;e3eq8)q""#t & &D(6(T8)" 1 7 D E C 2002 -1METHOD QF AND SYSTEM FOR
GRAPHI CS DETECTI ON ANA REhJDERI NG g: |, BACKGROUND OF THE | NVENTI OY 7T ﬁgc 2007
present invention relates generally to the field of a rendering engin
architecture for conputer graphic displays and displays information

processi ng technol ogy. Mre specifically, the present inven
generally to a nethod of and system for a rendering engi ne mmml""ﬁ‘mmmﬂl
wherei n graphics or other objects are 10 detected and rendered i@rssdi spl ay

to a user Independent of the source of the graphics to be rndered. The two
nmost common forns of display systens ate stroke display systens and raster

di splay s | t ' I t@ﬂ? cessors
and Cat hoﬁm%EW%oﬁgﬁt@@#ﬂ%ﬁgsgéb@@Iég@éllg%lhay SI;N; ens are
capabl e of 15 high-quality synbology with Inherent anti-aiiasing, due to
the ability to positiop the_el ln_v f] I ncrements and t he
Gafissi an distribution Ef el ggpﬁﬁé%ﬁqﬁﬁ? J{E’g 'g\éﬂtl beam However,
stroke di splay systens are now virually obsolete and era plagued with

probl ens Forhexpriesert inrention:r oxlatasy genarallyl ty dhexfieldi ehoe tengeringi engiee

rates, high oasis, |ow supply, and dimnishing nunber of suppliers. 20
Rast erarghiidtave sieat eamputer ystaphiev ellsplaysreged pdisplays olrsformatidres peseasyipg CRT

or flat panel displays) Raster display 1mages are typically nore quantized

t han tt_@%ﬁﬁolefgy.s tMé}Eespiémﬁ]. {Rb phederit TnveriiBnQblatd g dREFaRY tPh rﬁ@!hbacﬁ”ﬁaﬁij

lines in the Tmage, or in the case of nosaic displays such as LCDs, the

PosoniSEIEN AR SRR AR ReRe W8S SRR B SH Ay iRt s

vy | a0bRetdy LAY ARGetEE I6CdisHISY W% LR ThESpIRRL bt Ble sourde bf the-glapti@to
be rendered.

The twa mast common forms of display systems are stroke dlsplay systems end
raster display systems. Stroke display systems inciude stroke deflection processors and
Cathode Ray Tube (CRT) stroke-type displays. Stroke dlisplay systems are ¢apabla of

15  high-quality symbology with Inherent anti-aliasing, due to the ability to position the
electron beam in very fine increments and the Gaussian distribution of elsctrons within
the electron beam. However, stroke display systems are now virtually obzolete and are
plagued with problems. For example, CRT stroke-type displays experience high failure
rates, high costs, low supply, and diminishing number of suppliers.

20 Raster display systems Include raster image processors and raster-type CRT or
flat panel displays. Rester display images are typically more quantized than those of
stroke images, sither in tenms of the number of horizontal lines in
the Image, or in the case of mosalc displays such as LCDs, the pixel resolution. Raster
display images often reqdire special processing techniques, such as anti-aliasing, to

25  approach the symbol quality level availabie In legacy stroke systsms. Raster-mode fiat

IR
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panel displays exhibit lower failure rates, |ower costs) are readily
avai l abl e and represent the state of the art. Flat pane! displays ?g ot
directly rplace CRT stroke-type displays In a stroke s display syst rﬂECZWZ
however) because they require a raster imge source. This suggests that
when a CRT stroke-type display is replaced with a state of the art flat
panel display, the correspondi ng stroke defl ection processor nust al so be
repl aced Therefore, a method of and syistem for replacing stroke-type
display with a fat panel display is desired which does not require the

corr eﬁféﬂh@i&}s’l%ﬁbﬁ%»b%ll% RAE GHREY odels, ite rr@%t@?@éhila% fhd ragrab Mo

the n 0 E C 2002 to replace a stroke d tion processor

reduc t C d asks associated with a stroke-type displ ay
repla?gﬁéﬂﬁﬁcﬁﬁ Fﬁgnslation of information fromits input domain to the

gr aphi cs do ‘is essarll ru |ve stem rovi only
graphi cs as EJIPBGPI %Bafﬁ#c%%?% ‘Fté?é& '?@%etq:lh?hfgr ‘XHF ?paig)ﬁéjl%ta

specific set of display requirnment Wien displ requirenents change but the
r eﬁderq! RBIAYERNRRIMC ARNGIYEB HRARRISP dhey HBqulp @ rsgi/%mmagé) sefsei sThigrasgests
conprom se graphics quality with conventional systens. For exanple, a, bit
map | rigé when a AR Tistroke-dype displayds replecedwith a statiectthe an flat panelphsmltay,c

di splay resolution and size. Wen, the bit map inmage is to be rendered on a

di spl aﬂxdtwrragpmdln@fstmlmtiaﬂaﬁmhupmsamd must aldd e reysiacsd, oi Teérefbraplaay,
the bit map is converted using bilinear interpolation under conventi ona)

met hOdﬁ}EﬂTé‘tﬁOPéﬁ@%?ﬁ&?@fbr%ﬁﬁchg\ﬁg etgﬁ on?‘dm‘% 'ﬂ%t‘ﬁah?l{)dﬂﬁﬁf&?t@?b%ﬁbéﬁ

bit map inmage (e, g., by sanplin I'ntensity co

t hen t S

veil 29 Iest %ﬂrﬁ;"&?ﬂﬁ‘?q’a’é“o%@s?%y. Rk NGB piRetiortrig opincal,
re ergﬁ Eﬁhg q? splay (e.g., flat parcel dlsplays) but with | owner
gua |ty It map had been render ed directly for the new display.

Furt her, the conversi on process does not handl e overl apping synbols and Is
not perforned inrealtl me. R4 For a hybrid stroke/raster display system
which era well known In the art, using a flat panel display, a conventional
met hod i ncl udes over-sanpling stroke



defl ection color and intensity information froma stroke deflection
processor in order to date a stroke synbology bit map with, col or aqngﬂjmg
intensity for each pixel, then processing the stroke synbology bit map an
mer gi ng the processed stroke synbology ~5 bit map with digitized raster
video iron a raster inmage processor. The nerged 17 DEC 2002 2-1
stroke/raster Inmages era then provided to a flat panel display. Stroke
synbol ogy bit nmap processing can inclyde anti-, aliasing, edge detection,

i mage snoot hing, and contrast enhanceffént. The possibility of errors
increases wWith this method for |onger vectors and 5 | arger sgnbﬁ%f,,mhen
vect ots rapidcsyarbtibkeydefactioms prcssapieredsiprd dhe gy st ansd risks a8§0¢8 withed |
close proximty and where synbol ogy Is cornprised of snell features of

conpl %agrogba[?p@dmplay@ladﬂmmr ef fect of conventional nethods Is to
general ly blur stroke synbol ogy, thus creating w der than necessary

symbol ogy WHd tr‘laf@&tionlofﬁnﬁhrﬁmﬁoﬁoﬁ&n e A cioridianoditel geaphichidsmiade tsres a
a

pr obl em especi y for small synbols, for symbols which crust be rendered

aceur 9%1 i ic8ra LU HPURP Graphics Brd! G

4) “whi {Aérégﬁﬁiggdee\rgtﬂ?%}'?ﬁg%y oﬂﬁwmggaﬁ%@?}a@ﬁ Is(r)ltglrpa?bi t ?f&p bef ore

| mage progoessing, .1 Lustrates this.i I r VeRikna

appr octEhgrecr gt e, Bt Bt EB0ind. 8 Seedid oBf, 2R taf reREEmERR, SHASA T,

process this bit map w thout the bereft of infaormation |.ost en,s S

| nt er s@isplayr requirements phange s it thee rendesng miapgp%%'éit change %&@Eﬁ)ﬁk

lines connecting two Small clrcles; the reference nuneral 4 represents a

red cigepblasaopnds fasped tq esmpesnise sraphierayaity wah seaverional sYSRMS nuneral 6

represents a blue line (extending fromthe upper left comer to the |ower

ri ght coner For g¥amples miitmaprizmage candpeivde ghnhicsdbabnave hsendendepd for &

I ntersecting lines, the intersection appears on a display to Include a dot

wixdh dipesifie didpay easdliition ahe sidedt Wién éha biirmap imagsrialtd ke rendaseton &l so

appear as doffs when processed using conventional 15 nmethods. Thus

synbol gaypldicraving £ difarent tosoition sed \eere thanathepordginslsdisplay, the bit map is
converted using bilinesr intarpolation under conventional methods. The protess can
also involve converting stroke information to a bit map image (e.g.. by sampling
deflaction, intensity, color, etc.) and then processing the image with software.

15 Information is distorted as well as fost during this process, yielding a bit map which
indeed can be rendeted on the new display (e.g., fiat panel displays) but with lower
quality than i the bt map had been rendered directly for the new display. Further, the
conversion process does not handle overlapping symbols and is not performed in real-
time.

20 For a hybrid stroke/raster display system, which are well known In the ant, using a
fiat panel display, a conventional method includes over-sampling stroke
deflectlon, color and intensity information from a stroke deflectlon processor in order to
create a stroke symbology bit map with color and intensity for each pixel, then
processing the stroke symbology bit map and merging the processed stroke symbology

25  bit map with digltized raster video frorn a raster image processor. The mergsd



20 25 nmethods are applied where eynbol ogy of differing colors are fn close
proximty, a third and false color.is perceived ors a display, cre@gi)gg 200
still more anblguity. Further, where synbol ogy of differing colors onrlap,
only one of the synmbvls is perceived on a display) effecting a | ass of
information fromthe other cynbal. Another exanple onvolves a nethod where
vector graphics are rendered into a bit map Image intended for a flat pane(
di spl ay. Wien viewed on the display ~+he graphics contain artifacts such as
al lasing (for exanple, chair steppiﬁg of lines drawn at angles other than 0
degrees or 90 degrees), Convenptional ,systerns |nclydes net s. far
postsipketastar iGagRe ﬂﬁ?ﬂh%ﬁm\’ﬁ%ﬁje% ﬂ?}éqr@éﬁlﬁpk}’eséj'\ﬁﬁf% ﬁylaﬂcﬁggy b;ﬂirﬁgg and
edges, then alter the bit map by blurring the detected |ines and edges,
Wierpreceswing otara ridlade mmtledliasing, edyecdaieetion, Bragaiissyadbing: Badeesras of

al | asi ng appear di m nished, but at the expense of graphics resolution and

qualdrihancefrierith T Hepsessibikty ofeadirsTiritreados witrkihis mettral for langey vesioen andhe

overall function of 5 the invention is simlar to that represented by WO 98

Lol ( Inve . :
& “Iélégreg_(s'égﬁﬁcﬂé. WREH§BERs and sb%bfa?gﬁhﬁ%écﬂ%&%&#gé%&oﬁlﬂ%ﬂn@@@)

