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[57] ABSTRACT

A raster-scan display system for computer-generated
images in which each raster line is quantized into a
number (N) of sets of image elements each successive
set being displaced in time, with respect to the line start,
by 1/N of the duration of one element. The correspond-
ing video signals are summed for each line and the
resultant signal is displayed. The technique provides a
visual image with graded intensity changes more nearly
simulating a television type image, instead of a stepwise
changing image. In one form of the invention, a triangu-
lar hold technique is used, that is, the display is delayed
to permit of a linearly changing intensity charge be-
tween consecutive elements of different intensity.

6 Claims, 22 Drawing Figures
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RASTER-SCAN DISPLAY APPARATUS FOR
COMPUTER-GENERATED IMAGES

This invention relates to visual display systems for
displaying computer-generated information, which may
include alphanumerical, graphic and pictorial informa-
tion, in monochrome or in colour, by means of cathode
ray tube (C.R.T.) display apparatus using a raster-scan
display system similar to that used for conventional
television displays.

One application of such display systems is for the
display of alphnanumerical data to monitor continu-
ously the performance of apparatus, for example of an
aircraft in flight or of ground-based flight simulation
apparatus, and particularly to dispaly information of
any fault which may develop.

Another application of such display systems is for the
display of computer-generated imagery (C.G.L.). Such a
C.G.IL display for use in association with ground-based
aircraft flight simulation apparatus involves a display in
colour, size, perspective and viewing angle, to display
in two dimensions the three-dimensional features of
terrain surface features, airport details, including run-
ways, runway markings and buildings, and distant geo-
graphical features, such as land, mountain and water
areas and also, in some cases, other airborne aircraft.

The display of computer-generated information, in-
cluding such alphanumerical, graphic and pictorial in-
formation, in raster-scan form, is usually based on the
assumption that the length of each raster line is quan-
tised into a number of contiguous elemental areas, each
being one raster line high and of a length determined by
the video bandwidth available. Each elemental area
may then be addressed with the appropriate luminance
and chrominance value to produce a total image cover-
ing one or more elemental areas and raster lines. This
method produces a structure along a raster line which is
similar in nature to that produced in adjacent raster
lines. However, an analogue system such as a television
camera gives resolution along a raster line. which is
different in nature to that obtained across raster lines, in
that luminance and chrominance values are continu-
ously variable along each line but varied stepwise be-
tween adjacent lines.

The object of the present invention is to provide a
display system for computer-generated information,
wherein each raster line is quantised into discrete ele-
mental areas along its length but the resolution along
each scan line more nearly corresponds to the continu-
ous variation of luminance and chrominance provided
in a conventional analogue television display.

Accordingly, the present invention provides a visual
display system including means for quantising an input
signal according to elemental areas along the length of
each scan line in a first channel, similar means in a plu-
rality of further channels for quantising the input signal
according to elemental areas relatively displaced in
time, that is along the line scan length, each channel
with respect to the next, signal mixing means for sum-
ming individual output signals, and raster-scan display
means supplied with the resultant signal from the said
signal mixing means. :

In one visual display system according to the inven-
tion, the signal mixing means are non-additive signal
mixing means for summing the individual output signals
of all the channels.
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" In an alternative visual display system according to
the invention, the signal mixing means are additive
signal mixing means for summing all channel outputs
for each elemental area.

In a further visual display system according to the
invention, there are provided means for applying a
triangular hold within each sub-line before scanning by
said raster-scan dispaly means.

In order that the invention may be readily carried
into practice, features of a known display system and
embodiments of the present invention will now be de-
scribed in detail, the latter by way of example, with
reference to the accompanying drawings, in which:

FIG. 1is a diagram representing a part of the length
of a single raster-scan line showing elemental areas
which are contiguous along its length;

FIG. 2 is a diagram showing an inclined, true bound-
ary line and the step-wise inclined boundary produced
by elemental areas in accordance with the known CGT
technique, a singal elemental area being shown sepa-
rately for reference;

FIG. 3 is a diagram, of similar form to FIG. 2, show-
ing the result of displaying a line approximately one
picture element wide inclined with respect to the scan
lines, in accordance with known CGI technique;

FIG. 4 is a timing diagram showing the displaced
relative timing of the sets of elements in apparatus ac-
cording to the present invention;

FIG. § is a diagram showing the principle of signal
mixing used in apparatus of the present invention;

FIG. 6 is a diagram, of similar form to those of FIGS.
2 and 3, showing the modified inclined boundary and
the more constant line thickness of a display produced
by apparatus of the invention;

FIGS. 7A and 7B are a block diagram of apparatus
according to one form of the invention, for displaying
light points;

