2 4 WD 01/ 48692 PCT/ US00/ 34110 METHOD AND APPARATUS FOR CREATI NG MOTH ©Ni'! 7004
| LLUSI.ON 5 Technical Field of the Invention The invention relates to

conput er grag@%gﬁ d, in particular, to creating notion illusion of
objects in a three-di nensional graphics system Background oPCTRISH/IMIMNt i on
In the field of data processing, there is an ever increasing demand for 10
graphi cs applications which are faster, nore detail ed, and generally nore
lifelike than their predecessors. Many of these applications are useful in
personal, educational, mlitary, and conmerci al data processing systens.
In addition, the rapid acceleration of Internet applications is mandating
hi gh performance graphics and nmultinedia features in newy rel eased
conput er systens. 15 Hi gh speed three-di nensi onal (3D) graphics processing
requires fast, pipe- lined processing in order to provide realistic
geonetric detail and to "light" objects in a scene with special attributes
such as transparency, depth, color, intensity, reflectivity, fill,

texture, and so fomNIRTHNERNDTAPPARAGESS , ' err] 11
processor, comercially availableﬁ5f6n1lﬁ?gl 9%?§@¥§§?§ﬁﬁ%¥ﬁggﬁ$gﬁgo Cl ara,
California, that provide stream ng single-instruction-multiple-data (SIMD)

i nstructiong for floating-point ilac a. ascp rt. of thejr instruction sets, are
particularly well adapted to i nﬁéﬁ@ﬁhﬁﬁ%&l&m graphi cs. Graphics
processi ng ar chi t ectTiedfvemish reatePRIconpaich gfabfick %fﬂfﬁ@ﬂ@%&%&u g2l

ght

wor kl oad required. faor geonetric transformafions and ng, as 5 wel |
as the increasi™YIP HYR JerAhing thirer-dimempionabgraplecs systeaccess dat a and

i nstructions fromnenory to suppogt.ithe ut at.ions. To be conmercially
successful, processors used in peﬁ d%’ﬁﬁgéﬁggﬁgﬁ?gﬁﬁst be able to ful fil
these conput at i onalln thedididnfidutaipiocessing] thertaiubevth idcfeakiBgREMAnd R har dvar e

cost ver ow. . 01/ 48692 PCT/ US00/ 34110
y 1[) gravp%cs applications wc'll_]ch are 1aster, more detailed, and generally more lifelike

than their predecessors. Many of these applications are useful in personal,
educational, military, and commercial data processing systems. In addition, the
rapid acceleration of Internet applications is mandating high performance graphics
and multimedia features in newly released computer systems.

15 High speed three-dimensional (3D) graphics processing requires fast, pipe-
lined processing in order to provide realistic geometric detail and to “light” objects
in a scene with special attributes such as transparency, depth, color, intensity,
reflectivity, fill, texture, and so forth. Newer microprocessors, such as the
Pentium® I processor, commercially available from Intel Corporation of Santa

20 Clara, California, that provide streaming single-instruction-multiple-data (SIMD)
instructions for floating-point data as part of their instruction sets, are particularly
well adapted to implement high speed 3D graphics.

Graphics processing architectures must support both the intense
computational workload required for geometric transformations and li ghting, as

25 well as the increasingly high bus bandwidth load required to access data and
instructions from memory to support these computations. To be commercially
successful, processors used in personal computers must be able to fulfill these
computational and bandwidth requirements while keeping the hardware cost very

low.



Hi gh out put bandw dth has until now inplied high cost nmenory for St@ﬁiﬂﬂ:mm
the | arge anmbunts of data required to inplenent high-speed 3D graphics
féatures, sowOGOB4se2xalistically rendering noving objects w t%@gﬁﬁ?ge on
a conputer screen. For the reasons stated above, there is a’su ial
need in the area of 5 conputer graphics processing to provide a graphics
processi ng systemwhich can realistically render scenes invol ving noving
objects while mnimzing conputational and bandw dth | oads and nmenory
resources. In addition, there is a substantial need in the area of conputer
graphics processing to provide a conputer-based nethod of effectively
creating a notion 10 illusion of one or nore objects being displayed in a

conmput er graphics sgeng.. Sumr g o he Ipvention Accordingly, in one
enbodi ment of the iﬁ@éﬁ??‘@ﬁ%?’@mi‘asp‘luwpél%’dmhnéhigbctostaﬂmds@d‘oiﬂoxliheg used