SLro er Display conversion. ereafter fferences betmgen
: . . . U : . |
178 BHbBE, ey 854 Viferk St oy s Sormiesid G KRR Rs & SRR, O

conversion; 10 ~. e inveption uses thods,.different fr t § 15041,
oy RS D i crBa 0 ol ERRBrBtE EpUAR § ekl Q8E St Bkeea”l
the sanpl ed stroke ipput:, 15841 creates a "hit " based an the nunber of
sanp’l‘)é'ggﬂpﬂbﬁ Hhug Rawe widestagn FBE%#%%S!(*BP&BB)! g‘%ﬁ’)‘e?%e i nTent | on
re-renders graphics fromthe primtive display list; 1594.1 noves a 15 best
ftt "pixel tenplat paitemt into a raster franme buffer based on the "hit
map; " because the invention re-renders froma prinffive display list) the
out put Image quality can be enhanced for the target display using functions
hke antfaiia.sing, |pha blending, halolng, inOerpolation, nerging) etc)



Anot her prior art device is discussed in US-A-5 Q48 94T {Fukushirna

Tokutaro) 5 20 May 199a {199S-b5-05) (Hereafler'94T patent). Th " 94T ppabgnt

s a device that hae it$ printer buffer filled (imge nenory from a host

conpwt er or a scanner (hit map). The '9~7 pakent does not teach detecting

graphic objects, Instead in '94~" ~ host oornputer provides a display |ist

of sectors that |Is generated and creates a b3tmap for an inmage, 25 |11

Bf ~I EF SUMVARY OF THE INVENTION 17 B E C ?QD2 3-2 The fol | owi ng summary

of the Invention is provided to facilitate an understandi ng of sone of the

I nnovative cC onent.s unigque to the present fpventl,an IS t 6d

o beseurary HBBoRFBiahn. 1T Aoy Pe BIRTBre STel o Shhal s3iAbofd, 36F

Various aspects of the invention can be gained by taking the entire

sped syrobolswhichanuat barenderassaceuratelih anpiera Symbrirgclesants ﬁ‘é@!ﬁ%ﬁﬁe

with the present invention, there is provided a nethod for detecting

gr aphbgerfdp.ects (.g.) vectors, arcs, circles) dots, polygons, three

di mens~onaT sh~s~s) that heYe been created far a first display (e.g.)

sty oke- t ypejdi $pwhigh répresahtaRiroke Gyhidlopy ieragrsdigitized [ato a iaiigmepabefore

ra-rendering the graphic objects ina formadapted for a diffiertant

di spl : MilistPsted ! irSPlefty lor sbife EBhUERtidNAF ldpfRsadhes
PhpeS proctSShd IbtpRel vt BRER: airale

st eps receiving to froma source (e.g., video) t hat
i

or aphi De0BlBera e orig sehErest Hfin/ghiohd kpefei i fatp bl ichep
Pt or W0k e, BanaRLoUFEINRRRRY fosyohat bl pfas o oS THE, Mlerence

precedence for rendering overl apping graphi ¢ objects;. ayde-~ pri.orit

fior Pumael dgamresents t%ﬂ‘e‘@t@?,enﬂbeﬁrﬁﬂ’nf‘?éﬂﬁ%%tﬁnﬂﬂbC{Sge?'ve%@n@@rieﬂ t he
pluralifiy of graphic objecteraphic oksJects for the different type of
di8pl apmerak4 reprasents 2 sed ciglaiin thpprerdet samer sjthe figumy cand thewreferened f or
| ater use or displayd on the different type of display, The objects within
t he direphargl Birepresents adiueriine faktandidgdoribé wp'ea&fhgomsr to thexfower Hghtot h
lins, txturlng to enhance the appearance of graphic objectgraphlc objects,
al pha dareendi hien condentionalrppbessidy metheds grappplisd fpreintarsastthgriines, adhe
correct color perception) haloing to increase contrast between graphic

obj ectint@rssdtion app&ant vreadispiey Rricideun dot with adiameterrigaenitham the widthasfi ng
and snoot hi ng graphic objects, logging to provide the perception of depth,

~11's idithel $inel 0SARAIIOErdERRIZYCal8RRPbEr afRiock MheW Hocosssy uexhgr&ﬁrﬁ@nﬂonal
I n~f onnafl on arid sources, and other functions. The step of detecting

Do) T RIGR THE HERIGP BBt SRR e Bl ProssBFRP and

methods are applied where symbology of differing colors are In close proximity, a third

and false color is percelyed on a display, creating still more ambiguity. Further, where
symbology of differing colors overlap, only one of the symbeols i percelved on a display,
effecting a loss of information from the other symbol.

20 Ancther example involves a method where vector graphics are rendered

into a b map image intended for a ﬂét panel digplay. When viswed on the display, the
graphics contaln artifacts such as allasing (for example, stair stepping of lines drawn at
angles other than 0 degrees or 90 degrees). Conventional systems Include methods for

post-processing the bit map Image using techniques which detect lines and edges, then

25  atlter the bit map by bluring the detected lines and edges, When viewed on a fiat panel



~~a F c zaa2 4-1 draw rate of vectors; detecting the center point)

radi us, color, intensity, shading, fogging, and texture of circles, omn
detecting the vertices, color, intensity, shadiryg, fagging, and tg;pépg
c~f a polygons or three dinensional shapes; detecting the color, intensity)
shading, 5 flogging, and texture of the background. In accordance with

anot her aspect of the present invention, there is provided an apparatus far
detecting graphic objects that have been created fior a first display, the
graphi c abjeets representing an | mage¥-land re-rendering the graphic objects
in a formadapted for a different display. The apparatus includes neans for
recei yisptay, Aheetieeld ditaligsmghammat dimnished batest thiexpenseacfigrapbicsphi cs
havi ng been formatt~ad for the first display; detecting neans, in

wmmunj ' | hd. recei ving neans, for detecting a plurality of
graphg(g:ﬁ% Jectmga%ut%ﬂ% the formatted graphics; generation neans, in

oL TR e e SR g At

¥
gr aphi ¢ obj ural ity of graphic o represents the

I mage, based the fomatted, 1~ graphi,Cs; 1 C,2 .

redr eHE%H'FY@%F?s?'W'FFT}(%n&Hﬁi@&&%E% S}ﬁ We 859@}?59 aty @%lﬁg@aﬁgf&pp ge &
ra-rendering the plurality of graphic qQbjects fiormatted fjar the

di f f i &lestronirs)p a@. At é@@&ra(tqggg‘lo&ﬁé))er hm‘&%&a@%&r&@anlsﬁp@ydi?w%‘%,
graphic objects. 5 In an altamate enbodi nent, the present invention also
conbi {beredfter "$584H)e Diferences between the Invention 15941 include the following:

1. the invention Is more brosd in Its epplication; 15241 Is specifically designed for
stroke to raster conversion; |
10 2. the invention usss methods different from those of 15941,

a) the invention creates a primitive display list from vectors detected In the
sampled stroke input; 15941 creates a “hit map” based on the number of
samples within a given digplay location {pixel);

b) the invention re-renders graphics from the primitive display list; 156841 maves a

15 best fit “pixel template pattern” into al raster frame bufier based on the "hit
map;” because the invention re-renders from a primitive dispiay list, the output
Image quality can be enhanced for ths target display using functions like antl-
aliasing, alpha blending, haloing, interpolation, merging, etc. '

Another prior art device is discussed In US-A-8 748 847 (Fukushima Tokutaro) 5

20 May 1998 {1998-05-05) (hereafier '947 patent). The '947 patent Is a device that has its
printer buffer fllled (image memory) from a hast computer or a scanner (hit map). The
'847 patent does not teach detecting graphic objects. Instead in '947 a host computer

provides a digplay list of sectors that s generated and creates a biimap for an image.

25 . BRIEF SUMMARY OF THE INVENTION



graphic flbJects with other i nformatlon including inmagery, video, or

graphi cs from anot her source !'n order to provide a nore conpr ehenqu]Equz
di splay format to vista. The novel conponents of the present Invntion W
beconme apparent to those of skal in the art upcm exam nation of the
fiollowryg detail ed description of the invention or 10 can be teaned by
practice of the present invention, |V, BRI EF DESCRI PTI ON OF THE DRAW NGS
The ~accanpanyirtg figures, in whi ck%_ | ke reference nunerals refer to
identical or functionally-simlar el nts throughout tfie separate views
and ich are Incorporated 15 in gnd f art, of the specification,

Fur ¢ 1Bp TPIpY e ST aRs ob ReJEHe B AL P 2l i BRITSA ARG SRS o
description of the invention, serve to explain the principles of the
present i nvafritbe dmovatiee compsinedts unigye tasthe presenidpventions srdids ngt col or s,
smal | drcles, intersecdons, and overlap, 20 FIG 2 is a block diagram

| 1| ustendecbto nd adoll deberiptiventA ) apprédiatisrvef thlel system conponents In
accordance with the present invention, FIG 3 Is a block diagram
illustration of the G aphics Detection Processor 20Q In accordance with the
present invention, F1G ~ Is a block diagramillustration of th Encode
Processor 3p0 in accordance 25 with the present Invention, 1 7 DE C 2002

51 FIG 5 is a block diagramillustration of the G aphics Rendering
Processor 400 In accordance with the present invention.



1 7 DE C 2002 'WO 00100951 -6 pC'f/US99/ 14874 F1G 6 is a block diagram
illustration of the Display 600 in.accordance with the present invehQEpng?
FIG 7 is a block diagramillustration of an alternate enbodi nrent 800 of
the informati on detection and regenerati on process in accordance with the 5
present invention, FIG 8 is a block diagramillustration of a nore
specific inplenentation 20 of the alternate enbodi nent 8D0 of the overall
syst em conmponents i n accordance w tm_t he present invention. FIG 9 is a

bl ock diagrami’llustration of the Gaphics Rendering 10 Processor 1000 in
accordance with the alternate enbodi nent 20 of the present invention. FIG
90 is a block diagramillustration of the Display Formatter 1100 in
accordance with the alternate enbodi ment 20 of the present invention. FIG
11 Nariaudiasgeats of thednventionreasr be painegryctabingdbs sotirg specification, falBdance
with the alternate enbodi mt 2D of the present invention. FIG 12 is a

bl oegfrafirgy, andidbstratt @ awhobé. an i npl enmentation of the alternate enbodi ment
20 of the present invention to solve the problem of displaying

Bi gh- qualjhfateopiincsalip EROnIGREAY InGERRfE tﬁ%@b@FRﬁﬂdeﬂ 8'Hethbl fohiateatiad i t y

color raster video on a color flat panel display 20 FIG 13 is a bl ock

o SR WL A0 VAot cushr kA UL fed WiSkOdONBlsiS)

T YRLS ALLQbelh drlfted {o?léeﬂ&f" E&Bfayr @t‘&.e(;{rgige-type display), the graphic objscts

representing an image, and re-rendering the graphic obiects in la form adapted for &

different display (e.g., raster-type flat panel display). The method includes the steps of:

10 receiving formatted graphics from a source {(e.q., video) that have been formatted for the