FIG. 8 is an illustration of a line segment;

FIGS. 9A and 9B are a block schematic diagram of
apparatus according to the invention for displaying
areas formed from line segments;

FIG. 10 shows digital-to-analogue converter enable
signals, and the final video output which may be ob-
tained from a system as shown in FIG. 9;

FIG. 11 shows the type of video signal which will be
obtained from an analogue device such as a television
camera when an aperture scans across a sharp transition
from, say, black to white;

FIG. 12 shows how a transition from, say, black to
white may be modelled in the sub-lines as a display,
together with a scanning aperture;

FIG. 13 shows the sum video obtained for each ele-
mental channel by adding the aperture weighted lumi-
nance signals shown in FIG. 12, together with the video
signal obtained by adding these elemental video signals
over any addressable element on the display; and

FIG. 14 shows a block schematic diagram of appara-
tus according to the invention for drawing light spots or
line segments with improved positioning accuracy
along each display line with the improved aperture
effects described;

FIG. 15 is an isometric diagram representing a typical
image, in relation to the raster scan of a camera tube of
an analogue visual display system, one image edge being
slightly oblique to the raster scan lines;

FIG. 16 is an isometric diagram representing the
video signal structure produced by successive line scans
of the image of FIG. 1;
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FIG. 17 is an isometric diagram representing the
image of FIG. 15 as it would be represented in the
computer generated imagery (C.G.I) system described
in this application, instead of the analogue system of
FIG. 15;

FIG. 18 is an isometric diagram, comparable with
FIG. 16, representing the video signal structure pro-
duced by successive line scans of the image of FIG. 17;
and

FIG. 19 is an isometric diagram in which the sub-
lines, line segment start positions, and luminance values
are defined for the purpose of the descriptive equations.

FIG. 20 is a block schematic diagram of apparatus
according to the invention for displaying line segments
with improved luminance contour due to the use of a
triangular hold.

In known raster-scan display systems for computer-
generated information, each active raster-scan line per-
iod is divided into a number of discrete, consecutive,
time intervals. The video level can be changed only at
the start of each time interval, thus effectively dividing
the display screen area convered by one raster-scan line
into a number of contiguous elemental areas as illus-
trated in FIG. 1.

In FIG. 1, a single scan line 10, scanning across the
face of a C.R.T. in the direction of line 11, is shown as
made up of a succession of discrete, contiguous elemen-
tal areas, of which the first seven elements are refer-
enced 1 to 7.

The use of a practical display device such as a televi-
sion monitor will slightly modify the effect of these
elemental areas since, as the energy distribution across
the light spot tracing out the scan line is not uniform,
and the light spot diameter may be larger, or smaller,
than the elemental area height, or width, it is not possi-
ble to produce an elemental area on the display with
uniform light output along and across the area, or with
abrupt edges. If the light spot size is approximately
circular and of diameter comparable to the height of the
elemental area shown, then the elemental areas may
conveniently be drawn as rectangular areas.

The resultant display then has a maximum resolution
capability of a single elemental area, but the image posi-
tion must be approximated to the nearest elemental area.
Thus, the elemental areas addressed to display a com-
puter-generated, near-vertical boundary on an horizon-
tally scanned raster-scan display, will be as shown in
FIG. 2.

In FIG. 2, a single elemental area, according to FIG.
1, is shown in the cross-hatched area 1, for reference.
The line beam direction is shown by the arrow 11, as in
FIG. 1. A true inclined boundary line, which it is de-
sired to display, is shown at 12. The actual stepwise
inclined boundary line provided by the known dispaly is
shown at 13.

If a circular light spot is used to trace out the image
having boundary line 13, the stair step corners will be
rounded, but the stair steps will remain.

The effect of the stair steps can be reduced by com-
puting an intermediate level of luminance and chromi-
nance where the required boundary does not exactly
intersect the centre of an elemental area. This measure
reduces the effects of the stair steps where the the video
level is constant over several elements either side of the
intersecton, but is does not help where a line approxi-
mately one element wide it to be displayed at an angle
to the scan lines. Such a case is shown in FIG. 3
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In FIG. 3, a single elemental area is reproduced at 1,
and the scan direction shown by the arrow 11, as in
FIG. 2. A first, inclined, true boundary line is shown at
14 and the corresponding actually-displayed stepwise
inclined boundary line is shown at 15. A second, in-
clined, true boundary line is shown at 16, displaced
leftwards with respect to line 14. The actually-displayed
stepwise inclined line, corresponding to line 16 is shown
at 17.

