H25311 T 0 JUN 2004 - | MJLTIPLE AND HYBRI D GRAPHI CS DI SPLAY TYPES

- BACKGROUND £&5E8MIE | NVENTI ON The present invention relates to conputg@
support of multiple display types. 5 Pregsent conputer systens provﬂ JBN 2004
certain amount of flexibility in conbining nmultiple conputer displays and
di splay types to a single personal conputer, workstation, or enbedded

system For - exanpl epmyneet i Rp MyBREPERAPAICYDISE 0PTHEY system it
is possible to sinu ' o) s, but each
di spl ay nust be connected ' [ Attached to an 1SA or
PCl bus via its own slot. WM‘ geired (not in real
tinme) to support _the two different adapter cards and the displays attached
to them G aphic Thebpr@sest inwantiotrielaies tenpommpeer gopperti ofanuligle tigpsed f or
each out put display type. 15 Different displays cannot be easily swapped

wi t hout ext#ypeisve configuration. The follow ng patents relate to the

di splay portability probl em addressed above: U S. Patent No. 5,960213, to
W lson, gentitled "Dynam cally Reconfigurable Milti-Function PCl Adapter
Device; U S. Patent 20 No. 5,948,091, to Kerigan et al., entitled

Uni versal Digi t%@%ﬁtﬁé&%ﬁhp trﬁ%{q?%%ﬁép@g(\iﬁs% @P%»te Qltn Q%ou?ft 9o]r0ﬂé§8mq} " Flory

et al., entitled

combining multipte computer displays and display types to a single personal
computer, workstation, or embedded system. For example, under the
Microsoft Windows 98 operating system, it is possible to simultaneously
10 disﬁlay images on two displays, but each display must be connected to a
video adapter card attached to an ISA or PCl bus via its own slot. The
computer must be configured (not in real time) to support the two different
adapter cards and the displays attached to them. Graphic libraries and
drivers must be identified and employed for each output display type.

15 Different displays cannot be easily swapped without extensive configuration.

The foliowing patents relate to the display portability problem
addressed above; U.S. Patent No. 5,960,213, to Wilson, entitled
"Dynamically Reconfigurable Multi-Function PCl Adapter Device; U.S. Patent

20 No. 5,948,091, to Kerigan et al., entitled "Universal Digital Display Interface";
U.S. Patent No. 5,910,180, to Flory et al., entitled "Context Virtualizing Device
Driver Architecture”; U.S. Patent No. 5,883,642, to Thomas et al., entitled

"Programmable Retargeter Method and Apparatus”;



Driver Architecture"; U S Patent No. 5,883,642, to Thonmas et al., entitled
"Progranmabl e Retargeter Method and Apparatus”; 1 0 JUN 2004 2 U. S. Patent
No. 5,799,204, to Pesto, Jr., entitled "System Uilizing Bl 0s- dotglN 0ogL e
Hi gh Performance Video Controller Being Default Controller at Boot-Up and
-Capabl e of Switching to Another G aphics Controller After Boot s Up"; U S
Patent No. 5,752,032, to Keller at al., entitled "Adaptive Device Driver
Using Cbntroller Hardware Sub-Elenent lderslifie r"; and U S. Patent No.~
5, 606, 657, to Dennison et al., entitled "Virtual G aphics Processor for
Enbedded Real Tinme Display Systens”. However, unlike with the present
i nvention, none of these solutions provid@-a display adapter than can 10
si mul t aneously handl e and switch between nultiple displays and displ %

es

types. Further ggaa[lél{&gNgxigsjg@?& ofy pRbih r ast entited "Systehe diigphayB

renders it di¥ se€'raster-oriented graphics applications with

stroke 15 display types. For exanple,,VAPS Y giefaul Conmolleri at t he
i ndustry, ar eCQﬁ‘ﬁlﬂ%"Q d‘“EFiH\';/%r?%’ QK& \(’jfﬁ\é'ségl g&gﬁ@r}ét{sg%ﬁﬁoperl y work. with

hybrid strokelraster displays in_both nodes. The f | AR BdRl at e
general |y to Bbbi-&ppand Capablsuel Ryieng &%@%Weeé?ﬁrﬁﬁ ?ng%tuhe pr esent
I nvention to drive. stroke and hybrid di splays. using VARS, S o\
Patent No.s 5,489, 82S. Ra)erﬂONmJ@a?ﬁZDiiZ,,tUem%"?f@a ﬁBr'?'&K@Heség%%ﬁ{er 8‘% %or
Vi sual Separation of Vector and I U.S. Patent
Driver Using Controller Hardware Sub-Element Identifier”; and U.S. Faten
No. 5,606,657, to Dennison et al., entitied "Virtual Graphics Processor for
Embedded Resl Time Display Systems”. However, unlike with the present

inven’tlion, none of these solutions providg a display adapter than can

10 simulaneously handle an;i switch between multiple displays and display

types.

