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Raster display systems include raster image processors and raster-type

20 CRT or flat panel displays. Raster display images are typically more quantized

than those of stroke images, either in terms of the number of horizontal lines in

the image, or in the case.of mosaic displays such as LCDs, the pixel resolution.

Raster display images often require special processing techniques, such as

anti-aliasing, to approach the symbol quality level available in legacy stroke

25 systems. Raster-mode flat panel displays exhibit lower failure rates, lower
costs, are readily available and represent the state of the art.

Flat panel displays can not directly replace CRT stroke-type displays in a

stroke display system, however, because they require a raster image source.

This suggests that when a CRT stroke-type display is replaced with a state of

30 the art flat panel display, the corresponding stroke deflection processor must

also be replaced. Therefore, a method of and system for replacing stroke-type

display with a flat panel display is desired which does not require the

corresponding stroke deflection processor to be replaced. Eliminating the need
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rendered on the new display (e.g., flat panel displays) but with lower quality

than if the bit map had been rendered directly for the new display. Further, the

conversion process does not handle overlapping symbols and is not performed
20 in real-time.

For a hybrid stroke/raster display system using a flat panel display, a
conventional method includes over-sampling stroke deflection, color and
intensity information from a stroke deflection processor in order to create a
stroke symbology bit map with color and intensity for each pixel, then

25 processing the stroke symbology bit map and merging the processed stroke
symbology bit map with digitized raster video from a raster image processor.
The merged stroke/raster images are then provided to a flat panel display.
Stroke symbology bit map processing can include anti-aliasing, edge detection,
image smoothing, and contrast enhancement. The possibility of errors
30 increases with this method due to the longer vectors and larger symbols, when
vectors and symbology intersect, when symbology of differing color are in close
proximity, and where symbology is comprised of small features of complex
shapes or arcs. The net effect of conventional methods is to generally blur

stroke symbology, thus creatihg wider than necessary symbology with less
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resolution  perceived on a display, creating still more ambiguity. Furth%?,n\zﬁer% sygnr\gglglggs
of differing colors overlap, only one of the symbols is perceived on a display,

20 effecting a loss of information from the other symbol.

Another example involves a method where vector graphics are rendered
into a bit map image intended for a flat panel display. When viewed on the
display, the graphics contain artifacts such as aliasing (for example, stair
stepping of lines drawn at angles other than O degrees or 90 degrees).

25 Conventional systéms include methods for post-processing the bit map image
using techniques which detect lines and edges, then alter the bit map by
blurring the detected lines and edges. When viewed on a flat panel display, the
effects of aliasing appear diminished, but at the expense of graphics resolution
and quality.

30

It BRIEF SUMMARY OF THE INVENTION

The following summary of the invention is provided to facilitate an

understanding of some of the innovative components unique to the present

invention, and is not intended to be a full description. A full appreciation of the
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contrast between graphics objects and the background scene, interpolation for
scaling and smoothing graphics objects, fogging to provide the perception of
20 depth, fills in order to color graphics objects, merging with other graphics
information and sources, and other functions. The step of detecting includes
the step of detecting start and end points of vectors present in the graphics
objects along with color and intensity. Also, the length, direction, color, and

draw rate of each individual vector within the graphics objects are detected.
25 In accordance with another aspect of the present invention, there is
provided an apparatus for detecting graphic objects that have been created for
a first display, the graphic objects representing an image, and re-rendering the
graphic objects in a form adapted for a different display. The apparatus
includes means for receiving formatted graphics from a source, the formatted
30 graphics having formatted for the first display; detecting means, in
communication with said receiving means, for detecting a plurality of graphic
objects within the formatted graphics; generation means, in communication
with said detecting means, for creating a graphics array from the plurality of

graphics objects that represents the image based on the formatted graphics;
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illustrating colors, small circles, 25 intersections, and overlap. FIG 2
i's a block diagramillustration of an enbodi nent 10 of the overall

il BRIEF DESCRIPTION OF THE DRAWINGS

The accompanying figures, in which like reference numerals refer to
20 identical or functionally-similar elements throughout the separate views and
which are incorporated in and form part of the specification, further illustrate the
present invention and, together with the detailed description of the invention,
serve to explain the principles of the present invention.
FIG. 1 (prior art) is a bit map illustrating colors, small circles,
25 intersections, and overlap.
FIG. 2 is a block diagram illustration of an embodiment 10 of the overall
system components in accordance with the present invention.

FIG. 3 is a block diagram illustration of the Graphics Detection Processor

200 in accordance with the present invention.
30 ' FIG. 4 is a block diagram illustration of the Encode Processor 300 in

accordance with the present invention.
FIG. 5 is a block diagram illustration of the Graphics Rendering

Processor 400 in accordance with the present invention.
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| FIG. 12 is a block diagram illustration of an implementation of the |
alternate embodiment 20 of the present invention to solve the problem of
displaying high-quality, anti-aliased color stroke symbology along with high-
quality color raster video on a color flat panel display
20 FIG. 13 is a block diagram illustration of the stroke vector detection
function of the alternate embodiment of the present invention.
FIG. 14 is a block diagram illustration of the stroke vector rendering
function of the alternate embodiment of the present invention.
FIG. 15 is a block diagram illustration of the raster formatter function of

25 the alternate embodiment of the present invention.

IV. DETAILED DESCRIPTION OF THE INVENTION
In order to facilitate an understanding of the present invention, a brief
discussion is provided wherein a conventional implementation to stroke to
30 raster conversion is compared with an embodiment of the present invention.
The approaches between a conventional implementation and that of the
present invention vary considerably. The functions necessary for converting

analog stroke symbology inputs to high quality, anti-aliased symbology with
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20 stroke video signal for zero beam intensity while the deflection is in the
occlusion area. For the present invention, occlusion areas are precisely
maintained as a result of re-rendering only those vectors present
simultaneously with stroke video. The smallest symbols as well as intersections
and arcs are accurately rendered with the highest possible quality. Once the
25 stroke symbology has been re-rendered in raster form, it can be merged with
digitized raster video.