From FIG. 3, it can be seen that the width of the
displayed line 15, 17 is not constant for all raster lines,
and the positions of these variations move up or down
the displayed line as it is moved across the screen.

This effect can be quantitively reduced by increasing
the number of raster lines and the elements per line, or
by merely increasing the number of elements per line,
without reducing the minimum size object which may
be displayed. The first method means that a higher
resolution display device is being used to hide defi-
ciences, and the display still cannot be utilised to its full
capabilities. The second method requires a higher video
bandwidth than is usual for a given line standard, thus
removing the ability to use a standard television display
as the viewing device.

In apparatus according to the present invention, an
improvement is effected in that each raster line is quan-
tised into a number of sets of elements, and each contig-
uous set is displaced by a fraction of a time element with
respect to the line start. The relative timings of four
such sets for one line is shown in FIG. 4, the sense of
increasing time being shown by the arrow “z.

In FIG. 4 are shown four such relatively displaced
sets of elements, referenced A, B, C and D, each set
comprising contiguous elements of which six elements,
referenced 1 to 6, are shown for each set. Within each
set, the video level can be changed only at the transition
points marked by a vertical line.

A video signal is generated separately for each such
set of displaced contiguous elemental areas. The signals
of all sets are mixed, either non-additively, to give pre-
cise positioning only, or additively, to give the effect of
a precisely positioned spot or boundary scanned by an
aperture, before the resultant signal is supplied to the
display tube.

FIG. 5 shows, diagrammatically the mixing process
for two, consecutive, such elemental sets. The minimum
size elemental area which can be displayed is still a
single elemental area, such as area 2. However, assum-
ing that the original area is of such length that both
elements 2 of consecutive sets A and B both represent a
high video level, as is represented by the cross-hatched
area of each, the resultant displayed image is 1} ele-
ments in length, as showed by the displayed image 2’ of
FIG. 5.

To achieve this result, the video signal of set A and
the corresponding signal of set B are fed, as shown by
arrows A’ and B’ into a non-additive mixer 18, which
provides an output signal AB which, at any instant, is
equal to the greater instantaneous value of signal A and
signal B.

Thus, an image boundary displayed may start at any
transition, and finish at any transition more than one
elemental area away, thus giving an improvement in
positioning and size, compared with the known systems
described above. This improvement is obtained without
increasing the video band width requirements, by the
addition of parallel channels having the same video
bandwidth as the present systems.
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and is combined with the line comparator 31 output in
AND gate 36 to enable the digital-to-analogue con-
verter 40 to convert the appropriate luminance signal.
Similarly, the outputs of start 65 and finish 66 compara-
tors are combined in AND gate 72, to produce an input
signal to a flip flop 76, which is gated by clock pulse B.
The output of flip flop 76 is combined with the line
comparator output in AND gate 37 and used to enable
the digital-to-analogue converter 41, to convert the
luminance signal. :

Similar paths for the other clock pulses are through
comparators 67 and 68, AND gate 73, flip flop 77, and
AND gate 38 to digital-to-analogue converter 42, and
comparators 69 and 70, AND gate 74, flip flop 78 and
AND gate 39 to digital-to-analogue converter 43. The
outputs of the four digital-to-analogue converters 40,
41, 42 and 43 are synchronous with clock pulses A, B, C
and D and hence have the same relative timings. They
are combined in a non-additive mixer 52 to produce a
video signal, which may start and finish at any one of
the quarter element positions on the display 55, pro-
vided only that the start and finish are at least one ele-
ment apart. The next line segment data may then be
read from the display list and the process repeated.
Additional colour video signals may be produced by
adding extra circuitry in a similar manner to that al-
ready described for points of light.

FIG. 10 shows the digital-to-analogue enable signals
obtained from each channel and the resultant video
signal for a particular example of a line segment starting
at element 134 finishing at 20%, i.e. having a length of 63
elements. The segment start address,. 134, will be sup-
plied to the segment start comparators 63, 65, 67 and 69.
The current element counters 25, 26, 27 and 28 are
pre-set to 0, 1, 4 and § from the look-up table 23 at the
line start synch pulse and then increment in integers.
Channel C comparator 67 produces an equivalence
output at element 13} and current line count greater
than the segment start from element 143, The segment
finish address is supplied to the segment finish compara-
tors 64, 66, 68 and 70 where, on channel C, it will pro-
duce an output for current element count less than seg-
ment finish address until element 194, The two compar-
ator outputs for channel C are fed into AND gate 73 to
produce a signal defined by start address = current
element count < finish address, which is clocked into
flip flop 77 by clock pulse C. This is combined with the
line equivalence signal from the line comparator 31 to
produce the digital-to-analogue converter enable signal
shown as channel C at FIG. 10(c).

