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APPARATUS AND METHOD FOR SPACIAL SCAN
MODULATION OF A VIDEO DISPLAY

. This application is a continuation, of application No.
07/355,461, filed May 22, 1989, now abandoned.

BACKGROUND OF THE INVENTION

1. Field of the Invention

This invention relates to increasing the apparent tem-
poral or spatial resolution of a video image which is
displayed on a raster or matrix display element, without
a required increase in the number of video image ele-
ments in the acquisition of the image.

2. Description of the Prior Art

As television and related image technology develops,
there is increasing emphasis on improving the quality of
displayed images in order that they appear more real
and pleasing to the human observer. Two of the param-
eters which affect image quality, and therefore are sub-
ject to improvement, are spatial and temporal resolu-
tion. Spatial resolution, simply put, is the number of
elements or pixels which are used to make up an image,
and correspondingly, temporal resolution is the number
of pixels per unit time which make up a moving image.
Desirable qualities of a display system, such as broad-
cast television or computer graphics, will include hav-
ing as many pixels per image, or frame, and as many
pixels or frames per unit time as is economically feasi-
ble. Unfortunately, increasing the number of pixels per
frame or the number of frames per second is a costly
improvement, therefore many schemes have been de-
veloped to improve the resolution of the displayed im-
age, while reducing the number of pixels used.

One scheme which is utilized to improve the cost to
performance ratio, and is finding widespread use in
consumer television receivers, involves increasing the
apparent resolution of the displayed television image by
replicating scan lines. The present standard U.S. televi-
sion system is fixed by law and standardization to a
scanning system having 525 lines, of which approxi-
mately 48 are utilized for the actual picture display.
With the development of large CRT and projection
displays, these 480 scan lines are often quite visible, and
it is desirable to reduce this visibility. Many manufactur-
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ers effectively double the number of scanning lines

displayed by repeating each scanning field of the image.
This double scanning process is performed with the air
of a Jarge memory which stores the previously received
scan or field, allowing in effect both the present and the
previous field to be displayed line by line. One such
system which accomplishes this type of improvement, is
known as up scan conversion, and was used by Siemens
Corp. in the 1988 time frame. Another use of scan con-
version is described by Naimpally et. al. in “Integrated
Digital IDTV Receiver With Features” published in
IEEE Transactions on Consumer Electronics, vol. 34,
No. 3, Aug. 1988. These and other scan conversion
techniques provide a much more pleasing image to the
viewer, even though, as one skilled in the art will recog-
nize, the number of distinct displayed pixels is not in-
creased. What gives rise to the perceived improvement
in the image is that by displaying each scan line twice,
thus filling in the void between scanning lines, a much
more pleasing image results. One of the major disadvan-
tages of these systems is the cost of the memory system
which is utilized to store the previous image frame. The
memory system cost can be a substantial percentage of
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the cost of a consumer television display. Another dis-
advantage is that the apparent horizontal and diagonal
resolution are not increased. A diagonal line, for exam-
ple, will still have a coarse stair stepped shape due to the
scanning lines of the raster, even though the number of
scanning lines is increased.

Other improvement systems, such as various Im-
proved Definition Television Systems (IDTV), Ad-
vanced Television Systems (ATV), and High Definition
Television Systems (HDTV) operate to increase the
resolution and other quality related aspects of television
systems. Many of these systems resort to various tech-
niques for such quality improvements, some of which
generate unwanted artifacts.

SUMMARY OF THE INVENTION

It is an object of this invention to provide an appara-
tus and method for improving the apparent quality of a
displayed image by altering the size or position of the
elements of the image.

It is another object of this invention to provide an
apparatus and method to alter the size or position of the
elements of a displayed image in response to the rela-
tionship between a plurality of elements of the image.

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

It is yet another object of this invention to provide a
means and method for simultaneously providing a plu-
rality of elements of said image for inspection and com-
parison to determine proper altering of voids between
the elements; in the presence of a need thereof.

It is an additional object of this invention to provide
a means and method for inspecting a central element
with respect to one or more neighboring elements of an
image to determine a need for changing the shape, posi-
tion or size of the central element to improve it’s spatial
or temporal resolution relationship with the neighbor-
ing elements.

It is yet still another object of this invention to pro-
vide a means and method to improve the quality of an
image by inspecting a plurality of neighboring elements
to selectively generate new fill elements in response
thereto.

It is still another object of this invention to provide an
image display device utilizing the above objects.

According to an aspect of this invention, the inven-
tive concepts disclosed herein show an apparatus and
method for modifying the scanning and presentation of
an image on a display in response to the image content
of an image bearing signal, in order to display an image
having apparently higher quality thus normal. The pre-
ferred embodiment of the present invention describes a
neighboring pixel means for provided a plurality of
neighboring pixels, and a pixel fill calculator means
responsive to said plurality of neighboring pixels to
provide modulation control signal which are utilized to
modify the presentation of pixels of the image by a
display, to selectively fill the voids, or artifacts, be-
tween pixels, in the spatial and time dimensions. The
inventive concepts disclosed herein may be utilized to
improve the apparent resolution of the displayed image
spatially, temporally or both, and will find considerable
use in the reduction of spatial or temporal (motion)
artifacts of improved television systems.

The above and other objects and features of the in-
vention will be apparent to one skilled in the art from a
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consideration of the following description and claims,
when read in conjunction with the accompanying
drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

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

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

FIG. 3 shows a typical prior art raster scanned image
display with a portion expanded for clarity.

FIG. 4 shows a typical raster scanned image display
as would occur without the use of the present invention,
with a portion expanded for clarity.