in a processor.thdhegemidiat diialaeQsred bl 84 Lr st .set of yertex data
representing an object to be disp a&edgﬁﬁg rhslgh'ﬁ%esefllz’ LFrepCsicamrssut er 15

screen, gener atsPflyasTedistieally rsederig mesingobjeas withBod €806k BYofky ﬁ’tePer&ﬁF to
p

be displayed in a | 1] on the conputer screen, and applying at
| east one attribut Z%f%@gﬁaggg%ﬁétg&;a@é’&gw 138 Fytsiangal need Thiheraptandd al so

i ncl udes pr 6cessinputet graphits potessing t6 pRATIE S8hshiaf - ta for display
of the object i nl.t he ]fi rst and second posﬁ?i%}%s %ﬁgétslgllgégg%%ﬂtw&mhs@%en.
The at |east ofe'SHENY BTRAET S5uRsaavalKiag o véag olijects while fifintising POsi ti on to

appear di ff er egbmpiit@idrdalSndn8&idel cond position in a manner that
provi des the obj e(ﬁ:t with an 1[I udé#gbﬁhg&ds 8W%§QLWé§n the first position

and the second posinaddition, themriotlsebstamaDikieden the z&-&%fecohﬁm&ﬁ—@/d' ‘ﬂg a
conput er-readagllogesr;&gitum contai ni ng conput er - execut abl e i ns riictTons for
i nstructing a processor P10 et o '@@?@Fm@@loﬁﬁfml@ﬂwﬁ@gngnnhdti_ousi on of
motion to am olijusioh oflbsbrenieré &j&gg@g@w@g%ed%gg&rﬁ. 'é‘%{‘lgﬁifl structions

include generating a first set of vertex data repre “} FEMBbj ect in a
first position on the conmputer scBimmargefihe iiventiom second set of 2 03 JUN
2004 WO 01/ 48692 P 4. - .

ALl 4hte embodiment of the invention there is provided a method

adapted to be used in a processor. The method includes generating a first set of

vertex data representing an object to be displayed in a first position on a computer

15 screen, generating a second set of vertex data representing the object to be
displayed in a second position on the computer screen, and applying at least one
attribute to one of the sets of vertex data. The method also includes processing the
first and second sets of vertex data for display of the object in the first and second
positions on the computer screen. The at least one attribute causes the object in the

20 first position to appear different from the object in the second position in a manner

that provides the object with an illusion of motion between the first position and the
cecond position.

In another embodiment, there is provided a computer-readable medium
containing computer-executable instructions for instructing a processor to perform a
25 method of providing an illusion of motion to an object displayed on a computer
screen. The instructions include generating a first set of vertex data representing
the object in a first position on the computer screen, generating a second set of

2



vertex data representing the object to be displayed in '"a second po§it%onm
on the conputer screen, and applying at |east one attribute to one éP‘FH@L
séts of vertex data. The instructions also include rendering the first and
second sets WOW4$0P2x data to display the object in the firmtreswsseeond
positions on the conputer screen. The at 5 | east one attribute causes the
object in the first position to appear different fromthe object in the
second position in a nmanner that provides the object with the illusion of
noti on between the first position and the second position. In a further
enbodi ment, there is provided a conputer-readabl e nmedium having stored
thereon a data structure. The data structure conprises a first block of 10
vertex data representing an object to be rendered in a first position on a

conput er SscreeRenddhtfredRS 4 ; data representing the object
to be rendered in a se ongﬂglggﬂﬁl %é?fé%t{?%ﬁé% lﬂ‘taesrec‘g'@r@éﬁ‘.m?ﬁéh%econd

bl ock further computesssseenaartdrapplying atdézat drivaitridaLess ont BEHRRES BF virdtxldiE
in the first position,

second positiog.lhto ﬁ_@&g)ar if,fir nt Jr_om t he obj ect

in a nanner that® PrEGYTHPRS ﬂénc‘lﬂ%é'elﬂ g kheofirst and sseand seB ofvertent dasmtobet ween
the first posi tisphy@ubti@eiHe %R aR®Sicoh®BositiGAditd nbodi ment s are
described and cl gi Ted. .HjBri ef Descri p%c{ogﬁﬁ% tl?&?nﬁbggm&knﬁ'gteﬁcﬁmi%e al