Both conventional approaches and the present invention over sample
the stroke video inputs for analog to digital conversion. Both conventional
approaches and the present invention perform a merge of stroke symbology

30 with digitized raster video in similar manners. However, conventional
approaches have the problem of performing bit map or image processing in the
presence of arcs and intersections of varying colors to a degree which typically
has been performed in non-real time systems or in systems with parallel digital

signal processing components.
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resolution. The stroke symbology and raster video are merged through digital

summation with symbology precedence or priority. The end-to-end effect of this

20 conventional approach is that the quality of the symbology is compromised

while not fully realizing the capabilities of a high-resolution color, flat panel
display.

By comparison, in one embodiment of the present invention described

herein, analog stroke deflection and video A/D is performed by over-sampling

25 relative to write rate and display pixel resolution. Digitized stroke video data

processing is performed by creating a display list. Rendering of symbology with

anti-aliasing and alpha blending is performed by graphics rendering of simple

vectors (true anti-aliasing) with sub-pixel positioning of the end points, using

algorithms using anti-aliasing and alpha blending algorithms well known and

30 understood by those skilled in the art. Anti-aliasing algorithms have the

capability to modulate pixels along and around a vector in a manner that makes

the line appear straight and smooth when viewed on a display. This is

particularly important for flat panel displays which would otherwise present a

vector as a stair-stepped line. Alpha blending enables overlapping vectors to
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20 method. The present invention can convert analog stroke symbology inputs to

o

high-quality, anti-aliased symbology with background raster video, for example,
display on a color flat panel display.

The particular values and configurations discussed herein can be varied

and are cited merely to illustrate particular embodiments of the present

25 invention and are not intended to limit the scope of the invention. In the

following discussion of this embodiment, it is desirable to process analog color

video that has been rendered as stroke (vector) video signals for a vector-type

display in order to render the video in an optimized manner on a raster, color

flat panel display. A restriction exists in such a system wherein the source of

30 the stroke (vector) video cannot be altered. Although the following description

has been provided with a stroke to raster graphics rendering, it will be apparent

to those skilled in the art that the present invention has other applications,

including, without limitation, image enhancement, video scene analysis,
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from changes in color, from changes in intensity, from changes in draw rate

20 (distance between two digital samples of a vector divided by the sample

period), or from changes in other digitized signals in a digital sample of a

vector. Also, the present invention determines whether a plurality of small

samples combine to result in one large vector (i.e., many small vectors can

appear to be one vector). It is noted that vectors can be detected by

25 determining end points from stroke-like video, by recognition of vectors in a

raster image, or by parsing vector draw commands in a graphics array or
display list in @ manner known to those skilled in the art.

The present invention declares a change in vector direction when a

measured change in direction exceeds a predetermined static or dynamic

30 threshold value (which is affected by noise or the processor characteristics) in a

manner that that will be apparent to those skilled in the art. The length of a

vector is determined from the distance between the start and end points in

accordance with the following equation: sqrt((x, — X, + (Y, — yi)¥). The

intensity of a vector is determined from the digitized intensity signal in a digital
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20 input types, input content, performance, security, transmission, storage, image
quality, specific display characteristics, and other purposes as will become
apparent to those skilled in the art. Programming can be based on defaults or
dynamically assigned values for optimization in a manner known to those
skilled in the art.
25 Whereas conventional systems provide as output a bit map from
Rendered Graphics 220, the Graphics Detection Processor 200 provides as
output a Graphics Array 260 that represents the graphics information provided
in Rendered Graphics 220. The generation of a Graphics Array 260 is one
novel component of the present invention. A Graphics Array 260 is also
30 referred to herein as a display list. Those skilled in the art can render graphics
with a Graphics Array 260 in an optimal manner for a given display. Acquisition
230 module converts Rendered Graphics 220 to a form suitable for processing.
For example, if Rendered Graphics 220 is in the form of analog stroke video,

Acquisition 230 can convert Rendered Graphics 220 to digital samples which
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types, input content, performance, security, transmission, storage, image

20 quality, specific display characteristics, and other purposes. As a non-limiting

example, the Encode Processor 300 can perform vector quantization, data

compression, data encryption, graphics object sorting, alpha value assignment

(e.g., precedence or transparency), or other processing functions. As a further

example, the Encode Processor 300 can filter each vector in a Graphics Array

25 260 to ensure that all vectors are of reasonable length, color, and intensity in

order to optimize their appearance on the color flat panel display. As another

example, Encode Processor 300 can encode Graphics Array 260 as an array of

graphics commands or graphics routine calls such as those supported by

OpenGL® computer software available from Silicon Graphics, Inc. As another

30 example, Encode Processor 300 can encode a chain of vectors which form a

circle as a single draw circle command, which is also the case for Recognition

240. The output from the Encode Processor 300 is the Optimized Graphics

Array 330.