Furthermore, the existem;e of both raster and stroke display types

renders it difficult to use raster-oriented graphics applications with stroke

15 - display types. For example, VAPS formats, which are common in the

industry, are unable o drive stroke displays or to properly waork. with hybﬁd

stroke/raster displays in both modes. The following patenis relate generally to

ih'is- probléa;n. but none provide the ability of the present invention to dfive_.

stroke and hybrid displays using VAPS formats: U.S. Patent No. 5,489,325, to

20 Dugan, Jr., entitled “Brightness Controls for. Visual Separation of Vector and
Raster Information”; U.S. Patent No. 4,635,050, 'io Grothe et al., entitled

"Dynamic Stroke Priority Generalor for Hybrid Display"; U.S. Patent N§.

4,631,532, o Grothe, entitled “Raster Display Generator for Hybrid Display

System"; 2nd U.S. Palent No. 4,055,004, to Chase, entitled "Full Coior Hybrid

r

25  Display for Aircrait Simulators.”



Raster Information”; U S. Patent No. 4,635,050, to G '
. _ s Yoo . 4, , , othe et al., en
Dynam c Stroke Priority CGenerator for.Hybrid Display": US. Patent1t|t|6d

4,631,532, to Gothe, entitled "Raster Ds : [ i !
32, , pl ay Generator for brid QI
systent; and U. S. Patent No. 4.055,004y to Chase, entitled " F:jlyl Col or B %

‘Hybrid 25 Display for Aircraft Sinulators.” 1 0 JUN 200
_ _ _ _ : 4 3 WO 99 39328 A
to Lindsay, entitled Miultiscreen Display, Systemand Method describes thé

use of nultiple displays connected together to formone | [
out put. Each of tW& 98 39328/8. i5f L'ﬂﬁ@‘:’aPP’&&P%’\”E“‘B‘FFEFRP'%pz%gyggeen? %ﬁ ﬁ?‘%\(%oéjnel

di splay scregns. whjch ar d R j

Vi ndor f eftEsEREP iﬂ% € gfnﬁwgﬁ%gn%%%%%éég%ﬁ%eeﬁeg I on rébg?mbf a?d@egfﬁpli/?de

glr?g Elloz El ﬁgt@ﬁ%m_teggm?fﬂhe?hmaglmﬁbe ansy ot ftlhelSae VP, KiN RACS Biéglgg?‘:’g%ﬁ em
rention e functi r i O ' i

outputs. |t whidtrsseaste ¥ vs-s%’%‘?’ﬁ*@@EWro‘f’@?ﬁéﬂ?f‘” P ’S?aﬁv gﬁ“ﬁp"‘”ﬁ %ﬂggr

operati ony dh’[?élrﬂ?né Brﬁ/gﬂﬁ%é@%é@spﬁémn@ﬂmm Mudel GRIT tsay e@ﬂreﬁgscthsgamafe

FoM Corp. _, © Nessotiottd wiltos sisple/aster dystem Sncssess teBydicRhg lciBhol e bATcE
sof tvare i nterface (MATLDRE Qs WibRbiosad b puset ppipddritol eiraliterproviéing
A1 rast er et operatibmauimgLtbke chdsester TRGe. A EN ST RPLAS € EF Bo gt
Genr at i o oR A BHEDEE Pt R R e Bt vy
mul ti pl eqgli sphiays, 06. Hivobsr eistusdes plhigh lEygesg,ftwaiginge{#q%Eé&?ﬁjiﬁag?.‘?Jf%?\ﬁvh%[‘ig q
-d ' splays, asalaoswscthglmntﬁt(ijpkie gisglfr]rﬁlapltn%%ﬁgrts fé)rqys%r}}si dHElarge monit,or. The dis,plays in this
document are all raster displays. In this disclosure the term dissimilar refers to screen
resolution. None of these prior art documents disclose the generation of graphics from
a single functional source capable of driving multiple displays of different display types,
15 stroke, raster, or hybrid displays, as is claimed in the present invention.
Other prior art documents that relate to the present invention are hereafter
described. WO 99/39328 entitlied Multiscreen Display System and Method describes a
method to use multiple individual raster video displays to display as a single contiguous |
video display screen. The device is for multiple displays that are of the same size and
20 type. US Patent No. 4712047 entit!e'd Power on Demand Beam Deflection System for
Dual Mode CRT Displays describes a hardware description of a hydrid or stroke type
CRT display. The publication entitled “Method of Attachment of Muitiple Dissimilar
Montiors”, IBM Technical Disclosure Bulletin, IBM Corp. vol. 38, no. 1, 1895, pages 129-
131, describes a software method of driving raster type dispiays of different size to
25 | display as a single contiguous display. '
According to the presentinvention, there is provided a computer device for driving
multiple displays of different types, the multiple displays of différent types corhprising
stroke displays, raster displays and hybrid displays using formats designed for raster
displays, such device comprising:
30 - linking means which link, in use, @ generated code from said formats to a
standard video graphics library; |
driving means which drive, in use, the multipte displays with a single display
routine from an output of said standard video graphics library; and
switching means which dynamically switch, in use, between the displays in real

35  time.



