 according to a
prior art, having a pixel  clock o 13.5 MHz and an operational clock of the
video  processing unit and the instruction sequencer, six times as  fast as
this, .hat is of 81 MHz. The instruction execution control means 1072
synchronizes tai the pixel Clock to read out repetitively the  instructions
or 0th to 5th address of the instruction memory  i 1071. The ins*ruction
decoder means 1073 decodes the  instructions read out and controls the data
selection means 1.8 !IAY 21U4 1061, the arithetic unit A 1062 and the
arithmetic unit B  1063 as followsl. The aritltmetic unit A: (1)
i,nstifuction 1: The data selection means 1061  



selects the horizontal two pixel data of the first line of  the decode
vide4 (video) and the coefficient value data, and  carries out the
multiplication and addition processes using  the sane data. khe arithmetic
operational result is written  into the register file 1064. Thereby, the
horizontal up-scaling procss of the first line (horizontal arithmetic
operation) is carried out. (2) instuction 2: The data selection means 1061
selects the ho4zontal two pixels of the second line and the  coefficient
value data and carries out the multiplication and  addition processes using
the sane data. The arithmetic  operational reult is passed through
(feedback to the data  selection niean). Thereby, the horizontal up-scaling
process (horizoital arithmetic operation) of the second line  is carried
out. (3) instuction 3: The data selection means 1061  selects the register
file data written into under the  instruction 1 .nd the arithmetic
operational result of the  instruction 2 (which was passed through), and
carries out the  multiplication and addition processes. Thereby, the
vertical up-scaling process (vertical arithmetic operation) 1 8 MAY 2004 by
the first lire and the second line data is carried out.  The arithmetic
coefficient values ('and $ are realized,by l~  allowing the dat. selection
means 1061 to have a coefficient  register and using the a and netted in
line unit by the  system control mans 100. The arithmetic operational
result  is written into~the register file 1064. 



(4) instruction slots 4-6 don't particularly Carr out  instruction
executions. Operation here is described referring to Fig 2. For  example,
the arithmetic operational result 2003 carrie out  by the instruction 3
during the term 2001 (correspondilg to  the data written in the register
file 1064) is utilized in  an arithmetic processing 2004 at the instruction
1 in the term  2002 described ater. f The abbreviated marks utilized in Fig
2 are described  below. HFLTO is Ian abbreviation of Horizontal Filter 0,
which  means an horizontal filter processing of the first line. I. HFLT1 is
an abbreviation of Horizontal Filter 1, which leans  a horizontaLfi ter
processing of the second line. VFLT is  an abbreviation of a Vertical
Filter, which means a vertical  rocess'4ng. NOP is an abbreviation of No
Opera ion,  filter P ~ which means nothing is processed. BLD BG is an
abbreviation  of Blend with Background (background color), meaning a
blending process with background color. In addition, BLED OSD 1 8 MAY 2004
is an abbreviation of lend with OSD, meaning a blending  process with the
OSD data. The arithmetic unit B: (1) instruction 1: The data selection
means 1061  selects the data of register file 1064 written under the
instruction 3 o the arithmetic unit A and a register value 



which becomes a background color (held in the data selection  means 1061)
anc~ carries out an arithmetic operation. The  arithmetic coefficient value
r is generated from an effective disply term signal of the decode video in
the data selection means 1061. The arithmetic operational result is  passed
through (feedback to the data selection means),. Thereby, the data painted
out outside of the effective display  area with a particular background
color is generated. The effective display term signal is a signal to
designate the  video display area. (2) instruction 2: The data selection
means 1061  selects the arithmetic operational result of the instruction 1
and the OSD 4ata to carry out the blending process. The  OSD data has
a~blended value with the video data (r coefficient v4ue). The arithmetic
operational result is  written into th output switching means 1065 to be
outputted  to the external monitor. The instkuctions for one pixel (six
steps) are described as tie above and are executed repetitively by f 8 MAY
2004 synchronizing tc3 the pixel clock, as shown in Fig 2, byl the
instruction execution control means 1072, thereby, vi eo  data for one lire
can be generated. The up-scaling process for the decode video can be coped
with by changing the instructions 1- in the arithmetic unit A. For example,
the case of the horzontal up-scaling process can be coped With  by
executing only the instruction 1 and leaving the  instructions 2-6~ as NOP
(no operation). 



