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BACKGROUND OF THE INVENTION
Related Applications
This application is filed concurrently with (TI-21387) "Improved Video

Processing System with Scan-Line Video Processor,” Patent Serial No.

and (TF-20246) "Sharpness Control for Digital Displays,” Patent Serial No.

1. Field of the Invention
This invention relates to display systems, more particularly to display

systems that use digital processing on video data.

2. Background of the Invention

The advent of spatial light modula'.tors' has moved display technology
towards processing the data digitally, regardless of how it is displayed. There are
several methods of display that use digital data directly. One such example of
‘these technologies is spatial light ﬁodulators.

Digital spatial light modulators typically constitute an array of individual
elements each of which are individually addressable to change states between and
ON state and an OFF state. These elements normally correspond to one pixel on
the final displayed image. The brightness of each pixel in the image is controlled
by the amount of time the element is in the ON state. In analog modulators, the
brightness of each pixel is controlled by the voltage applied to the modulator

elements.



several nethods of display that use digital data directly. One such exanple
of these technologies is spatial |ight nodul ators. Digital spatial
| i ght nodul ators typically constitute an array of individual elenents each
of which are individually addressable to change states between and ON
state and an OFF state. These elenents normally correspond to one pixel on
the final displayed i mge. The brightnegs of each pixel in the inmage is
controlled by the amobunt of time the element is in the ON state. In anal og
nodul ators, the brightness of each pixel is controlled by the voltage
applied to the nodul ator el enents.

Thr e§hree mginairoblems resulttfrémdins tyipe of\systend. Fyrst,dine fétust of t he
nature of the display in the majority of these nodulators is frame
oriented, the\disglapinaythemajoritief tlzese enodaddtors i frahrceardertied pmayingf awde

cathode ray tube (CRT). The 1incomng data nust be translated from
i nterl ace feémphegaetsized, fttarlacsdedispldy of the cathode ray tube (CRT). The
incoming-data must be translated from interlace to progressive scan. Second,
different formats of television, such as NTSC, PAL, etc. require different
dimensions of the image. The pixel-to-element relationship makes the translation
between formats difficult. Third, ﬁhe larger, brighter displays achieved by these
SLMs can highlight limitations of the data or processing, require additional
compensation such as sharpness enhancement. This requires instructions that
allow the processor to operate on all of this data.
Several solutions have been suggested, including those with scan-liné video
processors (SVP). The problem with previoué embodiments is that they either
- waste instruction space, or they do not allow full functionality. Therefore, a
solution to the above problems that more efficiently utilizes the instruction space

.of the SVP is needed.



di tf.erent formats of television, such as NISC, PAL, etc. require different
di nensi ons of the inage. The pixel-to-elenent relationship makes the
translation between formats difficult. Third, the larger, brighter
di spl ays achi eved by these SLMs can highlight limtations of the data or
processing, require additional conpensation such as sharpness enhancenent.
This requires instructions that allow tl3e processor to operate on all of
t hi s dat a. Several solutions have been suggested, including those
with scan-line video processors (SVP). The problemw th previous
enbodi nents is that they either waste instruction space, or they do not
allow full functionality. ThSPMMARY OF THRINVENIIOMe above probl ens that
nore efficiently utilizes the instruction space of the SVP is needed.
3 One aspect of the 11DtdvNRIRYisQihe Tioca fil/ED pridessing taskS&betwegect of
the invention is the allocation of processing tasks between

two scan line video processors to make the most efficient use of their instruction

spaces. A first processor performs tasks of motion detection and motion adaptive
progressive scan conversion on a video input signal. A second processor performs
any scaiing necessary and applies sharpness control to the data.

It is an advantage of the invention in that it makes efficient use of the
available processor instruction space.

It is a further advantage of the invention in that it allows the data to be

scaled vertically to adapt the data to differently sized spatial light modulators.



two scan line video processors to make the nost efficient use of their
instruction spaces. A first processor perfornms tasks of notion detection
‘and notion adaptive progressive scan conversion on a video input signal. A
second processor perfornms any scaling necessary and applies sharpness
control to the data. It is an advantage of the invention in that it
nakes efficient use of the available prqcessor instruction space.