" first display; detecting a plurality of graphic objects within the formatted graphics;

creating a display list of graphic objects that repressnis the original image, which

contains Information In a predeterminad, prioritized manner {e.g. order of pracedence for

rendering overlapping graphic objects; order of prierity for rendering graphic objects);

15 and refformatiing ar re-rendering the plurality of graphic objectgraphic objects for the

different type of display. The re-rendered graphic objectgraphic objacts are then stored

for later use or displayed on the diffarent type of display. The objects within the display

fist are then manipulated by anti-allasing in order to smooth lines, texturing 1o enhance

the appearance of graphic objecigraphic objects, alpha blending to combine graphic

20  objectgraphic objects and malntain comect color perception, haloing to increase contrast

between graphic objectgraphic oblects and the background scens, interpolation for

scaling and smoothing graphic objects, fogging to provide the perception of depth, fills in

order to color graphic objects, merging with other graphics Information and sources, and

other functions. The step of detacting graphlc objects includes the step of detacting the

25  start point, end point, length, direction, calor, intensity, width, type (dashed, sofid) and



funcOon of the alternate enbodi nent of the present invention. FIG 15 is a
bl ock diagramillustration of the raster formatter function of 25 E?ng?
al ternate enbodi nent of the present invention. |V, DETAI LED DESCRI PTI @E
THE INVENTION In order to facilitate an understanding of the present
invention) a brief discussion is provided wherein a conventi onal

i npl ementation to stroke to 30 raster conversion is conpared with an
enbodi nent of the present invention. 44e approaches between a conventi onal
i npl ementation and that of the present invention vary considerably. The

funct dRp rate &F s@Rlors! e&tetany td cBatep PolrRIradius) k6o teMsigy shddd, Fogging! gh
quali?ﬁ% anti-aliased synbo?ogy mﬁfﬁb q% 7 D E C 2002 Si%éapore Pa?gnP

Appl i i S ngﬁ&?q IO lCalipN; ; CTH%ﬁﬁgl r

Vi deog'g&n %Qté‘gﬁo?ﬁfsﬁg‘tegbane ’ fé‘:gsgféayégcgee%b%g!soghtwg%n%ﬁf hét e ﬁ%éﬁ’g{' ﬁﬁvil ch
i mpl eent ed .conventionally versus. th resent, Lavention. Stro def L.ecti ons
ana SR Sh E BSRbhS BE ke STBRNS obrC RS Herob M he. oy TpBelfy REuRE)

as in conventional approaches, the present invention detects start and

g% plagging.and Wi%#&&%@'&ﬂ@%% thin specific synbols, along with their
color and intensity. Individual vectors are distinguished through a change
in directi npaceorsanagavith apother aspechahthe present isvention, wewhlsnprevidedamw
rate, or by the assertion or de-assertion of the synbol ogy bl anking signal.
Thi s epparatis dby detectingt graphicf abjects (hat dlavo Heecor crgpated foreatfirst dispialyathéd i st
used by the original stroke deflection processor. Once the original display

li st grapite obiddts reptdseitting YO thage, S rdveerdring tHErgephict Bisiebtst iRt oer S

experienced i'n conventional approaches. This is because the vectors from

Lo cedBbmd ford dffetehlaRolan The‘adbarfL8RAtiaded iR, 180 rEO0UARBiRatisy "9

state-of-the-art gorith for antr-aliasing, a bl'e

phi : 1N i t ‘ t a9 | } for
HEPT BFSREETRICY Soligk, o RRAMY taBhER IR Betl, Brielebnr e st
t hose .0 [ rds_for rsonal . comut er.s. and wor kst ations, and
ot oSS! e R RRaE BrerrPiuBitetay it ST efe ¥ g nesihe ok derechig 4
proce of., dypnam cally .shyttir .OBL apd then turning on a stroke vector is
cal | e%ﬁﬂ'@hyué?ow.ap Rt W@Rw Ba r?f’ag@aoﬂﬁlpmqﬁgd generatian  Feang; i’bl ay
system by setting the stroke video signal for zerg beamintensity while the
def | ef’Pf%H“F' "ﬁﬁt“ﬂﬁ’ seid) ‘Sépﬁt:{f'gamﬂénsli r erqating asdinplayisd of igsaphie abjers on
ar eas areﬁgrgﬁisgby Faint ined as a result of re-rendering only those
vect off @™ tae Hiraliy,g 9%&15’#’4’3% thetyepeasents theoimage:based 0asthesfprmatied as
well as intersections and arcs-are accurately rendered with the highest
pb%siﬁ“%PWG&lity. Once the stroke synbol ogy has been re-rendered in raster
form it can be merged with digitized raster video. Both conventi onal
approaches and the present invention over sanple the stroke video inputs
for analog to digital conversion. Both conventional approaches and the
present invention performa nerge of stroke synmbology with digitized raster
video in simlar manners. However, conventional approaches have the probl em
of performng bit map or imge processing in the presence of arcs and
i ntersections of 1 7 0 E C 20D2 Singapore Patent Application Based ~n
I nternational Application No. PCT/LJS99/14874 -7a varying colors to a

degree which typically has been perforned in non-real tine systens or in
systens with parallel digital signal processing conponents.



1 7 DE C 2002 Singapore Patent Application Based On |International
Application No. PCT/US99/ 14874 -8 The present invention shifts the1p&ﬁftﬂﬁ}
fromthat of processing bit maps in real tinme (see discussion above

respect to FIG 1 ) to one of detecting the beginning and end of individual
vectors, which can be perfornmed in real tinme. The present invention renoves
the effects of |lost and distorted stroke synbol ogy information, and
re-renders the stroke synbols in a nmanner optinmized for a high resolution)
color flat panel display. Unlike conv®ntional approaches, which nust
process a bit map, the present invention processes a display |list of

i ndi iy ed-rerederiicsmedhs, ifli cephiaunicatién withrsahe gbrsrtion meahs; fer ye-raradening
rendered for the stroke synbology with no | oss of infornmation,

Convepbi GOk of g&?gg&gogfewt%rﬁ«iaﬁe& Y 1Peio€fﬁé>r%:hf ersgﬁea b_r'h@\épgg?mé ifiher

relative to wit nd di splay pixel resoluti Dgit stroke vi deo
dat a \pr I | I Jlrsigcreating a bit map. Rendering of
synboiﬁfig@%&nﬁ-bﬁg%éh@l &ﬁ{*‘ﬁgéﬁgr%%@%ﬁed by post processing the bit nmap
usi ng edge, detection, i S t hi ng, ntrast enhancenent, nearest

ndi ghbor  alfaPy SNEMat SrRmerL e Bravs IvsrHen alsorapRines 1R dorRAgRed
processin techg&gﬁss wel | und?rstood,b t hose aéilled inthe art. The
anal o8Pl eblegt aihsriinfogaation sl bagan nPHPReT PeRhicsdTars 8 nput
resol ution and display pixel resolution. The stroke synbol ogy and raster

vi deoS@ureern ofeer tomrevign arngra eemarahensive displaniormabid vigW. pr ecedence or
priority. The end-to-end effect of this conventional approach is that the
qual i ty of Thaexavehboinpgnents afdie rpres and dnveritios witltbecohisy s pparient 1o thadseof
capabilities of a highresolution color, flat panel display. By conparison,
i n ongkittihahie EeNEpe ekaMimitioaast the fekdriihg telgit) doawiphion ]ifthe aRddrlibnsdr oke
deflection and video A/D is perforned by over-sanpling relative to wite
'E e 886 bdi 188 By prelctise BPing braBentThiritioaed Stroke video data processing
is perforned by creating a display Iist. Rendering of synbology with
anti-aliasing and al pha blending is performed by graphics rendering of
sinple vectors (true anti-aliasing) with subpixel positioning of the end

points, using al gor V.NSRreERBESERIFTOAPGRITREDRANIRG end! ng al gori thms
In

wel | known and understood by those skille the art. Anti aliasing

O e A ek, AN R O LA
O 5P 3y L o T et BB W A a1 o
81 STl o SRS T SHLTAS B0 B R s, o
G o o VIS SR B0 EP S Vi i L G B B b

priori vector .is not obscured by lower priority vectors. Al pha bl ending
algorf%%ﬂﬂﬁﬁ@ﬂ??P pi xel colors along and around vectors in order to ensure

that vectorg of differing colors that are rendered in close proximty or in
an over| appﬁ%ﬁg 1neiiee Bria ds robit prew diwstrating icolors f smekk circiesoimarsentionssvand.  The
anal og raster video A/D is performed by oversanpling relative to input

resol @¥EBBPand di spl ay pixel resolution, The stroke symbol ogy and raster
video are nerged through digital summation with synbol ogy precedence. The
ePd- t 0- end RIGE @cis ablecki disgrapn dastratidn bhanpsebediment End te dvierbingysteRxi num
quality of synbology is realized using fullest capabilities of a

hi gh- ceswarientsin asgondarideawithy #reepredostihagntidriavi ng descri bed the basic
operation of an enbodi ment of the present invention, attention is now

turned to G, SsuhbloRk!dightan Husiansh eATEREPHEY DetdetRh F’%ﬁ?m%ugh

i nvention represented by its nmjor conponents. conmponent

600) ia%cEl-HzfrE rw'ﬂ??’férl?@?%?ﬂﬁ?%ﬁﬂf For the present invention, graphic

obj ects 1 ncludes a hat is present in a graphics display
system Th sent, i nyvention enables o to render graphics, for display
pur poses i ?]g‘lg’olﬁtq %Fﬁrﬂ?ﬂ{@m @Pfa"fﬁlﬂ" 9&53%%{3 Prpsessrr 8Q0 BF 2a5d8i%fhhi cs
Lg be ﬁ ngdered. | par}icular, graphi cs already rendered in a nmanner that