G aphics Array 260. The Encode Processor 300 can be optim zed for input

types, in ¢ nt, performance, security, transm ssion, l,mge
20 quali t&éé“g’g‘@% i c display characteri stiégs, and ot her purpg)@(ejggﬁ:&%”a

non-limting exanple, the Encode Processor” 300 can perform vector
quanti zation, data conpression, data encryption, graphics object sorting,
al pha val ue assi griRefetring ® GIG. pribersdisrahovar atGraphics Baogering Preeeasor 400

ing f i ons.
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appearance on the color flat panel display. As another exanple, Encode
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commrands_or graphics routin al | ch ho su ed.
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Processor 400 Can ‘perform graphics pro I ng functions including
ant i - al ijasi nggiaphirsdebjdots sarabtthe | bagsgrourdt soaney interpolatiope femecaling and

and mai nt ai n BOPPOURS CemBlicn aplastt BAoMEARr g de0 P sapuS o v BIF B
15 graphi cs oBjRets @818 HhepHies ebiettsidmeeging, withtatheelgrapiios fisforsatibh nandand
snoot hi ng graphi cs objects, fogging to provide the perception of depth,
fills in sources, and other functions. The Graphics Rendering Processor 400 can be
optimized for input types, input content, performance, security, transmission,
20 storage, image quality, specific display characteristics, and other purposes.
The Graphics Rendering Processor 400 can also be optimized for a color
flat panel dispiay 600. The Graphics Rendering Processor 400 processes the
Graphics Array 260 or Optimized Graphics Array 330 by carrying out a graphics
render command for each object or primitive in the array. Priority for vector
25 primitive rendering is determined by the position of a vector primitive in the
array, where the first primitive (or other predetermined value) has the highest
priority. Priority can also be assigned based on the type of graphics object
recognized by Recognition 240. The Graphics Rendering Processor 400
operates in the raster domain and applies anti-aliasing, texturing, alpha
30 blending, -haloing, interpolation, fogging, shading, fills, other rendering
techniques, and combinations thereof, as it renders individual primitives. The
output from the Graphics Rendering Processor 400 is Display Data 530.

Display Data 530 contains formatted visual information ready for transmission



order to col or graphics objects, nmerging with other graphics information
and sources, and other functions. The G aphics Rendering Processor_ 400 can
be opti MW 4081 | nput types, input content, perfornmance, ngé{???/f??“_
transm ssion, 20 storage, inmage quality, -l4pecific display characteristics,
and ot her purposes. The G aphics Rendering Processor 400 can al so be
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For exanple, D splay Data can be a bit map formatted for _a color_ flat

panel diGpl ayBurfacepVelymeatad058bichs ist Barenreseriationepf Rasidesgdnigraphics Fizlel

bus t lor. £l |, Di '
ok 11 ed i n o ndseipy SuBREN QR 63, BRrest i ges e P Maith o iRl
the art will ceea@’ 220. hTnevepreddtiabtiomof NBRPta0 TS UrfaesVbluia B30Ntan neé i on
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transmitting, conveying, or making graphics information viewable, accessible, or
usable.
20 Other forms of information can be re-generated using the method and
system embodied in the present invention. For example, referring to FIG. 7
there is shown an alternate embodiment 800 of the present invention for this
purpose. Information Detection Processor 820 is a more generalized form of
the Graphics Detection Processor 200. Encode Processor 830 in FIG. 7 is a
25 more generalized form of the Encode Processor 300 described earlier.
Information Processor 840 in FIG. 7 is a more generalized form of the Graphics
Rendering Processor 400. Other Information 810 in FIG. 7 is a more
generalized form of the Display Formatter 1100 (FIG. 10). Merge Processor
850 in FIG. 7 is a more generalized form of the Merge Processor 500 described
30 herein. Information Storage/Transmission 860 in FIG. 7 is a more generalized
form of the Display 600 of FIG. 6.
Having described one embodiment of the present invention, attention is
now turned to an alternative embodiment of the graphics rendering apparatus

and method previously described. In particular, reference is made to FIG. 8



projection device, holographic device, retinal projection device, storage
device, pLbRbRGesitransmtter, or any other device or nethogcfBsee14874
presenting, storing, transnmi tt] ng, conveyj 19, or maki ng graphics
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shown in FIG he "di scussi on of he G aphi cs Detection Processor 200
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respect to FIG and 4, respecti , I

di scussed agaicAn %f%r”r"?rﬁgryt eﬁ'F@if%éyd'?‘ﬁ@}(esxsgerﬁ%(r)t\%\ﬁpgcé %M 8];? trr%éég)sm hg
1000 in aCCOfn‘?é’rﬂSEy Wr bhstidden aF It madtRrepiaiidieditedlly tohMeRje Peddessor 800ioon.
The G aphics Processor 420 accepts as |ngut a G aphics Array 260 or _an

83:. mzﬁ?aﬁg Glsu;pi?élﬁﬁsoélo?ﬁ;(f)crra@ls@a@ sysmertap eaplpy @cﬂ@‘é’oﬁhfqlﬂf\ prethirdes FEame
ot oo s o R RS BB 8 a6 el gy
E]f a][rfaggf L 5][ f gir’ramecamfbmao reamocontdievame of el of th[el ﬁmowsg éyped bhinfeupatiaut
bit map, texture map, raster graphics, vector graphics, holographics, and other
graphics formats. The Graphics Processor 420 can perform certain graphics
20 processing functions including anti-aliasing, texturing, alpha blending, haloing,
interpolation, fogging, fills, merging with other graphics information and
sources, and other functions. The Graphics Rendering Processor 1000 can be
optimized for input types, input content, performance, security, transmission,

storage, image quality, specific display characteristics, and other burposes.
25 Referring to FIG. 10, there is shown a Display Formatter 1100 in
accordance with the alternate embodiment 800 of the present invention. The
Acquisition 135 accepts as input 110 imagery, video, graphics, or graphics
commands. The Formatter 130 receives the information from Acquisition 135
and provides as output Frame Buffer 140. Frame Buffer 140 includes a
30 rendering of the imagery, video, graphics, or graphics commands appropriately

formatted for a graphics display.

Referring to FIG. 11, there is shown a Merge Processor 500 in
accordance with the alternate embodiment 800 of the present invention. The

Merge Processor 500 accepts as input rendered graphics in multiple frame



menory, or a streamof information provided directly to Merge Processor 500
0Q for display systems that enploy a flow-t t hod.

or 15 Di spl
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20 Example 1

The following non-limiting example is provided to illustrate the operation
of the alternate embodiment 20 as applied to stroke symbology to raster
symbology conversion for use in a flat panel display. FIG. 8 shows functionally
an implementation of the present invention to solve the problem of displaying

25 high-quality, anti-aliased color stroke symbology along with high-quality color
raster video on a color flat panel display.