It is a further advantage of the jnvention in that it allows the data to be
scal ed vertically to adapt the data to differently sized spatial |ight

nmodul at ors. 4

BRI EF DESCRI PTI ON OF THBEHA/DESTRIPTION OF THE'DRAWINGSet e under st andi ng
of the present invention and for further advantages thereof, reference is
now made to thof @l mové &ﬁnﬁl@t@uh&&s%&ﬁhgmﬂtﬁ@ présake mmemmrmmfdﬂ faipthudrt h

t he acconpanying Drawi ngs i1 n which

advantages thereof, reference is now made to the following Detailed Description
taken in conjunction with the accompanying Drawings in which:

Figure 1 shows an overall block diagram of one embodiment of a procéssing
system that efficiently use SVP instruction system.

Figure 2 shows a block diagram of a motion adaptive progressive scan
process. .

Figure 8 shows a graphical representation of bilinear interpolation.

Figure 4 shows a graphical representation of cubic interpolation.



Figure 1 shows an overall block diagram of one enbodi nent of a processing

systemthat efficiently use SVP instruction system - Figure 2 shows a
bl ock di agram of a notion adaptive progressive scan process. Fi gure
3 shows a graphical representation of bilinear interpolation. Fi gure
4 shows a graphical representation of cubic interpolation. °

5 DETAI LED DESCRI PTI ON OF THE PREFERRED EMODI MENTS Figure 1

shows the overall architecture of a processing system 10 for digital video
data. The incom ng data is assunmed to be interlaced data, two fields per
frame, wth the odd-nunbered lines in the first field and the even nunbered
lines in the NEBAHLEDDESERIPTION O THERREFEBRED EMBODINENTS ent
field, this system uses three fields. The incomng field at Y will be
referred to asFigwiledl ghows thalowirall héchibdrtote ofsa prédeesidgdestam 1 foddigitalt he
nost previous field of field 2, which will be

video data. The incoming data is assumed to be interlaced data, two fields per

frame, with the odd-numbered lines in the first field and the even numbered lines

in the second. In order to interpolate the data for the current field, this system

uses three fields. The incoming field at Y will be referred to as field 2. Field DL

14, which is a field delay, produces the most previous field of field 2, which will be

referred to as field 1. The lines of data in field 1 and field 2 are offset by one.

They could be from the same frame or from adjacent frames of data.

Field DL 16 produces field 0, the next most previous field. Fields 2 and 0

have the same line numbers in them, either the odd-numbered or even-number

lines from two adjacent frames. All three fields are input to SVP#1 12, which is a

scan-line video processor. Additionally, the SVP receives the chrominance signals

R-Y and B-Y.

SVP#1's instruction space will be used to perform motion detection and

motion adaptive progressive scan interpolation. The motion adaptive progressive

scan interpolation process involving field DL 18 is discussed with reference to

Figure 2. The interpolated outputs Y, R-Y and B-Y are then sent to SVP#2, 20.

SVP#2 performs vertical scaling and applies sharpness control. The processes for

vertical scaling are shown in Figures 8 and 4. The application of sharpness

control is discussed in more detail in (TI-20246) Patent Serial No. |

"Sharpness Control for Digital Television."



referred to as field 1. The lines of data in field 1 and field 2 are offset
by one. They could be fromthe sane frame or from adjacent franes of data.
Field DL 16 produces field O, the next nost previous field. Fields 2 and O
have the sanme |ine nunbers in them either the odd-nunbered or even-nunber
lines fromtwo adjacent frames. Al three fields are input to SVP#1 12,
which is a scan-line video processor. Adglitionally, the SVP receives the
chrom nance signals R-Y and B-Y. SVP#1's instruction space will be
used to performnotion detection and notion adaptive progressive scan
i nterpol ation. The notion adaptive progressive scan | ni}erpql ation }Z)rocess
i nvol vi ng fi el ¥hpimatgon adaptire pregressivenscapripferpelatio 188 aﬂPéanlg‘Hf’e .
interpolated outputs Y, RY and B-Y are then sent to SVP#2, 20. SVP#2
per for ns Vet intihg cirmiiitnd0 uses datal frens the follovaing linestof slata, Twhkergfirdd sigs f or
vertical scaling are shown in Figures 3 and 4. The application of sharpness
control i ghdisemsingdiéld: rheemoktt previous figll, {2l 26froPathenficl §dPL 82; the
"Sharpness Control for Digital Television." '

adjacent line in the next most previous field, field 1, from horizontal DL 24 and

field DL 26; and the motion signal k, from the top data path. The top data path

initially uses a comparison between the incoming signal Y, field 3, and the

adjacent line from field 1, which has like-numbered lines. An arithmetic or other

circuit finds the difference between these at 32.

