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UNITED STATES DISTRICT COURT
NORTHERN DISTRICT OF ILLINOIS

EASTERN DIVISION
TECHNOLOGY LICENSING ) F ILED
CORPORATION, )
) CIVIL ACTION NO. 11¢v3
Plaintiff, ) %2/%1 [2012 .
) THOMAS G, BRUTOR or
V. ) CLERK, U.S. DISTRICT C
)} JURY TRIAL DEMANDED
WESTINGHOUSE DIGITAL, LLC; ASUS )
COMPUTER INTERNATIONAL; and )
ASUSTEK COMPUTER, INC,, )
)
Defendants. )

AMENDED COMPLAINT FOR PATENT INFRINGEMENT

In this action for patent infringement, Plaintiff Technology Licensing Corporation
(“TLC™} hercby amends its Complaint against Defendant Westinghouse Digital, LLC,
("Westinghouse"); TLC’s allegations of infringement against Defendants Asus Computer
International ("Asus Int’]”), and ASUSTeK Computer, Inc. ("ASUSTeK") remain unchanged,
(collectively, "Defendants™) as follows:

JURISDICTION AND VENUL

L. This is a claim for patent infringement arising under the patent laws of the United
States, Title 35 of the United States Code § 1 er seq. This Court has exclusive original
jurisdiction over the subject matter of this Complaint under 28 U.S.C. §§ 1331 and 1338(a).

2. Venue is proper under 28 U.S.C. §§ 1391 and 1400(b) because Defendants are
subiect to personal jurisdiction, do business in this judicial district, and have committed acts of

infringement in this judicial district.
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PARTIES

3. TLC is a Nevada corporation and has its principal place of business at 711 South
Carson Street, Suite 6, Carson City, NV 89701. TLC owns the full and exclusive right, title and
interest in and has standing to sue for infringement of United States Patent Nos. 6,870,964 (“the
‘964 Patent™), 7,382,929 (“the ‘929 Patent™), and 7,986,851 (“the ‘851 Patent™).

4. Westinghouse is a Delaware Corporation having a principal place of business at
500 N. State College Bivd., Suite 1300, Orange, CA 92868. Westinghouse designs, develops,
offers for sale, and sells nationwide, including substantial business in this judicial district,
products that are covered by at least claim 1 of the ‘964 Patent claims 1, 16, 32 and 48 of the
929 Patent and claims 1, 13 and 23 of the ‘851 Patent, including video display monitors such as
television model nos. LVM-37w3, LVM-37wl, LVM-42w2, L[D-4258 and monitors
incorporating Faroudja DCD1 or Broadeom Xilieon Technology.

5. Asus Int’l is a California Corporation having a principal place of business at 800
Corporate Way, Fremont, CA 94539. Asus designs, develops, offers for sale, and sells
nationwide, including substantial business in this judicial district, products that are covered by at
least claim 1 of the ‘964 Patent, claim 1 of the ‘929 Patent and claim 1 of the ‘851 Patent,
including video display monitors such as Asus VK 266H and VW266HMonitors incorporating
Faroudja DCDi.

0. ASUSTeK is an alien corporation organized and existing under the laws of
Taiwan, and having its primary place of business at Nr. 15 Li-Te Rd., Peitou, Taipei 112,
Taiwan. ASUSTeK designs, develops, offers for sale, and sells nationwide, including substantial

business in this judicial district, products that are covered by at least claim 1 of the ‘964 Patent,
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claim | of the ‘929 Patent and claim 1 of the ‘851 Patent, including video display monitors such
as Asus VK 266H and VW266HMonitors incorporating Faroudja DCDi.

PATENT INFRINGEMENT

7. TLC owns all right, title, and interest in and has standing to sue for damages for
any past, present and future infringement of the ‘964 Patent entitled “Spatial Scan Replication
Circuit.” The '964 Patent issued on March 22, 2005, Further, the ‘964 Patent was reexamined
and reissued on August 4, 2009. A true and correct copy of the '964 Patent and reexamination
certificate is attached as Exhibit A.

8. TL.C owns all right, title and interest in and has standing to sue for damages for
any past, present, and future infringement of the ‘929 Patent entitled “Spatial Scan Replication
Circuit.” The ‘929 Patent was issued on June 3, 2008. A true and correct copy of the *929
Patent is attached as Exhibit B.

9, TLC owns all right, title and interest in and has standing to sue for damages for
any past, present, and future infringement of the ‘851 Patent entitled “Spatial Scan Replication
Circuit.” The ‘851 Patent was issued on July 26, 2011. A true and correct copy of the *851
Patent is attached as Exhibit C.

10. Upon information and belief, Westinghouse has made, used, offered for sale, sold,
and/or imported products which possess video processing technology and methods, including but
not limited to Directional Correctional Interlacing (“DCDi”) and Broadcom Xilleon Technology
on models including, but not limited to its LVM-37wi, LVM-37w3, LVM-42w2, and LD-4258
products (“Westinghouse Devices”). These acts by Westinghouse have directly infringed at least
independent method claim 1 of the ‘964 Patent and claims 1, 16, 32 and 48 of the *929 Patent,

and claims 1, 13 and 23 of the ‘851 Patent within the meaning of 35 U.S.C. §271(a).
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11.  Upon information and belief, Westinghouse has also committed, and unless
ceased upon filing of this Amended Complaint, will continue to commit acts that constitute, with
its knowledge of the ‘964, ‘929 and ‘851 Patents, knowing and intentional inducement of
infringement of at least independent method claim 1 of the ‘964 Patent and claims 1, 16, 32 and
48 of the ‘929 Patent, and claims 1, 13 and 23 of the ‘851 Patent by others within the meaning of
35 U.S.C. §271(b) through, among other things, its acts of providing technologies and methods
in accordance with the inventive aspects of the ‘964, ‘929 and ‘851 Patents through at least the
Westinghouse Devices. Exemplary claim charts demonstrating Westinghouse’s infringement are
attached as Exhibit D. Westinghouse has had this knowledge of the ‘964 Patent, and of the
related Patent Family in general, since January 25, 2007. Specifically, Mr. Richard Houng,
Westinghouse’s Chief Executive Officer was sent a letter explaining Westinghouse’s potential
infringement. Users of the Westinghouse Devices, in turn, who have used such products directly
infringe at least independent method claim 1 of the ‘964 Patent and claims 1, 16, 32, and 48 of
the ‘929 Patent, and claims 1, 13 and 23 of the ‘851 Patent within the meaning of 35 U.S.C.
§271(a) through the use and operation of the Westinghouse Devices.

12.  Westinghouse’s direct infringement of and/or inducement to infringe the '964,
‘929 and ‘851 Patents has injured TLC, and TLC is entitled to recover damages adequate to
compensate it for such infringement, but in no event less than a reasonable royalty.

13, Upon information and belief, Asus Int’l has made, used, offered for sale, sold,
and/or imported products which possess video processing technology and methods in accordance
with the inventive aspects of the ‘964, ‘929, and ‘851 Patents, including, including video display

monitors such as Asus VK 266H and VW266HMonitors incorporating Faroudja DCDi (“Asus
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Devices™). These acts by Asus Int’l have directly infringed at least independent method claim 1
of the ‘964, 929, and ‘851 Patents within the meaning of 35 U.S.C. §271(a).

14, Asus Int’l’s direct infringement of the ‘964, ‘929, and ‘851 Patents has injured
TLC, and TLC is entitled to recover damages adequate fo compensate it for such infringement,
but in no event less than a reasonable royalty.

15. Upon information and belief, ASUSTeK has made, used, offered for sale, sold,
and/or imported products which possess video processing technology and methods in accordance
with the inventive aspects of the *964, 929, and ‘851 Patents, including, including video display
monitors such as Asus VK 266H and VW266HMonitors incorporating Faroudja DCDi
(*ASUSTeK Devices™). These acts by Asus have directly infringed at least independent method
claim 1 of the ‘964, ‘929, and ‘851 Patents within the meaning of 35 U.S.C. §271(a).

16.  ASUSTeK’s direct infringement of the ‘964, ‘929, and ‘851 Patents has injured
TLC, and TLC is entitled to recover damages adequate to compensate it for such infringement,

but in no event less than a reasonable royalty.

RELIEF SOUGHT

WHEREFORE, TLC respectfully requests this Court enter judgment against each
Defendant, and against their subsidiaries, successors, parents, affiliates, officers, directors,
agents, servants, employees, and all persons in active concert or participation with them, as
follows:

Al The entry of final judgment in favor of TLC.

B. An award to TLC of such damages as it shall prove at trial against Defendants
Westinghouse, Asus International, and ASUSTeK that is adequate to compensate for their

infringement of the '964, ‘929, and ‘851 Patents, said damages to be no less than a reasonable
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royalty, together with prejudgment interest from the date infringement of the 964, ‘929, and
‘851 Patents began,

C. A determination that this case is exceptional pursuant to 35 U.S.C. § 285 and an
award to TLC of the costs of this action and its reasonable attorneys’ fees; and

D. Such other relief as TLC is entitled to recover under any applicable law and as
this Court and/or a jury may determine to be proper and just.

JURY DEMAND

TL.C hereby demands a trial by jury on all issues triable to a jury in this case.
Dated Respectfully submitted,

s/

Raymond P. Niro

Arthur A, Gasey

Paul C. Gibbons

Kara L. Szpondowski
Christopher W. Niro
NIRO, HALLER & NIRO
181 W. Madison, Suite 4600
Chicago, IL 60602

(312) 236-0733

Fax: (312) 236-3137
roiro@nshn.com
gaseyionshn.com
gibbhons@ushn.com
Szpondowski(@nshn.com
enirof@nshn.com

Attorneys for Plainiiff
Technology Licensing Corp.,
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CERTIFICATE OF SERVICF

'The undersigned hereby certifies that on the foregoing AMENDED
COMPLAINT FOR PATENT INFRINGEMENT was filed with the Clerk of Court pursuant
the Court's CM/ECF procedures.

Kyle B. Fleming (OH Bar. No. 0064644)
RENNER, OTTO, BOISSELLE & SKLAR,
LLP

1621 Buchid Avenue

Nineteenth Floor

Cleveland, Ohio 44115

Telephone: (216) 621-1113

Facsimile: (216) 621-6165

Attorneys for Defendant,

Westinghouse Digital LLC

Richard P. Beem (IL Bar No. 6196420)
John R Linzer (IL Bar No. 6283387) -
BEEM PATENT LAW FIRM

53 West Jackson Boulevard, Suite 1352
Chicago, Hlinois 60604

Telephone: (312) 201-0011

Facsimile: (312) 201-0022
richard@beemlaw.com
ilinzer@beemlaw.com

Karen Boyd (CA Bar No. 189808}
pro hac vice pending

TURNER BOYD LLP

2570 W. El Camino Real, Suite 380
Mountain View, CA 94040
Telephone: (650) 521-5930
Facsimile: (650) 521-5938
boyd@turnerboyd.com
Attorneys for Defendants
ASUSTek Computer, Inc. and
Asus Computer International

I certify that all parties in this case are represented by counsel who are CM/ECF participants.

/s/
Attorneys for Technology Licensing Corporation
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EXHIBIT A
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1
SPATIAIL SCAN REPLICATION CIRCUIT

The present application is a division of U.S. Ser. No,
08/398,383 filed Mar. 3, 1995 {now U.S. Pat. No. 6,529,637
issued Marz. 4, 2003) which clzims the benefit of and is a
continuation-in-part of application U.S. Ser. No. 08/119,610
filed Sep. 13, 1993 (now U.S. Pat. No. 5,424,780 issued Jun.

13, 1995) which claims the benefit of and is continvation of

application Ser. No. 07/355,401 filed May 22, 1989 (mow
abandoned) priority of these applications is herein claimed.

FIELD OF THE INVENTION

An apparatus and method is shown for modifying the
creation and/or presentation of image information displayed,
printed or created on a raster or matrix image or graphic
display or printer, thereby increasing the apparent image
quality. Means for deriving a plurality of neighboring image
elements or elemenis of the video signal which neighbor in
time or space to a common location, and means for deter-
mining the image elements replication at such location in
response thereto, are alse shown. Particular embodiments
relation fo increasing the apparen! temnporal and spatial
resolution of raster scanned television computer and perma-
nent copy devices are shown.

BACKGROUND OF THE INVENTION

This invention relates o increasing the apparent temporal
or spatial resolution of a created and/or displayed image
which is typically produced by ordered groups of elements
such as by a raster or matrix clement or device, withoul a
required increase in the number of image elements of the
image. The application is a continuation-in part- of the
copending U.S. application Ser. No. 08/119,610 filed Sep.
13, 1993 for Apparatus and Method for Spatial Scan Modu-
{ation of a Video Display which US. Pat. No. 119,610
application is a continuation of U.S. Pat. No, 355,461 filed
May 22, 1989—pow abandoned. The Notice of Allowance
for the U.S. Pat. No. 119,610 applicailon was mailed 1o the
applicant on Dee. 22, 1994 and the issue fee bas been paid.
The content of this U.S. Pat, No, 119,61C application is
wmcorporated by reference.

DESCRIPTION OF THE PRIOR ART

As television, compuler, graphics, printers, fax machines
and related image technology develops, there is increasing
emphasis on improving the quality of created, displayed, or
stored images in order that they appear more real and
pleasing to the human observer. Two of the parameters
which affect image quality, and therefore are subject o
improvement, are spatial and temporal resoletion, Spatial
resolution, simply put, is the number of image elements
which are used to make up an image, normally static, and
correspondingly, temporal resolution is the number of ele-
ment$ per unit time which make up an image, normally
moving. Desirable qualitiss of an image system, such as
television camera, scanner, broadcast television, compuler
display printer, permanent copy device, etc. will ideally
include having as many elements per image or frame and, in
the case of moving images, as many slements or frames per
unit time as is economically feasible. Unfortunately, increas-
ing the number of image elements per frame cr the number
of frames per second is a costly improvement, Therefore
many schemes have been developed to improve the resolu-
ton of the image, while reducing the number of elements
used.

Other improvement sysiems, such as various Scannper
Interpolation Technigues, improved Definition Television
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Systems (IDTV), Advanced Television Systems (ATV), and
High Definition Television Systems (HDTV), Hewlett Pack-
ard’s Laser Printer Resolution Enhancement System, and
other lmage Enhancers typically operate to increase the
resclution and other guality related aspects of image sys-
tems, Many of these systems resort to various technigues for
such quality improvements, some of which generaie
unwanted artifacts.

OBJIECTS AND SUMMARY OF THE
INVENTION

It is an object of this invention to provide an apparatus and
method for improving the apparent quakily of a created
and/or displayed image by altering the sire, shape or posi-
tion of the elements of the image.

It is an object of this invention to allow usage of a low
resolution camera and/or recorder in 2 high resolution video
distribution and/or display system.

It is another object of this invention to provide an appa-
ratns and method to alier the size, shape or position of the
elements of a scanned or presented image in response to the
relationship between a plurality of elements of the image.

It is a yet further object of this invention fo provide a
means and method for inspecting a plurality of elements of
an image (o determine the presence of a need for ffling of
areas between the elements.

it is yet apother ebject of this invention to provide a
means and method for simultancously providing a plurality
of elements of said image for inspection and comparison
means to determine proper allering of arcas between the
elemenis or voids created by defective or vnneeded ele-
ments.

It is an additional object of this invention lo provide a
moeans and method for inspecting a certain element or
location with respect to one or more surrounding or neigh-
boring elements of an mage to determine the desirability for
changing the shape, position or size of other elements to
improve the spatial and/er temporal resolution relationship
between the elements, which may neighbor in time or space.

It is an additional object of this invention fo provide a
means and method for inspeeting neighboring elements with
respecl lo one or more other clements of an image fo
determine a need for changing the shape, position or size of
elements te improve the spatial or temporal resolution
relationship with the other elements, especially when one
other element is defective.

It is yet still another objeet of this invention to provide a
means and method to improve the quality of an image by
imspecting a pluratity of peighboring elements to generate
rephication elements in response thereto.

It is a further obiect of this invention fo provide a means
for replicating non-defective image clernents while produc-
ing no ascertainable artifacts.

Tt is still yet another object of the Invention te apply the
above objects to any physical phenomena or signal which
can be represented as a matrix of discrete elements.

It is siill another object of this invention to provide an
image creation device utitizing the above objecis,

According to an aspect of this invention, the inventive
concepls disclosed herein show an apparatus and method for
modifying the creation storage and/or productiva of an
image by device in response to the image content thereof as
carried by an image bearing signal, in order fo create an
image having apparently higher gquality than normal.

The preferred embodiment of the present imveniion
describes a nelghboring element means for providing a
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plurality of neighboring elements, and an element replica-
tion means responsive lo said plurality of neighboring
elements to selectively fill a location, which may be a void,
or artifacts, between ¢lements, or to replace elements in the
spatial or ime dimensions or both. The inventive concepts
disclosed herein may be utilized to improve the apparent
resolution of the created andfor displayed image spatially,
temparally, or both, or to conceal, by replication Including
modification, and/or creation of otherwise non-existent,
defective or unnceded image elements or artifacts, The
mvention will find considerable wse in the reduction of
spatial or temporal (motion) artifacts of improved television
systems like HDTV.

It will be understood that the ferm image as used herein
is meant to apply to the creation and/or presentation of any
phenomena by a raster or matrix of discrete or adjcining
elements, and that the raster or matrix may be either a single
ong, or a given cne of a plurality or sequence of rasters or
matrices, for example as used In temporal portraits of such
physical phenomena. The image can be visible on a display
(such as a computer monitor or regular television set),
viewsble after creation (swch as a laser prinfer or fax
machine) or otherwise exist {such as in memory {or subse-
quent vse or on a recorder tape). The term image is appli-
cable to the creation of an image (for exammple at a low
resofution o camers); on recording (for exaraple on 2 VHS
machine for HDTV transmission}, on receipt (for example
NTSC reception cn an HDTV menitor) or otherwise.

It will be farther understood that invention bas application
io a group, or series of such elements, whether transmitied
or stored, in time sequential or parallel arrangement or in
any other form. The more important aspect of the invention
is the aperations on the elements which have some spatial or
temporal coherence or probability of similarity. It is of lesser
importance what the clements represent or how the elements
are conveyed, or of the particular nature or make up of the
form of the elements.

It will be also understood that although the word void is
used in this specification, the invention is directed towards
replicating new image information utilizing neighboring
image elements, which new image information is utilized at
a certain location(s). These locations might or might not
have previously had image information available therefor,
The void may exist at the point of image creation, before/
after storage and/or at the point of presentation. Examples of
voids wounld include such things as defects, unwanted
elements, improper elements, corrupted elements, valid but
replaceable clements, locations with no image informaltion,
and/or other locations or elements which may be in question
or need Tor improvement. The term void is used to cover all
these and similar situations for uniformity.

it will also be understood that although the word combi-
pation “filling in” is used in the specification and claims, the
nvention is direcled towards replicating an image element at
a particular location—again, ar image element which might
or might not have previously had information available
therefor, This replication includes crealing, modifying,
replacing, substituling, adding to, providing and/or filling in
for the element at this location. This term filing in is used
to cover all these and similar situations for vapiformity.