i |l ustrates’a Hagdineditmbute austs the objeat iprthe Bis6 positiciyte tappranidi flervfitifioh thene
enbodi nent of I; ' can be inplenmented; .20 FIG, 2 depicts an
exanpl e of not ngcﬂlﬁﬁﬁs% %o(r}\’ra&’foglgogﬁlﬁ ap tﬂﬂ Péo‘gé"rsathbﬂ@“tlwlﬂé@le iifpsion
accordance W t bf mogorcbeekn e first boditién kBB EécRRd pg%iﬁim.?’ depi cts an exanpl e
of notion illusion faﬁlﬁgD obj ect al ong a curved I ne, in accordance with

anot her enbodi ment B¥2 1aer sRRadiment; therds progided ajcompster-atagsbla nsidigph i f i ed
3 obj ect o Sk ed RN e EhlBhlaRe e o e AR PER ARG the
i nvent i on. !Det wires daBasprreseptingm objettie be randerel oM a Jirdt positiod 874 MRpRL, 48692
screen, and a second block of vertex data representing the object to be rendered in a
second position on the computer screen. The second block further comprises
attribute data that causes the object in the second position to appear different from
the object in the first position, in a manner that provides the object with an illusion
15 of motion between the first position and the second position.
Additional embodiments are described and claimed.
Brief Description of the Drawings
FIG. 1 illustrates a block diagram of a data processing system with which
one embodiment of the invention can be implemented;
20 FIG. 2 depicts an example of motion illusion of a 3D object in a straight
line, in accordance with one embodiment of the invention;
FIG. 3 depicts an example of motion illusion of a 3D object along a curved
line, in accordance with another embodiment of the invention; and
FIG. 4 illustrates a simplified schematic and flow diagram of a method of

25  creating motion illusion of a 3D object in a graphics system, in accordance with one
embodiment of the invention.

Detailed Description of the Invention
3



PCT/ US00/ 34110 In the following detail ed description, reference is nmade/it:qi
t he acconpanying drawi ngs which forma part hereof, and in which is shomn
by way of il mmbtwasszon specific enbodi nents in which the in%gﬂﬁhﬁggﬂﬁ%
practiced. O her enbodinments nmay be utilized and structural y be
made wi thout departing fromthe 5 scope of the invention. FIG 1

illustrates a bl ock diagram of a data processing systemw th which one
enbodi ment of the invention can be inplenmented. The data processing system
shown in FIG 1 is capable of perform ng high performnce 3D graphics
processing. In one enbodi nent, the system conprises a main processor 1,

chi pset 10 core | ogic 10, graphics processor 12, franme buffer 14, Z-buffer

16, display nonitor nputer screen 18, keyboard/nDuse 20, and nenory
30. Menory 30 can &%ﬂﬁr Pg‘éw’é‘ﬁﬁewpﬂ dmcepnmcfyreate)rsamed@ﬁie%&rﬂﬁﬂy{n@ one
embodi ment i nclypR8es WRCH SRR th random access nenory
(RAM) chips, read & y %mryﬁ%gﬁgmb $’ ﬂwﬂrbi)’\?@é’ojﬂlus&‘ﬁﬁon

renovabl e nedi ap@ﬁicscmbumeﬂxﬁmgmhtth&n%n&ﬂtmgag Fﬁ)l &(&%ﬁ
is coupled to chi %36%13} e&{e | o 0,via bus 3. "Chi set core logrc
coupl ed to mendFy f |°B%‘@FS e@wé’em@gpmmm dephning Hieim theoupl ed

to graphicss prg@@swﬂwlgveﬁhgnbus 5 and it is coupled to the frame buffer
14 and to the Z-buffer 16 via bus 6. Frame buffer 14 and Z-buffer 16 are

bl 1o Foy oo e 0wVl dagunyof ois HoSSag sPRBAL Hich

illustrated in w%@ qfélﬁ IEXTHUC'PEEHQF implsmentsay The data prosessag systs f or

ease of il ust stmtinin FIG N&rcapsie of Pérds a audlo
A steerl ny %@%Wmcé?‘ﬁrgr

speakers, m crophone, ir;) sti ck, prin (rusi cal
i nstrument di gPTPSESSINgt & Prrembadippnathe systes wmphualamaalprécgéssdﬁ\ll Eset