On the other hand, Fig 3 is an example that realized  the video procesing
of Fig 9 according to a prior art in a  video display uxit of Fig 1. In the
following description, two types of screens, the decode video (video) and
the till  picture data ark reduced into 1/2 in each of the horizontal  and
vertical directions. At the time of vertical 1/2 down-scaling, air
interpolation processing is carried o t by  serial two lines to generate
the data. In the same way as  Fig 2, the pixel clock is 13.5 MHz and the
operational lock  for video processing unit and the instruction sequen4r is
six times as fat as that, which is 81 MHz. The instruction  controlled in
tJie instruction sequencer 107 is controlled as  follows. Arithmetic unit
A: (1) instuetions 1-3: The same contents as described in Fig 2. 1 8 MAY
2004 (3 ) instructions 4-6: The execution contents are same  as
instructions 1-3, but there exists one difference that the data selection
means 1061 selects still picture data as  arithmetic processing data.
Arithmetic unit B: (1) instriction 1: The data selection means 1061
selects the register file 1064 written in under the  instruction 3 of, the
arithmetic unit A and the register v~lue  which becomes background color
(held in the data selection  means 1061) to Barry out the operation. The
operational  result is written into the register file 1064. (3) instruction
2: The data selection means 10161 



selects the register file 1064 written in under the  instruction 6 o the
arithmetic unit A and the register ialue  which becomes background color
(held in the data selection  means 1061) to parry out the operation. The
operational  result is passed through. (4) inst*uction 3: The data
selection means 1061  selects the reinter file 1064 written in under the
instruction 1 4id the arithmetic operational result o the I: instruction 2
to carry out the operation. The arithmetic  coefficient vae r is generated
from the active display  period signal cif the decoded picture (video) and
thi is I~  selected in the data selection means 1061. The arithmetic
operational reult is passed through. 8 MAY 2004 (5) instruction 4: The data
selection means 1061  selects the aritlmetic operational result of the
instruction  3 and the OSD dat to carry out the operation. The arithmetic
operational resu t is written into the output switching means 1065 to be
outpi4itted to the external monitor. As described above, in the same video
display unit as  shown in Fig 1, the instructions of Fig 3 can be carried
out  so as to cope with the video processing shown in Fig 9 easily.
Accompanying with the recent development of the semiconductor technology,
the operational frequency of the circuits has beef rapidly increasing and
it has been becoming  easier to enhanc the operating clock of the
arithmetic units  



or the like against the pixel clock. For example, if they  are implementedi
with a frequency higher than 81MHz, it is  possible to dislay two still
pictures or videos easily in  accordance with the configuration of the
present invention. Though tike embodiment of Fig 1 is implemented by
carrying out th filter arithmetic operation and a blending  operation
separately by two arithmetic units, the present  I invention is no*
particularly limited to that configuration.  For example, itl may be
implemented with one arithmetic unit  i or with a plurality of arithmetic
units combined together.  The arithmetic units are not limited to the
multiplication  and addition prpcesses as described in the above
embodiment,  but other arithmetic operation may be carried out. 1 8 MAY
2004 In the above mentioned embodiment, the inatruct`on  memory size is
4lescribed as for one pixel, but it could be  for a plurality;of pixels or
for one line. And thoug the  i embodiment is described with a configuration
using a register  file, it could implemented without a register file if the
instructions ark designated so as to use the arithmetic operational
res!ixlt for every cycle.  (The second embodiment) Another xemplary
embodiment of a video display unit according to th4 present invention is
described ref errig to  Fig 4, next. 



The same iumerals are applied for the same components  1 as Fig 1 and the
descriptions are omitted for them.  i This mod is an example of a video
display unit  according to Claim 5. In this Figure, the write back means
1066 carries out  the control fox writing back the output data from th i
arithmetic units A 1062 and 8 1063, and the input and o tput  buffer means
18 is provided with the function for writing  the written back data from
the write back means 1066 to the  frame memory 10 in addition to read out
the display datfrom the frame memoify 102.  I Complying with the
instruction of the instruction  sequencer 107, by selecting the write back
means 1066 into which the arithmetic results are written, the decode video
I 8 MAY 2004 after being processed or the like are written into the input
and output buffer means 108. In operation, when the write back means 1066
is selected from the instruction decoder means 1073, the output  data from
the arithmetic units A 1062 or B 1063 are once stored in the write balk
means 1066. The writeF back means 1066 transfers the stored data to  the
input and o4ttput buffer means 108 in other cycles than  the display
read-out. The system control part 100 controls  the transfer of writing to
the frame memory 102 by the memory 



control means 1b4 after the arithmetic operational result  data for one
life are written in. If the written back video is read out of the frame
memory 102 as 4 still picture to be displayed, it becomes possible to
dislay a plurality of reduced decode videos  arranged in ordar, for
example, a user interface screen can  be easily provided in such a form as
a reduced still picture  fitted into a program table. (The thid embodiment)
Another exemplary embodiment of a video display unit  according to the
present invention is described referring to  Fig 5, next. The same
rnumerals are applied for the same components  as Fig 3 and theF
descriptions for them are omitted. This mode  is an example o~.f a video
display unit according to Claim 64 1 8 MAY 2004 In the digital
broadcasting, a broadcasting service of  a different frame rate may be
provided. For example, it is  i a mixed broadcasting of 480 or 1080 lines
of interlace  1 scanning and 48 or 720 lines of progressive scanningr.. In
this case, it i necessary to switch the clock for dis lay  I. depending on
th decode videos. In the present embodiment, a video display unit is
described which leaves the operating frequency of vid o  processing unit
106 and the instruction sequencer 107 s it  is, while switching only the
number of executable  