Similar processes apply to the other channel to pro-
duce the digital-to-analogue enable signals shown in
FIG. 10 at (a), (b) and (d). These will each enable con-
version of the luminance signal for the line segment for
the periods of time shown, and the result of a non-addi-
tive mix of these video signals will result in the video
signal shown in FIG. 10(e), where the amplitude is
determined by the computed luminance value and
where the start and finish are determined by the earliest
and latest channel enable pulses generated by the con-
trol logic, thus giving more precise start and finish of
line segments than in known systems.

FIG. 11 shows the effect on the video signal of the
scanning aperture in a television camera. The scanning
beam in a television camera will typically have a circu-
larly symmetrical Gaussian distribution. When this spot
scans across a sharp transition 81 from, say, black to
white, the resulting signal 83 will have edges with rise
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time, and fall time for transition 82, determined by the
aperture width, in the direction of the scan, and the
scanning speed of the spot across the image. In addition,
the size of the Gaussian distribution of the scanning
aperture is such that the skirts of the distribution will
produce a small but significant video signal from the
images formed on the adjacent scan lines. Thus a bright
point image falling on scan line “»” in a television cam-
era will result in a large video output on scan line “n”
and smaller video outputs on lines “#—1" and “n+1.”
The relative amplitude on the adjacent lines will be
dependent upon the distance of the image position from
each scan line centre. A bright image spot moving
slowly across the camera scan lines will therefore trans-
fer smoothly from scan line to scan line.

This smooth transition of an image across the face of
a television display has been synthesised in known CGI
systems by computing the image position to a higher
degree of accuracy than the display elemental resolu-
tion and by taking the weighted sum of these higler
resolution points for the assumed aperture around each
elemental area, from the signal set of contiguous ele-
mental area forming the display, in turn.

Applying the multi-channel system allows the
weighted sum of the video to be produced for each
addresable element on the display, where the number of
addressable elements is the number of channels multi-
plied by the number of elements in the basic contiguous
set. When applying the multi-channel system to the
synthesis of a scanning aperture, the space between
adjacent scan lines on the display device may, for com-
putational purposes, be divided into a number, “m,” of
sub-lines, and the position of a light spot or edge com-
puted to the nearest sub-line, and also to the nearest
channel element along the subline, as already described.
Thus, if equal horizontal and vertical resolution is re-
quired, each elemental area of the display is effectively
divided into m?regions. If the images falling on each of
the sub-lines forming the scan line, “n,” being written
onto the display device and the adjacent lines “n—1”
and “n+1” are made available simultaneously, the ef-
fect of the shape of the scanning aperture on adjacent
scan lines in a television camera may be produced by
summing, with suitable weighting, the sub-lines forming
lines “n—1,” “n” and “n+1”’, on a channel basis to form
“m” channels of video for scan line “x.”” The effect of
the shape of the scanning aperture moving along the
scan line in a television camera may now be approxi-
mated by summing the “m” channels “m” overlapping
elements at a time in a continuous manner and dividing
the result by “m.” This may be achieved by replacing
the non-additive mixer for the several channels already
described by an additive mixer, and rescaling the resul-
tant signal to produce the average value.

This process will now be described, as it is here ap-
plied to a system having four element channels along
each scan line, as already described. For equal horizon-
tal and vertical resolution, the space occupied by each
scan line on the display must be divided into four sub-
lines. This is illustrated in FIG. 12, which also shows a
computed edge having a transition from, say, black to
white at scan line (n— 1), sub-line 7, element 2A. Similar
transitions occur across the display at (n—1), 8 2D; n,
a, 3C; etc.

The assumed Gaussian distribution of the scanning
aperture is shown at 84 in FIG. 12, together with an
approximation 85, which may be used as a weighting
function for adjacent scan lines. As shown, the aperture
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In FIG. 6, the inclined, straight, original boundary
lines 14 and 16 of FIG. 3 are reproduced and may here
be regarded as the two boundary lines of an inclined
area approximately one elemental area in width.

In FIG. 6, the display shown still exhibits stair steps,
but these are reduced in size and hence the variation in
image size is reduced.

FIG. 7 is a block schematic diagram of apparatus
according to one form of the invention, using four chan-
nels with non-additive mixing to produce the red, green
and blue video signals, for displaying points of light on
a television monitor display.

The light positions and colour components are com-
puted and sorted into the correct sequence for display,
using a computer 24, and the data is supplied to a dis-
play list unit 29. Each data point is stored in the display
list unit, defined as the line number, the element number
(expressed in fractional form to the nearest quarter
element) and the red, green and blue luminance values.