¥ nd¥ & PfeseRISNYRR'Wet hod can be re-rendered using the desired method.
The present invention can convert anal og stroke synbol ogy inputs to
hi gh-quality) anti-aliased synbol ogy with background raster video, for

exanpl e) display on a color flat panel display. The particul ar val ues and
configurations discussed herein can be varied and



are cited nerely to illustrate particular enbodi nents of the present
invention and are not intended to limt the scope of the invention1ﬂmEqm@
foll owi ng discussion of this enbodinment, it is desirable to process analo
col or video that has been rendered as stroke (vector) video signals for a
vector-type display in order to render the video in an optim zed manner on
a raster, color flat panel display. Arestriction exists in such a system
wherein the source of the stroke (vectaor) video cannot be altered. Although
the follow ng description has been pr@ﬂided with a stroke to raster
graphics rendering, it will be apparent to those skilled in the art that

t he presenFlGnidata backabagram Hustration abihe GrapligsoRenderingh Progasisioc 400dn
Based On International Application No. PCT/US99114874 -9a ot her

appl i setordafce with thel presend ihbenton.i m tati on, i mage enhancenent, video scene

anal ysi s, 17 DECTQ2 -1 D character recognition, target recognition,
and other fornms of inf~orrnation translation and analysis. Referring again
to FIG ~, the G aphics Detection Processor 200 d8tecta the 5 individual

vectors rendered by the original source, such as stroke (vector) video

i nput for each video frame. To acconpllgh this, the G aphics betectlon
f*ro~esst5r 200 first digitizes the horizontal deflection (x display
position) and vertical defieation (y display position) signals, color
signals) intensity signals) synbol ogy bl anking signal and other signals
fromthe stroke (vector) video using analog to digital converters (AID} to
forma 1 a dig Ital sanple of a vector in a manner well kn own to those
skilled in tMe a rt. Then the direction of a vector, ((xz-x~), (y2-y~),
where x, is a first sanple of horizontal deflection In a sequence, x2 is a
second sanpl e of horizontal deflection in a sequence, y, Is a first sanple
of vertical deflecd4on in a sequence) y2 Is a Second sanple of vertical
deflection in a sequence, etc.)) or change in vector direction, fs

determ ned by 15 conparing the digitized horizontal and vertical deflection
slgnal$ in a digital sanple of a vector to the digitized horizonbl and
vertical deflection signals In the previous digital sanple of a vctor. The
start and end points of a vector are determ ned from changes |In vector
direction, fromchanges In color, fromchanges In intensity, from changes
in draw rate (distance between two digital sanples of a vector divided by
the sanple period), or 20 fromchanges in other digitized signals In a
digital sanpl of a vecOor. Also, the present invention detern nes whether a
plurality of srnah Sanples conmbin result in one |arge nectar (i.e., many
smal | vectors c$n appear fo be one vector). It is noted they vectors cen be
detected by determ ning end points from stroke-I1ke video, by recognltJon
of vectors in a raster image, or by parsing vector draw conmands in a
display list in a manner known ~5 to those gkllled in ~hte art. 17DEC
2Q01 10-4



The presc~t invention declares a change in vector direction when a rrezaﬁtlr?d,
change in dlrectivn exceeds a predeterm ned static or dynamc t hr eshlo C 2002
value (which is affected by noise or the processor characfie~~stics) in a

manner WHO0/QMSE will be apparent 5 to those skilled in PREUEI¥148%he | ength
of a vector fs determ ned fnmthe distarge between the start and end points
fn accordance with th ivilowi ng equation: sQtj~cz . x~)Z + (yz - y~~). The

intensity of a v of . term r 3 WelRrt [ ' | | in
2 g el - - T i BoBeR R EM VSPaloH of e Bty Ll sibriaRes

| nter nat i ORGn MRPpresnt FiveNgon PCT/ US99114874 sanpl e of a vector and from
the draw rate for a digital sanple of a vector. A slower draw rate

corresponds to & I@.ghis aibleakndiagyamdliustradion aftas altgmate embogimant 8GR of s

coror) and ! it dgtcifioh, Aht BeenfReR blcger I EbRe P Toe

array :(Gaﬁi’ﬂsf@.énﬁhﬁ/é%ti@l@o) for each image or video frane of vectors to be
rendered on, for_exanple, a color flat panel display 630_ The beginning and
end of a video fFiave8 ds avklockdiagramiBusirationeaf ai mets speeific implarritaliolieo

signal s or her .synchroni zi ng i,nfor ) Of}, cLi hmtive
a: ?eady I n f@@ﬁvﬁﬁte(ﬁéééﬁgy"ﬂ?wg@gﬁ, tl'% °§ghﬁm%*£{ggf %@‘é)‘}?{?@g Ir‘r'g]anls?/
Changes in @E%f e declared in a simlar manner and
wil | gbecone%égg?he{%%g tﬁﬁ?géegs il ée"éliéni“'n the art. Referring to FIG 3,
there is shown aFI@.aphiissaDblagkt idiagramodiistrationoof ithea&:‘apg@ﬁcaenﬂeﬁng he
resenf invention, G aphi ect. P S bl e
P orbhe o P Eassgor AP0 7, ABSrGRRES Wit bR RuPhTHERHeutResE 20 of g pfeddH™
Render ed G pRbBhg6n.220 can be inmagery, video, graphics, graphics commands,
or other appropriate input that are generated a_particular soyr .such
as stroke 82f I gchlQn‘lIerg;eBb@k,dﬁ%ﬂgmuﬂﬁﬂ&" BFX’&Q&HI%I’ i%uﬁﬁ’@@ﬁ%gﬂﬁgr",‘u
still or noij ' ' ' BLLLGAA £ O program
The G aphi cACERpERPE Wit eRiA8 MriediRoNt 20 f B preaentiypntioh. . P11
types, input confFgb!,qipdsf ar dizgram Jrstratiory, of thesMesge oRrocessondif)0 limage

quality) specific display characteristjcs,,k and_other puyposes as wl|
becomd5 appasesrdance nibdheahernateiambadimgpt 20 Pfg'{frﬂfﬁﬁgﬂgi%(‘:'ﬁﬂa% based on

defaults or dynagisaldsy: 'b@%@l : | A 2@t ' NRErthKNOWN
to those skill edﬂ%‘ t1F’12e 'sgr%f. er"g@%ﬁ'&gﬁ??ﬁ]aﬁ é@s‘t n%hgpga\}@eagsthgut put
a bit map faltemaé dembodifrent 2@ of2the, presentzinyertion Detselve dhe mrobless f 200

" or | onSPUDIRRIghoRelbe ALt Aikss ot bubke STl o . Shpen
Array 260 i aug!ﬂg e asie? VRIS aQ;QHrirﬂ?t ngﬂq_ngp[hpvent ion. A Gaphics Array

260 is also reférred to herein as a dis list. Those skilled in the art
can r@fder graphFiG. i3 is a bloglshdisgram rilistration; of the srekeayediandetedtish a

gi ven displ ay. ,Acqui.sition r ader G aphics 220 to a
f orm sui tabﬁ'é"q!'BP rtﬁ'Eéggﬁggﬂﬁwgﬁﬁgxglﬁgﬁmggg& aphics 220 is in
17 DEC2DQ2 SP@apdr i Hableek diagiant dlustratitnseidthensiroke rveatororsridering

Application No. PCT/US99/14874 -11 a the form of anal gg stroke video,
Acqui si ti onfyrsdiop the plitemateemiadimets efhe presen IeNUPE; t al sanpl es whi ch

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



17DECZ20Q y G can then be processed by a digital processor. 17 DEC 2002
Recogni tjon 240 nodul e identifies graphic objects within Rendered G aphicCs
220, For exanple, Recognition 240 can determ ne stSinpappnePgest Aplicdtnof
vectors, position and type for gieh P ieARiiBRAISA SHRERIANG IFCel/B8997 B 72
spheres, or position, kype, arid font for cheraaters in the digital sanples
provi ded by Acquisition 23p. Array Cenerator 250 collects the frrformatioh
for eeoh graphic obi ect identified by Reoognftion 24a nodul e and creates a
G aphics Array 2fa0 with information fer each graphic abject or primtive.
For exanple) G aphics An-ay 260 can be a display list of vectors where each
entry | rastbevides @reg cbics flat parel displayharef preksemiedgvithrthermannemin wiicr t 10
poi nt (X, %%, end paint (X color (red,levl, green |evel, blue level),

i nt ensi PP mrnigd CSF‘W@W‘H‘[@"V@*&“%“@ Reasent BWeNiongr aw rate (i nchesJsecond).
In Gaphics Agfgy dﬁ%g@?ﬁ% Qﬁ&IGig!eraré‘@Pﬁ@{%;ﬁ?oﬁ é\ybr%rah?milljﬁgrln?@aﬂ'ﬁ dto

determ ne graphic recedence or r pracesai ng t1ons. Refelng
to FI G cﬁbaﬂrigraebit:maﬁnaﬁﬂm amx@gndod&l dpproact ey, tlﬁ)ﬁrebentainaemtdﬂﬂd@teuﬁstsltadS t he
prest~r~t invention The Encode Processor 300 receives G aphjcs Array 260

as | npundeps MB@JQVM%‘GEB%’UFC@G@WHE $mﬂca§vre*e.<ﬁ§,ﬁ°%vv¢55tthﬁ'r£ " & aphi cs

£, S OGEL ey B ol B W 0 hBieR e 3, 200

The Enc can ba optim or in typ
per f or maharge #recolor,tay changs indntessityra cletnyesipedrawmraige ogbylttie asserparcof i ¢
di spl ay ,characteri sti d ot he

I cs, a . pur poses. . As.a.non.. 20 Il nptln
exanp! oderarseriRbAberaidony biBok BB P HAEHURY GReRRIS a5 ieat o
coMpr eagf g oﬂ%hﬁl @ébﬁbb’ﬂi@hf&g lisOuERMbY tHPbifGhalstfdkb Mflelidh Brocabstt.
assignnment (e, Q., precedehcé or transparency), or other processing
f unct i oRcetbedrigimalitisplay istis ecreatedEsitatesynbelegy 6an beoedgndeledt er each

vector |.f ' ) . 1 t . vect f,. r essonabl
ot h WRrBUEPOGR elddenéonin forBrbRa itogiies S hp il ind 2 0naD,
<I:Eolcor2 01(‘) kzleitzop?mh mesmbgha-y é&arﬁmbhzénwamgegraﬁmgmmmmf on’bm@sl | 170
-1 can, encode aphi¢s Arr ~S array o rapl ~l ¢s
cormandsSBI0 SRR F6-A3 HGHETER orartalesig. clsebedper eaRoB S
CONpuUt etesddAmPUPCRYRS CRBSEH fof dHRaRck 8 Bu@@n}hagé qualitg forihedaidaer exanpl e,
Encode Processor 300 can encode a chain of 5 vectors which forma circle as

a si ngl displayy Theee graphiesrendering sampenantsareripe same gsothoreaisgdioni on 240.

e oubpubd LB hoB R Ea b hUATE R WoRalind, IRa LI &R bG8 RAMsCS

Array 3

well understood by those skilled in the art. The process of dynamically shutting off
and then turning on a stroke vector is called occlusion. Occlusion is typically
accomplished for a stroke display system by setting the 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 smaliest symbols as
well as intersections and arcs are accurately rendered with the highest possible
quality. Once the 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 p'resent invention perform a merge of stroke symbology 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



Referring to FIG 5, there is shown a G aphics Rendering Processor 4@@lﬂ§ 0
accordance with the present invention. The G aphics Rendering Processor B@

receives as in put a Gra phi cs Array 260 or an (fgdporeRhtéatApplidior I ay

330 fromthe Encode 5 Processor ' i i or 400
provi des as output Q splay Dat ?%g(gomtcﬁa%@ag%rpgﬁc ér ?%gd PR /GRS £