The resulting difference is passed through a horizontal, lowpass filter

HLPF1 at 34, and the absolute value is found at ABS 36. A non-linear function

NL 88 is applied. The nonlinear function performs thresholding to eliminate small

difference signal values due to noise. It also reduces the resolution of the

difference signal to 4 bits. A comparator 44 determines the maximum of several

values: data from field 0, out of field DL 40; data from the adjacent lines to the

line undergoing processing, out of horizontal delays 42a, 42b, and 42c; and the

resulting 4-bit signal from the nonlinear function 32.

This maximum value is then filtered both vertically and horizontally at

VLPF1 46 and HLPF2 48, respectively. The nonlinear function 50 is similar to

that of 38 in that it reduces signal noise. The resulting motion signal, k, is then

passed to the mixing circuit 30 and used to determine the first interpolated

output. Referring back to Figure 1, the interpolated signal, as well as the color

difference signals R-Y and B-Y are sent to SVP#2. The progressive scan process is



6 - . The notion adaptive progressive scan interpolation is shown in
Figure 2. The mxing circuit 30 uses data fromthe follow ng |ines of
data, where field 3 is the incomng field: the nost previous field, field
2, fromthe field DL 22; the adjacent line in the next nost previous
field, field 1, fromhorizontal DL 24 and field DL 26; and the notion
signal k, fromthe top data path. The top data path initially uses a

conpari son between the incomng signal Y, Tield 3, and the adjacent |ine
fromfield 1, which has.like-nunbered lines. An arithmetic or other
circuit finds the difference between these at 32. The resulting

di f f er encedissugsad dednoter detgil in Momi Costt BiogréssivesSmmnf T¢lewsionHvith Speeiad4, and
t he absolute value is found at ABS 36. A non-linear function NL 38 is

appl i ed. TReaturad,! PatentfSeridliNo. QR/43Q7H4. t hreshol ding to elinm nate small

di fference signal values due to noise. It also reduces the resolution of

the differenceS¥Pgadilltperforhi vertioAl scalgy &t sllowd éhelday t6 be foridattadiofor mum of
several values: data fromfield O, out of field DL 40; data fromthe

adj acent | yh88evle? difi@nsiohs Art AdGITER] MheRfiRfeASiDhE Of aflimae tbﬁfchn? Hepbndlel ays
42a, 42b, and 42c; and the resulting 4-bit signal fromthe nonlinear
function 3gnon what the broadcast format is. Common scaling functions are 3:4 and 56,

where 4 lines of data create 5 lines, or 5 lines create 6. There are two primary

method of accomplishing this, bilinear interpolation, or cubic.

Figure 3 shows a graphical representation of bilinear vertical scaling for 3:4.
The output lines Yy - Y4 are combinations of the data from lines X - Xg. For 5:6
vertical scaling, there would be an extra line on each. The relationships between
the lines are:

Yo =AXy Y{=BXy+CX;y Y5=DX;+EXy Yg=FXy+GX3

Y, = AXg

'It can be seen from above that at Yy, the relationships begin to repeat, as do the
coefficients A-G. For 5:6 scaling, the relationships ére the same, except that Y, =
HXg + IXy, Y5 = X4 + KXj5, and Yg = AX¢.

This processing system with these scaling capabilities are ideal for use with
spatial light modulator arrays. If the devices had dimensions of 848 rows by 600
columns of elements, 4:5 vertical scaling would be used to convert the incoming
480 rows of data (for standard NTSC and PAL inputs) to 600 rows of actual

display data. The typical input standard is 640 pixels per row by 480 rows. If the



Thi-s maxi nrum value is then filtered both vertically and horizontally at
VLPF1 46 and HLPF2 48, respectively. The nonlinear function 50 is simlar
to that of 38. in that it reduces signal noise. The resulting notion
signal, k, is then passed to the mxing circuit 30 and used to determni ne
the first interpolated output. Referring back to Figure 1, the
I nterpol ated signal, as well as the color difference signals R Y and B-Y
are sent to SVP#2. The progressive scan Hrocess S
7 di scussed in nore detail in "Low Cost Progressive Scan Tel evision with
Speci al Features,"” Patent Serial No. 08/430, 774. SVP#2 will perform
verti cal ché%lidlc_erlga& BirAéd I &Ieestasy?t 548, fife &&hﬁgtﬁ;&dré‘ 8 5:6 WAal18 @Towdtieensi ons
e

are desir he di mensions of an image typically depend upon what the

roadeast Lhile ko rSAIIPe S68bA 20 ANACETE DR Cadphyand 56, where

A% I nes create re are two primary .
The coefficients are shown in the following table:

Coefficient ' 3:4 Scaling Coefficient 5:6 Scaling Coefficient
A 1.0 1.0

B 0.25 0.1666666667
C 0.75 0.83333333333
D 0.5 0.3333333333
E. 0.5 0.6666666667
F 075 05000000000 ,
G 0.25 0.50000000000
H 1.0 0.6666666667
I 0.3333333333
J |- 0.8333333333
K 0.1666666667

3:4 cubic scaling is shown graphically in Figure 4. The relationships are

“shown below:

Y = AX + BX4 + CXy Y1 = DX + EX; + FX, + GX5

Yo = HX; + Xy + JXg + KXy Y3 = LXy + MXg + NX, + PXj

Y, = AXg + BX, + CXj

For 5:6 scaling, the same relationships exist, except that:

Y, = QXg + RXy + 8Xg + TXg Y5 = UXy + VX5 + WX + YX5,

and Yg = AXg + BXg + CXy, with the values of the coefficients shown below.



met hod of acconplishing this, bilinear interpolation, or cubic.

Fi gure 3 shows a graphical representation of bilinear vertical scaling for
3:4. The output lines Y[err] - Y[err] are conbinations of the data from
linés Xferr] - Xerr]. For 5:6 vertical scaling, there woul d be an extra
| ine on each. The rel ati onshi ps between the lines are: Y[err] = AXerr]
Y[err] = BX[err] + CXerr] Wmﬂrzm%r + EX[err] Y[err] = FX[err] +
GX[err] Y[err] = AX[err] It can be seen from above that at Y4, the

rel ati onships begin to repeat, as do the coefficients AA-G For 5:6
scaling, the relationships are the sane, except that Y[err] = HXerr] +

| X[err], Y[err] = JX[err] + KXerr], and Y[err] = AX[err]. Thi s
processing systemw th these scaling capabilities are ideal for use with

Esagbgl | H'%ﬁﬁl@e’é‘f el enent s?/s'43'3 Gulpe |56§1\{‘I1 aLin

the inconjng 480 rows of dat %6595555t5g,gdar d NTSC

rows of agtoad -d-splay—datatHre—typrecal—rRput—standara—+s—640—ptxetq per

row by 489 Bows. If the 0.8888888889 0.8888888889
C 0.0555555556 0.5555555556
D -0.0147569444 -0.0074588477
E 0.2560763888 0.1751543210
F 0.7821180555 0.8387345679
G -0.02343750 ' 0.0064300412
H -0.03472222 -0.0226337449
I 0.53472222 0.3456790124
d 0.53472222 0.7098765432
K -0.03472222 0.0329218107
L -0.02343750 -0.0347222222
M 0.7821180555 0.5347222222
N 0.2560763888 0.5347222222
P -0.0147569444 0.0347222222
Q -0.039218107
R — 0.7098765432
S - 0.346790124
T - : -0.0226337449
U - 0.006430041
' - 0.8387345679

[w 0.1751543210
“ Y — 0.0074588477

Other supported formats by these devices would be SVGA and VGA, as are

typically used in computer displays. SVP#2 will also perform sharpness and



8 .. device had dinensions of 864 by 576, the scaling factors of 5:6 would
allow the incomng 480 rows to be scaled to allow 576 |ines of display.

The coefficients are shown in the follow ng table: Coef fi ci ent

3:4 Scal ing Coefficient 5:6 Scaling Coefficient A

1.0 1.0 B 0.25

0. 1666666667 C 0.75

0.83333333333 D 0.5

0. 3333333333 E 100. 5

0. 6666666667 F 0.75

0. 5000000%6 0. 25

0. 20000008UBE= proscan (line-averaging). 1.0

0. 6666666667

0. 3333333333 é.s mentioned previously, concurrently fileshapplication (T1-20246)

0. 1666666667 3;4 cubic scaling is shown graphically in Figure 4.