Referring again to FIG. 3, the Graphics Detection Processor 200 detects
the individual vectors provided by a legacy stroke (vector) video interface for
each video frame. The Graphics Detection Processor 200 digitizes the

30 horizontal and vertical deflection signals, color signals, intensity signals,
symbology blanking signals and other signals from the stroke (vector) video
using analog to digital converters to form digital samples of vectors. The
direction of a vector is determined by comparing the digitized horizontal and

vertical deflection signals in a digital sample of a vector to the digitized
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(graphics) array 260, by a timer, or by other means.
Referring again to FIG. 4, the Encode Processor 300 filters each vector
20 in the vector array 260 to ensure that all vectors are of reasonable length, color,
and intensity in order to optimize their appearance on the color flat panel
display. For example, the measured color for a vector primitive can be encoded
as a color optimized for presentation on the color flat panel display and for other
considerations like night vision equipment compatibility. Also, the intensity of a
25 vector primitive can be encoded to take into account the effects of draw rate or
the desire to assign discrete intensity levels based on precedence or other
criteria.  In addition, the Encode Processor 300 can format information
associated with each vector primitive in a manner optimized for the creation of a
graphics rendering command. The output from the Encode Processor 300 is
30 the optimized vector (graphics) array 330.
Referring again to FIG. 9, the Graphics Rendering Processor 1000 is
optimized for a color flat panel display 600. The Graphics Rendering Processor
1000 processes the optimized vector (graphics) array 330 by issuing a vector

(graphic) render command to a Graphics Processor 400 for each vector
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20 Example 2
The following non-limiting example is provided to illustrate the operation

of the alternate embodiment 20 as applied to stroke to raster conversion for use
in a flat panel display. FIG. 12 shows functionally an implementation of the
alternate embodiment 20 of the present invention to solve the problem of

25 displaying high-quality, anti-aliased color stroke symbology along with high-
quality color raster video on a color flat panel display.

The present invention detects the individual vectors drawn by the stroke
generator, for example, a Multipurpose Display Indicator (MDI) or display
computer, with the Stroke Vector Detector. This function effectively creates the

30 original symbology display list used by the stroke generator.

Stroke symbology vectors are then rendered and anti-aliased by Vector
Rendering. This function takes advantage of off-the-shelf graphics rendering
components using commercially available, state-of-the-art rendering algorithms.

The combination of display list recreation and vector rendering by Stroke Vector




anal og raster video requiring mniml processing by Acquisition 135 for the

10 pur pos derlng on the color flat panel display 63 I on
135 can p§¥($ ?/(lr;'ﬂ%?unctlons i ke anal og to digital conversi o% T%%grg*ty and

di splay size scaling, and other functionk-well understood by those skilled
in the art. The output fromthe Formatter 130 is formatted raster video
(Frane BuffeDetddBr aRef Stroke§ eztmi Rehderdfids. respectivety Msr g ended cosyponebd ©f

conbi th 15 d d
Render i ng. Pr 5 SSe5oNADEETHAM, (e ARRIEHELEVERIUN b GoPRPE SIRHARIO 140
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di splay fornma vi ew. ~‘The outp t from Merge Processor 500 is Display
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functional | yu?ihdﬁ“ﬂ'a?gﬁﬁélaélbﬁl%nyaanh&spI% & Procé ssindgraosiems withCamdlod video.

present invention to ve the ' problemo 5 di spl ayi ng high-qual.it
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vi deo on a cql.or f n I spl The ention detects the

I ndi vi dual g_J s Qﬁ'ﬁ(%ﬁg?fi/ '2’ '§?¥3 g(grh pj)srpl ‘or exanple, a

Mul ti purpose Di sphaye dtrsliccadctbr §dBklioR furfbtion! patfora by thie Stiok NbeuiStareke
Vector Detector. This function effectively creates the 30 original

synbol oy di shiowy ini IG. uSedDefjection and brahigem signay (Sts?'?%w%q)r%lsawhed

Fancti on t kY HPRASHE U0 or FORke ST AlsqPRdRes ERATEIER nuldlch for

usi ng comer Gipdde) Vined). | Thkeselgétati EStedkd Wedery inmﬁrid&]‘igiltlgealtgothd mmlog Tbe
conbi nation of display |list recreation and vector renderi ng_py St rore
Vect or WD 00/@igiai1Cpatentmoay 24dquexamglenst®Midz wamarls: ke Wgé gample rate

Renderi ng, t
ndeet, the GREEeRPRER g PfrigY B 4 SRRARE or Sioel P TERRATichBUER A0Re

with fafsgr e&b@ﬁesﬂmhh? Yaténdr abcuutrhsamphfsnpexrmxelwm tvet Hisplay aT hebigitizationk e
generator I s capable of providin aster Vi d

scal ed by Rasqfeq;trqyc—g,sggr?@ Qé%‘('ijﬁg anl_ﬁl Wﬁ(,stymﬂ? ?%y éﬁﬁ?@h?@n?fd?g ?;?15(? for
found in most, Jﬁlé@gegggé'bﬁh%@badie@f\ﬂutﬁi'asnbaw AYDO A ipbgsibys torexahige,

anal og vi deo. stroke synbol ogy and digitized raster video are
merged in Mer@®0 by 9500 pixels W|th a 13 bit A/D. Once digitized, Vector Recognition
determines the start and end points, color, and intensity of each vector within
20 Stroke Video symbology and places this vector information into Display List.
Symbology quality is maximized by ensuring that the same point is used for the
end point of one vector and the start point of the next vector in a vector
sequence, like that in an arc. Variability in symbology writing rates are
automatically accounted for with this method. In addition, variability in draw
25 rate can be used to modify symbology intensity is required.
The Stroke Vector Detector can be contained in a single programmable
logic device, array, or application specific integrated circuit (ASIC).
As shown in FIG. 14, Stroke symbology vectors are then rendered and
anti-aliased from the Display List by Vector Rendering under control from the
30 Display Control module described herein (not shown). The Frame Buffer is
filled with high-quality, anti-aliased symbology ready for display. Stroke
symbols drawn first in a frame are typically the highest priority symbols and
could be rendered accordingly through alpha blending and other graphics

functions.