FIG. 5 shows a detailed diagram of a given scan line
of an image in prior art form and in improved form
resulting from the present invention.

FIG. 6 shows a group of nine neighboring image
elements which may be operated on by the present
invention.

FIG. 7 shows a block diagram of the present inven-
tion including the use of a ranking means.

FIG. 8 shows a diagram of pixel arrangement which
would result from a temporally operating embodiment
of the invention.

FIG. 9 shows a diagram of 15 pixels taken from a
given scan line of 5 video frames.

FIG. 10 shows a detailed diagram of an embodiment
of a neighboring pixel means.

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

FIG. 12 shows an alternate embodiment of video fill
and D-A converter 35.

FIG. 13 shows a laser projection system utilizing an
embodiment of the invention. ‘

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

FIG. 1is a block diagram of a prior art image display
device 1a which may be improved by the addition of
the present invention. While this device may be any of
those which are well known in the art, such as various
matrix and raster type displays or hard copy generating
display devices such as laser printer and the like. For
the purpose of the present description and explanation it
will be assumed that the device 1a is a raster scanned
CRT display operating im a progressive (non-interlaced)
mode. This device may also operate in interlaced fash-
ion as will be apparent from the present disclosure,
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however for the purpose of the present explanation of 50

the invention, by way of example, it will be assumed
that it operates in a progressive mode. This device is
commonly referred to as a monitor in the art. The moni-
tor normally contains a video amp 2¢ which receives,
clamps, amplifies and couples the video signal to the
display element 6a, which is most commonly a CRT.
Also contained in the monitor 1a is a sync circuit 3a
which receives the video signal, strips the composite
sync therefrom, separates the composite sync into H
and V components and couples these components to the
H scan 4a and V scan Sa circuits respectively. The scan
circuits 4z and 5a provide the scanning control of the
display element 6q, in this example by providing the
ramp drive waveforms to the CRT yoke.

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 used.
The single connecting lines shown between element
will be understood to carry multiple signals as required,
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and other configurations may be made. For example,
the sync circuit 3a is sometimes configured to receive
one or more sync waveforms separate from the video
signal. The actual scanning process may be by alternate
methods as well, operating in progressive or interlaced
fashion, including magnetic and electrostatic deflection
of an electron beam such as a in a CRT, electro-optical
or mechanical deflection of a light beam such as in a
laser projector or printer, or by address or pixel selec-
tion as with flat panel or LCD type displays. One skilled
in the art will however be able to utilize the present
invention with any of the display devices known in the
art from the description given herein, with respect to a
video monitor, by way of example.

FIG. 2 is a block diagram of a display device 15 like
1a of FIG. 1, including video amp 2a b corresponding to
2g, sync circuit 3b corresponding to 34, H scan circuit
4b corresponding to 4a, V scan circuit 5b corresponding
to 5z and display element 65 corresponding to 6a. FIG.
2 also shows the spatial scan modulator 7 of the present
invention containing neighboring pixel means 8 respon-
sive to the video signal to provide a plurality of neigh-
boring pixels to the pixel fill calculator means 9. Neigh-
boring pixel means 8 may also be responsive to pixel fill
calculator means 9, as will be discussed, with respect to
FIGS. 10 and 11. The neighboring pixel means also
provides a delayed version of the video signal to the
video amp 2b and sync circuit 3 in order to make up for
processing delays as will become apparent to one skilled
in the art from the discussion below. The pixel fill calcu-
lator means 9 provides a V fill signal to the V scan
circuit 5b in response to the plurality of neighboring
pixels from 8, in order to cause a vertical filling or dith-
ering of the video scan at the proper times. The spatial
scan modulator 7 therefore operates to determine where
voids between pixels are to be filled in the image by
inspection of a plurality of neighboring pixels, and caus-
ing the scan circuit of the display device to fill in or
otherwise reduce the appropriate voids in response to

. the fill signal. Shown as optional, is an H fill signal

provided by 9 and coupled to 4b to cause horizontal
filling, and and optional video fill provided by 9 and
coupled to 2b to cause video modulation or filling.

As with the various display devices known in the art,
the fill signals provided by 9 will take on different con-
nections to the devices 2b, 4b and 5b, resulting from the
differences in those devices. It is the object of the fill
signals from 9 to cause the appropriate filling of voids in
the image by whatever means is suitable for the particu-
lar display device being used. Voids in the image may
be filled with all or a portion of a pixel, or otherwise as
will be described in greater detail later, especially with
respect to FIGS. 10 and 12. In the present monitor
example, the voids are filled by slightly dithering the
electron beam away from its normal raster scan position
by manipulation of the sweep circuits of the scan cir-
cuitry.

For the monitor device described by way of example,
the V fill signal will cause the electron beam to be mod-
ulated vertically, either upward, downward or both to
cause a given scan line to become wider in an upward,
downward or both directions. This can’ be simply ac-
complished by adding or subtracting a small amount of
high frequency pulsating current in the yoke driver
circuit, thus broadening the electron beam slightly up-
ward or downward for its normal position on the face of
the CRT. Similarly, the H fill signal can cause a slight
horizontal displacement of the electron beam position
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by adding or subracting a small amount of high fre-
quency current from the H yoke driver circuit. In order
to accomplish diagonal or angular displacement of the
electron beam, a modulation of both H and V deflection
circuits may be made. Such modulation of the electron
beam position is relatively easy to accomplish in terms
of circuitry, requiring only a bi-directional current
source, or a pair on unidirectional current sources,
which are switched on and off at a high frequency rate
in response to the fill signals, and add or subtract cur-
rent in the sweep circuit, thereby slightly modulating
the current flowing in the yoke and thus altering the
electron beam deflection. The operation thus causes a
dither of the electron beam modulation, which will be
explained in greater detail with respect to FIG. 5. The
beam modulation can also be achieved by changing the
focus or astigmatism of the electron beam, thereby
changing the spot size and/or shape. The modulation of
the electron beam may be caused to take place in other
directions as well, for example in diagonal directions, in
response to the pixel fill calculator means 9. Such im-
provements will be understood and may be made by one
skilled in the art in view of the present teachings. In
general the exact method of effecting the modulation of
the display will be determined by the nature of the
display device, however one skilled in the art will be
able to devise proper circuitry to practice the present
invention for a given type of display device and video
signal, in view of the teachings herein. The art of chang-
ing electron beam deflection by small amounts has been
previously practiced, for the purpose of geometric scan
correction.