1t will alsc be understood that although the word “simi-
farity” is used in the specification, the invention is directed
towards the use of any of the various element characteristics
to determine similarity, which characteristics can be used
alone or in combination thereof. For example, the elements
both may be of the same color, but of different brightness;
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they both may be of same brightaess, but of different hue;
they both may be of the same lunminescenee but of different
color saturation; they botk may be of same saluration and
tuminescence; they both may be the same size; they both
may have the same relationship to their surroundings; or
otherwise be similar in some cne or combination of char-
acteristics. Characteristics by which similarity can be deter-
mined include color, hue, color saturalion, luminescence
(brightness), size, detail, patlern, spacial frequency compo-
nent in horizontal or vertical or diagonal or time or other
dimensions, temporal frequency, content, relaticnship of
neighbaring elements, noise, and/or other external measores
such can be derived from 2 detection circuit which would
provide a flag or measure and/or other indication thal an
element or group of elements are suitable for processing.
The element or location which is being processed may or
may nof be a valid or erroneous element: it might even have
had no image information or not previously existed.

It will also be understood that although the word “repli-
cation” is used in the specification, the invention is directed
towards modifying, correcting, improving, substifuting for,
adding to, replacing or otherwise processing the image so as
to provide for an overall, more pleasing or apparenily higher
quality image. As previously set forth the word “fill in” is
used in this specification for similar attributes as replication.

It should be understood that the word “sutrounding” is
used in this specification fo describe elements which have
some relationship to other image elements, be the relation-
ship spacial or temporal. The word surreunding could
inchude elements which are neighboring on one side thereof,
neighboring or all sides, adjucent thereto, spaced from
diagonally with infervening clements between (such as in a
interfaced field scan device wherein aliernating flelds are
paired), Immediately adjacent or spaced elements which
have a statistical ability of being similar, or merely elements
that have a greater (hap minimal statistical probability of
being similar. However, in respect to this Iatier it is preferred
that the percentage of similarity, Is over 50%.

1t should be understood that the invention has application
during the creation of an image (for example at a video
camera), at the storage of an image (for example before or
after & video fape or disk) and/or in the production of an
image {for example & video monitor).

The objects and features of the Invention will be apparent
to one skifled in the art from a consideration of the following
description and claims, when read in conjunction with the
accompanying drawings in which:

BRIEF DESCRIPTION OF THE DRAWINGS

The structure, operation, and advantages of (he presently
disclosed preferred embodiment of the invention will
become apparent when consideration of the following
description taken in conjunction with the accompanying
drawings wherein:

FIG. 1 is a block diagramm of a typical prior art image
generating device.

FIG. 2 is a block diagram of the device of FIG, 1 including
the present invertdion.

FIG. 3 shows & modification of the drawings of FIG. 2
wherein the spalial scan modulator is FIG. 4 shows a typical
prior arf scanned image display with a portion expanded for
clarity.

VIG. 5 shows a typical scanned image display as would
oceur with the use of the present invention, with & portion
expanded for clarity.
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FIG. 6 shows a defailed diagram of a given scan line of
an image in prior art form and in mproved form resulting
from the present invention.

FIG. 7 shows a group of nine neighboring image elements
which may be operated on by the present invention,

FIG. 8 shows & diagram of the present invention including
the use of a ranking mcans,

FIG. 9 shows a diagram of 15 ¢lements taken from scan
line of 5 successive tmage fields.

FIG. 10 shows a detailed diagram of an embodiment of a
neighboring means for & image display.

FIG. 11 shows a detailed diagram of an embodiment of a
element calculator means.

FIG. 12 shows an alternate embodiment of a fill and D-A
converier,

DETAILED DESCRIPTION OF THE
INVENTION

FIG. 1 is a block diagram of a prior art image display
device Iz which may be improved by the addition of the
present invention. The invention is set forth in its preferred
ernbodiment in primary reference fo 2 image display, in this
specification a video display. However, this device may be
any of those which are well known in the art which create,
store and/or convey physical phenomena by use of ordered
groups of clements, such as various matrix and raster type
displays or hard copy generating display devices such as
Various cameras, scanners, lelevisions, laser primters, fax
machines and the like. For the purpose of the present
description and explanation it will be primarily presented
with the device la that s a raster scanned display such as an
electron beam scanned CRT or a laser scanned photo sen-
sitive surface operating in a progressive (non-interlaced)
meode. This device may also operate in interlaced fashion as
will be apparent from the present disclosure and in other
creation, recording and presentation forms. However for the
purpose of the present explanation of the invention, by way
of example, it will be assumed that it is a video display
operating in a progressive mode.

This display device normally contains an amp 2z which
receives, clamps, amplifies and couples the signal to the
display elernent 6a, which is mos! commonly a CRT or
modulated laser but which also could be modulated LED’s
or LCD’s or other image creation device.

The device shown is a video device also contained in the
device 1o is & sync cireuit 3a which receives the signal,
strips the composite sync therefrom, separates the composite
sync into H and V components and couples these compo-
pents to the H scan 4¢ and V scan Sa circuits respectively.
The scan circuits 4a and Sg provide the scanning contro] of
the display element 6a, for example by providing the ramp
drive waveforms to the CRT yoke or displacing the laser
beam, or modulating the imaging devices suitable modifi-
cations would have to be made for an image creation device
like a camera.

It will be recognized by one skilled in the ari that the
device shown by way of simple example in FIG. 1 has many
practical variations which are commonly used. The single
connecting lines shown between clements will be under-
stood to carry multipie signals as required, and other con-
figurations may be made. For example, the sync circuit 3u is
sometimes configured to receive one or more sync wave-
forms separate from the image signal. The actual scanning
process may be by alternate methods as well, operating in
progressive or interlaced fashion, including magnetic and

o

26

25

35

40

45

50

55

&0

65

6

electrostatic deflection of an electron beam such as in a CRT
or E.B. recorder, electro-optical or mechanical deflection of
a light beam such as in a laser projector, fax machine, printer
or electro-optic display device, or by address or pixel
selection as with thermal, ink jef, flat panel, florescent, LED
or LCD type displays or printers. The device might also be
an image creation device, whether video tube, CCD or
otherwise. Further the processing may occur at imaging
prior to recording, after recording, in or out of memory or at
any other time the image information is available.

One skilled in the art will be able to utilize the present
invention with any of the many image creation, recording,
memory and/or display devices which utilize ordered groups
of image elements to eventvally set forth image phenomena
as are known in the art.

The description given berein is by way of example with
primary respect to a video monitor. As previously
mentioned, video refers 1o the groups of elements irrespec-
tive of their use or form of existence or creation and will be
understood to mean such cven though described with pri-
mary respect to television elements.

FIG. 2 is a block diagram of a display device 1b like 1a
of FIG, 1, including amp 25 corresponding to 2a, sync
circuit 3b corresponding to 3a, H scan circuit 40 correspond-
ing to 4a, V scan circuit 55 corresponding to Sz and display
element 6b corresponding to 6a. FIG. 2 also shows the
spatial scan modulator 7 as an embodiment of the present
invention containing neighboring clement means § respon-
sive fo ihe signal o provide a plurality of neighboring
elements 10 the clement replication means 9. Neighboring
element means 8 may also be responsive to element repli-
cation means 9, as will be discussed with respect to FIGS.
18 and 11. The necighboring element means 8 also provides
a delayed version of the signal of the amp 2 and syne circait
3b in order to make up {or processing delays as will become
apparent to one skilled in the art from the discussion below.

Delay will be understood to encormpass deriving different
elements in time and/or space by a variety of well known
means, inchuding the specific sxamples of delaying a time
sequential series of image elements.

The element replication means 9 provides a V fill signal
to the V scan circuit 55 in response io lhe plurality of
neighboring elements from 8§ in order to cause a vertical
filling or dithering of the element scan or addressing ai the
proper times. The spatial scan modulator 7 therefore oper-
ates to determine where voids or elements to be replicated
exist between elements or are created between or on cle-
ments by defeclive elements, and how these voids (as
previously defined) are to be filled in the image. This
delermination made by an inspection of a plurality of
neighboring elements, and then causing the creation and/or
display device to replicate, fill, replace, or otherwise modify
the appropriate location in response to the fill signal. Shown
as optional is an FI fill signal provided by 9 and coupled to
4bto cause horizontal filling, and a further optional video fil]
provided by 9 and coupled to 2b to cause modulation or
filling. The device can also be utilized to replicate non-
defective image elements with no ascertainable artifacts
{again the ferm void covers all siluations).

As with the varicus display and creation devices known in
the art, the fill signals (as previously defined) provided by 9
wiil take on different connections to the devices 2b, 4b and
3b, resulting from the differences in those devices.

It is the object of the fill signals from 9 to cause the
appropriate filling of locations in the image by whatever
means is suitable for the particular imaging device being
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used, whether during creation, recording, andfor presenta-
ticn of the image. These tocations which may be voids in the
image which may be filled with all or a portion of a element,
or all pertions of combinations of clements, or otherwise as
will be described in greater detail later, especially with
respect to the specific video display embodiment FIGS. 106
and 12,

In the present example, the voids or element locations are
filled by slightly dithering the example electron, light beam
or other imaging device away from ifs normal scan position
by manipulation of the sweep circuits of the scan circuitry
during creation and/or presentation of the image element,

For & light beam type device the voids may be filled by
dithering, modulating or focusing the beam. For addressing
type devices the dithering may be accomplished by manipu-
lating addressing and fifling as may be accomplished by
such dithering. In ail devices, filling may be caused by
modification of existing elements.

For the device described by way of example, the V fill
signal will cause the electron, hght beam, imaging or
creation device to be modulated vertically, either upward,
downward or sideways or both to cause given scan line to
become wider in an upward, downward, sideways and/or all
directions. In a video circuit this can be simply accom-
plished by adding or subtracting a small amount of high
frequency pulsating current in the sweep or scanning driver
circuit in a video eircuit, thus broadening the electron or
laser beam slightly vpward or downward from its normal
position on the face of the CRT or photo sensitive surface.
Similarly, the H fill signal can cause a slight horizontal
displacement of the beam position by adding or subtracting
a small amount of high frequency current from the H sweep
or scanning driver circuit. In order to accomptlish diagenal or
angular displacement of the electron beam, a modulation of
both H and V deflection circuits may be made. Such modu-
lation of the electron beam position is relatively easy fo
accomplish in terms of circuifry requiring only a bidirec-
tional current source, or a pair of unidirectional current
sources, which are switched on and off at high freqmency rate
in response Lo the fill signals, and add or subtract current in
the sweep or scanning circuit, thereby slightly modulating
the current flowing in the driver and thus altering the
elfectron beam deflection, The operation thus causes a dither
of the beam modulation, which will be explained in greater
detail with respect to FIG. 5.

In alternafe creation/presentation circuits the signals
to/from various circuits would be appropriately modified.

The beam modulation of any image conveying beam such
as electron or light can alse be achieved by changing the
deflection, intensity, shape, duration, focus or astigmatism of
the beam, and/or scanning, thereby changing the spot size
and/or shape. The modulation of the conveying beam may
be caused to fake place in various directions as well, for
example in diagonal directions, in response to the pixel
replication means 9. Such improvements will be understood
and may be made by one skilled in the art in view of the
present feachings.

The art of changing electron beam deflection by small
amounts has been previously practiced, for the purpose of
geometric scan correction. In general the exact method of
effecting the modulation of the display will be determined by
the nature of the display printing, or imaging device;
however, one skilled in the art will be able to devise proper
cireiitry to practice the present invention for 2 given desired
type of creation and/or display device, in view of the
teachings herein.
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The il signal may be utilized fo generate the desired
¢lements {which may be including addizional elements
rephgation) on the input signal in response to 9, with or
without scan modulation, thus providing elements to fill in
the desired blank areas of the image (which may be blank as
in voids, unneeded, unwanted, or otherwise).

Filling may be accomplished by simply adding the 0l
signal to the signal in a monitor device so that the electron
beam is caused to illuminate the CRT phosphor in response
{o the fill signal as well as the signal.

Iliumination may be caused to occur in the absence of a
signal generated illumination, or may cause the signal gen-
erated illumination to be modified, such as by being
increased or decreased. The image {ill signal may also be
utilized to perform other image functions as will become
apparent, such as reducing the bandwidth of the signal, or by
chapging the clement or spot size for example by
de-focusing the clectron beam, repeating a displayed
element, or generating 2 new element {especially in non-
direct scanning devices).

New elements used for filling of voids including the
substitution or replication of existing elements may be
comprised of zil or a portion of a element or group of
slements.

FIG. 3 shows the same elements as in FIG. 2, however the
neighboring element means 8 is coupled o amp 2b to
receive the input signal, rather than directly lo the input, as
in FIG. 2. Several other embodiments relating to couphing
and arrangement of clements will be possible, as will be
apparent lo one skilled in the art, and are intended 0 be
considered within the scope of the invention as herein
described and claimed.

FIG. 4g shows a typical scanned image 10a (whether
creation and/or reproduction) with a small portion 11z which
is expanded for clarity in 4b. The small portion 11a shows
four scan lines 124, 13a, and 154. The scan lines may be
considered consecutive for the purpose of the present
explanation, but may also be alternate as in an interlaced
display, or otherwise non-consecutive, The scan lines are
shown thicker during the higher illuminaied portion, the
thickness representing the width or intensity of the scanming
beam, with the marrow line representing the scan track
normally followed by the beam, as is common for laser
heam projeciion and recording devices apd CRTs. Also this
scan line is representative of what exists in alternate imaging
devices.

With more modern creation and/or presentation devices
the modification is more theoretical-oceurring in electronic
form during and/or after creation instead of during presen-
tation.

Scan line 12a has seven illuminated element points 162
through 16g identified for clarity. As with many systerns, the
individual elements typically blend together when sequen-
tially aligned along a scan line, due to both the width of the
beam, and the limited bandwidth of the video amplifiers in
the device, giving rise 10 the continuous highlighted areas
shown. It will be understood that the individual elements
may also represent a matrix display rather than & scanned
display. The four scan lines show a diagonal bright area
which can be seen 10 take on a rather stair stepped appear-
ance. The stair stepping and the space between the scanning
lines make up picture arifacts that viewers find objection-
able in viewing the image, whether created during creation
and/or presentation.

11 is one object of the present inventicn to fill in the voids
of the stair stepping and voids between conseculive scanming
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Hnes, for example by modulating the scanning of the elec-
tron beam in a video device, thus reducing these objection-
able artifacts.

FIG. Sa shows the same display 10b as 10g in FIG. 4aq,
with expanded portion 115 corresponding to 114, and show-
ing scan lines 126, 135, 145, and 156 corresponding to 124,
13a, 14a, and 154 respectively. Again the creation/alteration
presentation circuits would be appropriately modified.

[Huminated elements 17a—g corresponding to 16a—g are

shown as well as illuminated pixels 18¢—e. For cach clement

which is to be partially modulated during creation or during
production, an up or down arrow is shown indicating the
direction(s) of modulation. For example, ¢lement 175 is
modulated downward to fill the void between 175 and 184.
Likewise clements 17c—g are all modulated downward.
Elements 182 and 18b are modulated upward o fill the same
void and 18c—e are modulate both upward and dowaward.
One skilled in the art will recognize that the image of FIG.
8 has a higher apparent resolution than that of FIG. 4, the
improvement being a result of the filling of voids (even if
previously occupled by valid elements). This moduiation
can ocewr in the original image scanning cireuitry, modify-
ing the element signal during or after storage, or otherwise.
The same type of image modification would also cecur in
alternate Imaging devices such as scanners, laser printers or
fax machines.

With respect to FIG. 2, when element 18a is being
scanned, the neighboring element means 8 would provide
the elements adjacent to 18a, including 17b, 17¢ 174, and
18b, for inspection by element replication means 9. The
clement replication mesns 9 will determine that there is a
void between 17¢ and 184 which should be filled, thus
causing 184 to be modulated upward into the void. The void
may be actual or artificial {as when the device ignores valid
clemenis).

H can be scen from inspection of FIG. § that a good
portion of the voids between scanning lines or mairix
elements, as well as a portion of the stair stepped edge void
have been filled in. Element 18/ is shown as being a
defective element which has been replaced thus causing
filling of the void which otherwise would have been present
to be filled.

It may be noted that an object of the present invention is
to provide a method of filling voids without restriction to the
nature of how such voids arise, although it will be appreci-
ated that the nature of such filling may very will be opti-
mized in response to the nature of the void and that the vaoids
might discard valid image clements at the involved location.
For example the filling of voids between elements may be
performed differently than the filling of voids created by
defective elements. As another example, assuming 18/ were
defective due 1o 2 defective video element, the element may
be replaced to cure the defect, If, on the other hand, the
clement for 18f were not defective by itself, the artifacts
produced by a defective florescent element, the location
could be filled by lighting, or increasing the lighting of the
ncighboring clements. Further, the invention may be utilized
to replicate valid, non-defective image ¢clements due to the
probability of similarity. This allows continual processing of
a signal through a circuit without on/off switching while
producing minimal artifacts.

FI(. 6 shows a typical prior art scan line 19, correspond-
ing to 13aq of FIG. 45, having an illuminated section of 6
elements shown as a wider portion of the line. The ¢lements
may be created in any known way such as by scanning light
or electron beams, LED’s, LCD’s or laser beams, by spatial
addressing an imaging device or by signal alteration.

-t

25

3c

33

40

45

50

55

60

10

As with the previcus example of FIGS. 4 and 5, the
individual elements have blended logether gaining a con-
tinious illuminated section. The presented scan line 20
shows the same line as 19, except that i has been spatially
modulated in accord with the present invention {hus corre-
sponding to 13b of FIG. 3h. The track of the beam is shown
in 20 as a sinusoidal path, or spatial modulation, which
deviates from the straight scanning line of the prior art. This
same resuit could be provided by alternate means.

Note that for the left two elements the deviation takes
place both above and below the line. In the preferred
embediment of the invention the electron beam or memory
laser path is such that the track pitch, the spacing between
the points where the track crosses the normal scan line, is
less than the electron or reproduction beam width. Therefore
the electron or beam width will illuminate a solid area. The
illuminated area created by the beam path shown in 20 is
shown as a solid are in 21. [t will be noted that the ability
to i1l in chosen directions only, such as only up to 21, is an
important feature,

A note should be made about the relative brightness of the
spatially modulated sean of 21 versus the area of the prior art
scan 19. The brightness of a given area is a function of the
flux density of the electron, light beam or image signal
striking that area, that is a given pumber of electrons or
photons or other image creating energy will tend to provide
a given number of photons of visible light or particles of dye
or pigment, independent of the area which it strikes. For a
given electron or beam intensity, the area of 21 will therefore
appear dimmer in terms of visible photons or particles per
unit arca than the area of 19. If a given spatial scan
modulated area of the image is large enough fo be resoived
as a distinct element, the viewer may notice this decreased
intensity. In order 10 overcome this decreased brightness, it
will be desirable to increase the intensity of the Image
creating beamn, therefore restoring proper brightness in those
areas where the spatial modulation is occurring. The bright-
ness increase will typically be a function of the amount of
maoddulation. For example while the beam is modulated only
ypward for the left two elements of 20, a first given increase
should be made, and for the remaining elements where the
beam is modulated both up and down with a second, higher,
increase made, This increase in beam intensity can be made
m response to element replication means 9 shown in FIG. 2,
via the fill signal. It may also be desirable to utilize the fiil
signal to increase the number of illuminated elements, in
conivnction with the spatial scan moedulation. For example,
the {lluminated area of Hne 20 (130 of FIG. §) can be tuned
on one element early in order to further reduce the stair
stepping of the diagonal edge. This may be accomplished by
time or spatial modulation of the image creating beam.