The rel at Sirarpiness Sontrol famBDigicalMisplaysdPdtent Boiak Np. + Bx[err] + @tthis]
Y[err] = DX[err] + EX[err] + FX[err] + GXerr] Y[err] =HX[err]+ I X[err]+

_ JX[ err] +Kpbimtrih theeprotedsithe of thd\@ata; thisNsttedighe Wendd be applied. In short, the
sharpness controi operates on the data to increase the clarity of edges in the
picture. Most progressive scan and ;notion detection involve lowpass or bandpass
filtering functions. This can lead to a loss of vertical resolution. By using two-
dimensional filtering with other measures, some of this resolution can be regained.
When all of the processing is accomplished, the interpolated output Y, R-Y and B-
Y are passed to the memory of the display system for storage until they are
needed for display.

One major advantage of this architgcture is its efficient use of the SVP
instruction space. While SVPs have several advantages, their instruction space is
limited to 442 instructions per processor. This number of instructions assumes a
32 MHz system. Using the two processors above and dividing up their tasks such
that motion detection aﬁd motion adaptive proscan is performed in SVP#1 and
vertical scaling and sharpness control is performed in SVP#2, overall efficiency of
instruction space is mamtamed Other combinations of instructions could be used,
the only requirement being that the set of instructions in SVP#1 are chosen such
that SVP#2 is left with some left over instruction space. This avoids the use of an

extra processor.

As an example, using the processes described above, SVP#1 would contain



Y[err]= AX[err] + BX[err] + CXerr] For 5:6 scaling, the sane

rel ati onships exist, except that: Y[err] = QXerr] + RX[err] + SX[err] +
TX[err] Y[err] = UXerr] + VXerr] + WK err] + YXerr], and Y[err] =
AX[err] + BX[err] + CX[err], with the values of the coefficients shown

bel ow. 9 Coef fi ci ent

3:4 Cubic Scaling 5:6 Cubic Scaling A11

0. 0555555556 - 0. 0555555556 B ' 0. 8888888889

0. 88888883889 C 0. 0555555556 0. 5555555556 D
-0.0147569444 -0.0074588477 E 0. 2560763888

0. 17515432290 Enstructions out of a possible 427 8é¥1d §6iliaktion of 65.6%. SVPEBZ2sd79 G
-0. 02343750 0.0064300412 H -0.03472222

- 0. 0226337 4éBraln 428 instructions, for a utiliZtfRdf283%%. The overall syslesd PRS2t J
0. 53472222 0. 7098765432 K -0.03472222

0.032921814/84.22%. The efficient, use of thesl sPacidpiedents the need for Mdifdd422222 M
0. 7821180555 0. 5347222222 .

processors which can increase system cost. Running SVP#2 at less than its full
capacity also prevents any problems with bottlenecks in the second processor.
Thus, although there has been described to this point particular
embodiments of a syst:am architecture for processing video display data, it is not
intended that such specific references be considered as limitations upon the scope

of this invention except in-so-far as set forth in the following claims.
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0. 8387345679 W

12 : ;
0.0074588477 O her supported formats by these devgﬂwﬂwlﬁnﬂﬂum and
VGA, as are typically used in conputer displays. e rform
shar pness 10 chroma

0. 2560763888 0. 5347222222 P

-0. 0147569444 0. 0347222222 Q ---
-0. 039218107 R
0.346790124 T --- -0.0226337449 U

0. 006430041 V ---

proscan (Fi Ta%pé@[%@p IS: As nentioned previously, concurrentl y
filed application (Tl-20246) "Sharpness Control for Digital Displays,".

Patent Seli al foystem oparahlpitg prpesisatvider dive for acwssiahtjgbt ntdtmldimranrrafi S

techni que woul d be applied. In short, the sharpness control operates on
t he dat a 95 PRE¥Ase the clarity of edges in the

a video input signal;

a first scan-line video processor, wherein said first processor performs a
first predetermined set of tasks so as to contain a number of instructions
substantially equal to the maximum number of instructions allowed; and

a second scan-line video proceésor, wherein said second processor receives
output from tasks performed by said first processor and performs a second
predetermined set of tasks, such that no further processors are required.

2. The system as in claim 1 wherein said spatial light modulator array has the
dimensions of 848 rows by 600 columns.
3. The system as in cla_xm 1 wherein said spatial light modulator array has the

dimensions of 864 rows by 576 columns.

4. The system as in claim 1 wherein said task of vertical scaling is

accomplished by 4:5 bilinear interpolation.