The video fill signal may be utilized to generate addi-
tional pixels in the video signal in response to 9, thus
providing pixels to fill in blank areas of the image. Fill-
ing may be accomplished by simply adding the video fill
signal to the video signal so that the electron beam is
caused to illuminate the CRT phosphor in response to
the video fill signal as well as the video signal. Illumina-
tion may be caused to occur in the absence of a video
signal generated illumination, or may cause the video
signal generated illumination to be modified, such as by
being increased. The video fill signal may also be uti-
lized to perform other video functions as will become
apparent, such as reducing the bandwidth of the video
signal, or by changing the pixel or spot size for example
by defocusing the electron beam, repeating a displayed
pixel, or generating a new pixel. New pixels or pixels
used for filling, substitution or replacement may be
comprised of all or a portion of a pixel.

FIG. 3 shows the same elements as in FIG. 2, how-
ever the neighboring pixel means 8 is coupled to video
amp 2b to receive the video signal, rather than directly
to the video input, as in FIG. 2. Several other embodi-
ments relating to coupling and arrangement of elements
will be possible, as will be apparent to one skilled in the
art, and are intended to be considered within the scope
of the invention as herein described and claimed.

FIG. 4 shows a typical raster scanned video image
10a with a small portion 11z which is expanded for
clarity. The small portion 11a shows four scan lines 12q,
13 and 15a. The scan lines may be considered consecu-
tive 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 dur-
ing the higher illuminated portion, the thickness repre-
senting the width of the electron beam, with the narrow
line representing the scan track normally followed by
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the beam, as is common for CRTs. Scan line 12g has
seven illuminated pixel points 16a through 16g identi-
fied for clarity. As with many systems, the individual
pixels blend together when sequentially aligned during
a scan line, due to both the width of the electron beam,
and the limited bandwidth of the video amplifiers in the
monitor, giving rise to the continuous highlighted areas
shown. The four scan lines show a diagonal bright areas
which can be seen to take on a rather stair stepped
appearance. The stair stepping and the space between
the scanning lines make up picture artifacts that viewers
find objectional in viewing the image. It is the object of
the present invention to fill in the voids of the stair
stepping and voids between consecutive scanning lines,
by modulating the scanning of the electron beam, thus
reducing these objectional artifacts.

FIG. 5 shows the same raster display 105 as 10a in
FIG. 4, with expanded portion 115 corresponding to
11a, and showing scan lines 12b, 135, 145, and 15b cor-
responding to 124, 13a, 144, and 15a respectively. Illu-
minated pixels 17a—g corresponding to 16a-g are shown
as well as illuminated pixels 18¢-f. For each pixel which
is to be spatially modulated, as up or down arrow is
shown indicating the direction(s) of modulation. For
example, pixel 17 is modulated downward to fill the
void between 17b and 18a. Likewise pixels 17¢-g are all
modulated downward. Pixels 18¢ and 185 are modu-
lated upward to fill the same void and 18c-f are modu-
lated both upward an downward. One skilled in the art
will recognize that the image of FIG. 5 has a higher
apparent resolution than that of FIG. 4, the improve-
ment being a result of the filling of voids. With respect
to FIG. 2, when pixel 18« is being scanned, the neigh-
boring pixel means 8 would provide the pixels adjacent
to 18¢, including 17b, 17¢, 17d, and 18, for inspection
by pixel fill calculator means 9. The pixel fill calculator
9 will determine that there is a void between 17¢ and
182 which should be filled, thus causing 184 to be modu-
lated upward into the void. It can be seen from inspec-
tion of FIG. 5 that a good portion of the voids between
scanning lines, as well as a portion of the stair stepped
edge void have been filled in.

FIG. 6 shows a typical prior art scan line 19, corre-
sponding to 13a of FIG. 4, having an illuminated section
of 6 pixels shows as a wider portion of the line. As with
the previous example of FIGS. 4 and 5, the individual
pixels have blended together giving a continuous illumi-
nated section. The scan line 20 shows the same line as
19, except that it has been spatially modulated in accor-
dance with the present invention thus corresponding to
135 of FIG. 5. The track of the electron beam is shown
in 20 as a sinusoidal path, or spatial modulation, which
deviates from the straight scanning line of the prior art.
Note that for the left two pixels the deviation occurs
only above the line, whereas for the remaining 4 pixels
the deviation takes place both above and below the line.
In the preferred embodiment of the invention the elec-
tron beam path is such that the track pitch, that is the
spacing between the points where the track crosses the
normal scan line, is less than the electron beam width,
therefore the electron beam will illuminate a solid area.
The illuminated area created by the electron beam path
shown in 20 is shown as a solid area in 21.