Alternate imaging devices would similarly operate, albeit
with adaptations for their special properties. For exampled,
with a LED or LCD imaging device (such as a printer),
mmodifications of the brightness of successive lines of image
information and/or the modulation of the image elements in
what would otherwise be spaces between lines would be one
way to produce the image improvement of the present
invention.

FIG. 7 shows a group of 9 elements which are located on
3 scan lines of & raster or alternatively in 9 matrix locations.
These nine elements are provided by the neighboring cle-
ment means and may be utilized by 2 ¢lement replication
circuit in order fo defermine if spafial scan modulation or
other filling should be enabled. In the following discussion
it will be assumed that clement X (the central element) is
defective or wanted fo be replaced, as is known from error
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detecting circuifry or as determined by the €lement replica-
tion 26, or is otherwise to be replicated. It will be assumed
for the purpose of the present example that element X in the
center of the ¢ elements, is the element about to be displayed
or created by the display element. Scanning will be assumed
to be from left to right, top to bottom. However it will be
understood that the present explanation will apply equally
well to any image creating and/or displaying device or
sysiein independent of the manner in which the image
elements are scanned or placed as well as 1o any point of the
image for example element A in FIG. 7 could be processed.

Faor the described scan, elements A~D will have occurred
in time before X, and elements BE~H accur in time after X,
The 9 elements are all made simultaneously available to the
elements replication by the neighboring clements means (8
of F1G. 2). The neighboering elements means in the preferred
embodiment is made up of memorics, delay lines, shift
registers or other delay devices which are well known to one
skilled in the art, which allow zl! nine of the elements to be
present simultancously. A different number of elements
could also be present.

A device which can be utilized for the neighboring
clements means function is described, with respect to FIGS.
9 and 10, in U.S. Pat. No. 4,573,670 issued Feb. 25, 1986,
Other arrangements and cirenits to perform this function will
be apparent to one skilled in the art from the present
disclosure, for example, retrieving elements from RAM as in
matrix displays. In order that elements X can be the about to
be currently displayed clements, it is necessary that neigh-
boring elements means make elements available to the
display device, which is shown by the connection from 8 o
25 and 3b of FIG. 2, which replaces the video input to the
display device.

FIG. 7 shows eight possible replication direction differ-
ences which can determine the direction of replication for an
clement X. This clement X could be defective, non-existent
merely vnnecessary, or disposable (even if valid) —the latter
most particularly in respect to an unswitched, constantly
operating device. The major factor is the desire t© have
element, replication, or substitution. The eight differences
are represented by eight lines P-W. Line P represents the
difference of elements A and H, Q of elements Band G, T
of elements B and E, eic.

Element X may well be replicated from any direction,
including those of the third dimension, which would repre-
sent a frame {o frame or tme direction, or a combination of
time and spatial dimensions. Replication it the time dimen-
sion is useful in improving motions artifacts. Time replica-

lion is accomplished by using delays of one picture peried

{(feld or frame in & monitor device) or more to provide
elements in the time axis, which may be used to fill temporal
voids. It is particularly useful in a video imaging device.

Hlement X will thus modulated in response to clements
which are present in field or frames other than the one
containing X, 1.8, Pat. No. 4,573,670 which Is incorporated
herein by reference describes more fully various embodi-
ments of neighboring elements means which may be suitable
for use in this fashion, and particular FIGS. 13, 15 and 16
and the description thereof teach detection of a defective
element X, Alternatively, the detection of a defective ele-
ment X may be performed by various defect or error
checking circuifry as is well known in the art.

It will be immediately recognized that by comparing
clements on the opposite sides of X, it is possible 1o
determine which pair of swrrounding or neighboring ele-
ments whicl arc most similar. The most similar pair thus
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represents the pair of image elements most likely to provide
the least noticeable replication value for an element X, and
also indicate the direction(s) of modulation of X to fill voids
adjacent thereto. For example if A-B=9, B-G=7, C-F=§,
and D-E=3, the preferred pair of elements for replicating X
would be pairs B and E and either could be chosen for
réplication. Alternatively, 2 normalized combination of the
two pairs such as an average can be used.

This logic bolds true if in fact X is related to elements on
two opposite sides. However X may be related oniy to the
elements In the comners, that is fo clements A, B, and D
{upper left), B, C, and E (upper right}, E, H, and G {lower
right), or G, H, and D (lower left). The logic conditions
shown below thus preferably takes all eight conditions into
account, selecting the Jowest difference pair of opposite or
corner elements to determine the direction(s) of modulation
of X, to fili voids adjacent to X, or giving the direction or
pair of elements most likely to provide the least noticeable
replication vake for an element X in FIG. 7.

For the purpose of the present description and the purpose
of explanation, it will be assumed that only the two
dimensions, and the replication directions indicated by the 7
differences are to be considered.

A group of similar elements is easily implemented by
logic operations as may be utilized to determine which if any
of the 8 spalial replication directions should be enabled for
a given elements X, Logic operations that may be used fo
enahle the modulations according to the following table
include:

MODU-

LATION

DIRECTION  CONDITION

VERT. B-G « A-H{ or C-F or D-E or B-E or E-G or -1 ¢or D-B
HORIZ. D-E <« B-G or A-H or C-F or B-E or E-G or (3-ID or D-B
R.DIAG. C-F « B-(; or A-H or D-FF or B-E or E-G or G-D or D-B
L.DIAG. A-H < B-G or C-F or B-E or B-E 0r B-G or G-D or D-B
ULEFT OB <« B-E or B-G or G-D or B-8 or A-H o7 O-F or BB
URIGHT B-F « E-G or G-I or D-B or B-Gor A-H or C-F or D-B
LLEFT B-G < G-D or D-B or B-E or B-G or A-H or C-F or D
LRIGHT G-D) « D-B or B-E or E-G or B-G or A-H or C-F oy I2-F

FIG. 8 shows by way of example an embodiment of the
present invention which may be wtilized with image ele-
ments. The FIG. 8 embodiment coptains a neighboring
element means 25 similar to 8 of FIG. 2, and an element
replication means 26 similar to 9 of FIG. 2.

The element replication 26 contains a rank logic means 28
which cooperates to inspect the 9 neighboring elements A-H
and X presented on lines 30A-H and X respectively, and
provides a fill signal on line 32 and replaces signals on line
36 respectively, which device operates fo conirol the spatial
modulation of element X. It should be noted that in FIGS, 8
and 12 the fill and replace lines are shown as single Hoes for
clarity, and further thati the connection which provides
element X to the display device as well as the video fill
connection (o the display amp are not shown for clarity. One
skilled the art will however recognize the need for, and be
able to provide the proper coupling of, element X and
element fill and replace functions to the image device via
multiple connections and couplings with the element repli-
cation as appropriate for a given application.

As will be apparent ftom the present teachings, many of
the functions of the present invention can be implemented
with various forms of hardware inciuding ASICS, program-
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mable logic and analog or optical circuitry and sofiware
running on any of the various well known platforms. For
example, microprocessors with suitable software may be
utilized. As a further example, a read only memory may be
utilized. In particular, a ROM or programmable logic would
be well suifed to implement part or all of the elements
replication means 26.

The determination of which neighboring elements are
related to element X is a ranking process, which is described
in one formm in some detail in the aforementioned U.S. Pat.
No, 4,573,070 with respect to video noise reduction. The
070 patent does describe and claim the replication of
defective elements, for example at colurnn 4 line 49 et. seq.
and column 8 line 45 et. seq. The ranking circuitry shown in
FIGS. 15 and 16 of the *070 patent can be wtilized for the
rank logic means of 27 of FIG. § of the present invention, but
the rank logic means of the present disclosure bas been
found to provide superior performance when utilized for
applications to replace defective or unneeded elements. The
rank logic means 27 operales in response [o the elemenis
A~H and if needed X provided via 30A-H and 30X o
deiermine each of elements A~H relative closeness to all the
others. For example if elements C-F were determined to be
closest to each other, then signifying a rank of 0 (that no
other element pairs are closer} would be output on line 31R.
If 2 other elements were closer than ¢lements C and F, a 2
would be output on line 31R. Each element pair will be
ranked by 27, with that pair’s respective rank provided on
line 31 P-W. The fil] logic means operates to select a given
number, for example 2 or 4 of those clements which are
closest and identifies them. The logic equations given above
for the example of FIG. 7 are then used to determine the
modulation and/or replication directicns to be enabled. This
ranking may occur by comparing all groups for similarity
{parallel processing) or by comparing each group to the next
group sequentially retaicing the most similar (serial
processing). This latter is more efficient.

Further the rank logic means may also operate to rank
clernents in respect to their dissimilarity, thus not utilizing
elements that do not meet a minimum criteria for similarity
ranking, This recognizes that elements that are known to be
largely dissimilar do not have to be ranked for similarity.
This provides considerable saving (of most particularly
processing time) and cireudt complexity sinee the complex-
ity of caleulations increases exponentially as fo the number
of elements utilized. Preferably therefore the ranking of
clements would be a multiple-step process: first discard
dissimilar groups of elements not sufficiently similar in
respect to each other and/or other sets so 4s to not warrant
subsequent processing providing af least one sel remains and
then second ranking of the groups of similar elements. A
threshold to establish similarity is particularly effective in
the initial step.

Note thal more than two elements may be compared in a
group, for example groups of 3 or more may be compared,
For example, group ABD, BCE, EHG, and GFD may be
compared to determine the total difference, for example
A-B+A-D+B-D as the difference for ABD.

As an example, assume that the clement pairs have the
following ranks:

< el Y
[
ooy &

L L]

1
2
3

3

zono

From the above chart it can be seen that pairs B, Q, and S
are closesl thus indicating element X is most likely related
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to a diagonal from element A to H. The three closest
elements will be identified as A and H, and of the above logic
equations the following will be satisfied:

VERT

HORIZ

L. DIAG

These equaticns being satisfied, the modulate VERT
signal, and modulate HORIZ signal, and modulate LEFT
DIAGONAL signal will be activated. As a result of the
above analysis, the void between clements A, B, D, and X
and E, G, H, and X would be caused to be replicated by
spatial modulation of elements X if X were not defective.
Alternatively, the voids and/or element X could be replicated
by elements A, B, D, and E, G, and H, or combinations
thereof respectively. As an improvement to the spatial
modulation, the amplitede or spatial intensity of the modu-
iation may be changed in response fo the ranking of the
neighboring eclements. For example, if the difference
between X and A is small, a large amplitude of modulation
is used; and 1if the difference were large, a small moduiation
used, The amount of modulation is therefore caused to vary
n response to the difference, in either spatial or temporal
embodiments. Of course, intensity or other attribute modn-
lation may also be provided as well, as previousty discussed.
Additionally, if element X is defective or unneeded, it may
be deleted, thus creating a void, and the void may be
replicated with a combination of those clement pairs having
the closest values, in the above example, pair A~H or Pairs
A-H and B~G. For a continually operating device, element
X could be replicated even if not defective.

it is important to note that by ranking the various element
pair differences P~W that a very accuraie prediction of the
value of X may be made in the event X i3 defective. By
inspecting the differences and their ranking, the individual
surrounding elements, in space and time, which are most
closely associated with X may be defermined with a high
probability. A combination of a plurality of those most
closely associated elements may then be utilized to replace
elerneryt X, to fill any veids near 2 good or defective X, or
even to totally replace a valid element X (which would treat
X as a void irrespective of its true nature).

Such combinaticns which have proven suitable for use
inchude any of the various averages which are well known,
including arithmetic and geometric averages, means,
medians, weighted combinations, spatial and temporally
fillered combinations and various interpolations and curve
fittings. It has also been found that selecting a single slement
from the group of most closely associaled elements to vse
for fill or replication works quite well, In particular, choos-
ing & median value element of the most similar group has
been shown to offer quite good performance., In particular,
choosing the two most closely associated groups of
clements, and choosing one of the fwo median elements of
the groups, the one closest to the average of the four, has
been found to give quite good performance.

In summary then, the preferred operation begins by select-
ing a location for image enhancement. This lecation may be
agywhere in the image including along the edges and
corness thereof. Once the focation is ascertained, the plu-
rality of groups of two or more elements having a relation-
ship to the location are ascertained. These groups may be
adjoining, neighboring, having a theoretical similarity, and
may be present with a time or space variable or combination
thereof. After the groups are ascertained, each image ele-
ment in the group is compared to the other elements in the
same group fo delermine the similarify or how closely the
individual elements within each group match. Note that this



Caase 1111 1epv0B5220M0ccumnesin t 3961HH deld 03322 01 P2Hage?2306 BT agegdIDH5326

US 6,870,964 Bi

15

is possible for a single element to be in more than one group.
This similarity is preferably typically determined by the
absolute value of A minus B or similar function (o increase
operating speed and reduce circuit/software complexity).
This comparison could include a preliminary dissimilarity
threshold which would in operation not process clements
which are sigpificantly dissimilar o other sets or 10 a
predetermined theoretical or percentage value of difference.
This dissimilarity threshold could be by ranking of the

groups of elements or by comparison of the differences !

between image elements in each group.

Once the similarity within each group has been
ascertained, the similarity of each group is compared 1o the
similarity of all the ofher groups to ascertain which groups
have the most closely matching image elements or most
similar image elements. This can be accomplished by
seguentially comparing the similarity of each group to a
subsequent group, discarding the most dissimilar before
repeating the process, by ranking the groups outright accord-
ing fo their similarity, or otherwise.

Once the most similar group, or groups, have been
ascertained, then ope or more elements within the most
similar group are used to generate a replication, value for use
at the particular location. The image elernent(s) chosen can
be one of the most similar pair, an average of the most
similar pair, an average of the image elements in a group of
closely related image elements, an average of the most
similar of the image clements within groups of associated
image clements, an average of all of the image elements
within (he associated groups or ofherwise. Further, the image
clements can be replacing an otherwise valid image element,
replacing a defective imape element, or filling in empty
spaces in time or space around the location. All this is
separate of the need to determine whether or not whatever
may exist at the particular location is defective, or missing
since replication provides very good estimate of the noise
free value of 2 given image ¢lement at & particular location,

FiG. 9 shows an element configuration which results from
one embodiment of the present invention. From the above
description it can be seen that it will be relatively easy to
configure the invention to operate in lime o generate new
lines, rows or new felds or frames of video. Such a
configuration may be envisioned by assuming that elements
A, B, and C are from a first field (or row or line); I3, X, and
E from a third, generated field {or row or line); and elements
F, G, and H from a fifth field (or scan line). Intermediate
fields or rows or Hnes with elements T J K and L. M N can
alse be utilized. Such a system is shown in FIG. 9 where
elements A~C, I-K, I~M are taken from the incoming video
signal and elements D, E, and X are fill or synthesized
elements which are generated in response to the operation of
the elements which are geperated in response to the opera-
tion of the elements replication.

The new element X would be the value caleulated for
clement X as described above, which is stored in a field or
other memory matrix and displaved in the prior time or
space sequence by the display element. Alternately, the new
elements conld be a caloulated value derived from a plurality
of the clements, as will be discussed with respect to FIG. 12,

FIG. 10 shows the preferred embodiment of the neigh-
boring element means 25 of F1G, 8 in greater detail in &
video application. Input video is coupled to an A-D con-
verter 29 where it is digitized and oufput as a digital video
data stream. The input video is also coupled to 2 sync
stripper and PLL circuit 30, which provides all of the
required clock and timing signals for the elements of 25 and
also the circsil of FIG. 11. The connection of the various
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clock and timing signals are nof shown here for clarity. The
A-D converter 29, and syne stripper and PLEL 30 are will
know in the art, and are commoniy found in such devices as
time base correctors and other video processing devices.
One skilled in the art will be able to utilize any of a number
of well known eircuits and LC.s to implement 29 and 36. For
example, the ADI302 Hybrid Video Digitizer, provided by
Analog Devices of Norwood, Mass., Provides al] of the PLL
and digitizing functions of 29 and 3¢. The digitized video is
output at a fixed number of samples per line depending on
the particular version of the AD9502. Digital Delays 31, 32
and 33 are coupled to the digital video oufput from 29 in
order to provide a plurality, in this example 9, of delayed
versions of the digital video signal. 1 H delay 1.C.s, suitable
for 31 and 32, are available, such as the N.E.C, UPD41101,
and 1 field delay 1.Cs suifable for 31, are alse available,
such as the N.E.C. UPD41221, Application notes on the use
of these [.C.s are available form N.E.C. Electropics Inc. in
Mountain View, Calif. A1 element delay L.C. suitable for 33
is the 74HCT374 Octal Latch, available from multiple
sources, At any instant, nine different elements will then be
present at the oufput.

Referring to FIG. 10, cne skilled in the art will note that
if delays 31 and 32 are | scan line (31H) and delays 33 are
1 clements cach, then the elements labeled A-H and X in
FIG, 7 will be present at the right side cutput of 28, In this
example, the display of FIG. 7 is assumed to be either a
progressive display, or an interfaced display without the
second field shown.

Assuming, for another example, that FIG. 7 shows scan
lines 22 and 24 from an earlier field of interlaced scanning,
and Tine 23 is from a present fleld of scanning, one skilled
in the are will recognize that if delay 31 is one field, the
output from 25 will correspond fo the elernents depicted by
FIG. 7.

One skilled in the art will realize that the one field delay
31 will be required to make available at H, the previous field
scanning line above the present fisld scanning line available
at . It should be poted that in many interlaced systems, the
actual length of the delay will vary by one line from field o
field, depending cn whether the even or odd field is being
delayed. In the use of the N.E.C. UPD41221 [.C., the proper
alignment of imput and delayed video is simply accom-
plished by use of the increment {INC) and decrement (DEC)
controls. One skilled in the art will however, be able to
construct such a delay, as is well known in the art. When
used with matrix or other types of non time seanned video,
RAM memories may be substituted as will be known from
these teachings.

Of course the invention may be wtilized with digital data,
such as in D1 or D2 digital video or with fax, modem or laser
printer data as will be apparent to one of ordinary skill in the
art from the teachings hercin. The invention is particularly
useful with compressed data, and provides considerable
image enhancement and reduction of both random noise and
defective elements noise for such digital images, especially
for JPEG and MPEG compression syslems.