O her prior art docunents that relate to the present invention are
hereafter described. WD 99/39328 entitled Miltiscreen Display System and
Met hod describes a nethod to use nultiple individual raster videof @i8§l2804s
to display as a single contiguous Vvideo display screen. The device is for
mul tiple displays that are of the same size and 20 type. US Patent No.
4712047 entitled Power on Demand Beam Defl ection System for Dual Mde CRT
Di spl ays descri bes a hardware descri ption, of h drid o St rg Y &IRT
di spl ay. The publ Theaviden ibrery tmey CompEBLAI APTERE FHRTTE S Fﬁ dsY@Fen
Di ssiml ar nt| rs", i<6ak %gqgggpag R2yltyeds tan bBMb@erqiﬁ we&blas _
yg@ ﬁ Dr&% IP%&HE e

38, no. escribes a software . nethod Sj ;fgéigg
raster type g&hamémsdnvd\lgfdfetrem displag(s) or diErentdyRes T aster EISH&YES ©

conputer - dewreaaE HpEy era;”@Pﬁﬁ%ﬁgﬁrﬁ%@aﬁégﬁﬁ%ﬂﬁgré’h“’%"gi’@“?"%@d ]
mul tiple g Zrﬂ%ﬁ%fs ggn @qsfof@é Qfter. Y PBS dphay insdrfage N ok @ravidsst By @ plyralty dty et

di spl ays an di spl ays using formats designed for raster displays,
such device mtmriaces:lan‘gmewﬂm&ﬂ(l ng nmeans which link, in use, a generated

code from said foggﬁﬁ‘;ﬁ} %ccgﬁdﬁ@qam MEdan igreaibh ARete b BBOYrOddedd mgthesans

which drive, in u displays with a single disp e
from an out put d@‘bgr@mndltlpibmsiaayi ofi dBeregt bypesche MRS JiSBIRYS §\L/\A%ﬁfeﬁ%nﬁg§ﬁné§ans

\J'\ﬁ:chogﬁnim gc%l'x;l)y 1sing strgke d;saay'?’ss ?astgr%é’ﬁﬂ% dritenyHriRlishySy sl With @@omphiter idewice,10

10  using formats designed for raster displays, the method comprising the steps of:

linking 2 generated code from the formats to a standard video graphics library,

driving the multiple displays with a single display routine from an output of the

standard video graphics library; and
dynamically switching between the displays in real time.
15 The step of linking a generated code from the formats to a standard video

graphics library may comprise the standard video library having OpenGL information.

The driving step may comprise simultaneously driving the multiple displays.



The video library may conprise video library information, such as OpenG
information.. Driving of both stroke and raster display types can be done,
-as well as sinultaneous driving of stroke display(s) or differenty UJ&E@@&
or raster display(s) of sane or diffegent types (e,g., FPD, HUD, MPD,
as.shown in Fig. 8). Hybrid strokelraster 5 displays can also be driven.
The display interface can be provided by a plurality of interface card
nmezzani nes. Furthernore, according to the present invention, there is also
provided a method for diriving multiple displays of di fferent types, the
mul tiple displays of different types conprising stroke di spl ays, raster

di spl ays and hybrid displays, with a conputer device, 10 using formats
desi gned for [ ashal &]fcﬁéd'f‘ $ 1nd BR<BRL A iIBRNPId Biovliethe st epdemf: |inking a

generated ~ co orna s to a standard video graphics library',
driving the nul ti Iay hhendfepm an out put
of the stasaBE ¢t gﬁ%‘@o rFS”(\:’émnﬁJ\bD?ea@yﬂ% ﬂhgsﬁgﬁ. d(]:lgdlﬂlby swi tchi ng between
the displays in real ti rre 15 The step of linking a generated code fromthe
formats tdyRrdtRtSard video graphics library may conprise the standard
video library having OpenG information. The driving step may conprise

si mul taneously driving the nultiple displays. 1 0 JUN 2004 5 A primary

obj ect of the present invention is to provide a wvi interface
that can drive Angthersbiectipidpe syasept mt’ﬁé"’&d ’8 H‘j ﬁ‘gﬁ 'ﬁgquﬁ(’ hybri d

types.
stroke displays using VAPS formats.