instructions within one period of the pixel clock to cope with such a case.
The executable instruction number switching means.1074  is for switching
the instruction number read out within one  period of the pixel clock,
which is controlled by the system  control part 1t0. In opera ion, the
system control part 100 sets the  instruction number which is set in
advance into the executable instruction number switching means 1074, on
switchinl the  display clock lased on the resolution information of the
decode video. The instruction execution control means 1072 reads out
repetitively tle part corresponding to the instruction  number designated
by the execution instruction number  switching mean 1074. 1 8 MAY 2004 The
above mentioned configuration makes it possible to  implement a video
processing without causing any problems  i even in case t14 display clock
is switched. As descried above, according to a video display unit  of the
present invention, a variety of functions can be a  implemented easily by
combining instructions corresponding to the common hardware and display
requirement  specifications or different display requirement
specifications depending on the service providers. And it  is also possible
to implement the instruction memory of a  



little size only for one pixel, and the circuit scale can also  be realized
without almost changing from a conventional unit. The presnt invention will
be described based on the drawings illustrating the modes as follows. (The
forth embodiment) Fig 6 is block diagram showing a video display ;unit of
the forth  embodiment according to the present invention, and Fig 7 is a
lock diagram showing the configuration ;of a  video processing unit in the
video display unit. In Fig 6~ the system control means 100, the video
decoding means L01, the frame memory 102, the display timing generation
mean 103, the memory control means 104, and output buffer means 1{5 have
the same structure as that of a  corresponding cne in a prior art. 1 8 MAY
2004 The preset mode is an example of a video display unit  according to
Clims 7, 9 and 10. f  The vI,degprocessing units 106A and 106B generate 3 _
output data from the data in the output buffer means 105, the  two of them
are operated in parallel in the present mode. This  video processing unit
comprises, as shown in Fig 7, a data  r selection means 1061 for selecting
data inputted to the  arithmetic unit described later, the arithmetic units
A 1062 



and B 1063 for parrying out three operations to the pixel  clock, a
register file 1064 which is an arithmetic operational  result buffer mans
for storing temporarily the arithmetic  operational result, and the output
switching means 1065. A displa* data read-out means 1108 controls the
read-out of th data from the output buffer means 105;  according to a
iorizontal up-scaled ratio. For example, it  has an eight bit adder to give
the fixed value an increment  I and applying a parry of the adder as a
trigger for reading  out the next piel data, thereby, controls the read-out
from  the output bufer means 105. In this case, the horizontal  up-scaled
ratio can be designated with the fixed value which  may be given an
increment, and the eight bit adder output can  be utilized as an arithmetic
processing coefficient at the  time of the ho*izontal up-scaling process. I
'  In the prsent mode, two video processing units process  two pixels at he
same time, and therefore, the above 1 8 MAY 2804 mentioned increment is
given twice to the fixed value within one pixel. The display data read-out
means 1108 outputs the  first dead-out k,ata and the arithmetic operational
coefficient to tie video processing unit 106A and outputs the  second read
out data and the arithmetic operational  coefficient to he video processing
unit 106B. On the other hand, the arithmetic units A1062 and B 1063 of a
video processing unit carry out the following equations, respectively.  



The arithmetic unit A 1062:, (the arithmetic operational resilt )= a X A+/9
X B+ C The arithmetic unit B 1063:` (the arithmetic  operational reskult )
= r X D+ (1- r) X E wherein A~, B, C, D and E are video data selected b the
data selection pmeans 1061 described below, and video data  selected by th
data selection means 1061 from video data  outputted through display data
read--out means 1108 from the  output buffer deans 105, video data as the
arithmetic; operational results processed in the past by the arithmetic
units A 1062 and B 1063, video data of background color or  t the like,
vided data of the OSD or the like and fixed value  data for enabling the
output of a particular value (for  example, zero) land the like. And and /9
are coefficient  i values for carrying out operations with particular
weighting  for the video input data A and B selected by the data selection
1 8 MAY 2D04 means 1061 (filter process), and, for example, arit etic
coefficients at the time of horizontal up-scaling procei s as  already
described or arithmetic coefficients to carry out a  i I  vertical pixel
ppeeation or the like. And r is a blending  arithmetic operational
coefficient to enable a translucent blending operation for video input data
D and E select d by  the data selection means 1061, and for example, if r=
0, then  