In order to make elements X available in analog form for
use by a display clement, as shown in FIG. 2, digitat
elements X is displayed by a compensating delay 34, and
then coupled fo a digital to analog converter and video fill
circuit 35, where it is converted to an analog signal, The
N.E.C. UPD41101, or a combination of 74E.8374 1.C. s, can
be used for 34. The Analog Device s HDG-0805 Hybrid
Video D-A is a suitable part for the D-A function of 35. In
addition, the HDG-0805 has a 10% bright control which
increases the video signal level by 10%. This 10% bright
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comtrol may be coupled to the video fill signal from the
clements replication. Alternatively, a separate video gain
circuit may be utilized to control the video fill signal. Such
gain circuits are will known in the art. In the preferred
embodiment, the analog elements X may be coupled directly
1o the CRT. The D-A converter also maybe caused to vary
the intensity of analog elements X in response to a video fili
signal coupled from the filf logic circuit 28 of FIG. 11. The
purpose of the compensating delay 34 is to ensure that
element X is delayed by the proper time with respect to the
clement replication generation of All signals. The compen-
sating delay may also be used in a temporal embodiment of
the present invention to provide element X at the proper time
(le. to place clement X in the proper location in the
displayed element sequence} for display in response to the
element replication means, One skill in the art will recognize
that it will be possible to combine delay 34 with the delays
31-33 which provide the neighboring elements. For
example, if 34 is to have a delay of 1 element, then element
I3 can be coupled directly to 35, eliminating 34.

FIG. 11 shows the preferred embodiment of 26, the
element replication means, cf FIG. 8. The rack logic means
27 of FIG. 11 receives element A-H and computes pair
differences P-W from the neighboring clement means 25 of
FIG. 10. Bach element A-H is compared to its correspond-
ing partner to determine the relative difference by a differ-
ence determining circuit. Each difference is then compared
to all of the other differences by a difference comparison
circuits 37, For the 8 clements A-H there are then 8
difference defermining circuits and 28 difference compari-
son circuits 37, Any pair(s) that has a dissimilarity to the
other pairs are preferably disregarded in subsequent pro-
cessing. The 7 outpuis of the difference comparison circuits
which are responsive to & given clements pair(s) difference
comparisons are coupled o an individual ranking circuit 38,
which in the preferred embodiment is chosen to be 2 PROM.
The PROM outputs a binary number which corresponds to
the mumber of other differences a given difference is larger
than. For example, if the difference is lazger thaa 3 other
differences, the output of the P rank P PROM would be 3.

The rank values from each ranking PROM are coupled to
the 81l logic circuit 28, which in the preferred embodiment
is made up of PROM LCs. The fill or replication logic
circuit 29 generates the previously discussed replication
signals and/or chooses appropriate matching elements in
response to the 8 rank values. The replication signals are
then coupled to replication circuit of 35 in FIG. 10, as well
as the display element, as previously described.

FIG. 12 shows as an aliernate embodiment of the video £l
and D-A converter 35 of FI1G, 10 in applications depicted by
FIG. 9. The function of the preferred embodiment of FIG. 12
is to generafe a fill element which is similar or equivalent to
element X. This embodiment of FIG. 12 generates a fill
element, for use as element X of FIG. 7 or 9, in response {o
the video fill or replication signal from FIG. 11. The il
element may be a combination of a plurality of elements.
The fill elements may be caused to be only a single elements,
or a combination of elements in response to the video fill
signal. The embediment of FIG. 12 operates to generate a
combination of elements in response to the video fill signal,
and combine that combination with voids around element X
in the adder. The combination is then converted to analog by
the D—A converter, Alternatively, a replication from element
X may also be generated by the combiner, in response to the
video fill signal. The replace signai 36 causes the adder and
switcl: to replace X with the combination from the combiner.
The normalization of the replication combination may also
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be adjusted. Various types of combinations and weighted
averages can be utilized for this combination, including the
use of more than fwo elements in the combination fo
generate the fill elements(s}.

While the above preferred embodiment of the invention
has been described by way of example, many other embodi-
ments may be utilized to operate in a given video system.
For example the invention may be ufilized with interlace
scanning systems, or with muliiple channel displays such as
RGB color displays. A matrix of less or more than the
suggested 9 elemenis may be utilized, which picture ele-
ments may be adjacent or non-adjacent, and may be sym-
meirically or non-symmeitrically chosen. To one skilled in
the art it will be apparent from the present teachings that
there are numerous variations, configurations and embodi-
ments of the above described invention which variations
may be tailored into a specific embodiment to maximize
effectiveness with a particular display device and video
system without departing from the spirit and scope of the
invention as hereinafler claimed.

What is claimed is:

1. Apparatus for improving the apparent reschution of an
image displayed by a video display device, including in
combination, & neighbering pixel means responsive to the
signal which carries said image to provide a plurality of
image elements,

and a £l calevlator means responsive to said plorality of
image elements, which may be pixels, to generale a fill
signal, said fill signal indicating where said display
device may alter voids between image elements.

2. The apparatus of claim 1 wherein said image is
improved by said neighboring pixel means which operates to
generate fill pixels in said image in response to said fill
calculator means.

3. The apparatus of claim 1 wherein said neighboring
pixel means is responsive o said fill signal from said fill
calculator means to generate fill pixels which are combined
with said video signal to fill said voids.

4, An improved display apparatus for displaying an
enhanced version of an image conveyed by a signal,

said apparatus inclading in combination a neighboring
element circuit responsive Lo said signal and operable
to recover and temporarily store known ones of picture
elements of said Image so as fo provide a group of
neighboring elements including a central element,

{ilf calculator circuit coupled to said neighboring circuit to
determmine if said neighboring elements, including said
central element match known patterns of elements,

video fill circuit coupled to at least said fill calculator
circuit to modify the valve of said central element in
response thereto thereby providing enhancement of
said image, and display means coupled to said video il
circuit and operative to display said enhanced image,

5. An apparafus as claimed in ¢laim 4 wherein said signal
is a digital video type signal conveying said fmage in raster
form,

said neighboring element circuit stores digital data byles
corresponding to said picture e¢lements to provide a
matrix of stored elements as said group with said
ceniral element being central to said matrix,

and said fill caleulator circuit determines if said neigh-
boring clements match said known patierns of elements
thereby indicating that modifying said central element
is likely to enhance the perceived quality of said image
when it is displayed.

6. An apparatus as claimed in claim 4 wherein said signal

is a digital signal representing said image in raster like form,
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said neighboring element circuit stores digital data bytes
corresponding fo said picture elements to provide a
matrix of MxN stored glements as said group with N
being a nember of lines of said raster and M being a
nurnber of elements in said lines and with said central
element being central to said matrix,

and said full calenlator circuit utilizes digital logic opera-
tions to compare the pattern formed by said central
element and the remaining said neighboring elements
with a plurality of predetermined digital logic patierns
to determing if there are any matches therebetween said
matches indicating that modifying said central element
is likely to enhance the perceived quality of said image.

7. An apparatus as claimed in claim 4 wherein said signal

is a digital signal representing said image I raster type form,

said neighboring element circuit stores digital data bytes
corresponding to said picture clements to provide a
matrix of MxN stored elements as said group witk M
being a number of elements in 2 line and M being a
number of lines of said raster and with said central
element being ceniral to said matrix,

said full calculator circuit utilizes digital logic operations
to compare said neighboring elements with a plurality
of predetermined digital logic patterns to determine if
modifying said central element is likely o enhance the
pereeived quality of said image,

said video fill circuit operates whenever said modification
is indicated to increase or decrease the brightness of
said central element in response to said digital logic
operations.

8. An apparatus as claimed in claim 4 wherein said signal

is a digital signal representing said image in raster type form,

said neighboring element circuit stores digital data bytes
corresponding 1o said picture elements to provide a
matrix of MxN stored elements as said group with M
being a number of elements in a line and M being a
number of lines of said raster and with said central
element being central to said mairix,

said fill calculator utilizes digital logic operations to

compare said neighboring elements with a plurality of

predetermined digital logic patterns fo determine if
modifying said central element is likely to enhance the
perceived qualily of said image,

said video fill circuit operates whenever said modification
is indicated 1o modify the size andfor shape of the
display of said central element in response to said
digital logic operations.

9. An apparatus as claimed in claim 4 wherein said

enhanced version appears to have increased resolution and _

detail resulting from the filling in of voids.

10. A method for displaying an enhanced version of an
image conveyed by a signal,

said method including recovering and temporarily storing

known ones of picture elements of said image so as 1o
provide a group of neighboring clements inclading a
central element,
determining if said neighboring elements, including said
central element mateh known patterns of elements,

modifying the value of said central element in response
thereto thereby providing enhancement of said image,
displaying said enhanced image.

11. The method as claimed in claim 10 wherein said signal
is & digital video type signal conveying said image io raster
form,

and characterized by said recovering and temporarily

storing digital data byles corresponding to said picture
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elements to provide a matrix of stored elements with
said central element being central i¢ said matrix,

and delermining if said neighboring elements match said

known paiterns of elements thereby indicating that
medifying said centrsl element is likely to erhance the
perecived guality of said image when it is displayed.

12. The method as claimed in claim 10 wherein said signal
18 a digital signal representing said image in raster like form,

said recovering and temporarily storing digital data bytes

corresponding to said picture elements o provide a
matrix of MxN stored elements as said group with N
being a number of lines of said raster and M being a
mumber of elements in szid lines and with said central
element being central to said matrix,

and utilizing digital logic operations to compare the

pattern formed by said ceniral element and the remain-
ing said neiphboring clements with a plurality of pre-
determined digital logic patterns to determine if there
are any matches therebetween said meatches indicating
that modifying said central element is likely to enhance
the perceived quality of said image.

13. The method as claimed in claim 1¢ wherein said signal
a digital signal representing said image in raster type form,

said recovering and temporarily storing digital data bytes

corresponding to said picture elemenis to provide a
matrix of MxN stored elements as said group with M
being a number of elements in a line and N being a
number of lines of said raster and with said central
element being central to said matrix,

utilizing digital logic operations fo compare said neigh-

boring elemenis with a plurality of predetermined digi-
tal logic patterns to determine if modifying said central
element is likely to enhance the perceived quality of
said image,

and modifying the value of said central element whenever

said modification is indicated to increase or decrease
the brightness of said central element in response (o
said digital logic operations.

14. The method as claimed in claim 10 wherein said signal
is a digital signal representing said image in raster type form,

said recovering and temporarily storing digital data bytes

corresponding to said picture elemenls io provide a
matrix of MxN stored elemenis as said group with M
being a number of elements in a line and N being a
number of lines of said raster and with said central
element being central to said matrix,

utilizing digital logic operations to compare said neigh-

boring elements with a plurality of predetermined digi-
tal logic patterns to determine if modifying said central
element is likely to enhance the perceived quality of
said image,

and modifying the value of said central element whenever

said modification is indicated to modify the size and/or
shape of the display of said central element in response
to said digital togic operations.

15. The apparatus of claim 4 characterized in that said
video fill circuit modifies the value of said central element
includes replacing an existing image element. '

16. The apparatus of claim 4 characterized in that said
video fitl signal can replicate an image ¢lement at a location
where one was previously non-existent,

17. The apparatus of claim 4 characterized in that said fill
signal replicates new image information wtilizing surround-
ing image elements.

18. The apparatus of claim 4 characterized in thaf said fil
calculator means utilizes mmitiple sets of image surrounding
elements.
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19. The apparatus of claim 18 characterized in that said il
calculator means includes ranking the multiple sets of sur-
rounding image clements by similarity.

20. The apparatus of claim 19 characterized in that said fill
caleulator means discards dissimilar seis.

21. The apparatus of claim 4 characterized in that said
video £ signal modulates said central element only side-
wWays.

22, The apparalus of claim 4 characterized i that said
video fill signal can alter the shape of said central element.

23. The apparatus of claim 4 characterized in that said

video fll signal replicates additional elements.

24, The apparatus of claim 4 characterized in that said
video fili signal replicates a defective element,

25. The apparatus of claim 4 characterized in that said
neighbering element cireuit provides pairs of clements,

26. The apparatus of claim 4 characterized in that said
video fili circuit operates in real time on said central element
of the image.

27. The apparatus of claim 4 characterized in that the
display means mclides & light beam and said video fill
circuit deflects said light beam,

28, The apparatus of claim 4 characterized in that said
central element is stored i a memory and said video fill
circuit modifies the value of said central element as it is read
out of said memory.

29. The method of claim 10 characlerized in that said #

modifying the value of said central element includes replac-
ing an existing image element.

30, The method of claim 10 characterized in that said
modifying the value of said ceniral element can replicate an
image element at a location where one was previcusly
non-existent.

15

26

kN

22

31. The method of claim 10 characterized in that said
modifying the value of said central element replicates new
image information utilizing surrounding image.

32, The method of claim 10 characterized by storing said
central element is stored in a memory and said modifying the
value of said central elemen! modifies the value of said
central element as i is read out of said memory.

33, The method of claim 10 characterized in that said
modifying the value of said central element modulates said
central element only sideways.

34. The methed of claim 10 characterized in that said
modifying the value of said central element can aller the
shape of said central element,

35. The method of claim 10 characterized in that said
modifying the value of said central element replicates addi-
tional elements.

36, The method of claim 10 characterized in that said
modifying the value of said central element replaces a
defective element.

37. The method of claim 18 characterized In {hat said
recovering and temporarily storing known ones of piclure
elements provides pairs of elements.

38. The method of claim 10 characterized in that said
modifying the value of said central ¢lement operates in real
time on said central element of the image.

# #* # * #*
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1
EX PARTE
REEXAMINATION CERTIFICATE
ISSUED UNDER 35 US.C. 307

THE PATENT I8 HEREBY AMENDED AS
INDICATED BELOW,

Matter enclosed in heavy brackets [ ] appeared in the
patent, but has been deleted and is no longer a part of the
patent; matter printed in italics indicates additions made
to the patent.

AS A RESULT OF REEXAMINATICN, IT HAS BEEN
DETERMINED THAT:

Claim 10 is cancelled.

New claims 39-47 are added and determined to be patent-
able.

Claims 1-9 and 11--38 were not reexamined.

39, 4 method for displaying an enhanced version of an
image conveyed by a signal, said method including recover-
ing and temporarily storing known ones of picture clements
of said image so as fo provide a group of neighboring ele-
ments including a central element, determining if said reigh-
boring elements, including said central element, match
kmown patterns of elements, modifving the value of said cen-
tral element in response thereio thereby providing enhance-
ment of said image, displaying said enhanced image
wherein at least one of the neighboring elements is tempo-
rally different from another of the neighboring elements.

40. A method jfor displaying an enhanced version of an
image conveyed by a sigral, said method including recover-
ing and temporarily storing known ones of picture elements
of sald image so as lo provide a group of neighboring ele-
ments including a cemtral element, defermining if sald neigh-
boring elements, including said central element, maich
kmown patterns of elements, modifving the value of said cen-
tral element in response thereto therehy providing enkance-
ment of said image, displaying said enhanced image,
wherein the enhancemeni comprises filling a termporal void.

41. A method for displaying an enhanced version of an
image conveyed by a signal, said method including recover-
ing and temporarily storing known ones of picture elements
of said image so as to provide a group of neighboring ele-
ments including a central element, determining if said neigh-
boring elements, including said centval element, maich
Imown patterns of elements, modifying the value of said cen-
iral element in response therelo thereby providing enhance-
ment of said image, displaying said enhanced image,
whevrein the modifying comprises replicating the central ele-
ment in at least a time dimension,

42. A method for displaying an enhanced version of an
image conveyed by a signal, said method inchiding vecover-
ing and temporarily storing known ones of picture elements
of said image so as to provide a group of nelghboring ele-
ments including a central element, determining if sald neigh-
boring elements, including said central element, maich
kmown patterns of elements, modifying the value of said cen-
pral element in response thereto theveby providing enhance-

2

ment of said image, displaying said enhanced image,
wherein at least two of the neighboring elements are from
different frames of the image.

5 43. A method for displaying an enhanced version of an
image conveyed by a signal, said method Including recover-
ing and temporarily stoving known ones of picture elements
of said image so as to provide a group of neighboring ele-
ments including a central element, determining if said neigh-
boring elements, including said centval element, match
known paiterns of elements, modifying the value of said cen-
iral element in response thereto thereby providing enhance-
ment of said image, displaving said enhanced Image, gener-
ating al least one new line that is inserted in said enhanced
image, said new line being temporally located between exist-
ing lines of said image.

s
w

44. A method for displaying an enhanced version of an
image conveyed by a signal, said method including recover-
ing and temporarily storing known ones of picture elements

20 of sald image so as to provide a group of neighboring ele-
ments mcluding a central element, determining if said neigh-
boring elements, inchuding said central element, match
Jmown parterns of elements, modifying the value of said cen-
tral element in response thereto theveby providing enhance-

35 ment of said image, displaying said enhanced image, gener-
ating at least one new vow that is inserted in said enhanced
image and wherein sald new row is temporally located
between existing vows of said image,

yo 434 method for displaying an enhanced version of an
image conveyed by a signal, said method including recover-
ing and temporarily storing known ones of picture elements
of said image se as to provide a group of nelghboring ele-
ments including a central element, determining if said neigh-
baoring elements, including said central element, match
known patterns of elements, mod{fying the value of said cen-
tral element in response thereto thereby providing enfance-
ment of said image, displaying said enhanced image, gener-
ating at least one new field for said enhanced image, wherein
said new field is temporally located between fields of said
40 {mage.

35

46, A method for displaying an enhanced version of an
image conveyed by a signal, said method including recover-
ing and temporarily storing known ones of picture elements

45 of said image so as to provide a group of neighboring ele-
ments including a central element, determining if said neigh-
baring elements, including said central element, match
fnown patterns of elements, modifying the value of said cen-
tral element in response thereto thereby providing enhance-
ment of said image, displaying said enhanced Image, gener-
ating al least one new frame for said enhanced image,
wherein said new frame is temporally located beiween
Srames of said image.

5¢

47. A method for displaying an enhanced version of an
image conveyed by a signal, said method including vecover-
ing and temporarily storing known ones of picture elements
of said image so as to provide a group of neighboring ele-
ments including a central element, determining if sald neigh-
boring elements, including said central element, maich
fmown patterns of elements, modifying the value of said cen-
tral element in response therelo thereby providing enhance-
ment of said image, displaying said enhanced image wherein
the enhancement comprises improving temporal resolution.

55

GG
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1
SPATIAL SCAN REPLICATION CIRCUIT

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application is a divisional application of .S, patent
application Ser. No. 08/398,383 filed Mar. 3, 1993, now U.S.
Pat, No. 6,529,637 which is a continuation in part of U.S.
patent appleation Ser. No. 08/119,610 filed Sep, 13, 1993
{now U.8, Pat. No. 5,424,780), which is a continuation of
U.S. patent application Ser. No. 07/355,461 filed Mar. 22,
1989 (now abandened), priority of which is claimed.

FIELD OF THE INVENTION

An apparatus and method is shown for modifying the
creation and/or presentation of image information displayed,
printed or created on a raster or mafrix image or graphic
display or printer, thereby increasing the apparent image
quality. Means for deriving a plurality of neighboring image
elements or elements of the video signal which neighbor in
time of space to & common location, and means for deter-
mining the image elemenis replication at such location in
response thereto, are also shown, Particular embodiments
relation to increasing the apparent temporal and spatial
resohution of raster scanned television compuier and perma-
nent copy devices are shown.