(processingl formatting) of the graphics information contained within a
Graphi cs Anay 260 yr an Optim zed G aphics Array 330. Display Data 530 is
appropriately "formatted ffir a graphigs display. Display Data 530 can
contain any or all of the followng types of information: bit map, texture
map, rasyingeaesitos degresarhich apidatly hakbee pgfapiedds romndreal time gr aphi cs
formats. The G aphics REnﬁgrin? Processor i.00 can prtorm Draphics

pr ocessP¥RIEM RN Shstemecwitd PAETIzheioltal 3gral RocessHieMPeNadsot h | | nes,
texturing to enhance the appearance of graphtc objects, alpha blending to
conbi ne graphic obJects and nmaintain correct color perception, halolng bo
i ncreas contrast between graphic obJects and the background scene,
interpolation for scaling and 15 snoot hi ng graphi c obJects, fogg9ng bo
provi de the perception of depth, fills in order ba col or graphic objects,
merging with other gr~aphlcs informati on and sources) and other functions,
The Graphics Rendering Processor 400 can be optimzed fQ input types,

| nput content) performance) security, transm ssion, storage, imge quailty,
specific display characteristics, and other purposes. 20 The G aphics
Rendering Processor 4f10 can also be optim zed for a color flat panel

di spl ay 600. The G aphi cs Rendering processor QO ptxesses the G aphics
~4rray 260 or Optim zed G aphics Array 330 by carrying out a graphics
render conmand for each object or primtive in the array. Priority far
vector primtive rendering is determ ned by the position of a vector
primtive; in the errey, whre the first primtive (or ~5 other
predet erm ned val ue) has the highest priority. f'rlor)ty can al so be

asst ned based 17 DEC 2002 13-1 on the type of graphic object

recogni zed by Recognition 240, The G aphics Rendering Processor 400
operates in the raster domain and applies anti-allasin, texturing, alpha
bl endi ng, hal oing, interpolation, fogging, shading, fills) other rendering
techni ques, and 5 conbinations thereof, as It renders individual
primtives. The output fromthe G aphics Rendering Processor t00 is Display
Data a30, D)splay Data 530 contains formatted visual Information ready fvr
transm ssion 1 7 DE C 2002 W 00/00951 -14



PCTN599/ 14874 to a display or other device (e.g., storage device), r7D 0
exanpl e, Display Data 530 can be a bit map formatted for a color fla aHeZp
di splay. Display Data 530 is transnmtted over, forslggqjmépatela@px&dtlobus to

a color flat panel Display 600 B&e@Oﬁﬁlﬂféﬁ{au‘eﬁﬁéd'Ar#ﬁH@éMbntl@o paggessdridgrad in
the art where it 5 can be viewed by a person ose skilled in the art wll
recogni ze, however, that any neans of transmtting information from one

| ocation to another will operate in the present invention. Refermg to FIG

6, there is shown a Display 600. A D sglay 800 receives as input Display
Data 530. A Display 600 provides as output a Display 1o SurfaceNol ume 630
which is a rdpegwesenttinventioh skiftsliequroeapiromsthalof plocessiay bEumdpscieNol ume

630 ts the d d t at f d G.aphi 0. Th

" opr eSGAEAT (496 BEGHSG SbPYBERGPIRRE! BICeah 1BEGI < ERNIANG mat | on)

t t f
ransm bbgfﬁd:@ %ﬁé‘%ﬁg%@?ﬁ\?@g@&ﬁ%‘?ggﬁéh %8n lﬁ;(’ap t edalﬂl% irhé, ?héor m o

i nformati can cathoe ray tube
gew ce, ph,esia&ntprwmrih tlodgennoeass lheqeffebtf Dflkis_abnddﬂﬂilbrggd sltwke:aymbologyegtl on

evice, ,holo ic devicge, retin r ction device rage, devi ce,
or 1 nt o INORBRUS ke 8ndts, MersiaRe syUHcE By Harwek P UPZBAdacat
storing k K i ewabl e,
SCOr 1 NOed SR pEHOUTHARY, PICTES IR APAbRaLAEONIFR ik vl
using t peocmstmbﬂmab styspmﬂeatrbmmwh prodebse$)aeh@1ay lishod individualFor exanpl e)
referrin he is sho ana er nat e _enbodi t he
b esent VERE T6R deaY b REeAOEach ATs R o oREreRia e T2 Deslek? 520 i s
a nore ggﬁgo%gyz@ﬁhhgqégé)@‘)f ihfsrrigiigphi cs Detection Processor 200. Encode
Processor 830 1n Fi G a 25 mare generalized formof the Encode
Processor 3o@cma@@tmww, aaalogea*roken/ﬂctmv&m isrpeigmeshy oBreamplifg G 7 is a
ot e Qe T lrke 14l ahg' IEpSY BB AoRH° BB BFRS fach e O e
For mat It plrodmd d islgerfol®ed U\lefltrg’ecﬂéam@astmrrggﬁo Flewndéhﬁg of symbalaggrvath

P 5

ot or PP BrRISB I Ae TP ARGV PEBSSPAOANGDI IR USNGSBeJ IR Ty zed 1 or m
of the Bhag E%Yn&ﬁﬁmg coritfast @nhbR¥eMEnt] ABaF aés'pﬁé.gm%r aﬁalgglbr(s&sudeiaﬁtbe
present 1 nvention ttention I's nowturned to an alternative enbodi nent of
t he gr aghiaging) end@thefggrap!mas anddmage pregassingolieshniguss yelansiersieed by n
particu -15
bernsool Toae SAIFA LR i RS SnpBaratter Siqeoyhy B rarormRi by an S,
pr esent rélatieato tve inppt esehitied dnd dlsplammi resnimtmren’fbe sffbke &jrobdlogy agr am of

FIG 8 regres%tsdan al tern%élgl n‘%e% n% .he i vent n shown,in FIG T.
The di s@ISSPSIEHIOaNYeEPe reyan.Lpit r?UHP'BE %8’:‘ Yo?feﬁﬁ%%ﬁé
Processefr ppidfty. STm@@n&t@@ﬁa effect bﬁﬂ'ué)éémedﬂdnEdepr@écW\dstthatflﬁ%mtltytcﬁ FIG 3
and 4, respectively, and, accordingly be di scussed agai n.

Ref er ri e S¥MbPlggyds cpm@m@dswmmn@t fdhafﬁﬁllamﬁh@@é@@bmge%b@ 1o
accordarg@%olmléﬁcbm %bghg%ﬁg%gbodl ment of the present invention. The
r q S i '

Graphl CS ocessor accept i nput a Graphics Array 260 or an
Opt i i z &Y dempPadgdi,ds 0AL remrybc&ﬂmenlfbbth@mpmmsnwmmmscnue@hpr&uvlamlngas

out put Fr fer 430 c a nder,i n o the raphi.cs |nf t|on
Sonr sl negttike deHogleq S Vites s heenged by R RUAE AR NS 1 WfH B 190,
Frame Buhh@'dishiay piel ReoRutitRMIiyitided sGeké Wde@'@é!é%)’o@é@ir?@ h@fmé@ap out
of frame buffer msrmrh/t or a stfeamof infornation provided directly

st1

Mer ge Praseatirge displayphisti Remesingsf syotalegy wits @nn;ahgwgeam alpha bl@ﬁ*ﬁl@y a

par 1 cul o RS by GlefeceniBling s ERECRRS LI alise ROt o ®-any o

al | of theidedpbsitibnigtol Bes eall poitits uaid alyorithrhs UBing dritikéliasihgamd albhat er
gr aphi cs, vector @ﬁ;r aphi cs) hol ographi es, and ot her graphics formats. The

G aphi cs iierdiag @laarions avelbeiavd and sndarstoqst By Hiass sio 3&"6&'@%§f’fnd\m'c:nct i ons

i ncludin t tion,
{ogal ng, YT RIS Beyh 58 Lok, 2o BRRURE D01 BB Biiagber

ot her funcin @mnnﬂn%e@rrﬁ@kés:mem%pm sﬁai@maaersnﬂdlﬁﬁm@n \iewepbhma zed for
i nput types I nput content, pertornance, security, transm ssion, stor age,

i mge qual i t isgpwcThisrie p@ﬂml%riy istRoriast tariflet pasd! displays waichhuewdses.



25 Referring to FIG 10, there is shown a pispiay Formatter 1100 in17 0 0
accordance with the alternate enbodi nent 800 of the present invention. Q%@

Acqui sition 135 accepts as input 110 imagery, Vi desqn %'Q@Mté:lﬁ)A@[IC@fogphl CS
io

commands. The Formatter 130 re s&@?hxq#%nhﬂBHﬁ K ﬂ4g@q 135
and provi des as output Franme Buffter Frane er 140 inclu

rendering of the imagery, video, graphics, or graphlcs commands
appropriately formatted for a graphics display. Referring to FIG 11, there
is showmn a Merge Processor 500 in aCQ@%dance with the alternate enbodi nent
800 of the present invention. The Merge Processor 500 accepts as input

r ender edthprajseipresemt aruédtophse afstairsteppedtineER|Ipla BlenBirnipéndled - 16

PG’ /U899/¢@q74 buffers 1 through n {510 and 540), conbines the contents of
the fraR¥CTRRAIRG ¥e¢tarsddhbi ne 520, and provides as out put Display Data 530.
Di splay Data 530 is a conbined rendering of graphics fromany or all frame
buffers appropriately formatted for a graphics display (display data 530),
The Merge Processor 500 5 provides maxinmum flexibility in combining
graphics information from many sources for a graphics display. The Merge
Processor 500 can perform other graphics functions including anti-aliasing)
texturing, alpha blending, haloing, interpolation) fogging, fills, merging
wi th other graphics information and sources, and other functions. The Merge
processor 500 is an optional 10 conponent of the present invention in
accordance with the alternate enbodinent. Referring again to FIG 8, there
is shown the Display 600 for use in the alternate enbodi nent. The

di scussion with respect to FIG 6 above applies to this alternate

enbodi ment) and accordi ngly) need not be discussed again. In 15 the

al ternate enbodi nent, however, the output, D splay 5urfaceNolune 630, is a
representation of Rendered Graphics 220 conbined with input t 14. D spl ay
630 represents the desired presentation of Rendered G aphics 220 conbi ned
with input 710. 20 Exanple 1 The following non-limting exanple is provided
toillustrate the operation of the alternate enbodi nent 20 as applied to
stroke synboJogy to raster synbol ogy conversion for use in a flat panel

di splay. FIG 8 shows functionally an inplenentation of the present
invention to solve the probl em of displaying 25 high-quality) anti-aliased
col or stroke synbol ogy along with high-quality color raster video on a
color flat panel display. Referring again to FIG 3, the G aphics Detection
Processor 200 detects



t he individual vectors provided by a | egacy stroke (vector) video igLFﬁQ?@@
for each video franme. The G aphics Detection Processor 20D digitize -
horizontal and vertical deflection signals, color SingamisPatentAppiction

signal s) symbol ogy bl anking si gnaksoanstefiah6hial A pnadton N PATIESSI/ 1 4878,
(vector) video using analog to digital converters to formdigital sanples

of vectors. The direction of a vector is determ ned by conparing the
digitized horizontal and vertical deflection signals in a digital sanple of
a vector to the digitized 1 7 0 E Cg0Q2 WO 00100951 -17 PCTI US9911487A
hori zontal and vertical deflection signals in the previous digital sanple
of a veke sendarad is@ananaexdwbict grsuresshat the mgbesirprmnty venter isinoéd from

h d t f h,
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to be 1 endered on a color flat panel display 630. The begi nni ng and end
of a vi@Eplayrane of vectors is deternmined directly from stroke video
signals or o 4 mﬁ | r primtive
already in t '&W graap :ngﬁ"rgzi’%"’ (ggan E%b@@[ﬂ‘?&ﬁt&%@p e%%h?her neans.