A further object of the present invention is to provide the ability 1o drive
hybrid stroke/raster displays using VAPS formats.

10

A primary advaniage of the present invention is the greatly enhanced
portability of displays and display types between systems without extensive

reconfiguration required.

15 Another advantage of the present invention is that it promotes reusable

display formats and reduces the amount of testing needed to deploy graphics

software on new and different display types.



5 Anot her object 'of the present invention is to provide the ability to
drive stroke displays using VAPS formats. A further object of thel BridNeou
invention is to provide the ability to drive hybrid stroke/raster displays
using VAPS formats. 10 A primary advarng age of the present invention is the
greatly enhanced portability of displays and display types between systens
W t hout extensive reconfiguration required. 15 Another advantage of the
present invention is that it pronotes reusable display formats and reduces
t he anmount of testing needed to deploy graphics software on new and
different display types. 1 0 JUN 2004 6 BRI EF DESCRI PTI ON OF THE DRAW NGS
The acconpanying figures, in which |ike reference nunerals refer to
identical or functionally-simlar elenments throughout the Separate views
-and which are incorporated in and formpart of the speccation, further
illustrate the present invention and, together with the detailed
description of the invention, 10 serve to explain the principles of the
present invention. Fig. 1 illustrates in hierarchical formthe software
runni ng under the invention on a General Purpose Processor (GPP; the

wor kst ati on, personal conputer, or enbedded system m croprocessor) in

conbinatipn with a BRIEF DESCRIPTION OF THE DRAWINGS

The accompanying figures, in which like refereqce numerals refer to
identical or functionally-similar elements throughout Fhe separate views ‘and
. which aré incorporated in and form part of the specification, further ilustrate thfa
present invention and, together with 't_he detailed description of the invention,

10 servetlo .explain the principlés of the present invention.

Fig. 1 illustrates in hierarchical form the software running under the
invention on a General Purpose Processor {GPP; the workstation, personal
computer, or embedded system microprocessor) in combination with a

15 reconfigurable image processing module (IPM);



15 reconfigurabl e i mage processing nodule (IPM;" -7- 1 0 J UN 2004 Fig.
2 further illustrates in hierarchical formthe software running on an |IPM
or equivalent hardware; Fig. 3 illustrates an inplenmentation of & WigeN 200
interface (in this case, 5 YAPS) tp the video library of the invention;
Fig. 4 illustrates the data and control fI,owfrromhthe di spl ay task through
to the video drikigr 2dutther dlugiatesdpdieraschigal fopadthesofware THARING, ORdhe

di spl ays of one or nore display types; 10 Figs. 5-7 are bl ock di agrans of
data and cdfiM ol eflivalgithaudiwatehe | ow | evel Application Programer's
Interface (APlI) graphic drivers to the displays in different display and
di splay type configurations; is Fig. 8 is a block illustration providing an
overview of an inplenmentation of the video library of the invention and

it | ati hi ps. .t | d : i R |
bl ack d agr am dengnet PRErHlF a0 B EGia R ot oy Mer Mierie"Un Wik odsa o .7
and Fig. 10 .is a flow di agram faqr deci sion nmaki ng concerning device driver

swi t chi Ag. V%E’Sit@t%mdzegibrwmth@wmeﬂi PTI ON OF THE | NVENTI ON

Fig. 4 iitustrates the data and control flow from the dispiay task through
to the video driver outputs when code is employed to drive one or more

displays of one or more display types;

10
Figs. 5-7 are block diagrams of data and control flow through the low
level Application Programmer's Interface (API) graphic drivers to the displays
in different display and dispiay type configurations;
15 Fig. 8 is a block illustration providing an overview of an impiementatioh

of the video library of the invention and its relationships to the video hardware

and other software;

Fig. 9 is a block diagram demonstrating device driver switching in the

20 invention; and

Fig. 10 is a flow diagram for decision making conceming device driver

switching.