B ocesei ng syeraen e | G hies PRAslel T2, e Bl o Zrtnile 16, dplateoniake of

clarity. Likevdrsempateds¢reembs, keeboapdyfioate ztg\ﬁh@gﬁm&yg@. Mypg@c&nd vi deo 4

Ul .n_ comprise any suitable memory storage devices and in one embodiment includes
main memory 32 implemented with random access memory (RAM) chips, read
only memory 33, one or more hard drives 34, and removable media 36 such as

15  magnetic or optical disks.

Main processor 1 is coupled to chipset core logic 10 via bus 3. Chipset core
logic 10 1s coupled to memory 30 via bus 4. Chipset core logic 10 is further
coupled to graphics processor 12 via bus 5, and it is coupled to the frame buffer 14
and to the Z-buffer 16 via bus 6. Frame buffer 14 and Z-buffer 16 are coupled to

20 display monitor 18 via bus 7, and display monitor 18 is coupled to keyboard/mouse
20 via bus 8. Some of the connections illustrated in FIG. 1 are logical, rather than
physical, connections for ease of illustration.

Other user interface elements, such as audio speakers, microphone, joy
stick, steering wheel, printer, MIDI (musical instrument digital interface) keyboard,

25 virtual reality devices, movable seat and environment, and the like can form a part
of the data processing system but have not been illustrated in FIG. 1 for the sake of
clarity. Likewise, additional peripheral devices, such as audjo and video

4



WD 01/ 48692 PCT/ US00/ 34110 equi pnent, nodens, network and other 1/0 {5 [ 200
(i nput/output) interfaces, and the like can also forma part of the data
pfocessi ng S“ﬁi %ﬂut they too have been omtted fromFIG 1, because it
is known in the art how to utilize themin the broad spectruBtbUSe034110
applications for which the data processing systemcan be enployed. $ Wiile
busses such as busses 3-8 are shown as single lines in FIG 1, they
ordinarily will be inplenented as nultiple conductors. Alternatively they
can be inplenented in any other suitable transm ssion nedium such as
wireless or fiber optic technology. The data processing systemcould

I ncl ude nore or fewer processors than to shown in FIG 1. For exanple, the
data processing systemcould function, although at a reduced |evel of
per f or mance, vmethmengnmdbms,mepm}kaﬁd;Gmexlﬂoé(ﬂﬁ%%ut}ﬁﬁt§ hné,f&es faH&‘ﬁ-Fe'lf?(@S of
frame buffer 14 a buf f er Hel ng perfornmed a differént

and/or by main® ? rg'zap%c’ @%MBWSY%mnbwrtb@emsmvclbeea oamtddntel
Pentiunferr] | Iﬁlonppppqsgé& I | fro te

Cor poration of Santa O ar auseégis?&g?ﬁlugﬂﬁ %OW% dtﬁgﬁg’em‘f}%%@(??é 12 is an
nVl DI A GeFor ce S%Huyr%f@npb@tlam:&me dﬂn'pnrcess&igl stetaah 3B efpidyedn NVI DI A
Cor porationg The chi SEhsare l,ogi,c 10 Intels?, 820 Serles chi pset

comer ci al | §/ avai | ab BeOEST Pt b&‘ﬁeﬁgréﬁrf’é@% W‘S’réhmsynﬁ(?chmhdye
i npl ement ed i nostiNarityivilabt fngloRBREC b KipRoRYibR lﬂx‘i’tefﬁ%g{?é]}é WERy T one
enbodi nent main rrermry I's 1 npl emented vvltp synchronous FH Yom
access nmenory [RIPEAEAL e@ié\%é%h%@ltﬁbdﬁ transmnigsion, mediumasuch s e/hr(:rc);s SARX
mot her board co eéidlolokyavai | able fromIntel Corporation. In one
enbodi ment the ‘conputer “software for inplementing the notion- illusion
functions of the i nVenditoprocessitigosteractonn @ﬂudd%@&rcﬁtf@\gcr?ré&géotr GgaPr i sing
25 at Ieasi on &@\) ﬁaO{ such as main processor and/ grap I CS
processor 1®. t Eorxemple) the ataeprefessing systemi oould fingGomnlthaghut er
sof twar e coul datrz68 d sonme _coul d resi e |n
gr aphi cs processord‘%gdlﬁlg{@rfgfto%ﬂfig?éﬂg '%%% ¢S processor 12 and/or wit