BACKGROUND OF THE INVENTION

This invention relates o increasing the apparent temporal
or spatial resolution of a created and/or displayed image
which is typically produced by ordered groups of elements
such as by a raster or matrix element or device, without a
required increase in the number of image elements of the
image.

DESCRIPTION OF THE PRIOR ART

As television, computer, graphics, printers, fax machines
and refated image technology develops, there is increasing
emphasis on improving the quality of created, displayed, or
stored images in order that they appear more real and
pleasing to the human observer. Two of the parameters
which affect image quality, and therefore are subject to
improvement, are spatial and temporal resclution. Spafial
resolution, simply put, is the number of image elements
which are used to make vp an image, normally static, and
correspondingly, femporal resolution is the number of ele-
menis per unit time which make up an image, normally
moving. Desirable qualities of an image sysem, such as
television camers, scanner, broadcast television, computer
display printer, permanent copy device, etc. will ideally
include having as many elements per image or frame and, in
ihe case of moving images, as many elements or frames per
unit time as is economically feasible, Unfortunately, increas-
ing the number of image elements per frame or the number
of frames per second is a costly improvement. Therefore
many schemes have been developed fo improve the resolu-
tion of the image, while redncing the number of elements
usexd.,

Other improvement systems, such as various Scanner
Interpollation Techniques, improved Definition Television
Systems (IDTV), Advanced Television Systems (ATV), and
High Definition Television Systems (HDTV), Hewlett Pack-
ard’s Laser Printer Resolution FEnhancement Systen, and
other Tmage Ephancers typically operate fo increase the
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resolution and other quality related aspects of image sys-
tems, Many of these systems resort to various techniques for
such quality improvements, some of which generate
unwanted artifacts.

OBIECTS AND SUMMARY OF THE
INVENTION

It is an object of this invention to provide an apparatus and
method for improving the apparent quality of a created
and/or displayed image by altering the size, shape or posi-
tion of the ¢lements of the image.

It is an object of this invention to allow usage of a low
resolution camera and/or recorder in a high resolution video
distribution and/or display system.

It is another object of this invention to provide an appa-
ratus and method to alter the size, shape or position of the
elements of & scanned or presented image in response to the
relationship between a plurality of elements of the image.

It is a yet further object of this invention to provide &
means and method for inspecting a plurality of elements of
an image to determine the presence of a need for filling of
areas between the elements.

it is yet another object of this invention to provide a
means and method for simultaseously providing a plurality
of elements of said image for inspection and comparison
means to determine proper altering of areas between the
elements or voids created by defective or unneeded ele-
ments.

It is an additional object of this invention te provide a
means and method for inspecting a certain element or
location with respect to one or more surrounding or neigh-
boring elements of an image 1o determine the desirability for
changing the shape, position or size of other elements to
improve the spatial and/or femporal resolution relationship
between the elements, which may neighbor in time or space.

It is an additional object of this invention to provide a
means and method for inspecting neighboring elements with
respect to one or more other elements of an image fo
determine a need for changing the shape, position or size of
elements to improve the spatial or tempors]l resolution
relaticnship with the other clements, especially when one
other element is defective.

1t is vet still znother object of this invention to provide a
means and method to improve the quality of an image by
inspecting a phurality of neighboring elements to generate
replication elements in response thereto.

It is a further object of this invention to provide a means
for replicating non-defective image elements while produc-
ing no ascertainable artifacts.

1t is still yet another object of the invention to apply the
above objects 1o any physical phenomena or signal which
can be represented as a matrix of discrete elements.

it is still ancther object of this invention to provide an
image creation device utilizing the above objects.

According to an aspect of this invention, the inventive
concepts disclosed herein show an apparatus and method for
modifying the creation storage and/or production of an
image by device ir response to the irage content thereot as
carried by an image bearing signal, in order to create an
image having apparently higher quality than normal.

The preferred embediment of the present invention
describes a neighboring element means for providing a
plurality of neighboring elements, and an element replica-
tion means responsive to said plurality of neighboring
elements to selectively {ill a location, which may be a void,
or artifacts, between elements, or to replace elements in the
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spatial or time dimensions or both. The inventive concepts
disclosed herein may be utilized to improve the apparent
resoiution of the created and/or displayed image spatially,
temporzlly, or both, or to conceal, by replication inchuding
modification, and/or creation of otherwise non-existant,
defective or unneeded image elements or artifacts, The
invention will find considerable use in the reduction of
spatial or temporal (notion) artifacts of improved television
systems like HDTV.

It will be understood that the term image as used herein
is meant to apply to the creation and/or presentation of any
phenomena by a raster or matrix of discrete or adjoining
elements, and that the raster or matrix may be either a single
cne, or a given one of a plurality or sequence of rasters or
matrices, for example as used in femporal portraits of such
physical phenomena. The image can be visable on a display
(such as a computer monitor or regular television set),
viewable afler creation (such as a laser printer or fax
machine) or otherwise exist (such as in memory for subse-
quent use or on a recorder tape). The term image is appli-
cable to the creation of an image {for example at a low
resclution to camera); on recording (for example on a VHS
machine for HDTV transmission), on receipt (for example
NTSC reception on an HDTV monitor) or otherwise.

It will be further understood that invention has application
to a group, or series of such elements, whether transmitted
or stored, in time sequential or parallel arrangement or in
any other form. The more impertant aspect of the invention
is the operations on the elements which have some spatial or
temporal coherence or probability of similarity. It is of lesser
importance what the elements represent or how the elements
are conveyed, or of the particular nature or make up of the
form of the elements.

It will be also understood that although the word void is
used in this specification, the invention Is directed towards
replicating new image information utifizing neighboring
image elements, which new image information is utilized at
a certain location(s). These locations might or might not
have previously had fmage information available therefor.
The void may exist at the point of image creation, before/
after storage and/or at the point of presentation. Examples of
voids would include such things as defects, unwanted ele-
ments, improper elements, corrupted elements, valid but
replacable elements, locations with no image information,
and/or other locations or elements which may be in questicn
or need for improvement. The term void is used to cover all
these and similar situations for uniformity.

It will also be understood that although the word combi-
aation “filling in” is used in the specification and claims, the
invention is directed towards replicating an image element at
a particular Jocation—again, an image elernent whiclh might
or might not have previously had information available
therefor. This replication includes creating, modifying,
replacing, substituting, adding to, providing and/or filling in
for the element at this location. This term filling in is used
to cover all these and similar situations for uniformity.

It will also be understood that although the word “simi-
larity™ 1s used in the specification, the invention is directed
towards the use of any of the various element characteristics
to determine similarity, which characteristics can be used
alone or in combination thereof. For example, the elements
both may be of the same color, but of different brightness;
they both may be of same brightness, but of different hue;
they both may be of the same luminance but of different
color saturation; they both may be of same saturation and
luminance; they both may be the same size; they both may
have the same relationship to their surroundings; or other-
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wise be similar in some one or combination of characteris-
tics. Characteristics by which similarity can be determined
inchude color, hue, color saturation, Juminance {brightness),
size, detail, pattern, special frequency cornponent in hori-
zontal or vertical or diagonal or time or other dimensions,
temporal frequency, content, relationship of neighboring
elements, noise, and/or other external measures such can be
derived fron: a detection circuit which would provide a flag
or measure and/or other indication that an element or group
of elements are suitable for processing. The element or
location which is being processed may or may not be a valid
or erroneons element: It might even have had no image
information or not previously existed.

It will also be understood that although the word “repli-
cation” is used ia the specification, the invention is directed
towards modifying, correcting, improving, subsiituling for,
adding to, replacing or otherwise processing the image so as
to provide for an overall, more pleasing or apparently higher
quality image. As previously set forth the word “fill in” is
used in this specification for similar attributes as replication.

It should be understood that the word “surrounding™ is
used in this specification to describe elements which have
some relationship to other image elements, be the relation-
ship special or temporal. The word sumrounding could
include elements which are neighbering on one side thereef,
neighboring on all sides, adjacent therefo, spaced from
diagonally with intervening elements between (such as in a
interlaced field scan device wherein alternating fields are
paired), immediately adjacent or spaced elements which
have a statistical ability of being similar, or merely elements
that have a greater than minimal statistical probability of
being similar. However, in respect to this latter it is preferred
that the percentage of similarity, is over 50%.

It should be understood that the invention has application
during the creation of an image {for example at a video
camera), al the storage of an image (for example before or
after a video tape or disk) and/or in the preduction of an
image {for example a videc monitor).

The objects and features of the invention wili be apparent
to one skilled in the art from a consideration of the following
deseription and claims, when read in conjunction with the
accompanying drawings in which:

BRIEF DESCRIPTION OF TIE DRAWINGS

The structure, operation, and advantages of the presently
disclosed preferred embodiment of the invention will
become apparent when consideration of the following
description taken in conjunction with the accompanying
drawings wherein:

FIG. 1 is a block diagram of a typical prior art image
generating device.

FIG. 2 is a block diagram of the device of FIG. 1 including
the present invention.

F1G. 3 shows a modification of the drawings of FIG. 2
wherein the spatial scan modulator is

FICGi 4 shows a typical prior art scauned image display
with a portion expanded for clarity.

F1G. 5 shows a typical scanned image display as would
occur with the use of the present invention, with a portion
expanded for clarity.

FIG. 6 shows a detailed diagram of a given scan line of
an image in prior art form and in improved lom resulting
from the present invention.

FIG. 7 shows a group of nine neighboring image elements
which may be operated on by the present invention.
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FIG. 8 shows a diagram of the present invention including
the use of a ranking means.

FIG. 9 shows a diagram of 13 elements taken from scan
line of 5 sucessive image fields.

FFIG. 10 shows a detailed diagram of an embodiment of a
neighboring means for a image display.

FI1G. 11 shows a detailed diagram of an embodiment of a
element calculator means.

FIG. 12 shows an alternate embodiment of a fill and ID-A
converter.

DETAILED DESCRIFTION OF THE
INVENTION

FIG. 1 is a block diagram of a prior art image display
device 1e which may be improved by the addition of the
present invention, The invention is set forth in its preferred
embodiment in primary reference to a image display, in this
specification a video display. However, this device may be
any of those which are well known in the art which create,
store and/or convey physical phenomena by use of ordered
groups of elements, such as various matrix and raster type
displays or hard copy generating display devices such as
various cameras, scanners, televisions, laser printers, fax
machines and the like. For the purpose of the present
description and explanation it will be primarily presented
with the device 1g that is a raster scanned display such as an
electron beam scanned CRT or a laser scanned photo sen-
sitive surface operaling in a progressive (non-interlaced}
mode. This device may also operate in interlaced fashion as
will he apparent from the present disclosure and in other
creation, recording and presentation fonns. Bowever for the
purpose of the present explanation of the invention, by way
of example, it will be assumed that it is a video display
operating in a progressive mode. :

This display device normally containg an amp 2a which
receives, clamps, amplifies and couples the signal to the
display element 6a, which is most commonly a CRT or
modulated laser but which also could be moduiated LED's
or LCIYs or other image creation device.

The device shown is a video device also contained in the
device 1a is a sync circuit 3a which receives the sigoal,
strips the composite sync therefrom, separates the composite
syne into H and V components and couples these compo-
nents lo the H scan 4a and V scan Sa circuits respectively.
The scan circuits 4a and 5a provide the scanning control of
the display element 6a, for example by providing the ramp
drive waveforms to the CRT yoke or displacing the laser
beam, or modulating the imaging devices sujtable modifi-
cations would have to be made for ar image creation device
like a camera.

It will be recognized by one skilled in the art that the
device shown by way of simple example in FIG. 1 has many
practical variations which are commonly vsed. The single
connecting fines shown between elements will be under-
stood to carry multiple signals as required, and other con-
figurations may be made. For example, the sync circuit 3a is
sometimes configured to receive one or more sync wave-
forms separate from the image signal. The actual scanning
process may be by alternate methods as well, operating in
progressive or interfaced fashicn, ineluding magnetic and
electrostatic deflection of an electron beam such as in a CRT
or E.B. recorder, electro-optical or mechanicat deflection of
a light beam such as in a laser projector, fax machine, printer
or electro-optic display device, or by address or pixel
selection as with thermal, inkjet, fat panel, florescent, LI
or LCD type displays or printers. The device might also be
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an image creation device, whether video tmbe, CCD or
otherwise, Purther the processing may ocour at imaging
prior to recording, after recording, in or out of memory or at
any other time the image information is available.

One skilled in the art will be able to utilize the present
invention with any of the many image creation, recording,
memory and/or display devices which uiilize ordered groups
of image elements to eventually set forth image phenomena
as are known in the art,

The description given herein is by way of example with
primary respect fo a video monitor. As previously men-
tioned, video refers to the groups of elements irrespective of
their use or form of existence or creation and wilf be
understood to mean such even though described with pri-
mary respect to television elements.

FIG. 2 is & bleck diagram of a display device 15 like 1a
of FIG. 1, including amp 25 corresponding to 2a, sync
circuit 35 corresponding to 3a, H scan circuit 45 correspond-
ing to 4a, V scan circuit 86 corresponding to 3a and display
element 65 corresponding to 6a. FIG. 2 also shows the
spatial scan modulator 7 as an embodiment of the present
invention containing neighboring element means 8 respon-
stve to the signal fto provide a plurality of neighboring
elements to the element replication means 9. Neighboring
element means 8 may also be responsive fo element repli-
cation means 9, as will be discussed with respect to FIGS.
10 and 11. The neighboring element means 8 also provides
a delayed version of the signal of the amp 25 and syne circuit
3k in order to make up for processing delays as will become
apparent to one skilled in the art from the discussion below.

Delay will be understood to encompass deriving different
elements in time and/or space by a variety of well known
means, including the specific example of delaying a time
sequential series of image elements.

The element replication means 9 provides a V i}l signal
to the V scan circnit 55 in response to the plurality of
neighboring elements from 8 in order to cause a vertical
filling or dithering of the element scan or addressing at the
proper times. The spatial scan modulater 7 therefore oper-
ates o determine where voids or elements to be replicated
exist between elements or are created between or on ele-
ments by defective elements, and how these voids {as
previously defined) are to be filled in in the image. This
determination made by an inspection of a plurality of
neighboring elemerts, and then causing the creation and/or
display device to replicate, fill, replace, or otherwise medify
the appropriate location in response to the fill signal. Shown
as optional is an H fill signal provided by 9 and coupled to
4b 10 cause horizontal filling, and a further optional video fill
provided by % and coupled to 2& to cause modulation or
fifling. The device can also be ufilized to replicate non-
defective image elements with no ascertainable artifacts
{again the term void covers zli situations).

As with the various display and creation devices known in
the art, the 11 signals (as previously defined) provided by 9
will take on different connections to the devices 25, 46 and
55, resulting from the differences in those devices.

It is the ohject of the 61l signals from 9 fo cause the
appropriate flling of locations in the image by whatever
means i3 suilable for the particular imaging device being
used, whether during creation, recording, and/or presenta-
tion of the image. These locations which may be voids in the
image which may be filled with all or & portion of a element,
or ali portions of combinations of elements, or otherwise as
will be described in greater detail later, especially with
respect to the specific video display embodiment FIGS. 10
and 12,
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In the present example, the voids or element locations are
filled by slightly dithering the example electron, light beam
or other imaging device away from its normal scan position
by manipulation of the sweep circnits of the scan circuitry
during creation and/or presentation of the image element.

For a light beam type device the voids may be filled by
dithering, modulating or focusing the beam. For addressing
type devices fhe dithering may be accomplished by manipu-
lating addressing and filling as may be accomplished by
such dithering. In all devices, filling may be caused by
modification of existing elements.

For the device described by way of example, the V fill
signal will cause the electron, light bearm, imaging or
creation device to be modulated vertically, either upward,
dowirward or sideways or both to cause given scan line to
become wider in an upward, downward, sideways and/or ail
directions. In a video circuit this can be simply accom-
plished by adding or subtracting a small amount of high
frequency pulsating current in the sweep or scanning driver
circuit in a video circuit, thus broadening the electron or
laser beam slightly upward or downward from its normal
position on the face of the CRT or photosensitive surface.
Similarly, the H fili signal can cause a slight horizontal
displacement of the beam position by adding or subiracling
a small amount of high frequency current from the H sweep
or scanning driver cirenit, In order to accomplish diagonal or
angular displacement of the electron beam, & modulation of
both H and V deflection circuits may be made. Such modu-
lation of the electron beam position is relatively easy to
accomplish in terms of circuitry requiring only a bidirec-
tiopal current source, or a pair of unidirectional current
sources, which are switched on and off at high frequency rate
in response to the fill signals, and add or subtract current in
the sweep or scanning circuit, thereby slightly modulating
the current flowing in the driver and thus altering the
electron beam deflection. The operation thus causes a dither
of the beam modulation, which will be explained in greater
detail with respect to FIG. 5.

In alternate creation/presentation circuits the signals
to/from various circuits would be appropriately modified.

The beam moduoiation of any image conveying beam such
as electron or light can also be achieved by changing the
deflection, intensity, shape, duration, focus or astigmatism of
the beam, and/or scanning, thereby changing the spot size
and/or shape, The modulation of the conveying beam may
be caused to take place in various directions as well, for
example in diagonal directions, in response to the pixel
replication means 9. Such improvements will be understood
and may be made by one skilled in the art in view of the
present teachings.

The art of changing electron hean: deflection by small
amounts has been previously practiced, for the purpose of
geometric scan correction. In general the exact method of
effecting the modulation of the display will be determined by

the nature of the display printing, or imaging device; how-

ever, one skilled in the art will be able to devise proper
circuitry to practice the present invention for a given desired
type of creation and/or display device, in view of the
teachings herein.

The fill signal may be utilized to generate the desired
elements (which may be including additional elements rep-
licaticn) on the nput signal in response to 9, with or without
scan modulation, thus providing elements to £il in the
desired blank areas of the image (which may be blank as in
voids, unneeded, unwanted, or otherwise).

Filling may be accomplished by simply adding the il
signal to the signal in a monitor device so that the electron
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beam is caused o illuminate the CRT phosphor in response
1o the fill signal as well as the signal.

IHumination may be caused to cccur in the absence of a
signal generated illumination, or may cause the signal gen-
erated illumination to be modified, such as by being
increased or decreased. The image fill signal may also be
utilized o perform other image functions as will become
apparent, such as reducing the bandwidth of the signal, or by
changing the element or spot size for example by defocusing
the electron heam, repeating a displayed element, or gener-
ating a new element {especially in non-direct scanning
devices),

New elements used for filling of voids including the
substitution or replication of existing elements may be
comprised of all or a portion of a element or group of
elements.

FIG. 3 shows the same elements as iu FIG, 2, however the
neighboring element means 8 is ceupled to amp 28 to
receive the input signal, rather than directly fo the input, as
in FIG. 2. Several other embediments relating o coupling
and arrangement of elements will be possible, as will be
apparent 1o one skilled in the art, and are intended to be
considered within the scope of the invention as herein
deseribed and claimed.