The present invention provides the ability to, on a single workstati on,
personal conputer, or enbedded system and using a single interface card if
5 desired, drive multiple displays of different types and to dynam EgIJW 2004

switch between themin real tine. Ac cial standard graphics |ibrary
(such as Open@.) is enployed together with dynam cally sw tchable driver
sets allow ng support q ‘t'l e_di J: Q CP or en] pes. The

i nvention also provide TA A LML = kst pl ay formats
(such as MAPS) with 10 stroke or hybrid raster/stroke displays. The
present inventi die preserddnventoabpiavidesoihee abilityl g o 8isiggle warkspatign,
routine to drive a variety of output types w thout the necessity of

creating seppssnt sbimpltay, drosthbegded eiysieas amiiiging 4 yipgle Bietiscagarl ¥5
comercial standard graphics library to create the display routine and

tailoring yaeirsaeehlbmifipelidhi bp adantBidkeshid 18 RErFABMINE SwEh! ary.

as wel as requiring all grap ace t'o be through the graphics

lib , akl. h . md i sol i Ge drd '

ariver s cakebgan WEEeReL i, oA Ganfieitol Sahdbh S LN Tpvabte
changing the display 20 routjne interface. The device driver set necessary
to drive t l?) i§ sORleed tpgethes wabodynamirafly: RWHaRAPIGr SpNPE &Rt ext |

When a graphic context is switched, the drivers are switched and a
di fferent ailloping csappbe dfi spiitple displays Tidifleient tgpesan The swientibadalso
dynam cal ly, which makes nultiple sinultaneous outputs possible. This also

al 1 ows for préfidesRRErbility t6Yiel dhstaidsssdddispiayfoimats) (GBS VAPS) with

10  stroke or hybrid raster/stroke displays.

The present invention enhances reusability by enabling a single
display routine to drive a variety of output types without the necessity of
creating separate display routines for each output type. By using a

15 commercial standard graphics library to create the display routine and
tailoring the specific driver functions to work with the graphics library, as well
as requiring all graphic interface to be through the graphics library, alt
hardware modes are isolated to the device drivers, Device drivers can then
be created and modified to match the output without changing the display

20 routine interface. The device driver set necessary to drive the varying output
type is associated with each graphic context. When a graphic context is
switched, the drivers are switched and a different output can be displayed fo.
The drivers can be switched dynamically, which makes multiple simultaneous

outputs possible. This also allows for the support of hybrid modes in which



-9- multiple drivers can operate for the sane output and drive raster and
stroke on the sane display if that display is capable. The architpggﬂnqﬂﬂ
conveniently supports nultiple displays, various nodes (e.g., stroke an
raster), and future display types and—Fardware that may be devel oped. A
common software 5 platformis thereby created that can be used

t ranspar entrhitip® dvetsdeari aperateffor il dumiccodpdt antitdriveerapd atdistoRe. As
an exanpl e, devel opnent of and nodifications to graphics intensive

oper ati onal, {HF%Eém%rcﬂg{)ll%g‘riFgfég‘oéﬁééﬂﬁgﬁsecaﬁétgggmﬁ?fb}{ﬁ%&ﬂg@yc&n%n@nﬂ ent

I nventi on. e 1 nven nces r ermtting the
sane VAPS frane to pe used to create display p s for, _both rast and

St roke i spaports RulRE BPlayG. TeRaUS mse S G ke affhantien: CELiF]
graphics library is enployed for |inking the VAPS generated code to the

di spl ay dridigplay types caftbhardwae Hrad rnaugae fieveiopedr olfe cammoen ssaftwargnor e
masking that is 15 used by raster displays and allow for the sane effect by
usi ng oécl ydatborm iethargby oreddtéie tisdtrcdeebel uspt dsansparentlygfioaphivicie eegeeft | s
used for each virtual CRT as well as treating each virtual CRT as a root

CRT to get Hyr@R@fe arRPkbi@arccappliCatRiRl C AzOBhetarhsle! idleldprieMPBE BhiC
out put driver set, and hybrid node can be used with VAPS by sw tching

cnabl ed | n TRIBEARoN 18, FaBRRL RIS ReBfaor O Brel SBRRRRe B8t o o

dovi ce. 911 YSL 2ty THFaSOLd 15t BRSLsi ilsheP! 0ved 11 the embodi ment of the

10 The invention also enhances reusability by permitting the same VAPS
framme to be used fo create display pages for both raster and stroke displays
that will look the same. Again, a commercial standard graphics library is
employed for linking the VAPS generated code tlo the display drivers.
Accommodations are made in the stroke drivers to ignore masking that is

15 used by raster displays and allow for the same effect by using occlusion
memory for the stroke display. A new graphics context is used for each
virtual CRT as well as treating each virtual CRT as a root CRT to get proper
scaling. Each graphic context is tied to a specific output driver set, and hybrid
mode can be used with VAPS by switching output drivers within a graphics

20 context. Multiple outputs are also enabled in this manner by creating

adgditional virtual CRTs using different device drivers.