functions of frame buffer 14 and Z-buffer 16 being performed by a different

memory and/or by main memory 32.
In one embodiment main processor 1 is an Intel® Pentium® III processor
15 commerciaily available from Intel Corporation of Santa Clara, California. The
graphics processor 12 is an nVIDIA GeForce 256 graphics accelerator
commercially available from NVIDIA Corporation. The chipset core logic 10 is an
Intel® 820 Series chipset commercially available from Intel Corporation.
Main memory 32 can be implemented in any suitable commercially
20 available memory system. In one embodiment main memory is implemented with
synchronous dynamic random access memory (SDRAM) devices as, for example,
in an Intel® 440BX motherboard commercially available from Intel Corporation.
In one embodiment the computer software for implementing the motion-
illusion functions of the invention is embodied on an integrated circuit comprising
25  atleast one processor, such as main processor 1 and/or graphics processor 12,
However, alternatively some of the motion-illusion computer software could reside
In main processor 1, and some could reside in graphics processor 12. Alternatively,

b



1: ~ ' 71 03 JUN 2004 WO 01/48692 PCT/ US00/ 34110 sorre or all of the 7§ i 7004
notion-illusion software could reside in an appropriate part of nenory 30.
The term "coPRPH#SI2adabl e nedi um', as used herein, neans a%l‘fl%yfécﬁ?o

whet her active or passive, containing conputer instructions for 1nstructing
a processor, and/or containing conputer data, such as a hard disk, floppy

di sk, 5 conpact disk (CD), random access nenory (RAM, read only nenory
(ROM), cache nenory, or the |ike. The notion-illusion conputer software

can also be inplenented by a different type of software nodul e that can

resi de sonewhere other than as described above and be executed by an
execution unit (not shown) different frommain 10 processor 1 or graphics

processor 12. FE ket s an .exanpl e of notion illusion of a 3D object
100 in a strai gﬁ% € q%iaﬁg?hfenrﬁ%%o@' ﬁHﬁHBé"W%’H%‘H@ resiflednl iamappropfiate pert of

i nvention. |n Fhé&nor® 30hahsReralicegiputer-$ I 0all 1 100, which is
depi cted as rm\rﬁ'e?%&i t he di_rectiii%g in%@g@?g%rd@ﬁ,gg‘ssg&,hm@m%%” 100

i s displayed o {BEHVEseT passives sordainmguempated insttctiMB I hAricRRYES OF

copies, starti Ak L . fal i e 101 that has a high "dep

attribute (des@?? beggp'ia%d{okg&%at?lpf ngncgh?gggﬁﬁm’tﬁ'/‘c’? A¥a pard disks Bpppyzdisk,and a hi gh

"transpar enéy" campagt Md@mdwﬁ&ekm&hm%ﬂ%ﬁ? ﬁe%r%&fomr amet er
s ni

"Al pha"), and ending with an jntense inagé 105 that pt h and
t ranspar ency. car%grg%?qrat?r elke-t he depth attribute is not readily seen

fromthe isol ated | TRggPbnd | L0 Fl G nd woul d be nore
readi |y apparent_in a scene ?‘ﬁg{?i‘%%& u&egg%hw?&?@n B%?Eﬁﬁplﬁ@ﬂt%byéct 100.

The i nt er nedi afl€ferens §es of Gofw a4 nivadute tharoa edsideBdalevhiesd iy and
enbodi mrent. _ The over af:l %g%‘?gi?:t [ s&é?%}bg(riovi de

transparency a ' to o ) _

the viewer wi t%ﬁaﬁ%ﬁﬁﬁg‘%‘: pegfbyr?ﬂte?‘B‘PFt’BP upi (ot shovm)rdifferent fomendin on of
arrow 110. 1@5 pioGessdr Uepgrapliicstosessgrlhbe of notion illusion of a 3D object
along a curved Iin i_n accordance with anot her enbodi nent of the