FIG. 4a shows a typical scanned image 10a (whether
creation and/or reproduction} with a small portion 1ia which
is expanded for clarity in 45, The smal] portion 11a shows
four scan lines 12a, 134, and 154, The scan lines may be
considered consecutive for the purpose of the present expla-
nation, but may also be alternate as in an interlaced display,

_or otherwise non-consecutive. The scan lines are shown

thicker during the higher illuminated porzon, the thickness
representing the width or intensity of the scanning beam,
with the narrow line representing the scan track nonmally
followed by the beam, as is common for laser beam projec-
tion and recording devices and CRTs. Also this scan line is
representative of what exists in alternate imaging devices.

With more modern creation and/or presentation devices
the modification is more theoretical-cccuring in electronic
form during and/or after creation instead of during presen-
tation.

Scan line 12 has seven illuminated element points 16a
through 16g identified for clarity, As with many systems, the
individual elements typically blend together when sequen-
tially aligned along & scan line, due to hoth the width of the
beam, and the limited bandwidtly of the video amplifiers in
the device, giving rise fo the continuous highlighted areas
shown. 1t will be understood that the individual elements
may also represent a matrix display rather than a scanned
display. The four scan lines show a diagonal bright area
which can be seen to take on a rather stair stepped appear-
ance. The stair stepping and the space between the scanning
lines make up picture artifacts that viewers find objectional
in viewing the image, whether created during creation and/or
presentation.

It is one object of the present invention to fill in the voids
of the stair stepping and voids between consecutive scanning
lines, for example by modulating the scanning of the elec-
tron beam in a video device, thus reducing these objectional
artifacts.

FIG. 54 shows the same display 100 as 10a in PIG. 4a,
with expanded portion 115 corresponding to 1la, and show-
mg scan lines 12b, 135, 145, and 155 corresponding to 12a,
13a, 14a, and 15a respectively. Again the creation/alteration
presentation cirenits would be appropriately modified.

Hluminated elements 17a-g corresponding to 16g-g are
shown as well as illuminated pixels 18a-e. For each element
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which is to be partially moduiated during creation or during
production, an up or down arrow is shown indicating the
direction{s) of modulation. For example, element 175 is
modulated downward to fill the void between 3175 and 18a.
Likewise elements 17¢-g are all modulated downward. Ele-
ments 18a and 185 are modulated upward to fill the same
void and 18c-¢ are modulate both vpward and downward.
One skilled in the art will recognize that the image of FIG.
5 has a higher apparent resclutien than that of FIG. 4, the
improvement being a result of the filling of voids {even if
previously occupied by valid elements). This modulation
can occur in the original image scamming circuitry, modify-
mg the element signal during or after storage, or otherwise.
The same fype of image modifieation would also occur in
alternate imaging devices such as scanners, laser printers or
fax machines,

With respect to FIG. 2, when element 18¢ is being
scanned, the neighboring element means 8 would provide
the elements adjacent to 184, including 175, 17¢, 174, and
185, for inspection by element replication means 9. The
element replication means 9 will determine that there is a
void between 17¢ and 18a which should be filled, thus
causing 18a to be modulated upward into the void. The void
may be actual or artificial (as when the device ignores valid
elements}.

It can be seen from inspection of FIG. § that a good
portion of the voids between scanning lines or matrix
elements, a5 well as a portion of the stadr stepped edge void
have been filled m. Elemeat 18/ is shown as being a
defective element which has been replaced thus causing
filling of the vold which otherwise would have been present
o be filled.

It may be noted that an object of the present jnvention is
to provide a method of filling voids without restriction to the
nature of how such voids arise, although it will be appreci-
ated that the nature of such filling may very will be opti-
mized in response to the nature of the void and that the voids
might discard valid image elements at the involved location.
For example the filling of veids between elements may be
performed differently than the filling of voids created by
defective elements. As another example, assumning 18/ were
defective due 1o a defective video element, the element may
be replaced to cure the defect. If, on the other hand, the
element for 18/ were not defective by itself, the artifacts
produced by a defective florescent element, the location
could be filled by liglting, or increasing the lighting of the
neighboring elements. Further, the invention may be utilized
to replicate valid, non-defective image elements due to the
probahility of similarity. This allows continual processing of
a signal through a circuit without on/off switching while
producing minimal artifacts.

FIG. 6 shows a typical prior art scan line 19, correspond-
ing 10 13q of FIG. 44, having an illuminated section of 6
elements shown as a wider portion of the line. The elements
may be created in any konown way such as by scanning light
or electron beams, LED’s, LCIYs or laser beams, by spatial
addressing an imaging device or by signal alteration.

As with the previous example of FIGS. 4 and §, the
individual elements have blended together gaining a con-
finuous lluminated section. The presented scan line 20
shows the same line 2s 19, except that it has been spatially
modulated in accord with the present invention thus corre-
sponding to 135 of FIG. 86, The track of the beam is shown
in 20 as a sinusoidal path, or spatial modulation, which
deviates from the straight scanning line of the prior art, This
same result could be provided by altemate means.
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Note that for the left two elements the deviation fakes
place both above and below the line. In the prefemed
emboediment of the invention the electron beam or memory
laser path is such that the track pitch, the spacing between
the points where the track crosses the normal scan line, is
Jess than the electron or reproduction beam width. Therefore
the electron or beam width will iHuminate a solid area. The
illuminated area crealed by the beam path shown in 20 is
shown as & solid are in 21, It will be noted that the ability
to fill in chosen directions only, such as only up to 21, is an
important feature.

A note should be made about the relative brightness of the
spatially modulated scan of 21 versus the area of the prior art
scan 19, The brightness of a given area is a function of the
flux density of the eleciron, light beam or image signal
striking that area, that is a given number of electrons or
photons or other image creating energy will tend to provide
2 given number of photons of visible light or particies of dye
or pigment, independent of the area which it strikes. For a
given electron or beam intensity, the area of 21 will therefore
appear dimmer in terms of visible photfons or particles per
unit ares than the area of 19. If a given spatial scan
modulated area of the image s large enough 1o be resolved
as a distinct element, the viewer may notice this decreased
intensity. In order to overcome this decreased brighiness, if
will be desirable to increase the intensity of the image
creating beam, therefore restoring proper brightness in those
areas where the spatial modulation is occurring. The bright-
ness increase will typically be a function of the amount of
modulation. For example wldle the beam is modulated only
upward for the left two elements of 20, a first given increase
should be made, and for the remaining elements where the
beam is modulated both up and down with a second, higher,
increase made. This increase in beam intensity can be made
in response to element replication means 9 shown in FIG. 2,
via the fill signal. It may aiso be desirable to wtilize the fili
signal to increase the number of illuminated elements, in
conjunction with the spatial scan modulation. For example,
the ilfluminated area of line 20 (1354 of FIG. 5) can be tuned
on one element early in order to further reduce the stair
stepping of the diagonal edge. This may be accomplished by
time or spatial modulation of the image creating beam.

Alterate imaging devices would similarly operate, albeit
with adaptions for their special properties. For expample,
with a LED or LCD imaging device (such as a printer),
modifications of the brightness of successive lines of image
information and/or the modulation of the image elements in
what would otherwide be spaces between lnes would be one
way to produce the image improvement of the present
invention,

FI1G. 7 shows a group of 9 elements which are located on
3 scan lines of a raster or alternatively in 9 matrix locations.
These nine elements are provided by the neighboring ele-
ment means and may be utilized by a element replication
circuit in order to determine if spatial scan modulation or
other fliling should be enabled, In the following discussion
it will be assumed that element X {the central element) is
defective or wanted fo be replaced, as is known from error
detecting circuitry or as determined by the element replica-
tion 26, or is otherwised to be replicated. It will be assumed
for the purpose of the present example that element X in the
cenfer of the ¢ elements, is the element about to be displayed
or created by the display element. Scamning will be assumed
to be from left to right, top to bottom. However it will be
understood that the present explanation will apply equally
well to any image creating and/or displaying device or
system independent of the manner in which the image
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elements are scanned or placed as well as to any point of the
image for examiple element A in FIG. 7 could be processed.

For the described scan, elements A-D will have occurred
in fime before X, and elements BE-H cceur in time after X.
The 9 elements are all made simultaneously available to the
elements replication by the neighboring elements means (8
of FIG. 2). The neighboring elements means in the preferred
embodiment is made up of memories, delay lines, shift
registers or other delay devices which are well known to one
skilled in the art, which allow all nine of the elements to be
present simultaneously. A different pumber of elements
could also be present.

A device which can be utilized for the neighboring
elements means function s described, with respect 1o FIGS.
9 and 19, in U.S. Pat. No. 4,573,070 issued Feb. 25, 1986,
Other arrangements and circuits to perforn: this function will
be apparent to one skilled in the art from the present
disclosure, for example, retrieving elements from RAM as in
matrix displays. Iz order that elements X can be the about to
be currently displayed elements, it is necessary that neigh-
boring elements means make elements available to the
display device, which is shown by the comiection from § to
2h and 34 of FIG. 2, which replaces the video input to the
display device.

FIG. 7 shows eight possible replication direction differ-
ences which can determine the direction of replication for an
element X, This element X could be defective, non-existant
merely unnecessary, or disposable (even if validy—the latter
most particularly in respect to an unswitched, constantly
operating device. The major factor is the desire to have
element, replication, or substitution, The eight differences
are represented by eight lines P-W. Line P represents the
difference of elements A and H, Q of elements B and G, T
of elements B and E, etc.

Element X may well be replicated from any direction,
ineluding those of the third dimension, which would repre-
sent a frame to frame or time direction, or a combination of
time and spatial dimensions. Replication in the time dimen-
sion is useful in improving motions artifacts, Time replica-
tion is accomplished by using delays of one picture perfod
(field or frame in & monitor device) or more o provide
elements in the time axis, which may be used to fill temporal
voids. It is particularly useful in a video imaging device.

Element X will thus modulated in response to elements
which are present in field or frames other than the one
containing X. U.8. Pat. No. 4,573,070 whicl: is incorporated
herein by reference describes more fully various embodi-
ments of neighboring elements means which may be suitable
for use in this fashion, and particular FIGS. 13, 15 and 16
and the description thereof teach detection of a defective
element X. Altematively, the detection of a defective ele-
ment X may be performed by various defect or error
checking circuitry as is well known in the art.

It will be immediately recognized that by comparing
elements on the opposite sides of X, it is possible to
determine which pair of surrounding or neighboring ele-
ments which are most similar. The most similar pair thus
represents the pair of image elements most likely to provide
{he least noticeable replication value for an element X, and
aiso indicate the direction(s) of modulation of X to {ill voids
adjacent thereto, For example if A-B=5, B-G=7, C-F=8, and
D-E=3, the preferred pair of elements for replicating X
wouid be pairs D and E and either couid be chosen for
replication, Alternatively, a normalized combination of the
two pairs such as an average can be used.

This logic holds true if in fact X is related to elements on
two opposite sides. However X may be related only to the
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elements in the comers, that is to elements A, B, and D
{upper lefl), B, C, and I# (upper right), E, H, and G (lower
right), or G, H, and D (lower leff). The logic conditions
shown below thus preferably takes all eight conditions into
account, selecting the lowest difference pair of opposite or
corner elements 1o determine the direction{s) of modulation
of X, to fill voids adiacent to X, or giving the direction or
pair of elements most likely to provide the least noticeable
replication value for an element X in FIG. 7.

For the purpose of the present description and the purpose
of explanation, it will be assumed that only the two dimen-
sions, and the replication directions indicated by the 7
differences are to be considered.

A group of similar elements is easily implemented by
logic operations as roay be utilized fo determine which if any
of the § spatial replication directions should be enabled for
a given elements X, Logic operations that may be used 1o
enable the modulations according to the following table
inclode:

MODU-

LATION

DIRACTION CONDITION

VERT. B-G « A-H or C-F or D-E or B-E ox E-GG or G-I or I-B
HORIZ. D-E « B-G or A-H or C-F or B-E or E-G or G-Id or D-B
R.DIAG. C-F <« B-G or A-H or D-F or B-E or E-G or G-D or DB
LDIAG. A-H « B-G or C-F or D-E or B-E or E-G or G-D or D-B
U.LEFT B <« B-E or B-G or G-D or B-G or A-H or C-F or D-E
URIGHT B-E « B¢ or G-D or D-B or B-G or A-H or C-F or D-E
L.LEFT E-(h « G-D or DB or B-E or B-G or A-H{ or C-F or D-E
L.RIGHT (-0 < D-B or B-E or E-(3 or B-G ar A-H or C-F or D-E

FIG. 8 shows by way of example an embodiment of the
present invention which may be utilized with image ele-
ments. The FIG. 8 embodiment confains a neighboring
element means 25 similar to 8 of FIG. 2, and an element
replication means 26 similar to 9 of FIG. 2. .

The element replication 26 contains a rank logic means 28
which cooperates o inspect the 9 neighboring elements A-H
and X presented on lines 36 A-H and X respectively, and
provides a £l signal on line 32 and replaces signals on line
36 respectively, which device operates to control the spatial
modulation of element X, It should be noted that in FIGS. 8
and 12 the fill and replace lines are shown as single lines for
clarity, and further that the connection which provides
element X to the display device as well as the video fll
connection o the display amp are not shown for clarity. One
skilled the art will however recognize the need for, and he
able to provide the proper coupling of, element X and
element fill and replace functions to the image device via
multiple connections and couplings with the clement repli-
cation as appropriate for a givea application.

As will be apparent from the present teachings, many of
the functions of the present invention can be implemented
with various forms of hardware including ASICS, program-
mable logic and analog or optical circuitry and sofiware
running on any of the various well known platforms. For
example, microprocessors with suitable software may be
utilized. As a further example, a read only memory may be
utilized. In particular, a ROM or programmable logic would
be well suited to implement part or all of the elements
repiication means 26.

The determinatior of which neighboring elements are
related to element X is a ranking process, which is described
in one form in some detail in the aforementiorned U.S. Pat.
No. 4,573,070 with respect 1o video noise reduction. The
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070 patent does describe and claim the replication of
defective elements, for example at column 4 line 49 et. seq.
and column 8 line 45 etf. seq. The ranking circuitry shown in
FIGS. 15 and 16 of the 070 patent can be utilized for the
rank logic means of 27 of F1G. 8 of the present invention, but
the rank logic means of the present disclosure has been
found to provide superior performance when utilized for
applications to replace defective or unneeded elements. The
rank logic means 27 operates in response to the elements
A-H and if needed X provided via 30A-1 and 30X to
determine each of elements A-H relative closeness to all the
others. For example if’ elements C-F were determined to be
closest to each other, then signifving a rank of 0 (that no
other element pairs are closer) would be output on line 31R.
1f 2 other clements were closer than elements C and F, a 2
would be outpuf on line 31R. Hach element pair will be
ranked by 27, with that pair’s respective rank provided on
line 31 P-W. The fill logic means operates 1o select a given
number, for example 2 or 4 of those elements which are
closest and identifies them. The logic equations given above
for the example of FIG. 7 are then used to determine the
moduiation and/or replication directions fo be enabled. This
ranking may occur by comparing all groups for similarity
{parallel processing) or by comparing each group to the next
group sequentially retaining the most similar (serial pro-
cessing). This latter is more efficient.

Further the rank logic means may also operate fo rank
slements in respect to their dissimilarity, thus not utilizing
elemernts that do not meet 2 minimum criteria for similarity

ranking. This recognizes that elements that are known to be

largely dissimilar do not have to be ranked for similarity.
This provides considerable saving {of most particularly
processing time) and circuit complexity since the complex-
ity of caleulations increases exponentiaily as to the number
of clements wilized. Preferably therefore the ranking of
elements wouid be a multi-step process: first discard dis-
similar groups of elements not sufficiently sirnilar in respect
to each other and/or other sets 8o as fo not warrant subse-
quent pracessing providing at least one set remains and then
second ranking of the groups of similar elements. A hrresh-
old to establish similarity is particularly effective in the
initial step.

Note that more than two elements may be compared in a
group, for exampie groups of 3 or more may be compared,
For example, group ABD, BCHE, EHG, and GFD may be
compared to determine the total difference, for example
A-B+A-D+B-D as the difference for ABD.

As an example, assume that the element pairs have the
following ranks:

<y W T
yoE o ¥
oo &
gwo

§ oy

y k

e b B

From the above chart if can be seen that pairs P, Q, and S
are closest thus indicating element X is most likely related
o a diagonal from element A to H. The three clogest
elements will be identified as A and H, and of the above logic
equations the following will be satisfied:

VERT

HORIZ

L. DIAG

These equations being safisfied, the modulate VERT
signal, and modulate HORIZ signal, and modulate LEFT
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DIAGONAL signal will be activated. As a result of the
above analysis, the void between elements A, B, D, and X
and E, G, H, and X would be caused to be replicated by
spatial modulation of elements X if X were not defective.
Alternatively, the voids and/or element X could be replicated
by elements A, B, D, and B, G, and H, or combinations
thereof respectively. As an improvement to the spatial modu-
lation, the amplitude or spatial intensity of the modulation
may be changed in response to the ranking of the neighbor-
ing elements, For example, if the difference between X and
A is small, a large amplitude of modulation is used; and if
the difference were large, a smali modulation used. The
amount of modulation is therefore caused o vary in
response to the difference, in either spatial or temporal
embodimenis. Of course, intensity or other atribute modu-
lation may also be provided as well, as previously discussed.
Additionally, if element X is defective or unneeded, it may
be deleted, thus creating a void, and the void may be
replicated with a combination of those element pairs having
the closest values, in the above example, pair A-H or Pairs
A-H and B-G. For a continually operating device, element X
could be replicated even if not defective.

1t is important to note that by ranking the various element
pair differences P-W that a very accurate prediction of the
value of X may be made in the event X 15 defective. By
inspecting the differences and their ranking, the individual
surrounding elements, in space and time, which are most
closely associated with X may be determined with 2 high
probability. A combination of a plurality of those most
closely associated elements may then be utilized t© replace
element X, to fill any voids near a good or defective X, or
even to totally replace a valid element X (which would {reat
X as a void irrespective of its true nature).

Such combinations which have proven suitable for use
include any of the varicus averages which are well knows,
including arithmetic and geometric averages, means, medi-
ans, weighted combinations, spatial and temporally filtered
combinaticns and various interpolations and curve fittings. It
has also been found that selecting a single element from the
group of most closely associated elements to use for fili or
replication works quite well. In particular, choosing a
median value element of the most similar group has been
shown to offer quite good performance. In particular, choos-
ing the two most closely associated groups of elements, and
choosing one of the two median elements of the groups, the
one closest to the average of the four, has been found to give
guite good performance.

In summary tlien, the preferred operation beging by select-
ing a ocation for image enhancement, This location niay be
anywhere in the image including along the edges and
corners thereof. Once the location is ascertained, the plu-
ratity of groups of two or more elements having a relation-
ship to the location are ascertained. These groups may be
adioining, neighboring, having a theoretical similarity, and
may be present with a time or space variable or combination
thereof. After the groups are ascertained, each image ele-
ment in the group is compared fo the other elements in the
same group fo determine the similarity or how closely the
individual efements within each group match. Note that this
is possible for a single element to be in more than one group.
This similarity is preferably typically determined by the
absolute value of A minus B or similar function ({¢ increase
operating speed and reduce circuit/software complexity).
This comparison could inclide a preliminary dissimilarity
threshold which would in operation not process elements
which are significantly dissimilar to other sefs cr © a
predetermined theoretical or percentage value of difference.
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This dissimilarity threshold could be by ranking of the
groups of elements or by comparison of the differences
between image elements in each group.