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 electron beam striking
that area, that is a given number of electrons will tend to
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provide a given number of photons of light, indepen-
dent of the area which it strikes. For a given electron
beam intensity, the area of 21 will therefore appear
dimmer in terms of photons per unit area, than the area
of 19. If a given spatial scan modulated area of the
image is large enough to be resolved as a distinct ele-
ment, the viewer may notice this decreased intensity. In
order to overcome this decreased brightness, it will be
desirable to increase the electron beam intensity, there-
fore restoring proper brightness, in those areas where
the spatial modulation is occurring. The brightness
increase will be a function of the amount of modulation.
For example while the electron beam is modulated only
upward for the left two pixels of 20, a first given in-
crease should be made, and for the remaining pixels
wliere the beam is modulated both up and down, a
second, higher, increase should be made. This increase
in electron beam intensity can be made in response to
the pixel fill calculator means 9 shown in FIG. 2, via the
video fill signal. It may also be desirable to utilize the
video fill signal to increase the number of illuminated
pixels, in conjunction with the spatial scan modulation.
For example, the illuminated area of line 20 (135 of
FIG. 5) can be turned on one pixel early in order to
further reduce the stair stepping of the diagonal edge.
FIG. 7 shows a group of 9 pixels which are located
on 3 scan lines of a raster. These nine pixels may be
utilized by a pixel fill calculator in order to determine if
spatial scan modulation should be enabled. It will be
assumed for the purpose of the present example, that
pixel X, in the center of the 9 pixel’s, is the pixel cur-
rently being displayed by the display element, in this
example a CRT. Scanning will be assumed to be from
left to right, top to bottom. Pixels A-D will have oc-
curred in time before X, and pixels E-H occur in time
after X. The 9 pixels are all made simultaneously avail-
able to the pixel fill calculator by the neighboring pixel
means (8 of FIG. 2). The neighboring pixel means in the
preferred embodiment is made up of delay lines, shift
registers or other delay devices which are well known
to one skilled in the art, which allow all nine of the
pixels to be present simultaneously. A similar device
which can be utilized for the neighboring pixel means
function is described, with respect to FIGS. 9 and 10, in
U.S. Pat. No. 4,573,070 issued Feb. 25, 1986. Other
arrangements and circuits to perform this function will
be apparent to one skilled in the art from the present
disclosure. In order that pixel X can be the currently
displayed pixel, it is necessary that the neighboring pixel
means make it available to the display device, which is
shown by the connection from 8 to 2b and 3b of FIG. 2,
which replaces the video input to the display device.

FIG. 7 shows eight possible directions of spatially -

modulating pixel X which are represented by eight
arrows, however X may well be modulated in any di-
rection, including those of the third dimension, which
would represent a frame to frame, or time direction.
Modulation in the time dimension is useful in improving
motion artifacts. Time modulation is accomplished by
using delays of one picture period (field or frame) or
more to provide pixels in the time axis, which may be
used to fill temporal voids. Pixel X is then intensity
modulated in response to pixels which are present in
fields or frames other than the one containing X. U.S.
Pat. No. 4,573,070 which is incorporated herein by
reference, describes more fully various embodiments of
neighboring pixel means suitable for use in this fashion.
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For the purpose of the present description for the
purpose of explanation, it will be assumed that only the
two dimensions, and the scan modulation directions
indicated by the 8 arrows, are to be considered. It will
also be assumed that the pixels are binary, i.e. that they
are either illuminated or off, such as in a computer
character display.

A group of easily implemented logic operations may
be utilized to determine which if any of the 8 spatial
scan modulation directions should be enabled for a
given pixel X having a certain binary illumination sta-
tus.

Logic operations may be used to enable the modula-
tions according to the following table:

MODULATION

DIRECTION CONDITION
UP IF X.-(A+B+ 0O
DOWN IF X-F+G+H
LEFT IF X-A+D+F
RIGHT IF X-C+E+H
UPPER RIGHT IF X-(C+B-E)
LOWER RIGHT IF X-H+E-Q)
LOWER LEFT IF X-F+G-D)
UPPER LEFT IF X-A+D-B)

For example, if pixel X and one of pixels AorBor C
are present with the same binary illumination status as
pixel X then the up direction spatial modulation will be
enabled, to fill the void which exists between pixel X
and B. If pixel B is present with the same binary illumi-
nation status as pixel X, this modulation will operate to
fill the space between the scan lines. If pixel B is not
present with the same binary illumination status as pixel
X, but pixel A or C is present with the same binary
illustration status as pixel X, the modulation will oper-
ate to fill in the diagonal edge.

The above logic operations assume that the pixels are
either on or off providing non-background information,
as in a computer character display CRT, and accord-
ingly binary logic based on the binary illumination sta-
tus of the pixels may be utilized to make the determina-
tion of modulation direction. When the invention is
utilized with image video, i.e. that having shades of
gray or color information, it is necessary to first deter-
mine if the neighboring pixels are related to pixel X
before carrying out the above logic operation. For ex-
ample if pixel X is a blue pixel, and pixel A is a red pixel,
it would not be desirable to fill the void between pixel X
and pixel A with blue fill, since these are distinct ele-
ments of the image, and should not be merged together.
Simplistically stated then, the invention will operate to
first determine which of the neighboring pixels are re-
lated to pixel X, m this example whcih of the neighbor-
ing pixels are blue. Blue pixels are caused to fill the blue
areas and red pixels are caused to fill the red areas. The
related pixels are then inspected according to the above
logic table to determine which modulation directions, if
any, are to be enabled.