A master clock 21, running at four times the elemen-
tal rate, is used to drive a four-phase clock, pulse gener-
ator 22, which has four time-displaced clock pulse out-
puts, each clocking at the elemental rate, but relatively
displaced one quarter of the elemental clock period
from adjacent clock pulses. A television synch pulse
generator 56 is used to synchronise a clock pulse A,
supplied to current element counter A25, to the start of
the television scan line on the televison monitor 585.

Known practice is to use one clock pulse generator to
derive all timing and synchronisation pulses. Separate
clock and synchronisation pulse generators 21 and 56,
respectively, are used in the apparatus described above,
to permit the apparatus to be interfaced to a standard
television system. The same synch pulse is used to pre-
set, using look up table 23, the current element counters
25, 26, 27, 28 to 0, 1, 4, 4, respectively. These counters
will then be clocked in turn by one of the four-phase
clock pulses, to increment each counter by 1. The synch
pulse generator also synchronises the current line
counter to the television display.

The data for the first light point is read from the
display list 29. The line number is supplied to the line
comparator 31, where equivalence with the current line
counter 30 provides one input to the AND gates 36, 37,
38 and 39. The element number is supplied to the four
element comparators 32, 33, 34, and 35, where equiva-
lence with one current element counter 25, 26, 27 or 28,
will supply a signal to one of the AND gates 36, 37, 38
or 39. When equivalence occurs for both line and an
element, one AND gate output will enable a group of
digital-to-analogue converters which have been sup-
plied with the red, green and blue luminance values to
produce the red, green and blue video signals for the
display. Equivalence in line comparator 31 and current
element A comparator 32 will enable digital-to-
analogue converters 40, 44 and 48. Similarly equiva-
lence in line comparator 31 and current element B com-
parator 33 will enable digital-to-analogue converters 41,
45 and 49, equivalence in line comparator 31 and cur-
rent element C comparator 34 will enable digital-to-
analogue converters 42, 46 and 50, and equivalence in
line comparator 31 and current element D comparator
35 will enable digital-to-analogue converters 43, 47 and
51.

The four possible video output signals for each colour
are non-additively mixed in mixers 52, 53 and 54, before
being supplied to the television display 55. The next
light point data is then read from the display list and
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treated in the same manner as described for the first
light point. In this way, a complete pattern of light
points may be displayed on the television monitor 55.

The above system may be extended to draw surface
areas. FIG. 8 shows a surface area 61 at the instant it is
being crossed by a scan line 58 of a television raster
progressively scanning the area enclosed within the
rectangular boundary 57. The television scan line inter-
sects with the boundary lines 59, 60 of the surface area
61, to form a display line segment 62. The line segment
62 may be defined at the beginning of the scan line, but
will not become active until the first boundary line 59 is
reached. If such segments are defined for a number of
consecutive scan lines, the surface area 61 is then de-
fined.

FIG. 9 is a block schematic diagram of apparatus
according to a further embodiment of the invention,
using four channels with non-additive mixing to pro-
duce a single colour video signal to display line seg-
ments on a television monitor. The apparatus of FIG. 9
is to be compared with the apparatus of FIG. 7 and
corresponding elements are indicated by the same refer-
ence numerals in the two figures.

In the apparatus of FIG. 9 the line segments are com-
puted and sorted into the correct sequence for display
using a computer 24. The data is supplied to a display
list 29, where each line segment to be displayed is
stored, defined as the line number, the start address and
the finish address (each expressed in fractional form, to
the nearest quarter element) and the red, green and blue
luminance values.

A master clock 21, running at four times the elemen-
tal rate is used to drive a four-phase clock pulse genera-
tor 22, which has four time-displaced clock pulse out-
puts, each clocking at the elemental rate, but displaced
one quarter of the elemental clock period from adjacent
clock pulses. A television synch pulse generator 56 is
used to synchronize clock pulse A, supplied to current
element counter A25, to the start of the television scan
line on the television monitor 55. The same synch pulse
is used to pre-set (using a look-up table 23) the current
element counters 25, 26, 27 and 28, to O, %, 4 and £,
respectively. These counters are then clocked in turn by
one of the four-phase clock pulses to increment each
counter by one, in turn. The synch pulse generator 56
also synchronises the current line counter 30 to the
display.