Once the similarity within each group has been ascer-
tained, the similarity of each greup is compared to the
similarity of all the other groups to ascertain which groups
have the most closely matching image elements or most
similar image elements. This can be accomplished by
sequentially comparing the similarity of each group to a

subsequent group, discarding the most dissimilar before 1!

repeating the process, by ranking the groups ouiright accord-
ing to their similarity, or otherwise,

Once the most similar group, or groups, have been
ascertained, then one or more elements within the most
similar group are used to generate a replication, value for use
at the particular location. The image element{s) chosen can
be one of the most similar pair, an average of the most
similar pair, an average of the image elements in a group of
closely related image elements, an average of the most
similar of the image elements within groups of associated
image elements, an average of all of the image elements
within the associated groups or otherwise. Further, the image
elements can be replacing an otherwise valid image clemend,
replacing a defective image element, or filling in empty
spaces in time or space around the location. All this is
separate of the need to determine whether or not whatever
may exist at the particuiar location is defective, or missing
since replication provides very good estimate of the noise
free value of a given image element at a particular location.

FIG. 9 shows an element configuration which results from
one embodiment of the present invention. From the above
description it can be seen that it will be relatively easy to
configure the inverntion to operate in time o generate new
lines, rows or new fields or frames of videc. Such a
configuration may be envisioned by assuming that elements
A, B, and C are from a first field (or row or line}; D, X, and
1 from a third, generated field {or row or line}; and elements
F, G, and H from a fifth field (or scan line). Intermediate
fields or rows or lines with elements 1 J K and L M N can
also be utilized. Such a system 1is shown in FIG. 9 where
elements A-C, I-K, L-M are taken from the incoming video
signal and elements D, B, and X are fill or synthesized
elements which are generated in response to the operation of
the elements which are generated in response to the opera-
ton of the elements replication.

The new element X would be the value calculated for
clement X as described above, which is stored in a field or
other memory matrix and displayed in the prior time or
space sequence by the display element. Alternately, the new
elements could be a caleuiated value derived from a plurality
of the elements, as will be discussed with respect fo FIG. 12.

FIG. 10 shows the preferred embodiment of the neigh-
boring element means 25 of FIG. 8 in greater detail in a
video application. Input video is coupled te an A-D con-
verter 29 where it is digitized and output as a digital video
data stream. The input video is also coupled to a syne
stripper and PLL circuit 30, which provides all of the
required clock and viming signals for the elements of 25 and
also the circuit of FIG. 11. The connection of the various
clock and timing signals are not shown here for clarity. The
A-D converter 29, and sync stripper and PLL 30 are will
know in the art, and are commonly found in such devices as
timehase correctors and other video processing devices. One
skilled in the art will be able to utilize any of a pumber of
well known circuits and 1.C.s to implement 29 and 30. For
example, the AD9302 Hybrid Video Digitizer, provided by
Analog Devices of Norwood, Mass., Provides all of the PLIL
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and digitizing functions of 29 and 30. The digitized video is
output at a fixed number of samples per line depending on
the particular version of the AD9502. Digital Delays 31, 32
and 33 are coupled to the digital videc output from 29 in
order to provide a plurality, in this example 9, of delayed
versions of the digital video signal. 1 H delay 1.C.s, suitable
for 31 and 32, are avatlable, such as the N.E.C. UPD41101,
and 1 field delay 1.C.s suitable for 31, are also available,
such as the N.E.C. UPD41221. Application notes cn the use
of these 1.C.s are available form N.E.C. Electronics Inc, in
Mountain View, Calif. A 1 element delay [.C. suitable for 33
is the 7T4HCT374 Oclal Latch, available from multiple
sources, At any instant, nine different elements wil then be
present at the output.

Referring to FIG. 10, one skilled in the art will note that
if delays 31 and 32 are | scan line {1H) and delays 33 are
1 elements eacly, then the elements labeled A-H and X in
FIG. 7 will be present at the right side cutput of 25. In this
example, the display of FIG. 7 is assumed to be either a
progressive display, or an interlaced display without the
second field shown.

Assuming, for ancther example, that F1G. 7 shows scan
lines 22 and 24 from an earlier field of interlaced scanning,
and line 23 is from a present fleld of scanning, one skilled
in the are will recognize that if delay 31 is one field, the
output from 25 wili correspond to the elements depicted by
FIG. 7.

One skilled in the art will realize that the one field delay
31 will be required to make available at H, the previous field
scanning line above the present field scanning line available
at B. It should be noted that in many interiaced systems, the
actual length of the delay will vary by one line from field to
field, depending on whether the even or odd field is being
delayed. In the use of the N.E.C. UPD41221 1.C,, the proper
alignment of input and delayed video is simply accom-
plished by use of the increment {INC) and decrement (DEC)
conirols. One skilled in the art will however, be able to
consiruct such a delay, as is well known in the art. When
used with matrbx or other types of non time scanned video,
RAM memories may be substituted as will be known from
these teachings.

OFf course the invention may be utilized with digita! data,
such as in D1 or D2 digital videc or with Tax, modem or laser
printer data as will be apparent o one of ordinary skill in the
art from the teachings herein. The invention is particularly
usefil with compressed data, and provides cousiderable
image enhancement and reduction of both random neise and
defective elements noise for such digital images, especially
for JPEG and MPEG compression systems.

In order to make elements X available in analog fonm for
use by a display element, as shown in FIG. 2, digital
elements X is displayed by a compensating delay 34, and
then coupled to a digital o analog converter and video fili
circuit 35, where it is converted to an analog signal. The
N.E.C. UPD41101, or a combination of 7418374 1.C. s, can
be used for 34, The Analog Device s HDG-0805 Hybrid
Video D-A is a suitable part for the D-A function of 35. In
addition, the HDG-0805 has a 10% bright control which
mereases the video signal level by 10%. This 10% bright
control may be coupled to the video filf signal from the
elements replication. Allernatively, a separate video gain
circuit may be utilized to control the video fill signal. Such
gain circuits are will known in the arl. In the preferred
embodiment, the analog elements X may be coupled directly
to the CRT. The D-A converter also maybe caused to vary
the intensity of analog elements X in response to a video fill
signal coupled from the fill logic circuit 28 of FiGi. 11. The
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purpose of the compensating delay 34 is 1o ensure that
element X is delayed by the proper time with respect to the
element replication generation of fili signals. The compen-
sating delay may also be vsed i a temporal embodiment of
the present invention to provide element X at the proper tine
(i.e. to place element X in the proper location in the
displayed clement sequence) for display in response to the
element replication means. One skill in the art will recognize
that it will be possible to combine delay 34 with the delays
31-33 which provide the neighboring elements. For
example, if 34 is to have a delay of ! element, then efement
D can be coupled directly to 35, eliminating 34.

FiG. 11 shows the preferred embodiment of 26, the
element replication means, of FIG. 8. The rank logic means
27 of FIG. 11 receives element A-H and computes pair
differences P-W from the neighboring element means 25 of
FIG. 10. Each element A-H is compared to its corresponding
partier to determine the relative difference by a difference
determining circuit. Fach difference is then compared fo ll
of the other differences by a difference comparison circuits
37. For the 8 elements A-H there are then 8 difference
determining circwts and 28 difference comparison cireuits
37. Any pair(s) that has a dissimilarity to the other pairs are
preferably disreparded in subsequent processing. The 7
oufputs of the difference comparison circuits which are
responsive to a given elements pair(s) difference compari-
sons are coupled fo an individual ranking circuit 38, which
in the preferred embodiment is chosen o be a PROM. The
PROM cutputs & binary number which corresponds to the
number of other differences a given diflerence is larger than.
Far example, if the difference is larger than 3 other differ-
ences, the oulput of the P rank P PROM would be 3.

The rank values from each ranking PROM are coupled to
the fifl logic circuit 28, which in the preferred embediment
is made up of PROM 1.Cs. The fill or replication logic
circuit 29 generates the previously discussed replication
signals and/or chooses appropriate matching clements in
response to the 8 rank values. The replication signais are
then coupled to replication circuit of 35 in FIG. 10, as well
as the display element, as previously described.

FIG. 12 shows as aix alternate emboediment of the video il
and D-A converter 35 of FIG. 10 in applications depicted by
FIG. 9. The function of the preferred embodiment of FIG, 12
is 1o penerate a fill element which is similar or equivalent to
element X. This embodiment of FIG. 12 generates a fill
element, for use as element X of FIG. 7 or 9, in response to
the videc fill or replication signal from FIG. 11. The fill
element may be a combination of a plurality of elements.
The fill elements may be caused to be only a single elements,
or a combination of elements in response to the video il
signal. The embodiment of FIG. 12 operates (o generate a
combination of elements in respense to the video fill signal,
and combine that combination with voids around element X
in the adder. The combination is then converted to analog by
the D-A converter. Alternatively, a replication from element
K may also be generated by the combiner, in response to the
video fill signal. The replace signal 36 causes the adder and
switch to replace X with the combination from the combiner.
The normalization of the replication combination may also
be adjusted. Various types of combinations and weighted
averages can be utilized for this combination, including the
use of more than two elements in the combination to
generate the fill elements(s).

While the above preferred embodiment of the invention
has been described by way of example, many other embodi-
ments may be utilized to operate iz a given video system.
For example the invention may be utilized with interlace

20

25

30

35

40

30

&0

63

18

scanning systems, or with multiple channel displays sucl: as
RGB color displays. A mafrix of less or more than ihe
suggested 9 elements may be utilized, which picture ele-
menis may be adjacent or non-adjacent, and may be sym-
metrically or non-symmetrically chosen. To one skilied in
the art it will be apparent from the present teachings that
there are numercns variations, configurations and embodi-
ments of the above described invention which variations
may be tailored into a specific embodiment to maximize
effectiveness with a particular display device and video
system without departing from the spirit and scope of the
invention as hereinafter claimed.

What is claimed is:

1. A method for displaying a first image on a device as an
improved image with increased resolution, which first image
includes a central pixel and one or more neighboring pixels,
including the steps of:

comparing said central pixel and said one or more neigh-

boring pixels in said first image;

generaling one or more additional pixels to create

mcreased image resolution, at least in part in response
to said comparison; and

said additional pixels are spatially positioned in said

improved image in one or more directions, including a
diagonal direction from said central pixel and/or posi-
tions along a sirusoidal path.

2. The method of claim 1 wherein at least one of said
additional pixels is a combination including at least one of
all of said cenural pixel and an additional portion of said
central pixel and at least one of more of said neighboring
pixels, all and a portion of one or more of said neighboring
pixels.

3. The method of claim 1 wherein at least one of said
additional pixels is generated in response fo the average of
two or more of said compared pixels.

4. The method of claim 1 wherein at least one of said
additional pixels is generated in response to the weighted
average of two or more of said compared pixels.

3. The method of claim 1 wherein said additional pixels
are generated in one or more temporal dimensions relative to
said ceniral pixel.

6. The method of claim 1 where said additional pixels are
inchided, in said improved image, in one or more interme-
diate image frames between an image frame including said
central pixel and an image [rame ncluding one or more of
said neighboring pixels or other pixels,

7. The method of claim 1 wherein said additional pixels
are included, in said improved image, in one or more scan
lines between a scan line inchnding said central pixel and a
scan line including one or more of sald neighboring pixels
or other pixels.

8. The method of claim 1 wherein said device for dis-
playing said improved image includes a flat panel.

9. The method of claim 1 wherein said device for dis-
plaving said improved lmage includes an LCD.

10. The method of claim 1 wherein said device for
displaying said improved image includes a CRT.

11. The method of claim 1 wherein said device for
displaying said improved image includes a computer.

12. The method of claim 1 wherein said device for
displaying said improved image includes a television.

13. The method of claim 1 wherein said device for
displaying said improved image inchudes a graphic display.

14. The method of claim 1 wherein said device for
displaying said improved image includes a mster device,

15, The method of claim 1 wherein said device for
displaying said improved image includes a printer.
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16. A method for displaying a first image on a device as
an improved image with increased resolution, which first
image includes a central pixel and one or more neighboring
pixels, including the steps oft

comparing said central pixel and said one or more neigh-

boring pixels in said first image;
luminating one ar more pixels to create increased reso-
lution at least in part in response to said comparison,
which illuminated pixels may include one or more of
said central pixel and/or said neighboring pixels; and

sald one or more pixels are spatially positioned and
modulated in said improved image in one or more
directions from said central pixel.

17. The method of claim 16 wherein at least one of said
iltuminated pixels is a combination inchuding at least one of
all and a portion of said central pixel and at least one of none,
all and a portion of one or more of said neighboring pixels.

18. The method of claim 16 wherein at least one of said
illuminated pixels is generated in response to the average of
two or more of said compared pixels.

19. The method of claim 16 wherein at least cne of said
illuminated pixels is generated in response to the weighted
average of two or more of said compared pixels.

28. The method of claim 16 wherein said illuminated
pixels are spatially positioned in said improved image in one
or more directions, including a diagonal direction from said
ceniral pixel and/or positions along a sinusoidal path.

21. The method of claim 16 wherein sald illuminated
pixels are generated in one or more temporal dimensions
relative to said central pixel.

22. The method of claim 16 where suid illuminated pixels
are included, in said improved image, in one or more
intermediate image frames between an image frame includ-
ing said central pixel and an image frame including one ar
more of said neighboring pixels or other pixels.

23. The method of claim 16 wherein said illuminated
pixels are included, in said improved image, in one or more
scan lines between a scan line including said central pixel
and a scan line including one or more of said neighboring
pixels or other pixels.

24. The method of claim 16 wherein said device for
displaying said improved image includes a flat panel.

25. The method of claim 16 wherein said device for
dispiaying said improved image includes an LCD.

26. The method of claim 16 wherein said device for
displaying said improved image includes a CRT.

27. The method of claim 16 wherein said device for
displaying said improved image includes a computer.

28. The method of claim 16 wherein said device for .

displaying said improved image includes a television.

20, The method of claim 16 wherein said device for
displaying said improved image includes a graphic display.

30. The method of claim 16 wherein said device for
displaying said improved image includes & raster device.

31. the method of claim 16 wherein sald device for
displaying said improved image includes a printer,

32. A method for displaying a first image on a device as
an improved image with increased resolution, which first
image includes a centeal pixel and one or more neighboring
pixels, including the steps of:

comparing said central pixel and said ong or more neigh-

boring pixels in said first image;

furning on one or more pixels to create increased resclu-

tion at least in part in response to said comparison,
which fturned on pixels may inclnde one or more of said
cenfral pixel and/or said neighboring pixel; and

20

said tumed on pixels are spatially positioned and modu-
lated in said improved image in one or more directions
from said central pixel. _

33. The method of claim 32 wherein at least one of said

5 turned on pixels is 2 combination including at least one of ail
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and a portion of said central pixel and at least one of none,
all and a portion of one or more of said neighboring pixels.

34. The method of claim 32 wherein at least one of said
tarned on pixels is generated in response to the average of
two or more of sald compared pixels.

35. The method of claim 32 wherein at least one of said
turned on pixels i3, generated in response to the weighted
average of two or more of sald compared pixels.

36. The method of claim 32 wherein said turned on pixels
are spatially positioned in said fmproved image in one or
more directions, including & diagonal direction from said
central pixe] and/or positiens along a sinuscidal path.

37. The method of ¢laim 32 wherein said turned on pixels
are generated in one or more temporal dimensions relative to
said central pixel.

38. The method of claim 32 where said turned on pixels
are included, in said improved image, in one or more
intermediate image frames between an image frame includ-
ing said central pixel and an image frame including one or
more of said neighboring pixels or other pixels.

39. The method of claim 32 wherein said mrned on pixels
are included, in said improved image, in one or more scan
lines between a scan line including said central pixel and a
seab line including one or more of said neighboring pixels
or other pixels.

48, The method of claim 32 wherein said device for
displaying said improved image includes a flat panel.

41, The method of claim 32 wherein said device
displaying said improved image includes an LCD.

42. The method of claim 32 wherein said device
displaying said improved image includes a CRT.

43. The method of claim 32 wherein said device
displaying said improved image includes a computer.

44, The method of claim 32 wherein said devics
displaying said improved image includes a television.

45, The method of claim 32 wherein said device for
displaying said improved image includes a graphics display.

46. The method of claim 32 wherein said device for
displaying said improved image includes a raster device.

47. The method of claim 32 wherein said device for
displaying said improved image includes a printer,

48. A method for displaying a first image on a device as
an improved image with increased resciution, which frst
image includes a central pixel and one or more neighboering
pixels, including the steps oft

comparing said central pixel and said one or more neigh-

boring pixels in said first image;

changing the value of one or more pixels fo create

increased resolution from: a first value fo a second
value, at least in part in response to said comparison,
which pixels with changed values may include one or
more of said central pixel and/or said neighboring
pixel; and

said pixels with changed value are spatiaily positioned

and modulated in said improved image in one or more
directions from said central pixel.

49, The methed of claim 48 wherein said change in the
valve of said pixels is caused at least in put by a change in
the intensity and/or amplitude of the electron beam com-
prising a part of said device and used in displaying said
pixels.
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50. The method of ¢laim 48 wherein at least one of said
pixels with changed values is a combination including at
least one of all and a portion of said central pixel and at Jeast
one of pone, all and a portion of one or more of said
neighboring pixels.

51. The method of claim 48 wherein af least one of said
pixels with changed values is generated in response 1o the
average of two or more of said compared pixels.

52. The method of claim 48 wherein at least one of said
pixels with changed values is generated in response to the
weighted average of two or more of said compared pixels.

53. The method of claim 48 wherein said pixels with
changed values are spatially positioned in said improved
image in one or more directions, including a diagonal
direction from said cengral pixel and/or positions along a
sinusoidal path.

54. The method of claim 48 wherein said pixels with
changed values are generated in one or more temporal
dimensicns relative to said central pixel.

55. The method of ¢claim 48 where said additional pixels
are included, in said improved image, in one or more
intermediate image frames between an image frame includ-
ing said ceniral pixel and an image frame including one or
more of said neighboring pixels or other pixels.

56. The method of claim 48 wherein said pixels with
changed values are included, in said improved image, in one
or more scan lines befween a scan line including said central
pixel and a scan line including one cr more of said neigh-
boring pixels or other pixels.

57, The method of claim 48 wherein said device for
displaying said improved image ncludes a flat panel.

58. The method of claim 48 wherein said device
dispiaying said improved image includes an LCD.

59, The method of claim 48 wherein said device
displaying said improved image includes & CRT.