FIG. 8 shows an embodiment of the present invention
which is to be utilized with image video. The FIG. 8
embodiment contains a neighboring pixel means 25
similar to 8 of FIG. 2, and a pixel fill calculator means
26 similar to 9 of FIG. 2. The pixel fill calculator 26
contains a rank logic means 27, and a fill logic means 28

~ which cooperate to inspect the 9 neighboring pixels

A-H and X presented on lines 30A-H and X respec-
tively and provide modulate up, down, left and right
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signals on lines 32U, 32D, 32L, and 32R respectively,
which operate to control the spatial modulation of pixel
X. It should be noted that in FIG. 8 the diagonal modu-
lation lines have been omitted for clarity, and further
that the connection which provides pixel X to the dis-
play device as well as the video fill connection to the
video amp are not shown for clarity. One skilled in the
art will however recognize the need for, and be able to
provide the proper coupling of, pixel X and video fill
functions to the display device. As will be apparent
from the present teachings, many of the functions of the
present invention can be implemented with various
forms of hardware and software. For example, micro-
processors with suitable software may be utilized. As a
further example, a read only memory may be utilized.
In particular, a ROM would be well suited to implement
part or all of the pixel fill calculator means 26.

The process of determining which neighboring pixels
are related to pixel X is a ranking process, which is
described in detail in the aforementioned U.S. Pat. No.
4,573,070. The ranking circuitry shown in FIGS. 15 and
16 of the U.S. Pat. No. *070 can be utilized for the rank
logic means 27 of FIG. 8 of the present invention. The
rank logic means 27 operates in response to the pixels
A-H and X provided via 30A-H and 30X to determine
each of pixel A-H’s relative closeness to pixel X. For
example if pixel C were determined to be the closest
pixel to X, then a O signifying a rank of 0 (that no other
pixels are closer to X) would be output on line 31C. If
2 other pixels were closer to X than pixel A, a 2 would
be output on line 31A. Each pixel A-H will be ranked
by 27, with that pixels respective rank provided on line
31A-H. The fill logic means operates to select a given
number, for example 3 of those pixels closest to X and
identifies them as being present. The logic equations
given above for the example of FIG. 7 are then used to
determine the modulation directions to be enabled.

As an example, assume that the pixels have the fol-
lowing ranks:

QEEbgYgQw»
gy
PO N—O

H=3
From the above chart it can be seen that pixels A, B

and D are closest to pixel X. The three closest pixels
will be identified as A, B and D, and of the above logic
equations the following will be satisfied:

XA +B+C) Modulate up

X-(A +D+F) Modulate left

X.(A+D-B) Modulate upper left

These equations being satisfied, the modulate up sig-

nal 32U, and modulate left signal 32L will be activated.
The modulate upper left signal would be also activated,
if provided. As a result of the above analysis, the void
between pixels A, B, D and X would be caused to be
filled by spatial modulation of pixel X. As an improve-
ment to the spatial modulation, the amplitude or spatial
intensity of the modulation may be changed in response
to the ranking of the neighboring pixels. For example, if
the difference between X and A is small, a large ampli-
tude of modulation is used; and if the difference were
large, a small modulation used. The amount of modula-
tion is therefore caused to vary in response to the differ-
ence, in either spatial or temporal embodiments. Of
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course, intensity modulation may also be provided as
well, as previously discussed.

FIG. 9 shows a pixel configuration which results
from one temporal embodiment of the present inven-
tion. From the above description it can be seen that it
will be relatively easy to configure the invention to
operate in time to generate new scan lines or new fields
of video. Such a configuration may be envisioned by
assuming that pixels A, B and C are from a first frame,
D, X and E from a second frame (or scan line), and
pixels F, G and H from a third frame (or scan line).
Intermediate frames, fields or scan lines can then be
generated between the first and second and between the
second and third. Such a system is shown in FIG. 9
where pixels A-H and X are taken from the incoming
video signal and pixels Q, R, S, T, U and V are fill or
synthesized pixels which are generated in response to
the operation of the pixel fill calculator. In the present
example, pixel Q would represent a upper left modula-
tion, pixel R an up modulation, pixel S an upper right
modulation, pixel T a lower left modulation, pixel U a
down modulation, and pixel V' a lower right modula-
tion. The new pixels Q-V would be the value of pixel X,
which is stored in a field or other memory matrix and
displayed in the proper time sequence on the display
element. Alternately, the new pixel could be a calcu-
lated value derived from a plurality of the pixels A-H
and X, as will be discussed with respect to FIG. 12. For
example, pixel R could be arrived at by an average of
pixels X and B, or a combination of pixels A, B, C and
X.

FIG. 10 shows the preferred embodiment of the
neighboring pixel 25 means of FIG. 8 in greater detail.
Input video is coupled to an A-D converter 29 where it
is digitized and output as a digital video data stream.
The input video is also coupled to a sync stripper and
PLL circuit 30, which provides all of the required clock
and timing 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
well known in the art, and are commonly found in such
devices as timebase correctors and other video process-
ing devices. One skilled in the art will be able to utilize
any of a number of well known circuits and I.Cs to
implement 29 and 30. For example, the AD9502 Hybrid
Video Digitizer, provided by Analog Devices of Nor-
wood, Mass., provides all of the PLL 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 video 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 available, such as the
N.E.C. uPD41101, and 1 field delay I.C.s suitable for
31, are also available, such as the N.E.C. uPD41221.
Application notes on the use of these I.C.s are available
from N.E.C. Electronics Inc. in Mountain View, Calif.
A 1 pixel delay I.C. suitable for 33 is the 74HCT374
Octal Latch, available from multiple sources. At any
instant, nine different pixels will then be present at the
output.