E is outputted .s it is, if r =i, then D is outputted as it  is, and if r=1
j2, then D and E are outputted as trans! i cent videos. The instruction
sequencer 107 synchronizes to he  timing of the diplay timing generation
means 103 and con role  two video processing units 106A and 106B, which is
constricted from the following three components. The instruction memory
1071 stores the control  information fore controlling the inputs and the
outputs off the  arithmetic unit js A 1062 and B 1063, the instruction
executable  control means 1072 controls a plurality of instructiin
read-outs within one period of the pixel clock, and he  instruction decoder
means 1073 decodes the instruction read  out of the instruction memory
1071, and controls the data  inputted to thearithmetic units A 1062and B
1063 for they data  selection mean 1061. The instruction selects the
coefficient values a and as well as the input data A, B, and C for the
arithmetic 1 6 MAY 2004 unit A 1062 and selects the coefficient value rand
the input  data D and for' the arithmetic unit H 1063 with respect to  the
video processing unit 106A and 106B, respectively, and designates the
ofitput address of each of the arithmetic units  (information to where the
results are written in: whether  written into the register file 1064 or
into the output  switching means 1065). That is to say, two video
processing  units are controlled at the same time with common instructions.
The instruction memory 1071 stores six instructions, 



and the instruci#ion executable control means 1072 reads this  i out
repetitively, with two pixels in one period, and controls  i the
instruction execution for one line. The outpt4t selection means 109
temporarily stores two  parts of data generated from two video processing
units 106A  and 106B, and elects the data so as to be outputted
alternatively one pixel by one pixel while synchronizing to the display
clc$ck.  I A video display unit of the present mode which is  configured as
described above is described in operation  referring to tle drawings. I
First of gall, the system control means 100 controls the  display unit peer
line unit. More concretely, following the  i indication of tIiie system
control means 100, the memory control  means 104 read out the data to be
displayed from the frame - 38 i I R MAY 2004 memory 102 to the output
buffer means 105 per line unit. The video processing units 106A and 1068 as
well as the  instruction sequencer 107 use those data to generate the
output data for one line. The part of the operations until  reading out the
.display data to the output buffer means 105  is same as that according to
a prior art. In the following, 



the case where the input resolution as shown in Fig 16.(a)  is 352 X240 is
described so as to be enlarged twice as large in the horizontal and
vertical directions when displayed. In  this case, the output buffer means
105 holds the data for  sequential two lines of the decode video from the
frame memory  102. Fig 8 shows an example where a video processing of Fig
15 according to ;a prior, art is implemented, where the pixel clock is 13.5
N Hz and the operating clock of the video  processing unitl and the
instruction sequencer is three tames  as fast, which is 40.5 MHz. The
instruction executable control means 1072  repetitively reds out the
instructions on 0th to 5h address  of the instruction memory 1071, with two
pixels in one period. The instruction decoder means 1073 decodes the
instructions  read out, and controls the data selection means 1061 of the
video processing units 106A and 106H and the arithmetic units 2 1062 and B
10163 as follows. Wherein the video processing 1 8 MAY 2004 unit 106A
generates the data of 2N pixels while the video  processing unit; 1068
generates the data of (2N+1) pixels.  Arithmetic unit A: (1) instruction 1:
The data selection means 1061  selects the horizontal two pixel data of the
first line of  the decode video (video) and the coefficient value data to
carry out the multiplication and addition processes using the  same data.
The $orizontal two pixel data and the coefficient  value are inputted from
the data read--out means 1108. The operational reslt is written into the
register file 1064.  



(2) instruction 2: The data selection means 1063 selects the horizontal two
pixels of the second line and the  coefficient vai4ue data to carry out the
multiplication and  addition processes using the same data. The horizontal
two  pixel data and the coefficient value are inputted from the data
read-out mans 1108 in the seine way as the instruction  1. The operational
results are passed through (feedback to the data selection means). (3)
instruction 3: The data selection means 1061  selects the register file
data that is written in under the  instruction 1 and the operational result
of the instruction  2 (which is paced through) to carry out the
multiplication  and addition operation. Thereby, the vertical operatipn by
the data of the first line and the second line are carried  out. The
operational coefficient values a and $ are realized 18 MAY 2004 by allowing
theidata selection means 1061 to have the  coefficient register so as to be
set per line unit by the  system control n$eans 104. The operational result
is written  into the registr file 1064. (4) The instruction slots 4.6 won't
carry out the  instruction execution particularly. Arithmetic unit B: (1)
instruction 1: The data selection means 1061  selects the data of the
register file 1064 written in under  the instruction 3 of the arithmetic
unit A and a register value  which becomes background color (held in the
data selection  means 1061) to Jcarry out an operation. The arithmetic 