Referri mgeagm rattentiéh@e néw tuheedatecol@e mwbemesbhere BGhowr areembeadvhentel or zo
or arra ensur.e vectors ar el.-'rac%o reasona l e

h 26 hat
| onut o SEBeire Sy A Farvesertey B rRaigy o Tponsee on the

col or f{zgo llh%”l?dh dogpiberunhaoae@f@ealr@rem NEForRRS Pre%@nt:m\,ehnéwrgrapmect or
primtive can be encod~ad as a color optim zed resentation_on the

col or fohlecisaneiudgs Ay infpranation dhatds ﬁ@se@bmsa @éﬁ\mm%ﬂ@plawgyswr@;hifhe. si on
equi pﬁeaﬁeg%ﬂmbbhbh E'\)ébléglcﬁ% ot.{éﬁ Q@g@ﬁ c%wof&gplaﬁ WfpEdY mpaLH &Jtnhéae can

be encoded to take I nto accoun eor t esire to
assi gn eiasweewithouot Eagardyorltbeeloslrcreaefdhergr@plmce@mheeemeredhdn pertictitarj a. ! n

cach vt AR e b me s A iR e A BRRERER G oot s
render i regretaisred dsinfbealdsiret rheiod! Thehresent nﬁvmmswn &ﬂﬁ/elnSarﬁﬂbg he

optim zed vecto raphi cs) array 330. Referr| ain to FIG t he
G aphi c&t r%awbﬁ&ggsrl puisde rh'arvggaht&, %ﬁra'sasséoﬁv?@boqagwta rbapkarpuaana

vector Lo a O, R R L R TR B T C) “Tender _command o
a G aphi cs PTbegssticulanalties andconfigurations discusedha@ehQain hoveed aad1
are cited merely to illustrate particular embodiments of the present 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 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



-18 PCT/ US99114894 primtive. Priority for vector primtive renderi ng7iDs( 2002
detem~i ned by the position of a vector primtive in the optim zed vector
(graphics) array 330, where the first vector prim SingsparePatest Aplicadoned
vector (graphics) an-ay 330 haspidae Ohi EfeshioRal Asplicition e FRIBORDG/34874
processor operates in the raster domain and applies anti s aliasing,
texturing, alpha blending) haloing, interpolation, fogging, and fills as it
renders individual vector primtives. The output fromthe G aphics
Rendering Processor 400 is rendered vegtors (Frame Buffer) 430. Referring
again to FIG 10, the Display Formatter 1100 accepts input 110 anal og
rast er Vthry@ppdigations inatidingawitiou distation, imagecenhasicement,Mded scenehe 10

pur pose of rendering on the color flat panel display 630. Acquisition 135
can per POPNSBunctions i ke analog to digital conversion, intensity and

di splay size scaling, and other functions well understood by those skilled
inthe art. The output fronn the Formatter 130 is formatted raster video
(Frame Buffer) 140. Referring again to FIG 11, the Merge Processor 500
conbi nes the 15 rendered vectors (Fram Buffer) 530 fromthe G aphics
Rendering Processor 400 with the formatted raster video (Franme Buffer) 140
fromthe Display Formatter 1100 in order to provide a nore conprehensive

di splay format to view. The output from Merge Processor 500 is Display Data
530. 20 Exanple 2 The following non-limting exanple is provided to
illustrate the operation of the alternate enbodi nent 20 as applied to
stroke to raster conversion for use in a flat panel display. FIG 12 shows
functionally an inplenentation of the alternate enbodi nent 20 of the
present invention to solve the problemof 25 displaying high-quality,
anti-aliased color stroke synbol ogy along with high quality col or raster
video on a color flat panel display. The present invention detects the

i ndi vi dual vectors drawn by the stroke generator) for exanple, a

Mul ti purpose Display Indicator (MD) or display conputer, with the Stroke
Vector Detector. This function effectively creates the 30 ori gi nal

synbol ogy display list used by the stroke generator. Stroke synbol ogy
vectors are then rendered and anti-aliased by Vector Rendering, This
function takes advantage of off the-shelf graphics rendering conponents
using comercially available) state-of-the-art rendering algorithnms. The
conbi nation of display list recreation and vector rendering by Stroke

Vect or 17 0 E C 20D2 WO 001U0951 .tg_ YCTNS99Il| 48?4 Detector and Stroke
Vector Rendering) respectively, is a novel conponent of the present

i nvention. Indeed, the present invention is capable of displaying stroke
synbol ogy with far greater quality and accuracy than any currentlyavail abl e
stroke generator is capable of providing it, Raster video is digitized 5
and scal ed by Raster Digitizel Scaling. This function is equivalent to that
found in nost flat panel displays and di splays processing systens with
anal og vi deo. Rendered stroke synbology and digitized raster video are
merged in Merge. Finally, the merged video is displayed on the Display. The
stroke vector detection function pertornmed by the Stroke Mddul e are 10
shown in FIG 13. Deflection and bright up signals (Stroke Video) are
switched by Stroke Switching. Stroke Switching al so provides a repeater
function for Stroke Video. The selected Stroke Video input is digit'~zed by
the Analog To Digital Converter at a, for exanple, 48 MHz sanple rate, This
san ~ple rate corresponds to a mninum of 4 sanples per display increnent
rendered at the



15 fastest witing rate, or about 7 sanples per pixel on the display. The
digitization of stroke signals provides an effective synbol ogy resolut Jphyg
of at least, for exanple, 4800 by 4800 pixels with a 12 bit AID, and

possi bl y) for exanpl e, 9500 by 9500 pixels with a 13 bit AID Once
digitized) Vector Recognition determnes the start and end points, color,
and intensity of each vector within 20 Stroke Video synbol ogy and pl aces
this vector information into pisplay-ﬂQ&st. Synbol ogy quality is maxi m zed
by ensuring that the sane point . is used for the end point of one vector and
the sthatacsn micoghitiohe targst resghition] and otket farmsasfuafermatibh Kearistation andin
arc. Variability in synbology witing rates are automatically accounted for
with tRbRspethod. In addition, variability in draw 25 rate can be used to
nodi fy synbai ogy intensity is required. The Stroke Vector Det ector can be
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typically the highest priority synbols and could be rendered accordi ngly
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001 00451 -zo PCTNS99114874 The Stroke Mdul e enabl es the present invention

t o r emdsiticst) raddreals,y oblor aignals,t intemsjty estgribiet symbology @lgnking sigredlidand otftars i s

possi bl e because Vector (G aphics) Rendering enables the present invention

to prahgsals $torokise syokel (oestor) vidled DEingadfsiog Jo digiral canvertdreAXD) ibfonn 46
col or sub-pixels per 5 display pixel. Visually, this translates to the

ah)ul | tyighal sraeﬁrslelbfaa@wrtiﬁ%kmaﬁwtwélpauo\%%@ﬂwdyetdm@d ihGhe @2MPl €, a 9500
by 95D0" pi xel virtual display registered to a,  for exanple 800 by 600
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resolution are necessary in order to 0SSl ualltyr
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vertlcallte oral  de- |ng rIaC|ng e scal ing, and gamra correction The

presenyeqtﬁu;, the digtizeq hosizey hgggt ¢a) deflection sngnals In the previous digltal

sample of a vector. The start and end points of a vector are determined from changes In

vector direction, from changes In color, from changes in intensity, from changes in draw
rate (distance between two digital samples of a vector divided by the sample period), or
20 from changes In other digitized signals In a digital sample of a vector. Also, the pressnt
inveniion determines whether a plurality of small samples combine result in one large
vector (i.e., many small vectors can appear fo be one vector). It is noted that vectors can
be detected by determining end points from stroke-llke video, by recognition of vecters in

a raster image, or by parsing vector draw commands in a display list in 2 manner known

25 to those skilled in the art.
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20 provide a grow h provision for zoomin a manner that wlll becone
apparent to those skilled in the art, The Display Controller (not anyﬂkczm.
perfornms processing functions and controls all nodul es of the present !
invention with plenty of avail abl e processing and throughput overhead) One
i mportant task perfornmed by this nodule is the 25 execution of built in
tests. Another inportant task perfornmed by this nodule is accessing the

Di splay List created by the Stroke Mdulte-iin order to form graphics
commands for Vector (Gaphics) Rendering on the Stroke Mbddule. A Liquid
Crystal Di spheapregefblinvistionbdyciatest ahengerinuasidmdirddion *bent a i msssiregn
can be, for exanple) a high-resolution, state-of the-art design with a 30

600 by:nGAGe 4R ditbctibr Bkedidd da‘pﬁé@étaﬁnihbel&téﬂc@b’é‘}rﬁémigtﬁ@sﬁﬁld% hithvisng

120 col or*groups per inch. er raster-type displays can be used as w ||
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machi nes, robotics, etc. To create an anal og video signal fromdigital

r ast elbadwean the start andi epdt Rpinte in ageendanee with the follewitigyeguatiatst Sqrtilee
menory to create_a digital signal. The 5 display generator then creates an
anal og1¥i 4l — F0Bm Theeintensityof acvepter isweterminad fromethetcbigitized trdenskyignal
converter. The analog signal is then anplified and di splayed as a vi deo
i mage.lnBudigital t he vi deo i nage creation process, many factors adversely
af fect the anal og video signal output fromthe display generator. For
exanple, signal to interpolation within the DI A converker introduces
distortions to the anal og signal. These distortions are then magnified
during anplification of the signal. In addition, the analog anplifier,
whi ch functions differently at different signal frequencies) creates
further distortion in the anal og output. Because of the non-linearity

i ntroduced by the elenents of the video display generator, the x5 output
anal og signal is not a conpletely accurate representation of the digital




data fromwhich it was created. Although perfectly accurate video irrzgeh'sfmﬂﬂ
cannot be expected) it is often necessary to ensure that the display !
i mge is as accurate a representation of the digit8inggmraPasntpassicition.

Therefore, an al! digital interdaseOnInefiiiehilechpheinelo tHEr/Osgresgmf f er
and the display 20 surfacel volune, elimnating the conversion errors and

di stortions discussed herein. The present invention is subject to many
variations wthout departing fromthe spirit and scope of the present
invention. For exanple, a digital map4{anal og or digital interface can be
added as an additional raster input in order to 25 enable the systemto
over | aysaypieodfoayeatar andlf@m ahe dm;w rateléar.a digial ssroplei i@ et rasloserof t he
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princi phe, 'p&og%@ggggaﬁ be'b%sbato?\"tﬁjéguﬁé@i? dWEswssggné&%amessent

i nvention be y the clains 25 appende

optimization in a manner known to those skilled in the art.