Referring to FIG. 7, one skilled in the art will note
that if delays 31 and 32 are 1 scan line (1H) and delays
33 are 1 pixel each, then the pixels labeled A-H and X in
FIG. 7 will be present at the right side output of 25. In
this example, the display of FIG. 7 is assumed to be
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either a progressive display, or an interlaced 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 line 23 is from a present field of scanning,
one skilled in the art will recognize that if delay 31 is
one field, the output from 25 will correspond to the
pixels depicted in 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 lines above the present field
scanning line available at E. It should be noted that in
many interlaced systems, the actual length of the delay
will vary be 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. pPD41221 I.C,, the proper alignment
of input and delayed video is simply accomplished by
use of the increment (INC) and decrement (DEC) con-
trols. One skilled in the art will however, be able to
construct such a delay, as is well known in the art.

In order to make pixel X available in analog form for
use by the display element, as shown in FIG. 2, digital
pixel X is delayed by a compensating delay 34, and then
coupled to a digital to analog converter and video fill
circuit 35, where it is converted to an analog signal. The
N.E.C. pPD41101, or a combination of 741.§374 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 func-
tion of 35. In addition, the HDG-0805 has a 10% bright
control which increases the video signal level by 10%.
This 10% bright control may be coupled to the video
fill signal from the pixel fill calculator. Alternatively, a
separate video gain circuit may be utilized to control
the video fill signal. Such gain circuits are well known
in the art. In the preferred embodiment, the analog pixel
X may be coupled directly to the CRT. The D-A con-
verter is also caused to vary the intensity of analog pixel
X in response to a video fill signal coupled from the fill
logic circuit 28 of FIG. 11. The purpose of the compen-
sating delay 34 is to ensure that pixel X is delayed by the
proper time with respect to the pixel fill calculator
generation of fill signals. The compensating delay may
also be used in a temporal embodiment of the present
invention to provide pixel X at the proper time (i.e. to
place pixel X in the proper location in the displayed
pixel sequence) for display in response to the pixel fill
calculator means. One skilled in the art will recognize
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that it will be possible to combine delay 34 with delays

31-33 which provide the neighboring pixels. For exam-
ple, if 34 is to have a delay of 1 pixel, then pixel D can
be coupled directly to 35, eliminating 34.

FIG. 11 shows the preferred embodiment of 26, the
pixel fill calculator means, of FIG. 8. The rank logic
means 27 of FIG. 11 receives pixel A-H and X from the
neighboring pixel means 25 of FIG. 10. Each pixel A-H
is compared to pixel X to determine the relative differ-
ence by a difference determining circuit 36. Each differ-
ence is then compared to all of the other differences by
a difference comparison circuit 37. For the 9 pixels A-H
and X there are then 8 difference determining circuits
36 and 28 difference comparison circuits 37. The 7 out-
puts of the difference comparison circuits which are
responsive to a given pixel’s difference comparisons are
coupled to an individual ranking circuit 38, which in the
preferred embodiment is chosen to be a small PROM.
The PROM outputs a binary number which corre-
sponds to the number of other differences a given differ-
ence is larger than. For example, if pixel A’s difference
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is larger than 3 other differences, the output of the A
rank PROM would be 3.

The rank values from each ranking PROM are cou-
pled to the fill logic circuit 28, which in the preferred
embodiment is make up of PROM 1.C.s. The fill logic
circuit 28 generates the previously discussed fill signals
in response to the 8 rank values. The fill signals are then
coupled to the video fill circuit of 35 in FIG. 10, as well
as the display element, as previously described.

FIG. 12 shows an alternate embodiment of the video
fill and D-A converter 35 of FIG. 10 in applications
depicted by FIG. 9. The function of the preferred em-
bodiment of FIG. 12 is to generate a fill pixel (for exam-
ple B) which is similar or equivalent to pixel X, assum-
ing a pixel R is desired, if pixel B is very different from
X as indicated by its high rank, otherwise as pixel B’s
rank decreases, indicating a smaller difference between
B and X, 2 combination of a plurality of pixels, for
example, an average of B and X is utilized for the fill
pixel. This embodiment of FIG. 12 generates a fill pixel,
such as pixel R of FIG. 9, in response to the video fill
signal from FIG. 11. The fill pixel R is a combination of
a plurality of pixels, in this example pixels X and B. The
fill pixel, assuming one is generated, is caused to be only
pixel X, or a combination of X and B in response to the
video fill signal. The embodiment of FIG. 12 operates
to generate a portion of pixel B in response to the video
fill signal, and combine that portion with pixel X in the
adder. The combination is then converted to analog by
the D-A converter. Alternatively, a portion of pixel X
could also be generated by a second multiplier (not
shown), in response to the video fill signal, with the two
portions combined. Such a two portion combination is
frequently used in video noise reduction devices such as
that shown in U.S. Pat. No. 4,064,530 by Kaiser and
U.S. Pat. No. 4,107,736 by Lowrey. Various other types
of combinations and weighted averages can also be
utilized for this combination, including the use of more
than two pixels in the combination to generate the fill
pixel.

While the above preferred embodiment of the inven-
tion has been described by way of example, many other
embodiments may be utilized to operate in a given video
system. For example the invention may be utilized with
interlaced scanning systems, or with multiple channel
displays such as RGB color displays. A matrix of less or
more than the suggested 9 pixels may be utilized, which
picture elements may be adjacent or non-adjacent, and
may be symmetrically or non-symmetrically chosen. To
one skilled in the art in will be apparent from the present
teachings that there are numerous variations, configura-
tions and embodiments of the above described invention
which variations may be tailored into a specific embodi-
ment 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. Apparatus for improving the apparent resolution of
an image displayed by a display device, the image made
up of a number of image elements, including in combi-
nation, a neighboring pixel means responsive to a signal
which carries said image to provide a plurality of image
elements, and a fill calculator means responsive to said
plurality of image elements to generate a fill signal indi-
cating where said display device may alter voids be-
tween said image elements improving the apparent reso-
lution of the image without requiring an increase in the
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number of image elements originally making up the
image.