coefficient value r is generated from the effective display  term signal of
the decode video in the data selection means  1061. The operational result
is passed through (feedback to  the data selection means). Thereby, the
data to paint out  the area outside the effective display with a particular
background color is generated. (2) instruction 2: The data selection means
1061  selects the operational result of the instruction 1 and the  OSD data
to carry out a blending process. The OSD data has  a blending vale with the
video data (y coefficient value).  The operational result is written into
the output switching  means 1065 to $e outputted to the external monitor. 1
8 MAY 2U04 (3) The ilnstruotion slots 3-6 won`t perform the  instruction
execution particularly. The outpt#t of the arithmetic unit B 1063 of the
two video processinc units 106A and 106B is inputted to the output
selection means; 109 and selected and outputted alternately  by
synchronizing to the pixel clock. More concretely, the  I~ output selectioh
means 109 latches data from the video  processing unit 106A and video
processing unit 1068 a the  same time for every two pixels so that the
latch data of video  processing unit 106A is outputted first followed by
outputting the data of the video processing unit 106B with a delay of one
pixel. As descrajbed above, the instruction execution control  means 1072
carries out instructions (six steps) repetitively  by synchronizing to the
pixel clock, and can generate Tideo  



i data for one line by operating the two video processing u iits .  The
up-scaling processing for the decode video can be coped  f with by changing
the instructions 1-3 in the arithmetic unit  A. For example the case of a
horizontal up-scaling process can be coped with by executing the
instruction 1 only and by  allowing instruction 2-6 to be NOP (no
operation). On the other hand, in Fig 9, an example is shown hich  has
realized a video processing of Fig 15 according to a prior  art in the
video display unit of Fig 6. In the follo:ing,  two kinds of sceens of the
decode video (video) and the still 1 8 MAY 2004 picture data ar described
as they are reduced into 1/ in  the horizontal and vertical directions,
respectively. A;for  the time of verical down-scaling into 1/2, the data is
generated by cab ying out an interpolating process byil.the  sequential two
lines. In the sage way as Fig B, the pixel clock is set at .3 .5  f MHz
while the operating clock of the video processing units  I~  106A and 106B
a&well as the instruction sequencer 107 i set  three times as East as that,
which is 40.5 MHz. The {  instruction controlled by the instruction
sequencer 10;7 is  controlled as $llows. Arithmetic unit A: (1)
instructions 1-3: The same contents as described in Fig 8. 



(3) instructions 4-6: The executable contents are~isame  I:  as the
instructions 1-3, but are different in the point (that E the still picture
data are selected as the arithmetic  1.   operational data from that data
selection means 1061.  Arithmetic unit B: i  (1) instruction 1: The data
selection means 1f61  selects the register file 1064 written in under the
instruction 3 o the arithmetic unit A and the register `value I E (held in
the d4ta selection means 1061) to carry outh!an  operation. Th operational
result is written into tie register file1064. 'I R MAY 2gg4 (4) instruction
2: The data selection means 1061  selects the register file 1064 written in
under the  instruction 6 of the arithmetic unit A and the register value
which will become the background color (held in the data  selection means
1061) to carry out an operation. The  operational result is passed through.
(5) instruction 3: The data selection means 1061  selects the register file
1064 written in under the  instruction 1 and the operational result of the
instruction  2 tq carry out an operation. The operational coefficient  



value r is generated from the effective display term signal of the decode
video (video) in the data selection means 1061,  and this is selected. The
operational result is passed  through. (6) instruction 4: The data
selection means 1061  selects the operational result of the instruction 3
and the  OSD data to carry out an operation. The operational result  is
written into the output switching means 1065 to be  outputted to the
external monitor. As described above, the same video display unit as  shown
in Fig 6 can execute the instructions of Figs S end 9  so as to cope with
the video processing shown in Fig 15 easily. According to the present
embodiment as described  above, one instruction sequencer can control a
plurality of 1 8 MAY 2004 video processing units and a variety of display
processing  can be realized by combining the instructions. And by unifying
the control system of the video  processing into one, the increase of the
circuit scale is controlled, and by having a configuration that a plurality
of video processing unit process in parallel, the following effects can be
gained. Even in case the video resolution increased, the  similar video
processing can be realized by increasing the  number of the video
processing units operated in parallel.  Particularly it has been becoming
necessary to cope with a  high definition (the resolution exceeds 720
pixels X 460  lines) system in future and the possibility of realizing that
is becoming an important point. 