gi nal I'y, tpe merged video is displayed on the Display. The stroke vector
etection function performed by the Stroke Mddule are 10 hin FlG 13.
Def | ecti oﬁvgﬂﬂa%ﬂ ght up signals (Stroke Video) are sw tchi’gq%blﬁsﬂﬁke

Swi tching. Stroke Switching al so provi des2& repeater function for Stroke
Vi deo. The selected Stroke Video input is digitized by the Anal og To

Digital Converter Tie &troke! Mu6ald ehablds M sesgehe inaéstionTitbs reradep! strole e
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vectors are then rendered an nti-aliased f. ' MK
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i nventi pn t o gypBRRINiZdtiopkdetestioThoh dby inddrhingriRastee ddde@dindogenaratesaRaster
quality. This is possible because Vector (G aphics) Rendering enables the
presentfl Q\éeg‘ﬂp@lﬂet@%ﬁocess stroke synbology with anti-aliasing using an
array o y 16 £o -RLXx&l: I ofRtHH Vindd I [
translates to the %b%ﬁ?%%%wrééﬁ%%y%ga%ﬁt% ?gﬁlg mfég’?&ﬂed EIrBlfRlans 16! Sost
field memory can be used to perform vertical/temporal de-interlacing, image

scaling, and gamma correction. The present invention can be also adapted to
20 provide a growth provision for zoom in a manner that will become apparent to
those skilled in the art.

The Display Controller (not shown) performs processing functions and
controls all modules of the present invention with plenty of available processing
and throughput overhead. One important task performed by this module is the

25 execution of built in tests. Another important task performed by this module is
accessing the Display List created by the Stroke Module in order to form
graphics commands for Vector (Graphics) Rendering on the Stroke Module.

A Liquid Crystal Display (LCD) assembly suitable for use in the present
invention can be, for example, a high-resolution, state-of-the-art design with a

30 600 by 600 color pixel Active Matrix Liquid Crystal Display (AMLCD) having 120
color groups per inch. Other raster-type displays can be used as will become
apparent to those skilled in the art. Also, the present invention has multiple

applications, including raster scanned or caligraphically-generated cathode ray



synbol ogy pixel within, for exanpl€, a 9500 by 9500 pixel virtual display

regi stere ’ for exanple, 600 by 600 pixel actual display. | evel s
of pi xel q&@"’@ﬁ%‘- pi xel processing resol ution are necessar yP%?fﬁUS-érQ isﬁ4t o]

di splay the highest possible quality syngdol ogy. 10 The functions perforned
by the Raster Mdule are shown in FIG 15. Raster video signals (Raster
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repeater function for Raster Video. The selected Raster Video input is
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20 provide aq itQMdlaﬁéllegleg)/m ddivertepm 'rrneaaﬁal@pesighbatisvﬁhbh bempified and

apparent to those skilFed in the art. The Display Controller (not shown)
perforns prodeptyeg duacideonmaged controls all nodul es of the present

invention with plenty of avail able pr S| n On
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can be, for ﬁéﬁ%lé@o 'ngﬁ-r%e@%ﬁub@rﬁ&é&f&uﬁ@f La ﬁ#ehlﬁ g??‘g’gﬁi {ghne :/viI 'allﬁ)go
600 by 600 cglafiopi #BE ASdlbycamplifidrx whidhifdnEligrss alifféiently agt @KfdreDd) signalng
120 col or groups per inch. her raster-type displays can be_used as_wl|
become appafrequencieshematexifurteer fistartanzpttheapaalog ﬂ'étpb'lt-es%ﬁ?a‘i‘%%%%n

025 o eontc e sniPL A RuREbE DO AR oh38T S0 aRPY 891 e
((aﬁl:?T ) Tgi%%:%ogt%ﬁ-%fnna;dﬁg;ts@fag is motrar d:clmalt)lej{ely ﬁmpmtba@pneaﬁﬂtaéerp of dhetdigital
oL 1o ol cale an anal o ) 050 Shahiah, | Al BT Yady Ihies
d.i gital si gn@annghse expected, it is often necessary to ensure that the displayed image is
as accurate a representation of the digital data as possible. Therefore, an all
digital interface is preferred between the frame buffer and the display
20 surface/volume, eliminating the conversion errors and distortions discussed
herein.
The present invention is subject to many variations without departing
~ from the spirit and scope of the present invention. For example, a digital map
analog or digital interface can be added as an additional raster input in order to
25 enable the system to overlay symbology onto digital map video. The resulting
combination of the symbology with digital map is then provided through an
analog or digital repeater.
Additionally, a digital map rendering module can be embedded in order
to enable the system to overlay symbology onto an internally rendered digital
30 map. The resulting combination of symbology with digital map is then provided
through an analog or digital repeater. An interface to a digital map mass
memory unit can also be added.
The modular design of the present invention along with available

processing and throughput overhead provide for maximum flexibility for future



5 display generator then creates an anal og signal fromthe digital signal
with a digjital -to-analog (D/A) converter. The anal og signal js'then
anplifi ed%’%@/oo lspl ayed as a video imge. During the vi deECTlllrlﬁﬁ’é“&“eati on
process, many factors adversely affect t28e anal og vi deo signal output from
the display generator. For exanple, signal 10 interpolation within the DA
converter i ngioRdHCesofliexapiplé 0as modifidatioantal te StgtuslCoriinels intelifaterari thes