The data for the first line segment to be displayed is
read from the display list 29. The line number is sup-
plied to the line comparator 31 which, on equivalence
with the current line counter, will give an input to
AND gates 36, 37, 38 and 39. The segment start address
P is supplied to the segment start comparators 63, 65, 67
and 69, where it is compared with the four current
element counter 25, 26, 27 and 28 outputs. Each said
comparator gives an output when the current element
count Q is greater than the start address P. The segment
finish address R is supplied to the segment finish com-
parators 64, 66, 68 and 70, where it is compared with the
four current element counter 25, 26, 27 and 28 outputs.
Each said comparator gives an output when the current
element counter output Q is less than the start address
R.

The start 63 and finish 64 comparator outputs are
input to an AND gate 71 to produce P = Q < R, which
is input to the flip flop 75 and clocked in with a four-
phase clock pulse A output. The output of the flip flop
75 will be high for a whole number of clock pulses A,
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distribution is assumed to cover only half of the adja-
cent scan lines. It may, of course, be adjusted in size,
shape and amplitude by adjusting the magnitude and
number of the weighting coefficients applied to each of
the available sub-lines. As shown, the aperture distribu-
tion is symmetrical and is formed from weights 1 to 4.
The four channel video for line “n” is formed by per-
forming the following summations for each element of
the line:

PMAX
A=, 2o W Voo * W Vg, +
WZ ' Vn.a.p + WI " Vn.B.p + Wl * Vn,'y.p + WZ " Vn.&.p +

Ws- V(n+l),a.p + W V(n+l)B.p

where:

A, is the amplitude of the video signal for channel;

Pyy,4xis the total number of elements per channel;

p is the actual element number being computed;

a to v are the sub-lines within a line;

n is the line to be displayed;

(n—1) and (n+1) are the lines immediately adjacent

to line on the display;

W, to W, are the weighting values used; and

V.»a,,is the computed video signal for line n, subline

a, element p.

Identical summations are performed for the other
three channels to form B,, C,, D, for 0<P=p,,,,. The
results of these summations applied to the computed
video shown in FIG. 12 is shown in FIG. 13 as channels
A, B, Cand D.

These four elemental values can then be combined by
adding four adjacent elemental channels in an additive
mixer, a typical summation being:

Vo=B,+ Co+ Dy + Apiy
followed by:

Vo=Cpo+ Dy + Ay + Bpiyy

Vo= Dp+ Apsty+ Bpin + Cory

and so on, where V,is four times the average value and
can be rescaled to V,/4 before being fed to the display
device.

FIG. 14 shows the individual channel video signals
obtained by performing the summations for A, B, C,
and D, for the case shown in FIG. 13, together with the
resultant V, obtained by adding the elemental values
four at a time.

An embodiment of the invention including the syn-
thesis of television aperture effects, is shown in FIG. 14.
The line segments to be displayed are computed and
sorted into the correct sequence for display, as before in
the apparatus of FIG. 7, and stored in separate display
lists for scan lines (n— 1), #, and (n+ 1) on the display. A
master clock 21 is used, as before, to generate four ele-
mental clock pulses and current element counts. The
display list for scan line (n—1) is read and the segment
start and finish address supplied to all the line (n—1)
segment comparators, of which two, referenced 63 and
64, only are shown.

The comparator outputs are input to an AND gate 71
and stored in a flip flop 75, the output of which is a
control logic input to a multiplier which multiplies the
luminance signal by the weighting function. The appa-
ratus from segment comparators 63, 64, to the multiplier

10

35

10

80 output is shown enclosed in box 81, which is re-
peated as blocks 82 to 88 for the other sub-lines of line
(n—1), n, and (n+1). The outputs from all these boxes
81 to 88 are the weighted luminance values which are
summed in an adder 89 to produce the weighted sum for
channel A, which is converted by a digital-to-analogue
converter 90, using clock pulse A as an enable signal.
The complete system apparatus, up to the digital-to-
analogue converter 90 is shown enclosed in a box 91.
This apparatus is repeated, with the appropriate clock
pulses, for channels B, C and D. The output of each of
these systems is video at the elemental rate and the four
video signals are summed in an analogue video mixer 92
to produce four times the average value for any four
overlapping elements, which is fed to display 55. If
three colour video is required, the system apparatus
prior to the display is repeated for each additional col-
our.

FIG. 12 shows how, in a computer generated imag-
ery (C.G.I.) system, an oblique edge may be repre-
sented, using four sub-lines per scan line, where the
edge is tilted with respect to the scan lines so that the
line segment start points on adjacent sub-lines are
within the scanning aperture simultaneously. If this
edge is rotated to reduce the angle between the edge
and the scan lines, the spacing between line segment
starts (or finishes) on adjacent sub-lines increases, so
that the spacing is large compared with the scanning
aperture and there is no longer a smooth change in
video level along a scan line intersecting the edge.