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 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 Glraphics

220 to a form suitable for processing. For example, if Rendered Graphics 220 is in



231 7 DEC?UC'! 1, A nmethod of detecting graphic objects that havle] ﬁgﬁgmz
created for a first display, the graphic objects representing an inmage
conprise a plurality of vectors) and re-rendering SingagraPdtet Apliestios in a
formadapted for a different di spbanniBRMatiohdlAPMHEARS NOTRIT/EE0T118%8 St eps
of : receiving formatted graphics (220) froma source) the formatted

graphi cs having been formatted for the first display; detecting (200) the
presence and characteristics of a plurality of graphic objects within the
formatted graphics (220); creating a.gigplay list (260, 330) fromthe
plurality of graphic objects that represents the i mage based on the

f or mat t e tprepol analeg 20vke videpeAdeuisign RB0Xan1@oekrttRendered Sraphice®2gr aphi c
obj ect s rsﬁteiente i\ﬁ@t he display |ist (260, 330) while retaining the sane
char act K POtAESaPRIESWRICR aphi ¢ obj ects that were detected in a nmanner
formatted for the different display (600); and detecting (200) a start
point and an end point for each individual vector of the plurality of
vectors wherein the start point and the end point are detected (200) by
sanpling (230) the individual vector. 2. The nethod of Claim1l, wherein the
graphic objects are graphics primtives. 3. The nethod of Claim2, wherein
the graphics primtives are vector primtives. 4, The nethod of Caiml,
wherein the graphic objects are vector primtives. 5. The nmethod of Clairn
1, wherein the graphic objects are conbinations of a plurality of graphics
primtives.



6. The nethod of Clairn 5 wherein each of the plurality of graphics
primtives are a plurality of vector primtives. 1 7 0 EC 2002 24 7. The
met hod of Claim1l1, further conprising the step of displaying the r 7 DEC 2002
formatted graphic objects on the different display (600}. 8. The nethod of
Claim1, further conprising the step of storing the re formatted graphic
objects in a franme buffer (430, 510) for subsequent display on the
different display (fi00). 9. The nmethod .ef. G aim 1) further conprising the
step of transmtting display data (530) representing re-formatted graphic

bj ect f t di w1 GanT t; ; hin 1
aner o1 flerifiE pfelat By BRAprg-atuRy HetaGhisol 240 MBATBIdettfEs rahi® )
f the . b Lspl G3 1 t i : '

O o MRS e B B GE 2op, or SR, oS B aA10 A e

or ecocARanst 888 FoNTS o6 VBHorh PIIRIAS R AT BRI BbPEtos oS EEHES A ons
thereof. 12. The nmethod of Claim1, wherein the display |ist (260, 330)
cofpr i spfeeraspborpasition, dype,cand fonlr fari charastersy inathsodigitah semplas: piravided tby be
di spl ayed (630) that are conpatible with a graphics processor (420)

par t i cAbquisitiont 260.diArf=y Sunondtop289 ddii@éls thesinfrrefiontfordach graphiv dbfect

further conprising the step of applying anti aliasing techniques to the

126 Mg by ST oy kG e At B Sl
to theffrsqin GraphiccebBct\b PHiMith@e Foo@keiviple! SrapH&d Amd§A60 can be a display
list of vactors whera gach entry In the display list Includes the following informatlon: start
10 point (X, y), end point (X, y), color (red level, green leval, blue level), intsnsity (voltage or
relative brightness level), draw rate (inches/second). In Graphics Amray 260 the order of
appearance In an array can be used to determine graphic object precedence or other

processing functions.

Referring to FIG. 4, thers is shown an Encoda Processor 300 In accordance with
15  the present invention. The Encode Processor 300 receives Graphics Array 260 as input.
The Encode Processor 300 provides as output an Optimized Graphics Array 330 that
represents the graphics information in Graphics Array 260, The Encode Processor 300
can be optimized for input types, input content, performance, security, transmission,
storage, image quality, speclfic display characteristics, and other purposes. As a non-
20  limiting example, the Encode Processor 300 can perform vector quantization, data
compression, data encryption, graphic object sorting, alpha value assignment (e.g.,
precedence or transparency), or other processing functions. As a further example, the
Encode Processor 300 can fiter each vector in a Graphics Array 260 to ensure that all

vectors ars of reasonable length, color, and intensity in order to optimize their

25  appearance on the color flat panel display. As another example, Encode Processor 300



17 0EC 2001 25 15. The nmethod of Claim1l, further conprising the step of
appl yi ng hal oi ng techniques to the graphic objects wthin the displ 1;1)7 UEICSZUUZ
(260, 330). 16. The nethod of Claim1l, further conprising the step of
applying interpolation techniques to the graphic objects within the display
list (260, 330). 17. The nethod of Caim1l1, further conprising the step of
appl yi ng foggi ng techniques to the graphic objects wthin the display |ist
(260, 330). 18. The nethod of Caim1l, fgriher conprising the step of

mergi ng (500) the re-rendered plurality of graphic objects (430, 510) with

graphics i o | et

o i 16D oy Slades Aty 260 es i SraP Y H BRI FoptrlaRas @?éf%ﬁﬁihs‘*éﬁﬁﬁea
detecting (200) each individual vectqor within the | urali t%ﬁl}?f vec':g

f ur t herallsowshi 8ehesr sypppried byeOpenGl® Ccomputer spfiwge AvelatielmmBSieon he
graphic objects. 20. The nethod of Claim1l, wherein the step of detecting
(200) Graphicsndnei dasl anetbieorexarpien Enbode| RProgkssor 800 \cant encodeird lvhain of
conprises the step of detecting a change in color of the graphic objects.

215 TheediGisholichifofha Birdle a8 rsiidle diewdiel 60mARINRAC WHih (28I8b thaGdase for

i ndi vi dual vector within the plurality of vectors furt her conprises the
step Oke@sirifid 240 Y odpfil B hES Brd b sRbr 86C | i PETS

The net hggé tf&sd a?m e?nafweerg tep of det ectlggg (200 bgach andlemﬁa
vect or p iy &?gg t he pl urallty of vectors further conprises the step of
detecting D) a change in draw rate of the graphic objects.



17 DEC20L 1 26 23. The nethod of CAaim1, further conprising the step
of detecting (200) a change in direction of each individual vector.124E(TiR
met hod of Claim23 , wherein the change in direction is detected (200) by
conparing a neasured change in direction and a predeternined threshold

val ue of direction. 25. The nethod of Caim1, further conprising the step
of creating a vector primtive for each individual vector by conbining the
start point and the end point and a plurality of characteristics of each

i ndi vi dual vector) wherein the plural i3 of characteristics of each

I ndi vi dual vector conprise length, direction) color, draw rate, and

ntensity Qheffily BIFIG I8aIhRCIOEhowf: a ToRagES RerRlerfigaProdsor (400 firer

conprising the step of adding the vector primtive to the display |ist

(260) ARl WA S MR RHER, 7o ey RaPIER] pficisiieoteisiies
Tage ABUBNOTERAICS: ATy U b 31 QpUuR) Cragnion DT BeaFAraes
further conprising the step of prioritizing the plurality of graphic
obpectRrocespon wmgTharﬁmm?qsrﬁemm Rraseiseer 400 pravitesoasieutpivh Display Datey
are to be rendered within the display list (260, 330). .Au. A& A@ A(S% . Af;

f. AN. AZ3@ which is a rendering (processing/formatting) of the graphics information contained
,. AQE. A@Af4. AA Al . Al 5. Ar. AUS. AU, . AAF, 5. AyU@ AU . Ar. AUS. A Ae, . A A

L A o A 0 o Soimod gy 30, Dply Dea 0
ca] ca] sghropliady fdrerdtec for hGabkica ifsplad! Bisplay Data 530 can contain any or all of
the following types of Information: bit map, texture map, raster graphics, vector graphics,
10  hologrephics and other graphics formats. The Graphics Rendering Processor 400 can
perform graphics processing functions including antl-allasing in order to smooth lines,
texturing to enhance the appearance of graphlc objects, alpha blending to comblne
graphic objects and maintain correct color perception, haloing to increass contrast
between graphie objects and the background scene, interpolation for scaling and
I5 smoothing graphic objects, fogging to provide the perception of depth, fllls in order to
color graphic objects, merging with other graphics information and sources, and other
functions. The Graphics Rendering Processor 400 can be aptimized for input types,
input content, performance, security, transmission, storage, image quality. speéiﬁc
display characteristics, and other purposes,
20 The Graphics Rendering Processor 400 can also be optimized for a color flat
pansl| display 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. Priorty for vector primitive rendering is

dstermined by the pasition of a vector primitive in the array, where the first primitive (or

25  other predetermined value) has the highest priority. Priority can also be asslgned based
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530 can be a bit map formatted for a color flat panel display.
Display Data 530 is transmitted over, for example, a pixel bus to a color
flat panel Display 600 in a manner well known to those skilled in the art where it
5 can be viewed by a person. Those skilled in the art will recognize, however,
that any means of transmitting information from one location to another will
operate in the present invention.
Referring to FIG. 6, there is shown a Display 600. A Display 600
receives as input Display Data 530. A Display 600 provides as output a Display

10 Surface/Volume 830 which is a representation of Rendered Graphics 220.
Display Surface/Volume 630 represents the desired presentation of Rendered
Graphics 220. The representation of Display Surface/Volume 630 can be
viewable information, transmitted information, stored information, or other
appropriate form of information. A Display Surface/Volume 630 can be a

15 cathode rey tube device, flat panel device, liquid crystal display device,
projection device, holographic device, retinal projection device, storage device,
printer, transmitter, or any other device or method for presenting, storing,
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 altemate 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 eartier.
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 5§00 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 {o an altemative embodiment of the graphics rendering apparatus
and method previously described. In particular, reference is made to FIG, 8
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accor gain.
Referring to FIG. 9, there is shown a Graphics Processing 1000 in
accordance with the altemate embodiment of the present invention. The
Graphics Processor 420 accepts as input a Graphics Array 260 or an Optimized
Graphics Array 330. The Graphics Processor 420 provides as output Frame
Buffer 430 which is a rendering of the graphics information contained within a
Graphics Array 260 or an Optimized Graphics Array 330. Frame Buffer 430
can be a memory device for display systems that scan out of frame buffer
memory, or a stream of information provided directly to Merge Processor 500 or
Display 600 for display systems that employ a flow-through method. Frame
Buffer 430 is appropriately formatted for a particular type of a graphics display.
Frame Buffer 430 can contain any or all of the following types of information:
bit map, texture map, raster graphics, vector graphics, holographics, and other
graphics forrnats. The Graphics Processor 420 can perform certain graphics
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 purposes.