5. The system as in claim 1 wherein said task of vertical scaling is
accomplished by 5:.6 bilinear interpolation.

6. The system as in claim 1 wherein said task of vertical scaling is
accomplished by 4:5 cubic interpolation.

7. The system as in claim 1 wherein said task of vertical scaling is

accomplished by 5:6 cubic interpolation.

0. 7098765432 S

1751543210 Y



pi cture. Most progressive scan and notion detection involve | owass or
bandpass filtering functions. This can lead to a Ioss of vert| cal
resolution. By using two- dinmensional filtering

of this resolution can be regained. Wen all of thﬂ“mmﬁm ﬂg@}‘m
acconplithed, the interpolated output Y3 RY and B t he
nmenory of the display systemfor storagé until they Aare® needed for

di spl ay. One maj or advantage of this architecture is its efficient

use of the SVP __instruction space. il e SVP Ve S

their instuct |’9FF SyRtem as in médyv*lgr%a QJ’t}aEE?ti gtvnére?é%&g%{ocessor Thi s
nunber of |nstruct|ons assunes a _ 32 MHz stem Using the two processors
above and idchidésrthetasksafmotion detedtion ¢ tmm@lil@# VeRNO8Rhnd noti on
adaptive proscan is perfornmed in SVP#1 and vertical scalin and shar pness
control i g per fTheegstiom QR aim < whiereihf said mepomd sef ofs Mw&%

mai nt ai ned. Ot her conbinations of instructions could be used the only
requireme cﬂﬁ?éhgsﬁ ol Vertieal sctirigoad ichréMB/roaesn.chosen such

t hat SVP#Eitn eft #ﬁ}eﬁgm 'éft over instruction space. This avoids the
use of an extra processor. As an exanpl e, using the processes
descri bed above, SVP#l woul d contain



290 ‘i nstructions out of a possible 442, for a utilization of 65.6% SVP#2
woul d contain 428 instructions, for a utilization of 96.8% The overal
systemutilization is 81.22% The efficient use of these spaces prevents
the need for additional processors which can increase system cost. Running
SVP#2 at less than its full capacity also prevents any problens with

bottl enecks in the second processor. Thus, al though there has been
described to this point particular enbodi ments of a systemarchitecture
for processing video display data, it is not intended that such specific

references be considered as |linitations upon _the scope f this invention
except in-so-far as set f otMERQVEDR YIDEQ P%RFHBSE}“% gi.STE'?

USING SCAN-LINE VIDEO PROCESSORS

ABSTRACT
A processing system (10) for video data. The system uses two scan line
video processors. The first processor (12) performs a first set of predetermined
tasks. The sgcond processor (20) performs a second set of predetermined tasks.
The division of tasks between the two processors (12,20) allow optimal utilization
of the processors’ limited instruction space, any combination of processing tasks is

allowed, so long as one of the processors works at near full instruction capacity.

FIGURE 1



12 WHAT IS CLAFMED I S 1. A system operable to process video data for
a spatial |ight nodul ator array, conprising: a video input signal;
a first scan-line video processor, wherein said first processor perfornms a
first predeterm ned set of tasks so as to contain a nunber of instructions
substantially equal to the maxi mum nunber of instructions allowed; and

a second scan-line video processor, wherein said second processor receives
output fromtasks perfornmed by said firstlfgocessor and perforns a second
predeterm ned set of tasks, such that no further pgocessprs arg required.
2. The systemas in claim1l wherein said spati i no ator array
has the dinensiaqps of 848 rows by 600 colums. 3 Sihe sys em as in
claim1l whereingsgai[d spatial |ight nodufator arra&y|has ipe dl nsions of

864 rows by 576=cRITUMS. 4. The systemas_in claimI|wherein sAid task
of vertical scaEifig is acconplished by,4:5 bilinear interpolation. §.
The systemas in Ccllaim1l whereip said tgsk jof vertlcalg§ggllng i's
acconpl i shed by 5:%bilinear in1erpo|at§£n.
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6.~ The sxg;gﬁfﬁsdfﬁ:élain1l wherein said task of vertical scaling is

acconpl i stied by 4:5 cubic interpolation. 7. The systemas in claiml
whérein said task of vertical scaling is -acconplished by 5:6 cubic
i nterpol ati on. 13 8. The system
as in claim1l wherei.n said first set of predeterm ned tasks includes the
tasks of notion detection and notion adazgive proscan. 9. The system as
in claiml wherein said second set of predeterm ned tasks i ncludes
shar pness control, vertical scaling and CQ{ona proscan
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