If, according to a further aspect of the present inven-
tion, a triangular hold is introduced between line seg-
ment start positions on adjacent sub-lines, then linear
interpolation of the luminance will be obtained between
line segment start positions on adjacent sub-lines which,
when scanned by an aperture, will produce a close
approximation to the video signal obtained by scanning
an image of a physical model.

FIG. 15 is an isometric diagram which relates to an
analogue display system and wherein the solids gener-
ated are related to the orthogonal axes shown at the
head of the drawing and represented: Scan direction II,
Scan lines 93 and Luminance 95.

There is shown in FIG. 15, the outline 100 of a typical
image extending in length less than the length of each
line of scan and extending in length more than the width
of two adjacent scan lines.

Four adjacent scan lines 101, 102, 103 and 104 are
shown; the line 101 carrying no part of the image 100
but each of lines 102 to 104 carrying some part.

As shown, the lengthwise direction of the image 100
edge is slightly oblique to the scan lines 101 to 104.

A Gaussian scanning aperture, typical of the electron
beam intensity in transverse cross-section of the scan-
ning beam in an analogue system, is represented in its
solid isometric form, which would be a solid hump
pointing upwardly in the direction of Luminance 95, it
is shown in FIG. 15 as the section 84 transverse of the
scanning line 101, the section 84’ longitudinal of the
scanning line 101 and the base circle 84". It will, how-
ever, be realised that the scanning aperture is truly
represented as a solid figure, of which the plane figures
84, 84' and 84" are section.

The scanning aperture 84 moves along scan line 101
in the scan direction II and next moves along scan line
102 in the same scan direction in a sequential scan sys-
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tem, or along scan line 103 in the same scan direction in
an interlaced scan system.

Due to the width of the skirt of the Gaussian scanning
aperture 84, the skirt fringe 84" just touches the image
100 edge in the scanning of line 101, as is shown in the
diagram by the dash-line 84'"'.

FIG. 16 is an isometric diagram showing the video
signals generated, for example by a television camera,
by the scanning process of FIG. 15. The solids gener-
ated are related to the orthogonal axes shown: Scan
direction II, Scan lines 93 and Video signal amplitude
97. The video signal generated in the line 101 scan is
zero, as shown at 101'. The pattern of the image 100 of
FIG. 15 is built up, in the scanning of the adjacent lines
102, 103 and 104 by the solids 102’, 103’ and 104', re-
spectively, together approximating the rectangular
solid 100.

The isometric diagram of FIG. 17 shows, in the solid
figure 100’ the form in which the image 100 of FIG. 15
is modelled in a C.G.I. system with four sub-lines per
line and four sets of elements per line, with the addition
of a triangular hold.

Adjacent scan lines 101 to 104 are shown, as in FIGS.
15 and 16. The luminance interpolation is specified to
eight binary digits, in this example. The quantization
steps are thus small as the interpolation interval in-
creases, with decrease of the angle of inclination.

The equivalent scanning aperture is shown at 84. The
Gaussian distribution, in the section transverse of the
scan line of FIG. 15, is approximated stepwise, but the
Gaussian distribution of the section 84’ is not approxi-
mated, the section being rectangular in the direction of
line scan II.

The resultant video signals provided by scanning the
figure 100’ of FIG. 17 with the scanning aperture 84 of
FIG. 17 is shown in FIG. 18. The solids generated are
related to the axes: Scan direction II, Scan lines 93 and
Video signal amplitude 97, as in FIG. 16.

Scanning of line 101 produces no signal. The scan-
ning of lines 102, 103 and 104 produces the signals rep-
resented by the solid figures 102’, 103’ and 104’ respec-
tively.

FIG. 19 shows an image boundary inclined with
respect to the scan lines having a vertex on line (N—1)
at X, with luminance B,, and intersecting with the suc-
ceeding scan lines with luminance B, at X, on line N, B;
at X;on line N+1, etc.

FIG. 19(a) shows the case for X;<X,, where the
interpolation on line N is from B=0 at X, to B=B5, at
X,. The elemental increment is then given as:

AB = By/(X,—X))

FIG. 19(b) shows the case for X;>X;, where the
interpolation on line N is from B=5B, at X, to B=0 at
X,. The elemental increment is then given as:

AB = B,/(X,— X))

and will always be negative.

FIG. 19(c) shows the case for X=X, i.e. the image
boundary is perpendicular to the scan lines. The lumi-
nance value for line N is then B=B, at X, and no inter-
polation is required.