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
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 altemate embodiment 800 of the present invention. The

Merge Processor 500 accepts as input rendered graphics in multipie frame
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formatted for a graphics display (display data 530), The Merge Processor 500
5 provides maximum flexibility in combining graphics information from many
sources for a graphics display. The Merge Processor 500 can perform other
graphics functions including anti-aliasing, texturing, alpha blending, haloing,
interpolation, fogging, fills, merging with other graphics information and
sources, and other functions. The Merge processor 500 is an optional
10 component of the present invention in accordance with the altemate
embodiment.

Referring again to FIG. 6, there is shown the Display 600 for use in the
alternate embodiment. The discussion with respect to FIG. 6 above applies to
this alternate embodiment, and accordingly, need not be discussed again. In

15 the alternate embodiment, however, the output, Display Surface/Volume 630, is
a representation of Rendered Graphics 220 combined with input 110, Display
630 represents the desired presentation of Rendered Graphics 220 combined
with input 110.

20 Example 1

The following non-limiting example is provided to illustrate the operation
of the altemate embodiment 20 as applied o 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 Iegacy 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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vector. The start and end points of a vector are detemmined from changss in
vector direction, from changes in color, from changes in intensity, from changes
in draw rate, or from changes in other digitized signals in a digital sample of a
5 vector. A change in vector direction is declared when a measured change in
direction exceeds a static or dynamic threshold value. Changes in other vector
measurements are declared in a similar manner. The length of a vector is
determined from the distance between the start and end points. The intensity
of a vector is determined from the digitized intensity signal in a digital sample of
10 a vector and from the draw rate for a digital sample of a vector. A slower draw
rate corresponds to a higher intensity for the vector. A vector primitive is
formed by combining the start and end points, length, direction, color, draw
rate, and intensity of a vector. Vector primitives are added to a vector
(graphics) array 260 for each video frame of vectors and prioritized to be
15 rendered on a color flat panel display 630. The beginning and end of a video
frame of vectors is determined directly from stroke video signals or other
synchronizing information, by detecting a vector primitive already in the vector

(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 eguipment 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 sach 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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vector primitive in the optimized vector (graphics) array 330 has the highest
priority. The graphics processor operates in the raster domain and applies anti-
5 aliasing, texturing, alpha blending, haloing, interpolation, fogging, and fills as it
renders individual vector primitives. The output from the Graphics Rendering
Processor 400 is rendered vectors (Frame Buffer) 430.
Referring again to FIG. 10, the Display Formatter 1100 accepts input 110
analog raster video requiring minimal processing by Acquisition 135 for the
10 purpose of rendering on the color flat panel display 630. Acquisition 135 can
perform functions like analog to digital conversion, intensity and display size
scaling, and other functions well undersiood by those skilled in the art. The
output from the Formatter 130 is formatted raster video (Frame Buffer) 140.
Referring again to FIG. 11, the Merge Processor 500 combines the
15 rendered vectors (Frame Buffer) 530 from the Graphics Rendering Processor
400 with the formatted raster video (Frame Buffer) 140 from the Display
Formatter 1100 in order to provide a more comprehensive display format to
view. The output from Merge Processor 500 is Display Data 530,

20 Example 2
The following non-limiting example is provided to ilustrate the operation
of the alternate embodiment 20 as applied to stroke to raster conversion for use
in a flat pane! 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 filat 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 ariginal 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
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uXuYuZuaVKi@e oesentlibkéntion. Indeed, the present invention is capable of displaying
stroke symbology with far greater quality and accuracy than any currently-
available stroke generator is capable of providing it. Raster video is digitized
5 and scaled by Raster Digitize/Scaling. This function is equivalent to that found
in most flat panel displays and displays processing systems with analog video.
Rendered stroke symbology and digitized raster video are merged in Merge.
Finally, the merged video is displayed on the Display.
The stroke vector detection function performed by the Stroke Module are
10 shown in FIG. 13. Deflection and bright up signals (Stroke Video) are switched
by Stroke Switching. Stroke Switching also provides a repeater function for
Stroke Videc. The selected Stfoke Video input is digitized by the Analog To
Digital Converter at a, for example, 48 MHz sample rate, This sample rate
corresponds to @ minimum of 4 samples per display increment rendered at the
15 fastest writing rate, or about 7 samples per pixel on the display. The digitization
of stroke signals provides an effective symbology resolution of at least, for
example, 4800 by 4800 pixels with a 12 bit A/D, and possibly, for example,
8500 by 9500 pixels with 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 Detactor 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 é frame are typically the highest priority symbols and
could be rendered accordingly through alpha blending and other graphics
functions.
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Vector (Graphics) Rendering enables the present invention fo process stroke
symbology with anti-aliasing using an array of 16 by 16 color sub-pixels per
5 display pixel. Visually, this translates to the ability to render each stroke
symbology pixel within, for example, a 9500 by 9500 pixel virtual display
registered to g, for example, 600 by 600 pixel actual display. These levels of
pixel and sub-pixel processing resolution are necessary in order to display the
highest possible quality symbology.

10 The functions performed by the Raster Module are shown in FIG, 15.
Raster video signals (Raster Video) are switched by Raster Switching. Raster
Switching alsc provides a repeater function for Raster Video. The selected
Raster Video input is digitized by the Analog To Digital Converter. A Sync
Detect and phase locked loop (PLL) apparatus (not shown) performs

15 synchronization detection on the incoming Raster Video and generates Raster
Module clocks.

A commercially-available, off-the-shelf integrated circuit and low cost
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 & 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
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generator retrieves the digital data from memory to create a digital signal. The
display generator then creates an analog signal from the digital signal with a
digital-to-analog (D/A) converter. The analog signal is then amplified and
displayed as a video image.

During the video image creation process, many factors adversely affect
the analog video signal output from the display generator. For example, signal
interpolation within the D/A converter intraduces distortions to the analog signal.
These distortions are then magnified during amplification of the signal. In
addition, the analog amplifier, which functions differently at different signal
frequencies, creates further distortion in the analog output. Because of the
non-linearity introduced by the elements of the video display generator, the
output analog signal is not a completely accurate representation of the digital
data from which it was created. Although perfectly accurate video images
cannot be 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
surface/volume, eliminating the conversion errors and distortions discussed
herein.

The present invention is subject to many variations without depatrting
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
enable the systemn 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 systern to overlay symbology onto an intemally rendered digital
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
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display enables raster symbology to be rendered in manner optimized for the
S display. Other functions and features such as zoom, alpha blending, and
rendering stroke symbology with halos can also be accommodated in a manner
that will become apparent to those skilled in the art.
Other variations and modifications of the present invention will be
apparent to those of skill in the art, and it is the intent of the appended claims
10 that such variations and modifications be covered. For example, text from
books or other printed media can be converted to other fonts or even other
languages. Graphics can be re-rendered and their quality improved upon.
Two-dimensional pictures of three-dimensional objects can be converted to
three-dimensional virtual reality images. A system for converting books to
15 electronic media can completely re-render all information in the book with the
target media in mind. A single video source can be used to drive multiple
display types, even simultaneously, where rendering is performed 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
conternplated that the use of the present invention can involve components
having different characteristics as long as the principle is followed. |t is
intended that the scope of the present invention be defined by the claims
25 appended hereto.
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10D( X( detecting (200) the presence and characteristics of a plurality of graphic objects
within the formatted graphics (220);
creating a display list (260, 330) from the plurality of graphic objects that
represents the image based on the formatted graphics (220);
re-rendering (400, 1000) the plurality of graphic objects represented in the
display list (260, 330) while retaining the same characteristics for the graphic objects
that were detected in a manner formatted for the different display (600); and
detecting (200) a start point and an end point for each individual vector of the
plurality of vectors wherein the start point and the end point are detected (200) by
sampling (230) the individual vector.

2. The method of Claim 1, wherein the graphic objects are graphics
primitives.

3. The method of Claim 2, wherein the graphics primitives are vector
primitives.

4, The method of Claim 1, wherein the graphic objects are vector primitives,

5. The method of Claim 1, wherein the graphic objects are combinations of a

plurality of graphics primitives.

6. The method of Claim 5, wherein each of the plurality of graphics primitives

are a plurality of vector primitives.
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7. The met%od of Claim’ 1, further comprising the step ot displaying the re-

formatted graphic objects on the different display (600).

8. The method of Claim 1, further comprising the step of storing the re-
formatted graphic objects in a frame buffer (430, 510) for subsequent display on the
different display (600).

9. The method of Claim 1, further comprising the step of transmitting display
data (530) representing re-formatted graphic objects for use by the different display
(600).

10.  The method of Claim 1, wherein the display list (260, 330) comprises
characteristics of a portion of the image to be displayed (630).

11.  The method of Claim 10, wherein the characteristics are selected from the
group consisting of color, intensity, size, location, transparency, texture, shape,
direction, precedence of a portion of the image to be displayed (630) and combinations
thereof.

12.  The method of Claim 1, wherein the display list (260, 330) comprises a
plurality of vector primitives of a portion of the image to be displayed (630) that are
compatible with a graphics processor (420) particular to the different display (600).

13.  The method of Claim 1, further comprising the step of applying anti-
aliasing techniques to the graphic objects within the display list (260, 330).

14,  The method of Claim 1, further comprising the step of applying alpha
blending techniques to the graphic objects within the display list (260, 330).
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16.  The method of Claim 1, further comprising the step of applying

interpolation techniques to the graphic objects within the display list (260, 330).

17.  The method of Claim 1, further comprising the step of applying fogging
techniques to the graphic objects within the display list (260, 330).

18.  The method of Claim 1, further comprising the step of merging (500) the
re-rendered plurality of graphic objects (430, 510) with graphics information (140, 540)
from sources other than the first display or different display (600).

19.  The method of Claim 1, wherein the step of detecting (200) each individual
vector within the plurality of vectors further comprises the step of detecting (200) a
change in direction of the graphic objects.

20. The method of Claim 1, wherein the step of detecting (200) each individual
vector within the plurality of vectors further comprises the step of detecting a change in
color of the graphic objects.

21.  The method of Claim 1, wherein the step of detecting (200) each individual
vector within the plurality of vectors further comprises the step of detecting (200) a
change in intensity of the graphic objects.

22.  The method of Claim 1, wherein the step of detecting (200) each individual
vector within the plurality of vectors further comprises the step of detecting (200) a
change in draw rate of the graphic objects.
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change in direction of each individual vector,

24. The method of Claim 23, wherein the change in direction is detected (200)
by comparing a measured change in direction and a predetermined threshold value of

direction.

25.  The method of Claim 1, further comprising the step of creating a vector
primitive for each individual vector by combining the start point and the end point and a
plurality of characteristics of each individual vector, wherein the plurality of
charactetistics of sach individual vector comprise length, direction, color, draw rate, and
intensity of each individual vector.

26. The method of Claim 25, further comprising the step of adding the vector
primitive to the display list (260, 330) in a predetermined order,

27. The method of Claim 1, further comprising the step of optimizing (300) the
display list (260) and creating an optimized display list (330) for the purpose of
enhancing the displayed image (630) for the different display (600).

28.  The method of Claim 1, further comprising the step of prioritizing the
plurality of graphic objects comprising ranking the graphic objects in the order in which
they are to be rendered within the display list (260, 330).