The software preferably employed in the embodiment of the invention

employing an image processing module manufactured by Honeywell (IPM;




enpl oyi ng an i mage processi ng nodul e manufactured by Honeywell (IPM 1 0
JUN 2004 e.g., a single VME card having a plurality of mezzani nes f
connection to a plurality of displays) includes a Real-Tine Operati n%‘JUN 2004
System (RTOS) such as VxWrks, the Ternfde devel opnent environnent, the
OpenGL graphi cs | anguage, and the \/ sual Applications Buil der (VAPS)

display for | 2 gﬁﬁl\ﬂﬂmr t nerir?a ura]htylr 'ot)H?ézrz%hﬁ'%s' r @oﬂﬁlécﬁ&ﬁ i &he

software run ur pose rrocessor

the P SEIBIS S°£§gsa‘fa>&%a$ dey é@a@“@ddeﬂpﬁﬁt@'@”&ﬁgﬁgﬁﬁﬁﬁ%@gﬁ e on

additional detail. Figs. 5-7 are block diagrans of data and control flow
t hr ough theVXka%vé'ﬂe Aﬁf@ﬂﬁpﬁﬂ&eﬁpm@seﬂ‘dﬂmﬂm@% @es SIRNGH ngr@Phicsr ent
di splay and di splay type configurations. Low |level APl pointers to the

di spl ay' s rlaateage; aid ote dvisuelr sAppiizatiorns e Balltdgr | (MARS) | displayorfosmaince
during power-on initialization. Fig. 3 illustrates an inplementation of a

user i ntger f gageioprenbtcolC TG 1 MOEPAtesTIn WMok oh@ahki Soffiare rdAniRBedih @Rent

i nvention al so permts the Same VAPS frane to drive both stroke and raster

di spl - VAPS
gener ot od CGNGe Fa Fﬂé&%ﬁ%zﬁ%fﬁ*‘%ﬁéﬁ% fate® Bersori Skl he
troke d I f bl d t Ki
and to use GELROdES PR ?rp%rr&grﬁr@%asavrhaa 'on fie d—‘s?M apBede et Indife 20
control flow fromthe display task through to the vjdeo driver out uts

Hybri d di spespsbleasohwame. vEig. {2 pevides afidiional detabdeFigs. Wi | args block

diagrams of data and control flow through the low level AP| graphic drivers to
10 the displays in different display and display type configurations. Low level
API pointers to the display's raster or stroke drivers are preferably initialized
only once during power-on initialization. Fig. 3 illustrates an implementation

of a user interface (in this case, VAPS) to the video library.

15 The present invention also permits the same VAPS frame to drive both
stroke and raster displays. A commercial standard graphics library (e.g.,
OpenGL) links VAPS generated code to the display drivers to do either raster
or stroke. The stroke display drivers are preferably modified to ignore raster
masking and to use occlusion memory instead. Fig. 4 illustrates the data and

20 control flow from the display task through to the video driver outputs.

Hybrid displays can be driven from VAPS generated code as well as

multiple displays. VAPS was designed to drive a single raster output display,

but the present invention permits it to go beyond that limitation. The VAPS




mul tiple displays. VAPS was designed to drive a single raster output

di splay, but the present invention permts it to go beyond that 10 JUN 2004
limtation. The VAPS 1 0 JUN 2004 11 portkit is nodified to create a new
graphics context for each virtual CRT—!Eath virtual CRT is treated as a
root CRT in order to achieve proper scaling. A comercial standard

graphi cs | iy i engdifiedienddeatd mnkewt gmphiidScogentfat eachodduab CRke

di splay drivers and each graphic context is tied to a 5 specific output

driver set.phMPyirELdITHRT iStreSRILAES RS SR th Bieyibldthid\@® pRigep Weakig.ver s

within a graphics context. Miltiple outputs are rendered possible by

creating adgitl VAN L DOl t ' I\ e erred
desi gn des&gi %%"?\g‘ﬁ%mf%rét?ﬁéa%ag]ﬁlggo#'%wee(:éﬁr{;én(?ﬁ%#léﬁ)eg[d%oﬁfeolféﬁvé
Referring to Fi g 8, the preferred Video Li brarﬁ/ is a software (nferface
for graphi cenpipivdhredefaithe Jismidy fygra aed; pagh gsaphis qantextdadied 19 gn
quality graphic images. The library allows a standard commercial interface
to be 15 abspedic dutmd driverr seft y Hybridumpde isyiesslerathgosside by switching
preferably conprises a graphics nodul e which contains Gaphics Library
Utility Toohwp(ElddiMerandithifp@naphicic idopfsd. a Multigle eofpute! amddeghderedi ch

contains video functions that are not handl ed by the graphics nodule, and

a device drj : rmdﬁle S Loh: Ak I; ] ; ; dware. The
devi ce dri eér(%r'tz'?e t eSP'SQ?tG pgﬁggggl thgtéhga%nﬁé@&?gﬁ%%‘e%%|%g%?c "t he
targeted hardware. Multiple drivers can be