These equations can be implemented using a four
phase clock. In this case, four luminance stores are
required, one for each channel, for each sub-line. The
channel store coincident with the start address will be
loaded with the initial luminance value B,, the other
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channel stores loaded with (B, + AB/4), (B, = AB/2),
(B, + 3AB/4) at their respective clock pulses, and each
incremented with the signed increment AB at the appro-
priate clock pulse, until the interpolation interval is
complete. The luminance values so obtained for each
channel are the luminance input to the multiplier 80
shown at 81, for one channel of one sub-line in FIG. 14.

FIG. 20, which is to be compared with FIG. 14 and
in which corresponding elements are indicated by the
same reference numerals, shows a visual display system
providing a colour display in four channels A to D as in
the arrangement of FIG. 14. The video signals to chan-
nels A to D are provided by four corresponding units
referenced 110 for A channel video, the three other
input lines for B to D channel video being shown below
in FIG. 20. All four channels supply video signals to the
additive mixer 92, the output signal being displayed on
the display monitor 55, generally as in FIG. 14.

Considering next, unit 110 of A channel video, eight
similar units 111 to 118, of which unit 111 is shown in
detail and units 112 and 118 are shown as blocks, all feed
signals into the adder 89, the summed signal from which
is converted into analogue form by the digital-to-
analogue converter 90, again generally as shown in
FIG. 14. )

The difference in circuitry between the arrangements
of FIG. 20 and FIG. 14 is found in the circuitry of the
units 111 to 118.

As for the arrangement of FIG. 14, the line segment
length, in the arrangement of FIG. 20, is determined by
the comparators 63 and 64, AND gate 71 and flip-flop
75. The weight is multiplied by the appropriate lumi-
nance value by the multiplier 80 for each sub-line.

In this embodiment, the luminance value for each
subline is differently computed, as follows: The initial
luminance value B, is stored by a luminance store 121 at
the start of each sub-line segment. The luminance incre-
ment AB is similarly stored by the incremental lumi-
nance value store 122. An interpolation interval store
123 and a counter 125 are initially cleared. Each clock
pulse supplied to counter 125 is counted and the value
compared with the interpolation interval input to store
123 by a comparator 124, The comparator 124 output
and the clock pulse input are combined in an AND gate
127 to control an adder 126. The adder 126 adds the
luminance increment from store 122 to the initial lumi-
nance from store 121 and supplies the sum value as input
to the multiplier 80.

Each of the units 112 to 118 includes components
corresponding to those described for unit 111 and it is
the combined output, of the form described for unit 111,
which is supplied to the adder 89.

If a colour display is required, the complete system
described is necessarily repeated for each primary col-
our.

What I claim is:

1. In a digitalized visual display system employing a
display device having a screen whose area is scanned by
a plurality of displaced scanning lines, with each line
traversing a number of elemental areas on the screen,
and wherein a data signal to be displayed is periodically
sampled, and a quantised signal is produced for each
data sample and applied to the display device to incre-
mentally create a visual image, the improvement com-
prising means for improving the resolution of the visual
image:
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said resolution improving means including means for
producing a time displaced series of additional
samples of the data signal during the time interval
that the scanning beam traverses each elemental
area on the screen, means for quantising each of
samples to begin and to terminate at a different time
than the other quantised samples, and combining
means for applying said combined plural quantised
samples to the display device for each elemental
area, thereby to provide a combined quantised
signal that more nearly approximates a correspond-
ing analog variation of the data signal for each
elemental area.

2. In the display system of claim 1, said combining
means comprising non-additive mixing means for vary-
ing the time of application of the quantised signal to said
display device with respect to each elemental area.

3. In the display system of claim 1, said combining
means comprising additive mixing means for weighting
the plural quantised signals and applying the weighted
quantised signals to the display device.

4. In the visual display system of claim 1, the addi-
tional improvement comprising means for enhancing
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the resolution of the display in a different dimension,
said additional improvement means comprising means
operating during the time that each elemental area of
each line is being scanned for producing a series of data
signals including the data signals for a preceeding line
and for succeeding line, and means combining and
quantising all of said data signals to produce a combined
quantised signal and applying said signal to the visual
display device during scanning of each elemental area.

5. In the visual display system of claim 4, the display
device comprising a cathode ray tube whose screen is
linearly scanned by a series of vertically displaced recta-
linear scanning lines, with each line traversing said
plurality of elemental areas, and wherein said resolution
improving means improves the resolution of the image
in the direction of the scanning lines and wherein said
additional improvements means improves the image in a
direction transverse to the scanning lines.

6. In the visual display system of claim 5, said addi-
tional improvement means including buffer storing
means, for temporarily storing the data signals for said
plurality of lines.

* k% k%