invention. In FIG BIG Rdepists an example of motion illusion of a 3D object 100 in a straight
line, in accordance with one embodiment of the invention. In FIG. 2 the 3D object
is a sphere or ball 100, which is depicted as moving in the direction indicated by
arrow 110. The ball 100 is displayed on the computer screen as a sequence of
15 separate images or copies, starting with a first, faint image 101 that has a high
“depth” attribute (described in the art and herein by the parameter “Z”) and a high
“transparency” attribute (described in the art and herein by the parameter “Alpha™),
and ending with an intense image 105 that has minimai depth and transparency.
The variation in the depth attribute is not readily seen from the isolated image of
20 object 100 in FIG. 2 and would be more readily apparent in a scene that included
some objects near object 100. The intermediate images 102-104 have
proportionally decreasing depth and transparency according to one embodiment.
The overall effect is to provide the viewer with an illusion of motion of ball 100 in
the direction of arrow 110.
25 FIG. 3 depicts an example of motion illusion of 2 3D object along a curved
line, in accordance with another embodiment of the invention. In FIG. 3 the 3D
object is an airplane 200, which is depicted as moving in the direction indicated by

6



object is an airplane 200, which is depicted as noving in the directilomN 20
indicated by 6 0 3 JUN 2004 WO 01148692 PCTI USOO 34110 curving arrow 210.

Ai rpl ane 200&&019@@? ayed on the conputer screen as a sequence of four
separ at e i nages, rting with a first, faint inmage 201 that PREASHIYHOdept h
and high transparency, and ending with an intense i mage 204 that has

m ni mal depth and transparency. Again, the variation in the depth
attribute is not readily 5 seen fromthe isolated i mage of object 200 in
FIG 3 and would be nore readily apparent in a scene that included sone

obj ects near object 200. The internediate images 202 and 203 have
proportionally decreasing depth and transparency according to one

enbodi ment. The overall effect is to provide the viewer with an illusion

of notion of acapingrrc0D] Gl Aingand E00d dapli Sohhe ey Hrbihs2auehe M1

4 illustrates afri |ified schematic and flow diagra a netho

creating noti offt {AUF CFPRGE THasEs SBIHE Wik 2 fifstfaigt updge91sharthasrhighrepicor dance
with one enboghdigh nahspattficy, W& hdi : i.Scussi FIG 4.in detail,
sonme background re%ﬁér di ng tﬁ% §§%drhg gﬁﬁg@?@ﬁmofmggg%{g‘é‘[@iw raphi cs
system wi || bedgnte sethirensparesieyl. nA gaimj elte Yaviation 30he BEE tthiButd is ﬁlﬁ'réad?igo as

il ustratedsi nsclé})? 2. 0r Iﬁlﬁzﬁne 20 as illustrated in FIG 3) to be
represented nifPpUFRS ssoldivimage of abiget 208 in FEp 3 apdaponld be syase eaily he
system may i nchppdeenfirCONRHE Bat HefudeBsdmiCddi ini e. or nore data
representations that describe the object .%éaﬁégcéc%éﬁweﬁ% n many
di verse types #1ag802Qhind203 hasieprophwionallydecodasiag deptirayd kendparmegent ed in a
di versity of . =T an be. represented by a set of surface
pol ygons t hat V\%)rég %@%ﬁg%}%ﬁe&?n 19Tl efEEUs to proxidedhe pigmer willy gt ens
store descri ptillesisn ofmam:mbmqﬂ@ean@owngtﬁédi%éﬁBﬁSPcmé&’ﬁfm 14,8l so
referred tg as "M Ieg",l)l. A pol ygon_surface can be speci |ec?i '

mat hemati c¥l 1y by HGAdwtrates p simplifisd sehematic and flowi diagrampfheetiodef  shape,

o o P A o 8 Bl U AR R AR
reflectivity, emebediment of thelinveation.) .
Before discussing FIG. 4 in detail, some background regarding the
representation of 3D objects in a graphics system will be presented.
15 In order for a 3D object (e.g. ball 100 as illustrated in FIG. 2, or plane 200

as illustrated in FIG. 3) to be represented, manipulated, and displayed in a 3D

D

graphics system, the system may include a computer data structure containing one
or more data representations that describe the object.
Graphics scenes may contain many diverse types of 3D objects, and these
20 objects may be represented in a diversity of ways. Many 3D objects can be
_ represented by a set of surface polygons that enclose the object interior. Thus,

many graphics systems store descriptions of 3D objects as sets of surface polygons

(also referred to as “triangles™). A polygon surface can be specified mathematically

by a set of vertex coordinates (indicating the size, shape, position, perspective, etc.
25 of the polygon surface) and associated attributes (indicating color, intensity,

transparency, depth, reflectivity, texture, fill, etc.).