In designing an LSI, it is easier for the developer to  use the seine
circuits in parallel than to design totally new  circuits. Though, in the
above described embodiment, two video  processing units are described, the
present invention  doesn't limit the number particularly. And though in Fig
6,  a filter operation and blending operation are separately  carried out
by two arithmetic units, the present invention  doesn't limit the
configuration in particular to implement  it. For example it may be
realized by one arithmetic unit  or it may be combined with a plurality of
arithmetic units. I MAY 2004 The arithmetic units are not limited to having
the  multiplication and addition processes as described inithe  above
mentioned mode but may be the ones to carry out other  operational
processes. In the above mentioned embodiment, the instruction  memory is
described as having the size of two pixels, but it  may be provided with a
size of a plurality of pixels or if for  one line. In the above mentioned
mode, it is described as having  a configuration using a register file
which is an operatibnal  result buffer means, but it can be implemented
without having  a register file if the instructions are designated so that
the operational result is used for each cycle. (The fifth embodiment) Fig
10 is a block diagram showing a video displayiunit  according to the fifth
embodiment of the present invention.  The present embodiment is same as the
above mode ii the 



point where one instruction sequencer controls a plurality of video
processing units in the same way as in Fig 6 but  different in the point
where the instruction decoder of the  instruction sequencer is provided for
each video processing  unit. The same numerals are applied for the same
components as Fig 6, of which descriptions are omitted. The present mode is
an example of a video display unit  according to ClaimB. I B MAY 2004 The
instruction decoder means 1073A and 1073B have the  same function as that
of the instruction decoder means 1073  in Fig 6. Though the instruction
memory 1174 stores the six  instructions in the. same way as the
instruction memory 1071  in Fig 6, it is different in the point where two
instructions  are read out at the same time by the control of the
instruction  execution control means 1072. The output selection means 110
temporarily stores two parts of data generated from the two  video
processing units 106A and 106E respectively to be  outputted by
synchronizing to the display clock. The video display unit according to the
present mode  configured as described above will be described in operation
referring to the drawings. Fig 11 shows an example where the video
processing is  realized in Fig 17 according to a prior art, where the pixel
clock is 13.5 MHz and the operating clock of the video processing unit and
instruction sequencer is three times as  fast as that, which is 40.5 MHz.
The instruction execution control means 1072 reads out  repetitively the
instructions on 0h to 5th address of the  



instruction memory 1174 with one period of two pixels! At  this time,
instructions given to the instruction decoder  means 1073A and 1073B are
staggered as shown in Fig 11. That  is to say, in accordance with the
timing of the instruction 1$ MAY 2004 1 of the instrucftion decoder means
1073A, the instruction 4 is given to theinstruction decoder means 1073B.
Those twd instruction decoder means 1073A and 1073B  control the
datafselection means 1061 and the arithmetic units  A1062 and B 1063tfor
the corresponding video processing wits  106A and 106B, respectively. The
instruction control i the  same as in the above mentioned forth mode, of
which description is omitted. In Fig 1]j, the operational result data is
shown in BLD(OSD) of thefarithmetic unit B. The operational result  data of
the vido processing units 106A and 106E are found  to be produced
alternately for each video. Accordingly, the output selectio4 means 110
doesn't need a delay control such as the one used in the forth mode but may
be only seleipted  alternately by synchronizing to the pixel clock. As
described above, according to the present mode) one  instruction segencer
can control a plurality of vide  processing unit, and a variety of display
processing can be  realized with a different configuration from that in the
forth  mode by combiniig the instructions. In the present mode, two video
processing units: are  described, but tke present invention doesn't limit
the n er  



particularly. And in an example of Fig 11, the configuration  is
implemented by carrying out a filter operation anda  blending operation
separately by two arithmetic units, but - 48  I I8 MAY 20fl4 the present
invention doesn't limit the configuration'  particularly. for example, one
arithmetic unit may be used i  for the implementation, or a plurality of
units may al o be  combined. The arithmetic unit is not limited to the
multiplication and addition processes but may be the one t hich carries out
otbfer arithmetic operations. Fn the abve mentioned mode, the instruction
memory is  described as having the size of two pixels but it maybe
provided with a ize of a plurality of pixels or for one :IIine  i And in
the above mentioned mode, the configuration is  described as using a
register file which is an operational  i result buffer mans, but it can be
realized without halving  a register filet if the instructions are
designated so Is to  I use the operational result for every cycle.  (The
sixth embodiment) Fig 12 is j a block diagram showing an example of a video
display unit a ording to the sixth mode of the present 



invention, and tFig 13 is a block diagram showing another  example in the
dame way. The same numerals are applied for  the same compona~nts as in
Figs 6 and 11, of which descriptions  are omitted, The present mode is an
example of a video display unit according to Caim 11.  i The writ back
means 111 controls the output data to  be written back from the arithmetic
units A 1062 and B]:063,  1 8 MAY 2004 and the input aknd output buffer
means 112 is equipped iith  the function of writing the data written back
to the rite  back means 111 into the frame memory 102 in addition to
reading out the display data from the frame memory 102. f The instructions
of the instruction sequencer ~107  select the write back means 111 as an
address the operational E  results are written into and allows the
processed decode video  or the like tote written into the input and output
buffer means 112. The difference between Figs 12 and 13 is the different
generation timing of the data outputted from the two video Iprocessing
units. In Fig 12, as described in the forth node,  two pixels are generated
at the same time for every two pixel  r clocks. On the other hand, in Fig
13, as described ih the E 