60. The method of claim 48 wherein said device
displaying said improved image includes a computer.

61. The method of claim 48 wherein said device
displaying said improved image includes a television,

62. The method of claim 48 wherein said device for
displaying said improved image inclides & graphic display.

63. The method of claim 48 wherein said device for
displaying said improved image includes a raster device,

64. The method of claim 48 wherein said device for
displaying said improved image includes a printer.

65. A method for displaying a first image on a device as
an improved image with increased resolution, which first
image mcludes a central pixel and one or more neighboring
pixels, wherein at least a portion of said first image contains
one or more shades, including the steps of:

comparing the shade of said central pixel with the shade

of said one or more neighboring pixels in said first
image to determine the difference in the shade between
said central pixel and said one or more neighboring
pixeis;

if said difference is below a threshold, comparing said

central pixel and said one or more neighboring pixels,
and

generating one or more additional pixels to create

increased resolution, at least in part in response to said
comparison, wherein the shade of said one or more
additional pixels is based at least in part on the shade
of said cetral pixel and/or the shade of one or more of
said peighboring pixels in said first image.

66. The method of clalm 65 wherein at least one of said
additional pixels is a combination inchiding at least one of
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all and a portion of said central pixel and at least one of none,
ali and a portion of ene or more of said neighboring pixels,

67. The method of claim 65 wherein at least one of said
additional pixels is generated in response to the average of
two or more of said compared pixels.

68. The method of claim 65 wherein at least one of said
additional pixels is generated in response to the weighted
average of two or more of said compared pixels.

69, The method of claim 65 wherein said additional pixels
are spatially positioned in said improved image in one or
more directions, including a diagonal direction from said
central pixel and/or positians along a sinusoidal path,

76, The method of claim 65 wherein said additional pixels
are generated in one or more temporal dimensions relative fo
said central pixel.

71. The method of claim 65 where said additional pixels
are included, in said improved image, in one or more
intermediate image frames between an image frame includ-
g said central pixel and an image frame including one or
more of said neighbering pixels or other pixels.

72. The method of claim 65 wherein said additional pixels
are included, in said improved image, in one or more scan
lines between a scan line inchuding said central pixel and a
scan line including one or more of said neighboring pixels
or ather pixels.

73. The method of claim 65 wherein said device
displaying said improved image includes a flat panel.

74, The method of claim 65 wherein said device
displaying said improved image includes an LCD.

75. The method of claim 65 wherein said device
displaying said improved image includes a CRT,

76. The method of claim 65 wherein said device
displaying said improved image incindes a computer.

77. The method of claim 65 wherein said device
dispiaying said improved image inciudes a television.

78. The method of claim 65 wherein said device for
displaying said improved image includes & graphic display.

79. The method of claim 65 wherein said device for
displaying said improved image includes a raster device.

80. The method of claim 65 wherein said device for
displaying said improved image includes a printer.

81. A method for displaying a first image on a device as
an improved image with increased resolution, which first
image includes a central pixel and one or more neighboring
pixels, wherein at least a portion of said first image includes
color information, including the steps oft

comparing the color information of said central pixel with

the color information of said one or more neighboring
pixels to determine the difference in the color informa-
tion hetween said central pixel and said one or more
neighboring pixels;

if said difference is below a threshold, comparing said

cenlral pixel and said one or more neighboring pixels in
said first image, and,

generating one or more additiopal pixels 1o create

increased resolution, at least in part in response to said
comparison, wherein the color information of said one
or more additional pixels is based at least in part o the
color information of said central pixel and/or the color
information of one or more of said neighboring pixels
in said first image.

82. The method of claim 81 wherein at least cne of said
additiona! pixels is a combination including at least one of
ali and a portion of said central pixel and at Jeast ope of none,
all and a portion of one or more of said neighboring pixels.
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83. The method of claim 81 wherein at least one of said
additional pixels is generated in response 10 the average of
two or more of said compared pixels.
84. The method of claim 81 wherein at least one of said
additional pixels is generated in response to the weighted
average of two or more of said compared pixels.
83. The method of claim 81 wherein said additional pixels
are spatially positioned in said improved image in one or
more directions, inchiding a diagonal direction from said
cenfral pixel and/or positions along & sinusoidal path.
86. The method of claim 81 wherein said additional pixels
are generated in one or more temporal dimensions relative to
said central pixel.
87. The method of clainy 81 where said additional pixels
are included, in said tmproved image, in one or more
intermediate image frames between an image frame includ-
ing said central pixel and an image frame including one or
more of said neighboring pixels or other pixels.
88. The method of claim 81 wherein said additional pixels
are included, in said improved image, in one or more scan
lines between a scan line including said central pixel and a
scan line including one or more of said neighboring pixels
or other pixels.
89. The method of claim 81 wherein said device for
displaying said improved image includes a flat panel.
90. The method of claim 81 wherein said device
displaying said improved image includes an LCD.,
91. The method of claim 81 wherein said device
displaying said improved image includes & CRT.
92. The method of claim 81 wherein said device
displaying said improved image includes a computer.
93. The method of claim 83 wherein said device
displaying said improved image includes a television.
94, The method of claim 81 wherein said device for
displaying said improved image includes a graphic display.
95. The method of claim 81 wherein said device for
displaying said improved Image includes a raster device.
96. The method of claim 81 wherein sald device for
displaying said improved image includes a printer.
97, An apparatus for displaying a first image on a device
as an improved image with increased resclution, which first
image includes a central pixel and one or more neighboring
pixels, including the following:
ranking circuitry for comparing said central pixel and said
one or more neighboering pixels in said first image; and

an element fill calculator for generating one or more
additional pixels to create increased resolution at least
it part in response to said comparison.

98. The apparams of claim 97 wherein af least one of said
additional pixels is a combinaiion including at least one of
all and a portion of said central pixel and at least one of none,
ail and a portion of one or more of said neighboring pixels.

99, The apparatus of claim 97 wherein af least one of said
additional pixels is generated in response fo the average of
two or more of said compared pixels.

100. The apparatus of claim 97 wherein at least one of
said additonal pixels is generated in response to the
weighted average of two or more of said compared pixels.

101. The apparatus of claim 97 wherein additional pixels
are spatially positioned in said improved image in one or
more directions, inchading a diagenal direction from said
central pixel and/or positions along a sinusoidal path,

102. The apparatus of claim 97 wherein said additional
pixels are generated in one or more temporal dimensions
refative to said central pixel.

103, The apparatus of claim 97 where said additional
pixels are inchuded, in saild improved image, in as one or
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more intermediate image frames befween an image frame
including said central pixel and an image [rame including
one or more of said neighboring pixels or other pixels.
104. The apparatus of claim 97 wherein said additional
pixels are included, in said improved image, in one or more
scan lines befween a scan line including said central pixel
and a scan Ype inclading one or mote of said neighboring
pixels or other pixels.
165. The apparatus of claim 97 wherein said device for
displaying said improved image includes a flat panel,
106. The apparatus of claim %7 wherein said device for
displaying said improved image includes an LCD,
187. The apparatmis of claim 97 wherein said device for
displaying said improved image includes a CRT.
108. The apparatus of claim 97 wherein said device for
displaying said improved image includes a computer.
109, The apparatus of claim 97 wherein said device for
displaying said improved image includes a television.
110. The method of claim 97 wherein said device for
displaying said improved image incindes a graphic display.
111 The method of claim 97 wherein sald device for
displaying said improved image includes a raster device.
112, The method of cigim 97 wherein said device for
displaying said improved image includes a printer.
113. An apparatus for displaying a first image on a device
as an improved image with increased resofution, which first
image mcludes a central pixel and one or more neighboring
pixels, including the following:
ranking circuitry for comparing said central pixel and said
one or more neighboring pixels in said first image; and,

an element fill calculator for illnminating one or more
pixels to create increased resolution, at least in part in
response 1o said comparison, which illeminated pixels
may include one or more of said central pixel and/or
said neighboring pixels.

114. The apparatus of claim 113 wherein at least one of
said illuminated pixels is a combination including at least
one of all and a portion of said central pixel and at least one
ofnone, all and 2 portion of one or more of said neighboring
pixels.

115, The apparatus of claim 113 wherein at least one of
said illumminated pixels is generated in response to the
average of two or more of said compared pixels.

116. The apparatus of ¢laim 113 wherein at least one of
said illuminated pixels is generated in respomse to the
weighted average of two or more of said compared pixels.

117. The apparatus of claim 113 wherein said illuminated
pixels are spatizily positioned in said improved image in one
or more directions, including a diagonal direction from said
central pixel and/or positions along a sinasoidal path.

118. The apparatus of claim 113 wherein said illuminated
pixels are generatedd in one or more temporal dimensions
relative fo said central pixel.

119. The apparafus of claim 113 where said illuminated
pixels are included, in said improved image, in one or more
intermediate image frames between an image frame includ-
ing said central pixel and an image frame including one or
mere of said neighboring pixels or other pixels.

120. The apparatus of claim 113 wherein said #luminated
pixels are included, in said improved image, in one or more
scan lines between a scan line including said central pixel
and a scan line including one or more of said neighboring
pixels or other pixels.

121. The apparatus of claim 113 wherein said device for
displaying said improved image includes a flat panel.

122, The apparatus of claim 113 wherein said device for
displaying said improved image includes an LCD.
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123. The apparatus of claim 113 wherein said device for
displaying said improved image includes a CRT.
124, The apparatus of claim 113 wherein said device for
displaying said improved image includes a computer.
125. The apparatus of claim 1313 wherein said device for
displaying said improved image includes a television.
126, The method of claim 113 wherein said device for
displaying said improved image includes a graphic display.
127. The method of claim 113 wherein said device for
displaying said improved image includes a raster device,
128. The method of claim 113 wherein said device for
displaying said improved image inciudes g printer.
129, An apparatus for displaying a first image on a device
as an improved image with increased resolution, which first
image inclodes a central pixel and one or more neighboring
pixels, inclnding the following:
ranking circuitry for comparing said cenfral pixel and said
one or more neighboring pixels in said first image; and,

an element fill calculator for turning on one or more pixels
{0 creale increased resolution, at least n part in
response o said comparison, which furned on pixels
may include one or more of said central pixel and/or
said neighboring pixels.

136, The apparatus of ¢laim 129 wherein at least one of
said turned on pixels is a combination including at least one
of &l and a portion of said central pixel and at least one of
none, ali and a portion of one or more of said neighboring
pixels.

131. The apparatus of claim 129 wherein at least one of
said twrned on pixels is generated in response to the average
of two or more of said compared pixels.

132. The apparatus of claim 129 wherein at least one of
said turned on pixels is generated in response to fhe
weighted average of two or more of said compared pixels.

133, The apparatus of claim 129 wherein said turned on
pixels are spatially positioned in said improved image in cne
or more directions, including a diagonal direction from said
central pixel and/or positions along a sinuscidal path.

134, ‘The apparawis of claim 129 wherein said turned on
pixels are generated in one or more temporal dimensions
relative to said central pixel.

135, The apparatus of claim 129 where said tumed on
pixels are included, in said improved image, in one or more
intermediate image frames between an image frame includ-
ing said central pixel and an image frame including one or
more of said neighboring pixels or other pixels.

136. The apparatus of claim 129 wherein said turned on
pixels are included, in said improved image, in oie or more
scan lines between a scan line including said central pixel
and a scan line including one or more of said neighboring
pixels or other pixels.

137. The apparatus of clainy 129 wherein said device for
displaying said improved image includes a flaf panel.

138. The apparatus of claim 129 wherein said device for
displaying said improved image includes an LCD.

139. The apparatus of claim 129 wherein said device for
displaying said improved image includes a CRT.

140. The apparatus of claim 129 wherein said device for
displaying said improved image includes a computer.

141. The apparatus of claim 129 wherein said device for
displaying said improved image includes a television.

142. The method of claim 129 wherein said device for
displaying said improved image includes a graphic display.

143, The method of claim 129 wherein said device for
displaying said improved image includes a raster device.

144. The method of claim 129 wherein said device for
displaying said improved image includes a printer.

26

145, An apparatus for displaying a first image on a device
as an improved image with nereased resolution, which first
image includes a central pixel and one or more neighboring
pixels, including the following:

5 ranking circuitry for comparing said central pixel and said
one or more neighboring pixels in said first image; and,
an element fil} calculator for changing the value of one or
more pixels 1o create increased resclution from a first
value to a second value, at least in part in response to
said comparison, which pixels with changed vaiues
may inciude one or more of said central pixel and/or

said peighboring pixels.

146. The apparatys of claim 145 wherein at least one of
said pixels with changed values is a combination including
at least one of all and a portion of said central pixel and at
least one of none, all and a portion of one or more of said
neighboring pixels.

147. The apparaws of claim 145 wherein at least one of
said pixels with changed values is generated in response to
the average of two or more of said compared pixels.

148. The apparatus of claim 145 wherein at least one of
said pixels with changed values is generated in response to
the weighted average of two or more of said compared
pixels.

149. The apparatus of claim 145 wherein said pixels with
changed values are spatially positioned in said improved
image in one or more directions, including a diagonal
direction from said central pixel and/or positions along a
sinusoidal path.

1530. The apparatus of claim 145 wherein said pixels with
changed values are generated in one or more temporal
dimensions relative to said central pixel.

151. The apparats of claim 145 where said pixels with
changed values are included, in such iroproved image, in one
or more intermediate image frames between an image frame
inchiding said central pixel and an image frame including
one or more of said neighboring pixels or other pixels.

152. The apparatus of claim 145 wherein said pixels with
changed values are included, in said improved image, in one
or more scan lines between a scan line including said central
pixel and a scan hine including one or more of said neigh-
boring pixels or other pixels.

153, The apparatus of claim 145 wherein said device for
displaying said improved image includes a flat panel.

154. The apparatus of claim 145 wherein said device for
displaying said improved image mcludes an LCD.

155. The apparatus of claim 145 wherein said device for
displaying said improved image includes a CRT.

156. The apparatus of claim 145 wherein said device for
displaying said improved image includes a computer.

157. The apparatus of claim 145 wherein said device for
displaying said improved image includes a television.

158. The method of cleim 145 wherein said device for
displaying said improved image includes a graphic display,

159, The method of claim 145 wherein said device for
displaying said improved image includes a raster device,

160. The method of claim 145 wherein said device for
displaying said improved image includes a printer,

161. An apparats for displaying a first image on a device
as an improved image with increased resolution, which first
image includes a central pixel and one or more neighboring
pixels, wherein af least a portion of said first image contains
one or more shades, including the following:

ranking circuitry for comparing the shade of said central

pixel with the shade of said one or more neighboring
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pixels in said first image to determine the difference in
the shade between said central pixel and said one or
more neighboring pixels;

if said difference is threshold, means for comparing said

central pixel and said one or more neighboring pixels;
and,

an element fili calculator for generating cne or more

additional pixels to create increased resolution, at least
in part in response 1o said comparison, wherein the
shade of said cne or more additional pixels is based at
least in part on the shade of said central pixel and/or the
shade of one or more of said neighboring pixels in said
first image.

162, The apparatus of claim 161 wherein at least one of
said additional pixels is a combination including at least one
of all and a portion of said central pixel and at least one of
none, afl and a portion of one or more of said neighboring
pixels,

163. The apparatus of claim 161 wherein at least one of
said additional pixels is generated in response to the average
of two or more of said compared pixels.

164, The appamatus of ¢laim 161 wherein at least one of
said additfional pixels is generated in response to the
weighted average of two or more of said compared pixels.

165. The apparatus of claim 161 wherein said additional
pixels are spatially positioned in said improved image in one
or more directions, including a diagonal direction from said
ceniral pixel and/or positions along a sinusoidal path.

166. The apparatus of claim 161 wherein said additional

pixels are generated in one or more temporal dimensions :

relative fo said central pixel.

167. The apparatus of claim 161 where said additional
pixels are included, in said improved image, in one or more
intermediate image frames between an image frame inclod-
ing said central pixel and an image frame including one or
more of said neighboring pixels or other pixels.

168. The apparatus of ciaim 161 wherein said additional
pixels are included, in said ioproved image, in one or more
scan lines between a scan line including said central pixel
and a scan line including one or more of said neighboring
pixels or other pixels.

169, The apparatus of claim 161 wherein said device for
dispiaying said improved image includes a flat panel.

170, The apparatus of claim 161 wherein said device for
displaving said improved image includes an LCD.

171. The apparatus of claim 161 wherein said device for
displaying said improved image includes a CRT.

172, The apparatus of claim 161 wherein said device for
displaying said improved image includes a computer.

173. The apparatus of claim 161 wherein said device for
displaying said improved image includes a television,

174. The method of claim 161 wherein said device for
displaying said improved image includes a graphic display.

175. The method of claim 161 wherein said device for
displaying said improved image inch:des a raster device.

176. The method of ¢laim 161 wherein said device for
displaying said improved image includes a printer.

177. An apparatus for displaying a first image on a device
as ap improved image with increased resolution, which first
image includes a central pixel and one or more neighboring
pixels, wherein at least a portion of said first knage includes
color information, including the following:
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ranking circvitry for comparing the color information of
said central pixel with the color information of said one
or more neighbering pixels to determine the difference
in the color information between said central pixel and
said one or more neighboring pixels;

if said difference is below a threshold, means for com-

paring said central pixel and said one or more neigh-
boring pixels in said first image; and,

an element fill calculator for generating one or more

additional pixels to create increased resolution, at least
in part in response to said comparison, wherein the
zolor information of said one or more additional pixets
is based at least in part on the color information of said
central pixel and/or the color infonmation of one or
more of said neighboring pixels in said first image.

178. The apparatus of claim 177 wherein at least cne of
said additional pixels is a combination including at least one
of all and a portion of said central pixel and at least one of
none, all and a portion of one or mere of said neighboring
pixels.

179. The apparatus of claim 177 wherein at least one of
said additional pixels is generated in response to the average
of two or more of said compared pixels.

180, The apparatis of claim 177 wherein af least one of
said additional pixels is generated in response to the
weighted average of two or more of said compared pixels,

181. The apparatus of ¢laim 177 wherein said additional
pixels are spatially positioned in said improved image in one
or more directions, inchding a diagonal direction from said
central pixel and/or positions along a sinuseidal path.

182. The apparatus of claim 177 wherein said additional
pixels are generated in one or more temporal dimensions
relative o said central pixel.

183, The apparatus of claim 177 where said additional
pixels are included, in said improved image, in one or more
intermediate image frames between an image frame includ-
ing said central pixel and an image frame including one or
more of said neighboring pixels or other pixels.

184, The apparatus of claim 177 wherein said additional
pixels are included, in said improved image, in one or more
scan lines between a scan line including said central pixel
and a scan Hne including one or more of said neighboring
pixels or other pixels.

185. The apparatus of claim 177 wherein said device for
displaying said improved image includes a flat panel,

186. The apparatus of claim 177 wherein said device for
displaying said improved image includes an LCD.

187. The apparatus of claim 177 wherein said device for
displaying said improved image inchudes a CRT.

188. The apparatus of claim 177 wherein said device for
displaying said improved image includes a computer.

189. The apparatus of claim 177 wherein said device for
displaying said improved image includes a television.

190. The apparatus of claim 177 wherein said device for
displaying said improved image includes a graphic display,

191. The apparatus of clajm 177 wherein said device for
displaying said improved image includes a raster device.

192. The apparatus of ¢laim 177 wherein said device for
displaying said improved image includes a printer.