are then magnified during anplification of the siqgpal, 6 | ddition, the
anal og anpl i ad@ition waf & e datan interfages, éIﬁ’ﬂgy vaﬁ\ %lnﬁp@ye&orgpgllﬁ& software
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di gital data as poSsi ble. ore, an. a igital interface is
preferred bethatevil bbeorhe appataritfte thasedskiltes iditbplant; 20 surface/ vol une,

elimnating the conversion.erraors, and. .distorti di_ scussed in e
present inventi on&lt erg ¥jiatiqng @“ﬁaﬁ?/oq}ﬁ?ﬁﬁg{‘ﬁoﬁgr\ﬁ‘ﬁ Iﬁ’zﬁergebné/re&ﬁég Wil -(g;% t he
spirit and sgopsrept td BfsRr Gt irl theeakti and itierthexatEp f the dippehakd radims
analog or digital interface can be added as an additional raster input in

order tl6 25 thahtsgusht weriatipaseand dnedifeatignss baber\rigdonfer XaAMRIe. e FPdeo.
The resultin conbi pnation of the. s 0 | Lol I
provi ded thr gﬂﬁlﬁs gh ot %’aPB’JQSrmﬁfaéﬁ fv’gﬁ%reepégy\éegrtgd i%g:}tblgtrﬁélﬁgyé'sg{'%?&tqgl
map renderi ngngRdyks Carapticeandbedrd-rendess arnido tiesinkjualityhémpysieenmupon.
overlay synbol ogy onto an internal It&jre(rj\,der ed dllgl tal 30 rrg . Tr\lle d to
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al ong wist h agRrictrablcemegizocas sonpletety terremagh it inforendtimadinptrey bdek wath the .
maxi mum flexibility for future WO 0?/ 00951 PCT/ US99/.14874 , - 25 .growth. For
exanpl e, a nIOet 8Rdid AN (Aindh e ASBINGIR M SEHIGEnFaR i 4SEA 10h8rive JRIHPIS, of

a new data i i3i\AfBes2b0E sthiifartdctRiy2vi&at fepldbfhg S8 deMsthed to optimize
the video presentation for each display type.

The particular values and configurations discussed above can be varied

20 and are cited merely to illustrate a particular embodiment of the present

invention and are not intended to limit the scope of the invention. It is

contemplated that the use of the present invention can involve components

having different characteristics as long as the principle is followed. It is

intended that the scope of the present invention be defined by the claims

25 appended hereto.



nodi fications, would enable the systemto becone a smart display. A smart

di splay e I raster synbol ogy to be rendered in manner L or the
5 di spl ay%&oﬁg?%functi ons and features such as zoom al phglp%t/{e}% flg%}? and
rendering stroke synbol ogy with hal os carm?3 so be accommpdated in a nmanner
that will becone apparent to those skilled in the art. O her variations and
nodi fications of the present invention GLAIMBe apparent to those of skill
inthe art, and it is the intent of the appended clains 10 that such

vari ations and nodifications be covered. For exanple, text from books or
other printed medig n‘fé"tﬂog%f %fé’cﬁihgegﬂ'agﬁicoétﬁ]éétsftﬂﬁi Ha0k B crRIEd for a first

| anguages.” G aphi cs can be re-rendered and ‘their quality inproved upon.
Two- di mensi ongisplay C the egraphict lobfestsli neprasenting ebj évage c andogedenderingdheo

t hree-di nensional  virtual reality, i A tem for gon i s to
15 ol ectf on: @GRt oo bED AlipPlRe Fe el o gy ER et PardBisRe
with the tartﬂﬁtstéﬁasdbﬁ in mnd. A single video source can be used to drive

mul tiple display types, even sinultaneously, where rendering is perforned
to optinize the viedewiny dowmattad @iaplics cliem @ spuEse.t e formattedr giaehicar

val ues and canfigurations djscussed.abqwv an be varied 20 and are cited
nerely to ilﬂ@@’?%g’@e%?%éﬂe&fééﬁ]ee%ggls t of the present invention and
are not intended tguibifRd apfaftyQUIQYraphit vdjddty withirothe fdrmiattedagrapriap] at ed
that the use of the present invéntion can involve conponents, havj

n

di fferemd charact esreating a2 grapbicg argay Heorpr thecippiralitys of SreeRiss. oppc?ss that

i ntended that the scope of th r ! ) - defiped by the clains
25 appended H@Pé‘ﬁfn? %W)%@igﬁ’f%&wf‘%ﬂ &?Bglc&ﬂﬁ 1. A method of
det ecting graphi c rbjepeifingtRé Plransityoek graptied edjdots irm o hrastner dospattsd forhe
graphi c objects representing an inmage, and re-rendering the 5 graphic

obj ects in a therdiffergapdis@layor a di fferent displ ay, the nmethod conprising
the steps of: receiving formatted graphics froma source, the fornmatted
graphics having been formatted for the first display; detecting a

plurality of graphige ofierids ofi Clim 1 hevHereimathe drgphimsi object® areegtaphicsa
graphics array fromthe plurality of graphics objects that

primitives.
3. The method of Claim 2, wherein the graphics primitives are vector
primitives.
20
4. The method of Claim 1, wherein the graphics objects are vector
primitives.
5. The method of Claim 1, wherein the graphics objects are combinations
25 of a plurality of graphics primitives.
6. The method of Claim 5, wherein each of the plurality of graphics

primitives are a plurality Qf vector primitives.

30 7. The method of Claim 1, further comprising the step of displaying the re-

formatted graphics objects on the different display.