Preferred design descriptions for the software of the invention next

10 follow:

Referring to Fig. 8, the preferred Video Library is a software interface
for graphics hardware that allows programs that use it to produce high quality
graphic images. The library allows a standard commercial interface to be

15  able to drive a variety of output types. The Video Library preferably comprises
a graphics module which contains Graphics Library Utility Tools (GLUT) and
OpenGL functions, a video control module which contains video functions that
are not handled by the graphics module, and a device drivers moduile which
communicates directly with the hardware. The device drivers are the functions

20 that can be replaced to match the targeted hardware. Multiple drivers can be

used simultaneously.

The video control module is a set of functions that are needed for the

image processing module that can not be accomplished using the Open GL



used simultaneously. The video control nodule is a set of functionsTtUhdiN 2004
are needed for the inmage processing nodule that can not be acconplished
using the Open GL 1 0 JUN 2004 -12-- libraries or the GL utility tool kit.
This supports functions that are conmonl2anong the drivers. Preferred data
structures include: display, context, driver, and hybrid node control, and
har dwar e spipfarfdscor e rdlactiity ol i, gTBRhsGspdridflictionsahatiase aopyhsat of
Qpen G functions and Qpen G utility tool kit functions. A subset of the

GLUT kit 'iaﬂﬁ@ﬁq;tﬂérﬂrﬁ\gé‘r erﬁr@#é&réd*ﬂé%@gﬁcﬁﬁrefs%cihﬁ;@: diPI9¢ rERS aipgr, modul e

of the inventio ibrary contain e functions 10 necessary to
initialize t I spl ay, and,setu he, wi ndows..t @ raphics in. This
library foﬂ"%%@“f’ﬁﬁcﬁqﬂyﬁglar@’e@@ﬁi‘"‘ﬁ@&ﬁegﬁct‘rﬁéyft@%ﬁ* APl . The preferred
data structures enployed include the follow ng: contexts initialization,
context switching (device drivers switched with context), swapping
buffers, color palettes control, aninmation control, and w ndow state

retrieval . 15 Réfher graphidsolibransincludesdca $0bsethed Open Glvainctionstandn@pane t he
interface to the device drivers that get swapped out depending on the

out put thaigl gtilRgite8l kitRPetiondlese calls are made by video control and
graphics libraries and are not called directly by the display program

A subset of the GLUT kit library is preferably implemented for the

image processing module of the invention. This library contains the functions

10  necessary to initialize the display and setup the windows to put graphics in.

This library follows the functional description of the GLUT APl. The preferred

data structures employed include the following: contexts initialization, context

switching (device drivers switched with context), swapping buffers, color

palettes control, animation control, and window state retrieval.

15
Referring to Figs. 9 and 10, the low level functions are the interface to
the device drivers that get swapped out depending on the output that is being
used. These calls are made by video control and graphics libraries and are
not called directly by the display program.
20 The Graphics Library is intended to provide the only interface to the low

levet graphic drivers. The graphics library includes a subset of Open GL

functions, Open GL utility functions, and Open GL utility tool kit functions.



20 The G aphics Library is intended to provide the only interface to the

| ow I|evel graphic drivers. The graphics library includes a subset oﬁ Sﬁﬁﬂma
G functions, Open G. utility functions, and Open G. utility tool kiQ
functions. 1 0 JUN 7004 - 13 The detail ed descriptions for the preferred
APl G Uility Functions are specified: in Open GL Progranm ng for the X
W ndow System WMark J. Kilgard. 5 Addison-Wsley, |SBN 0-201-48359-9 The
detail ed descriptions for the preferred APl  OpenG. functions are

specified in: OpenG Reference Manual, Second Edition, Addison-Wsley, |SBN
0-201-46140-4. 10 In sunmary, the present inventien provides the ability
to, on a single workstation, personal conputer, or enbedded system and
using a single interface card if desired, drive nultiple displays of
different types and to dynamcally switch between themin real tine.

Rast er - based di spl ay for ngte ddailcgubeimionARS)the arefatrsb ABE Gls\ @l vICUeDE §i&
or hybrid raster/stroke displays. The invention thereby enhances ,
reusability by enabligo fies! MU EerdBE Prayamming fonthetXo Windove Sestodr MatkyJ. lgard.
out put types w thout the necessity of creating separate display routines
for each output type. zdhsorpveRicyosBNrB2ebAREET-@Nt |y  supports nul tiple

di spl ays, various nodes (e.g., stroke and raster), and future 20 display
types and hardware that may be devel oped. A common software
The detailed descriptions for the preferred APl OpenGL functions are

spe'ciﬁed in. OpenGL Reference Manual, Second Edition, Addison-Wesley,
ISBN 0-201-46140-4.