2. Apparatus as claimed in claim 1 wherein said signal
is a video signal, and said neighboring pixel means oper-
ates to delay said video signal thereby providing said
plurality of image elements.

3. Apparatus as claimed in claim 2 wherein said fill
calculator means operates to compare a first image
element of said plurality of image elements to one or
more neighboring elements of said plurality of image
elements to determine if a void between any of said
neighboring elements is to be altered.

4. Apparatus as claimed in claim 3 wherein said fill
calculator means operates to compare said first image
element to a plurality of said neighboring elements.

5. Apparatus as claimed in claim 3 wherein said fill
calculator ineans operates to compare said first image
element to a plurality of said neighboring elements to
dertermine the relative differences between said first
image element and each of said plurality of said neigh-
boring elements, said fill calculator means further oper-
ating to rank said plurality of said neighboring elements,
according to their respective relative differences.

6. Apparatus as in claim 1 wherein said fill signal is
responsive to the difference between a first image ele-
ment and a neighboring image element of said plurality
of image elements.

7. Apparatus as in claim 6 wherein said fill signal has
a value, which value is responsive to said difference.

8. Apparatus for improving the image quality of a
displayed image, the image made up of a number of
image elements carried by a signal, the apparatus in-
cluding in combination a neighboring pixel means re-
sponsive to the signal carrying said displayed image to
provide a plurality of image elements including a cen-
tral pixel and a plurality of neighboring pixels and a fill
calculator means responsive to said central and neigh-
boring pixels to generate a fill signal indicating voids in
said displayed image which may be filled, which said
displayed image is displayed by a display device thereby
improving the apparent resolution of the image without
requiring an increase in the number of image elements
originally making up the image.

9. Apparatus as claimed in claim 8 wherein said signal
is a video signal and said neighboring pixel means oper-
ates to delay said video signal thereby providing said
neighboring pixels, and said fill calculator means oper-
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ates according to logical equations to generate said fill -

signal.

10. Apparatus as claimed in claim 8 wherein said fill
calculator means operates to compare said central pixel
to said neighboring pixels to determine relative differ-
ences thereof, and to rank at least some pixels from the
group of said pixels which are compared according to
their respective relative differences.

11. An improvement for a scan device for displaying
an image carried on a video signal, the image made up
of a number of image elements, the improvement in-
cluding in combination a neighboring pixel means re-
sponsive to said video signal to provide image elements
including a central pixel and at least one neighboring
pixel, a fill calculator means responsive to said central
and neighboring pixels to determine the location of
areas of said image being void between image elements
and generating a fill signal operative to cause said scan
device to perform spatial altering of the display of said
central pixel to fill the voids thereby improving the
apparent resolution of the image without requiring an
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increase in the number of image elements originally
making up the image.
12. The improvement of claim 11 wherein said fill
signal causes the scanning of said scanned device to
deviate from the normal scanning location for said cen-
tral pixel thereby causing said central pixel to be dis-
played in said fill areas of said image.
13. The improvement of claim 12 wherein said
scanned device contains a CRT and said fill signal
causes a position of the electron beam to be spatially
modulated on the face of said CRT thereby causing said
central pixel to be displayed in a larger than normal
area.
14. The device or apparatus of claim 1, 2, 3, 4, 5, 6, 7,
8,9, 10, 11, 12 or 13 said device or apparatus including
a scanning beam wherein the scanning of said beam is
altered in response to some or all of said image elements
of said signal carrying said image in order that areas of
said displayed image, which would otherwise not be
scanned, may be caused to be scanned in order to in-
crease the apparent quality of said displayed image.
15. A method of improving the quality of an image
which may be displayed on an image display device, the
image made up of a number of image elements, includ-
ing the step of selecting a plurality of pixels of said
image, the step of comparing a first of said selected
pixels to at least a second of said selected pixels to select
voids of said image to be altered and including the fur-
ther step of altering voids in said image in response to
said comparing step thereby improving the apparent
resolution of the image without requiring an increase in
the number of image elements originally making up the
image. :
16. The method of claim 15 wherein said altering step
includes filling said voids with all or a portion of a pixel.
17. The method of claim 15 wherein said altering step
includes filling said voids with a combination of a plu-
rality of pixels.
18. The method of claim 17 wherein said combination
of a plurality of pixels may include all or none of said
compared pixels.
19. A method of modifying a video signal represent-
ing an image, the image made up of a number of image
elements, said modification enhancing the display of
said image by a display apparatus which display in-
cludes scanning a raster, said video signal including
lines of video corresponding to raster lines with said
lines of video including elements, said method including
the steps of:
storing in temporary storage means a known number
of said elements from a known number of said lines
of video to forin a set of said elements said set of
elements including elements having binary illumi-
nation conditions such as in a computer display;

identifying a central element from the central area of
said set of elements which central element is one of
said set of elements;

generating a modification signal in response to said

set of elements said modification signal responsive
to said central element and other said elements
which are part of said set of elements to indicate
when said central element is in a binary illumina-
tion state and is adjacent to one or more elements in
another binary illumination state; and

modifying said central element before the display

thereof in response to said modification signal to
change the value of said central element to a value
being in one or the other binary illumination state
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elements thereby improving the apparent resolu-
tion of the image without requiring an increase in
the number of image elements originally making up
the image.