8. The method of Claim 1, further comprising the step of storing the re-

formatted graphics objects for subsequent display on the different display.



represents the i nage based on the formatted graphics; and re-rendering the
plurality of%ograﬁhi cs objects in a manner formatted for tpg !%l'ffere'nt

di spl ay. YO P00Me net hod of Claim 1, wherein the gr aphi cs Bj Crad S
graphics primtives. 3. The method of Ct%fi-rm 2, wherein the graphics
primtives are vector primtives. 20 4. The nethod of Claim1, wherein the
graphi cs obj gcts ahe mewbarof Qi | further compFisingmiichstdp aff t@naimittibg thaeeei n
t he graphics objects are conbinations 25 of_a plurality of graphics
primtives. ®rmettedrarenbigs sbiegtalanuse inthedifferentdisplaY-he plurality of
graphics primtives are a plurality of vector primtives. 30 7. The net hod
of Claim1l, further conprising the step of displaying the re- formatted
graphi cs obj ¢0f s Thet heettbilf ef eMaiti sl ayhergin Tie rgrapbidsofar@yai comprises
further conprising the step of storing the re- formatted graphics objects

f or sub§equeﬁha@£?ﬂ%'9s(%atﬂ%“%ﬁ P?%&eéﬁ}agmspl ay. WD 00/ 00951 PCTI US99/ 14874
-24 9. The nethod of Caim1l, further conprising the step of transmtting
the re- formatted graphics objects for use by the different display. 10.
The met hod ofi1Q aiTimelmetitoer ef Bidime1@r wpbiein the reharagaristicsesre selected from

characteristics of a portion of the . .11, Th t i

wherein the HP?atgéB‘t’%r'°§§isb§9a&ec@8f’e'8gaé%ﬁy Y S%e'tlﬂgatgofh Olr}gg%séﬁ]asr%ﬁ’nn%é&g*re'
col or, intenghhye, HirdBlior OpRice@Bncd IGMaPBOATRY of LAt Insge afpmmisinatiots on,
precedence of a portion of the imge and conbinations 10 thereof. 12. The
met hod & C #ieredf. wherein the graphics array conprises a plurality of
vector primtives of a portion of the imge that are conpatible with a
graphics processor particular to the different display. 15 13. The net hod
of Claiml1, whereimhetmettddesthCiasmar mherein thedjraphitg arrsyt corprisdha pletdiid of

Claim1, further conprising the step of applying anti- . . .
of vector r;;I?imitivesgof a portion%f the irﬁgggthg{ are compatible with a graphics

processor particular to the different display.

15
13.  The method of Claim 1, wherein the graphics array is a display list.
14. The method of Claim 1, further comprising the step of applying anti-
aliasing techniques to the graphics objects within the graphics array.
20
15.  The method of Claim 1, further comprising the step of applying alpha
blending techniques to the graphics objects within the graphics array.
16. The method of Claim 1, further comprising the step of applying haloing
25 techniques to the graphics objects within the graphics array.

17. The method of Claim -1, further comprising the step of applying

interpolation techniques to the graphics objects within the graphics array.

30 18. The method of Claim 1, further comprising the step of applying fogging

techniques to the graphics objects within the graphics array.



aliasing techniques to the graphics objects within the graphics array. 20

15. The mayB@doefs; O aim 1, further conprising the step of applyisggdspha
bl endi ng techni ques to the graphics obj ecif wi thin the graphics array. 16.
h

The met hod of Caiml1, further conprising e step of applying haloing 25
techni ques to the graphics objects wthin the graphics array. 17. The
met hod of O 48m 1 Theumethed obftaimsilndurthes eareprisingdbpl sterget Mereipgdhg: ieon

techni ques to_t he graphi.cs j . i &l . LG ; 1

ot hod of d Senqered: Rlprasy °€?r‘«%ﬁ'§?\r/¥gbt]‘%§g Vi'?“é&9%!?*92%EﬁfyC’?ﬁéa%gﬁ‘?wg@“’m

t echni ques t @thdiahan ks dipl@cosdiffietdritrisgigy.gr aphi cs array. WO 00/ 00951
PCTI US99/ 14874 -25 19. The nethod of Caiml1, further conprising the step

of nmerging the re- rendered plurality of graphics objects with graphics
i nformatd on. Jfrom-saur ot her, nqtherfidist ydh s i bidcf! e8in be
di spl ay.g 52 TO'The trﬁgg‘ogf acl:l'%'n , 1M\§P%|}F%ﬁt ﬁ@é gpg%ﬂ‘f'gés gg{ ects cr};m be

char act eri zeghbyacef2ad alyi byphtalitgcsforsctoes)dahdr funibier coomppiisinggthtehsten e of
detecting each individual vector within the plur li%i of vectors. 21. The
net hod of O detedtng GFQﬁ*k'ﬁéW'%lrﬁ?P@TM@thﬁ@‘esﬁéE?'@YO é?%t@ﬁ-ng a start 10
poi nt and an end point for each individual vector. 22. The method of Caim
21, wherein the start point and the end point are detected by sanpling the
i ndi vi dual vexit or . ThEbmathodTbeCremhia@] fafth€r abmp2idjingnther stiep afhdetectipg af start
detecting each individual vector wthin tt]ee(%%urality of vectors further
conpri skl t h@o¥tandan gae eRintigr gach iNdiidual Ye§i®ecti on of the graphics

obj ects. 24. The nethod of C aim 20, wherein the step of detecting each

i ndi vidual 20 vector within the plurality of vectors further conprises the
step of dete@d.ng Ehe otedimupk of IClaiod @1, wiheréio theagtartcpoiobjapdtthie emd ppid are
met hod of O aim 20, wherein the .ste tecting each individual vector

d
wi thin the pldftaftea\PYorarRiae 'f‘ﬂ'?’ﬁ‘(‘%ﬁ V%%et%ri ses the step of detecting a

25 change in intensity of the graphics objects. 26. The nethod of C ai m 20,
wherein the step of detecting each individual vector within the plurality
of vectdss f 23 herThomethedof Glairg 29 vieraist the siep af delnsiigs eachindlyidyale

of the gr aphlvcesctgrbtvﬁﬁitnsfhe plurality of vectors further comprises the step of detecting a

change in direction of the graphics objects.