10

In summary, the present invention pmvides the ability 1o, on a single
workstation, personal computer, of embedded system, and using a single
interface card if desired, drive multiple displays of differer?t types and 1o
dynamically switch between them in real (ime. Raster-based display formats

15 (such as VAPS) can also be used with.st'roke or hybrid raster/stroke displays.
The invention thereby enhances reusability by enabling a single display
routine to drive a variety of output types without the necessity of creating
separate display routines for each putput type. The architecture convenienlly
suppo'rts multiple disp!éys, various modes {(e.g., stroke an@ raster), and future

20 display types and hardwére that may be developed. A common software

platform is thereby created that can be used transparently for 8 wide range of

hardware and software applications.




platformis thereby created that can be used transparently for a w de range
of hardware and software applications. -14 CLAIMS 1 0 JUN 2004 1. A

conput er device for driving multiple displays (D SPLAY 1, DI SPLAY B
different types, the nultiple displays4of different types conpri si BJ@ ﬂ@%e
di spl ays, raster 5 displays and hybrid displays using formats (VAPS)

desi gned for raster displays, such device conprising: |inking nmeans which
link, in use, a generated code fromthe fo ts to a standard video

graphics library (GRAPHI CS LI BRARY); dr means ( STROKE DRI VERS, RASTER
DRI VERS) which drive, in use, the 10 multiple displays with a single

di splay routine froman output of said standard video r i | Y.
and switching neam\scérﬁﬁ{NAMd@viEJm)demlxﬂinﬁtﬁI&Péﬁwsy(%‘?ﬁH'i%ﬁsth{(% of
between the displays in real time 15 2 [ Qfing abua displIIC Fter
sai d standar d'fWirﬂééyEﬁsaH}ﬁ’E@{'P'PgFQWs()Eéxﬁ %EICERR]B\Rwﬁi s Q)e_anL vi de

3. The de iCE’ {ay@lﬂdmy%ridVMi@lﬂsmsﬁ@i Brdais(VAG reiepigneSTRRORSeDAFRIARS, Suc

RASTER | VER conpri'ses a neans for sinultaneously driving said nultiple
di spl ays 20débesebmpnsiNgDl SPLAY 2). 4. A nethod for driving nmultiple

di spl ays of diff enERhgHdds WHRINIRkAY ude, JAePR-A¥d code from the formats to a standard
video graphics library (GRAPHICS LIBRARY);
driving means (STROKE DRIVERS, RASTER DRIVERS) which drive, in use, the

10 multiple displays with a single display routine from an output of said standard videc

graphics library; and |
switching means (DYNAMIC PTRS) which dynamically switch, inuse, between the

displays in real time.

15 2. The device of claim 1, wherein said standard video graphics library (GRAPHICS
LIBRARY) is OpenGL video.

3. The device of claim 1, wherein said driving means (STROKE DRIVERS, RASTER
DRIVERS) comprises a means for simultaneously driving said multiple displays

20 (DISPLAY 1, DISPLAY 2).

4. A method for driving multiple displays of different types (DISPLAY 1, DISPLAY
2), the multiple displays of differenttypes comprising stroke displays, raster displays and
hybrid displays, with a computer device, using formats (VAPS) designed for raster
25 displays, the method comprising the steps of:
linking a generated code from the formats to a standard video graphics library
(GRAPHICS LIBRARY}),
driving the multiple displays with a single display routine from an output of the
standard video graphics library; and
30 dynamically switching between the displays in real time.

5. The method of claim 4, wherein the step of linking a generated code from the
formats (VAPS) to a standard video graphics library (GRAPHICS_ LIBRARY) comprises
the standard video library having OpenGL video library information.

35




2), the multiple displays of different types conprising stroke displays,

raster displays and hybrid displays, with a conputer device, using formats
(VAPS) designed for raster 25 displays, the nmethod conprising the1§t ﬁ%md
of : linking a generated code fromthe sormats to a standard vi deo graphicCs
library (GRAPHICS LIBRARY); driving the nmultiple displays with a single
-display routine froman output of the standard video graphics library; and
30 dynamically switching between the displays in real time. 5. The method

f claim 4, th
(vaPS) 1o a Bt anadnts Orass L A bR BPBAREARP Frp 5y PUTE ©
t he standarduw;ﬁﬁqmm;b@meyshEBPngYGpEmEEuMYd¢O library information. 35 -15

1 0 JUN 2004 6. The nethod of claim4, wherein the driving step conprises
simul taneously driving the multiple displays (D SPLAY 1, DI SPLAY 2).