fifth mode, pixels are generated from the two video processing  units one
by oie alternately by sifting the execution  instructions by one pixel.
uratf' ons  The difference of. those examples of configurations ~  doesn't
directly relate to the writing operation the present ~  mode is emphasizing
on, therefore, the detailed operational  descriptions ae omitted. In
operation, when the write back means 111 is selected  from the instruction
decoder means 1073, the output dto of  the arithmetic 4units A 1062 or B
1063 are temporarily shored  in the write bek means 111. I8 MAY 2104 The
write back means 111 transfers the stored data to  the input and output
buffer means 112 in a cycle except to  the display read-out. When the
operational result data for  one line are written in, the system control
means 100 controls  the writing-in transfer to the frame memory 102 by the
memory  control means 104. If the videos written back are displayed by
reading out  of the frame memory 102 as still pictures, it is possible to
display a plurality of reduced decoded videos in arrangement,  and the user
interface screens can easily be provided, in such  a form as reduced still
pictures fixed into the program table. In the present mode, two video
processing units are  described, but the present invention doesn't limits
the  number particularly. And in an example of Fig 7, the  configuration is
implemented by carrying out a filter  



operation and a blending operation separately by the two  arithmetic units,
but the present invention doesn't limit the  configuration particularly.
For example, it can be  implemented with one arithmetic unit, or a
plurality of  arithmetic units may be combined. The arithmetic units are
not limited only to the multiplication and addition processes  but may be
the ones carrying out other operational processes. In the above mentioned
mode, the instruction memory is  described as having a size of two pixels
but it may be provided  with a plurality of pixels or one line of pixels.
MAY 204 In the alcove mentioned mode, the configuration is  i described as
having a register file which is an operational  result buffer means, but if
these instructions are designated  so as to use the operational result for
each cycle, it can  be implemented without having a register file. In
either unit of the video display units described in  the present
specification, each component can be implemented  by means of software or
it can be constructed as a dedicated hard ware. The entire or part of
functions of each means or each  step described kin either unit of the
video display units  described in th present specification may be
implemented by  i computer program recorded in a magnetic disc, an optical
disc  or other recording media, which can be formed and can be  utilized,
needless to say, in order to implement the same  operations as described
above. That is to say, the present  



invention could( be a program recording medium storing a  program to
implement by computer the entire or part of  functions of ea+h means or of
each part in the above mentioned  units. As the above description
discloses, the present  invention can control the increase of the
development cost  and can provi4 a video display unit with an excellent
expansion possibility. That is to say, according to a video  display unit
o4 the present invention, for different 1 R MAY 2004 specifications with
display requirements depending on the  service providers, each of the
functions can be implemented 6  easily by combining common hardware and
instructions  corresponding t each of the specification with display
requirements. And it is also possible to implement that with only a little
sLze of the instruction memory.  I And in cafe the video resolution is
increased such as  for a high definition (the resolution exceeds 720 pixels
X  system, a video processing unit with a similar  990 lanes ) syr
characteristic an be easily implemented by increasing the   number of vide
processing units operating in parallel.  In addition on, thereby, the
effects are gained that the development colt which used to be a problem due
to t is  



i necessity of manufacturing different types of circuits LSI )  for each
required specification can be reduced. Availability it the industry As
described above, according to the present  i invention, multipurpose
arithmetic units for carrying out at  least one operainn within one period
of the pixel cloc and  for generating display data, and an instruction
sequencer  for describing he display data and the operational contents  to
be inputted~to this as instructions, for example, are i  provided and b
implementing the described instructs ns  while synchronizing to the display
clock, video up/d wn '18 MAY 2004 scaling processes as well as the blending
process with the  OSD can be realized. Thereby, it is not necessary to
provide  a dedicated circuit for each required specification such as  in a
conventional unit, and by rewriting the instructions  within the
instruction sequencer, it is possible to cope with  a plurality of display
specifications.  1 8 MAY 2004 055 o Claims 1. A video display unit
comprising: a frame memory storing display data; a display timing
generation means for generating a display  timing; 



a memory control means for reading out display data from said  frame memory
by synchronizing to said display timing generation  means; an output buffer
means for temporarily storing display data  read out by said memory control
means; an arithmetic unit for for generating display data by carrying  out
at least one operation within one period of a pixel clock; a data selection
means for reading out display data from said  output buffer means by
synchronizing to the pixel clock and for  selection data inputted to said
arithmetic unit; and an instruction sequencer for controlling said data
selection  means and said arithmetic unit by synchronizing to the timing of
said display timing generation means, said instruction sequencer  having=
an instruction memory for storing control information to  control said
arithmetic unit and said data selection means; an instruction execution
control means for reading out at least  one or more instructions within one
period of the pixel clock; and an instruction decoder means for decoding
said read out  instructions and for controlling data inputted to said
arithmetic unit  by said data selection means. i 8 MAY ?f04 0 56 0 2. A
video display unit according to Claim 1 characterized by= said instruction
memory storing execution instruction within  at least one period of the
pixel clock; and said instruction execution means reading out repetitively
said  instruction memory by synchronizing to the pixel clock. 3. A video
display unit according to Claim 1 or 2 characterized by  