24. The method of Claim 20, wherein the step of detecting each individual
20 vector within the plurality of vectors further comprises the step of detecting a

change in color of the graphics objects.

25.  The method of Claim 20, wherein the step of detecting each individual
vector within the plurality of vectors further comprises the step of detecting a

25 change in intensity of the graphics objects.

26. The method of Claim 20, wherein the step of detecting each individual
vector within the plurality of vectors further comprises the step of detecting a
change in draw rate of the graphics objects.

30 .
27. The method of Claim 20, further comprising the step of detecting a

change in direction of each individual vector.



30 27. The method of C aim 20, further conprising.the step of detecting a

change inﬁg&h@ﬁ%on of each individual vector. WO 00/00951 2%9?73?%%4874

-26 28. T Y of Claim 27, wherein the change in di r et tected
by conparing a neasured change in directd®n and a predetermined threshold
val ue of direction. 5 29. The nethod of Caim?21, further conprising the
step of creapg8ng Theanétbod afrClainh i27e whareieabk chathgel iduditectiont isrddigcted by
conbining the start point and the end, pgint and

lurgljty.of
char act eri st FeRPEfiNg a8 HMEAreAJeRANR: 4R éﬁf.eféen %‘z greqrﬁaa{%%"@%itme?@f"d

wherein the Q%I'd%ad idipecfibn Characteristics of each 10 individual vector
conpri se length, cIi rectiron, color, drawrate, and intensity of each
i ndi vi dual vector. 31. The nethod of Caim?29, further conprising the step

of adding the vector rimtive tq. the graphics.array in a predeterm ned
order. %5 32§9Thetrﬁﬁtrﬂgt&° f°f§1|3|"ﬁ1%i:ﬁ‘fr[l%trﬁg)fn@w Et%e?/ﬁt?ptﬂfegrgfagag@fvec%r
optim zing tpﬁmitﬂfeaif&?' &SP IHdNIdE A védisr 8y fdmhBIRIng i Istart pbint dhe tABtdRH of
Claim1, further conprising the step of prioritiZing the 20 plurality of
gr aphi cs obj poind andtehploralieoficharactesistics afjeaduindividegipcterus for det ecti ng
graphi c objects that have been created for a first display, the graphic
obj ects representing an i mage, and re-rendering the graphic objects in a

form adapt edgpor Fhdirhémbandt Ciairal 20/ wihidreiretheaplataily o? Thaeagteristiosgof each
receiving neans for receiving formatted graphics froma source, the

format tléd gr Hstividealhveaterycomprise tleagthedireation. ealpr.qdray agte, RAG iteRgtnehins,
i n comruni cat.LQQ: W:t. | eceiving neans, for detecting a plurality of
gr aphi ¢ obj e%%gﬂwﬁqlhplﬁg@ﬁgﬂé%rn&tted graphi cs; 30 generation nmeans, in
comuni cation with said detecting neans, for creating a graphics array

fromthe plurality of graphics objecis that represents the jr based on
the formattedlgr aﬁﬁpdﬁ?thﬁﬁ@fr@a%hge{q%r ﬁﬁa}%',s'r]%t?’@oﬂﬁﬂrﬂq@é#ﬂ’?ﬂgﬁﬁ Y‘?‘Fqgrai d
generation - (=P 090 Y bigrdddd ofergr aphi cs obj ects
formatted fg? ﬁ[}ﬁt’év%ﬁtp 8 eﬁéﬁgggylagyn *}f-‘re@ rtried ofdfer
15
32. The method of Claim 1, further comprising the step of optimizing the
graphics array for the different display.

33. The method of Claim 1, further comprising the step of prioritizing the
20 plurality of graphics objects within the graphics array.

34. An apparatus for detecting graphic objects that have been created for a
first display, the graphic objects representing an image, and re-rendering the
graphic objects in a form adapted for a different display, the apparatus

25 comprising:

receiving means for receiving formatted graphics from a source, the
formatted graphics having formatted for the first display;

detecting means, in communication with said receiving means, for
detecting a plurality of graphic objects within the formatted graphics;

30 generation means, in communication with said detecting means, for
creating a graphics array from the plurality of graphics objects that represents
the image based on the formatted graphics; and

re-rendering means, in communication with said generation means, for

re-rendering the plurality of graphics objects formatted for the different display.



WO 00/ 0Q951 PCTI US99/ 14874 -27 35. The nethod of C aim 34, wherein the
gr aphi cs Q;%ﬁ&&ﬁﬁ)are graphics primtives. 36. The nethod ?f&%gmsﬁ’
. e

wherein the graphics primtives are vector_ 5 primtives. nmet hod of
Cl ai m 34, wherein the graphics objects aré/vector primtives. 38. The

met hod of Cl aim 34, wherein the graphics objects are conbinations of a
plurality of graphics primtives. 10 35. The apparatus of Claim1l, wherein

the detectin sﬂear%_shec%gphroidsgfs cmﬁ%‘l? wtl'n%rglin%éigzraepl'gigg o%feacqg ia?e? gPab;;hefgé[ S

primitives. |
36. The method of Claim 35, wherein the graphics primitives are vector

5 primitives.
37. The method of Claim 34, wherein the graphics objects are vector
primitives.
38. The method of Claim 34, wherein the graphics objects are combinations
of a plurality of graphics primitives.

10
35. The apparatus of Claim 1, wherein the detecting means comprises

means to digitize the graphics objects.