20. A method of enhancing the display of an image by
a display apparatus, the image made up of a number of
image elements, which display includes scanning a ras-
ter, said raster including raster lines, said raster lines
including elements which include elements having bi-
nary illumination conditions such as in a computer dis-
play, said method including the steps of:

storing in temporary storage means a known number

of said elements of a known number of said raster
lines to form a set of said glements;

generating a central element representative of the

central area of said set of elements;

generating a modification signal in response to said

set of elements; and

modifying the display of said central element in re-

sponse to said modification signal to improve its
spatial resolution relationship with its neighboring
elements thereby improving the apparent resolu-
tion of the image without requiring an increase in
the number of image elements originally making up
the image.

21. A method as claimed in claim 19 or 20, wherein
the step of modifying includes changing the size of said
central element to more closely match ones of said
elements of said set of elements.

22. A method as claimed in claim 19 or 20, wherein
the step of modifying includes reducing the size of said
central element to display a portion thereof.

23. A method as claimed in claim 19 or 20, wherein
the step of modifying includes changing the relative
position of the display of said central element by alter-
ing the scanning thereof in response to said modification
signal.

24. A method as claimed in claim 19 or 20, wherein
the step of modifying includes changing the value of
said central element to more closely match the values of
some of said elements of said set of elements.

25. A method as claimed in claim 19 or 20, wherein
the value of said central element is changed to a value
between the values of two of said elements of said set.

26. A method for improving the apparent resolution
of an image, said method comprising examining a cen-
tral element and one or more neighboring elements in
order to determine the relationship therebetween,

said central element and said neighboring element

having blank areas therebetween containing no
substantive information, altering the size or shape
of said central element in order to provide informa-
tion for the blank areas between said central and
neighboring elements, thus improving the apparent
resolution of the image.

27. The method of claim 26 wherein the change in
central element size or shape is accompanied by increas-
ing the brightness of the beam creating such central
element.

28. The method of claim 26 wherein the change in
size or shape of said central element is accomplished by
filling or dithering the scan that creates said central
element at the appropriate time.

29. The method of claim 26 characterized in that the
analysis of the relationship between the central element
and said neighboring element develops a fill signal,
which said central element having its size or shape mod-
ified in accord with such fill signal.
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30. The method of claim 29 wherein said fili signal is
added to the signal for said central element such that
said central element is illuminated in response to both
said central element signal and said fill signal.
31. The method of claim 26 wherein the image is a
computer character displayable on a CRT.
32. An apparatus for improving the apparent resolu-
tion of an image having a central element and one or
more neighboring elements, there being blank areas
therebetween,
said apparatus including a means for determining the
relationship between a central element and a neigh-
boring element, and changing the size or shape of
at least one element in response to said relationship
so as to fill in the blank area between such central
element and neighboring element. _
33. The apparatus of claim 32 wherein said relation-
ship between said central element and said neighboring
element is utilized to develop a fill signal, with said at
least one element being modified in accord to such fill
signal.
34. The apparatus of claim 32 wherein the size or
shape of said at least one element is altered by modify-
ing the signal illumination for such element.
35. The apparatus of claim 34 characterized in that
signal illumination is modified by adding the fill signal
to the signal of said at least one element.
36. The apparatus of claim 34 wherein the elements
are generated by a scan and wherein the signal illumina-
tion signal is modified by filling or dithering the scan at
the appropriate time so as to alter the size or shape of
said at least one element.
37. The apparatus of claim 36 characterized in that
said at least one element includes the central element.
38. The apparatus of claim 37 characterized in that
said at least one element includes a neighboring ele-
ment.
39. The apparatus of claim 32 wherein such image is
a computerized character display.
490. An apparatus for improving the apparent resolu-
tion of a scanned image having a central and neighbor-
ing elements developed by a signal, there being blank
areas between such elements, said apparatus comprising
a spatial scan modulator, means to input the signal for
the image into said spatial scan modulator,
said spatial scan modulator including a neighboring
pixel means and a pixel fill calculator means, said
neighboring pixel means providing a central ele-
ment and a neighboring element to said pixel fill
calculator means by delaying one or more of the
elements of the image, said neighboring pixel
means in addition delaying the input signal in order
to make up for processing delays,
said pixel fill calculator means comparing the central
element to a neighboring element in order to de-
velop a fill signal including a vertical fill signal and
a horizontal fill signal,

changing the size or shape of such central element
and neighboring element in vertical and horizontal
directions in response to said horizontal fill signal
and vertical fill signal respectively so as to fill in
the blank areas between such elements thus im-
proving the apparent resolution of the image.

41. An apparatus for improving the apparent resolu-
tion of an image, said image being generated by ele-
ments, said apparatus comprising a neighboring pixel
means, said neighboring pixel means developing a cen-
tral and neighboring elements,
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a pixel fill calculator, said pixel fill calculator includ-
ing a rank logic means and a fill logic means, means
to pass said central and neighboring elements from
said neighboring pixel means to said rank logic
means, said rank logic means comparing said neigh-
boring elements to determine the differences be-
tween said central and said neighboring elements
and to rank said neighboring elements according to
their similarity to said central element, said rank
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logic means providing the ranking of the neighbor-
ing elements to said fill logic means,

and said fill logic means generating elements between

the central element and the neighboring element by
modulating such central and neighboring elements
respectively in accord with the relative ranking of
such neighboring elements in respect to the central

element.
* * * * *