having an operational result buffer means for storing outputted data
temporarily from said arithmetic unit and outputting to said data
selection means. 4. A video display unit according to either one of Claims
1 to 3  characterised by having a write back means for writing back data
outputs from said arithmetic unit to said output buffer means and  the
instruction sequencer controlling said write back means. 5. A video display
unit according to either one of Claims 1 to 4  characterised by said
instruction sequencer being provided with a  switching means for the number
of instructions read out within one  period of pixel clock. 6. A video
display unit comprising= a memory frame for storing display data; a display
timing generation means for generating a display  timing; a memory control
means for reading out display data from said  frame memory by synchronizing
to the generated display timing; I BMAY 2004 o57 an output buffer means for
temporarily storing display data  read out by the memory control means; a
display data read out means for controlling reading out of  display data
from said output buffer means in accordance with a  desired display
specification; a plurality of video processing units for processing display
data  read out from said display data reading out means; an output
selection means for selecting output data of said  plurality of video
processing units; and an instruction sequencer for controlling said
plurality of video  



processing units and said output selection means by utilizing  processing
instructions corresponding to a desired display  specification within
processing instructions corresponding to a  plurality of display
specifications stored in advance, wherein each of said video processing
units includes an arithmetic unit  for carrying out at least one operation
within one period of a pixel  clock and for generating display data, and a
data selection means for  reading out display data by synchronizing to the
pixel clock from said  output buffer means and for selecting data to be
inputted to said  arithmetic unit; and said instruction sequencer includes
an instruction memory  storing control information for controlling said
arithmetic unit and  said data selection means, an instruction execution
control means for  reading out at least one or more instructions within one
period of the  pixel clock, and an instruction decoder means for
controlling data  inputted to an arithmetic unit within said plurality of
video  processing units by decoding the readout instructions. I 8:MAY 2004
58  7. A video display unit comprising: a memory frame for storing display
data; a display timing generation means for generating a display  timing; a
memory control means for reading out display data from said  frame memory
by synchronizing to the generated display timing; an output buffer means
for temporarily storing display data  read out by the memory control means;
a display data read out means for controlling reading out of  display data
from said output buffer means in accordance with a 



desired display specification; a plurality of video processing units for
processing display data  read out from said display data reading out means;
an output selection means for selecting output data of said  plurality of
video processing units; and an instruction sequencer for controlling said
plurality of video  processing units and said output selection means by
utilizing  processing instructions corresponding to a desired display
specification within processing instructions corresponding to a  plurality
of display specifications stored in advance, wherein each of said video
processing units includes an arithmetic unit  for carrying out at least one
operation within one period of a pixel  clock and for generating display
data, and a data selection means for  reading out display data from said
output buffer means by  synchronizing to the pixel clock and for selecting
data to be inputted  to said arithmetic unit; and I 8 MAY 2004  59  said
instruction sequencer includes an instruction memory  storing control
information for controlling said arithmetic unit and  said data selection
means, an instruction execution control means for  reading out at least one
or more instructions within one period of the  pixel clock, and an
instruction decoder means provided in each of  said plurality of video
processing units and for controlling data  inputted to an arithmetic unit
within the video processing units by  decoding said read-out instructions.
8. A video display unit according to Claims 6 or 7 characterised by said
instruction memory storing an execution instructions within at least  one
period of pixel clock, and said instruction execution control  



means reading out said instruction memory repetitively by  synchronizing to
the pixel clock. 9. A video display unit according to either one of Claims
6 to 8  characterized by each of said video processing units having an
operational result buffer means for storing outputted data  temporarily
from arithmetic unit and outputting to said data  selection means. 10. A
video display unit according to either one of Claims 6 to 9  characterized
by having a write back means for writing back output  data from each of
said video processing units to said output buffer  means and said
instruction sequencer controlling said write back  means. i,.8 MAY 20O4~
Abstract  A video display unit according to the present invention is
provided with a multipurpose arithmetic unit for !  generating display data
by carrying out at least one operation  within one period of the pixel
clock and an instruction  sequencer for describing as instructions the
display date and i  i the operationall contents to be inputted to this, and
by implementing th described instructions while synchronizing  to the
display lock, picture up/down scaling process s as  well as a blending
process with the O$D are realized. Thereby,  it is not necessary to provide
a dedicated circuit for each  of required specifications such as in a
conventional unit,  I: and by rewriting instructions within the instruction
sequencer, it is possible to cope with a plurality of display  



specifications. 