7 0 3 JUN 2004 WO 01/48692 PCT/USOQ' 34110 Information for each pol ygpm juN 2004
surface can be organized into at |least two groups: "geonetric data tables
and "attri buVVQOY4¥EZ  ap| es". Geonetric data tabl es conpri sePTRUSHNG34110
coordi nates and other geonetric paraneters, such as perspective data, that
identify the spatial orientation of the polygon surfaces. Attribute data 5
tabl es conprise paraneters that specify, for exanple, the color, intensity,
degree of transparency, fill pattern, surface reflectivity, texture, and

ot her appearance characteristics of the 3D object. As known in the art, in
order for 3D graphics objects to be displayed on a two-dinensional screen,
the input data representations are typically processed or 1o transforned

t hrough sever al typﬁgoﬁatﬁﬁ%ﬁgagﬁbglyggég‘gﬁeaﬁs‘){)e XA I Wi‘i’ Qt i vi dual
an P ﬁ'ﬂ%’ﬁé

graphi cs objects can first be constricte spe éF""%pace"
using a coor dETPHPE "§5URENS Gata tabflesi’ and Satinitanedaa tdbbsd” MOehERY daRQLBlENAL €S

or master COOkgH k-0l vid raphi ¢cs obj ects can next be

i ntegrated int g&gﬁ;}ggfg’%rr’? a%’a@gf“%&‘fj‘ﬂ“‘é‘g@%w PATRMEIEEnEUCh 95 perspectivt er ence

frame cal | ed "dasathatsqentiéy thespaial beentswsy SHBapss orNSii-I‘a’ce{. NSiribute data
i‘ppi Ng

wor | d- coor di nag descri@tion of the scene can untergo ¢ cul l'ing
of any pol ygon€OieRYmen FAEERELETR Shat spesiflyi g exarhiplontht heloyimrensity, Gior@d dfy, t he
clipped set of Arén SO Al afdh Csur .J.ansferred to one or nore
reference franes For_ 11 spl%ay on, %gé‘réeﬁ;ég% é,%ex BN AUMERRPSIFECE scr een such
20 as di spl ay fheractepistics®f thiehd3ebidcspl ay coordi nate systems are referred to
as devi ce coordi nat £s %.sg#;een .coordinates in the case of a display

moni tor. Using nodél |kh15’ YBPuTHAR Qer for 3N eraghiss abietta ta esdispihyadsont he
graphi cs pr ogrtemmitimesisonts$ Scraehy theSHpirdalas, L5 RO DL g 1Nt ege

di mensi ons, wi t hog} bei ng constrai ned b)fl f&%ga%g%ﬁegﬁeﬂlcgﬁyg%%f Aul ar

out put devi®ce.T38ormedthiqughisevarsigypesiof soefdimatmtyisenss. Fay eX@6plb, ifdib @l Y

i nt ensi ve nat E S e pl ane.eguations that define the
ool ygon sur f agﬁdssi(b%%ects]&%gﬁ?ﬁ%yagnﬁtuc&g anfl spetified in - model space” using a _

coordinate system or reference frame called modeling coordinates or master
coordinates.
The individual graphics objects can next be integrated into appropriate
15 positions within a scene using a reference frame called “world space” or world
coordinates. Next, the world-coordinate description of the scene can undergo
clipping or culling of any polygons in the screen that are hidden from the viewer.
Finally, the clipped set of world-coordinates can be transferred to one or
more reference frames for display on, for example, a two-dimensional screen such
20 asdisplay monitor 18. These display coordinate systems are referred to as device
coordinates, or screen coordinates in the case of a display monitor. Using modeling
coordinates and world coordinates allows the graphics programmer to use any
suitable floating-point or integer dimensions without being constrained by the
parameters of a particular output device.
25 Each of the above transformations may require fairly intensive mathematical
processing of the plane equations that define the polygon surfaces using, for
example, matrices and/or determinants to solve the equations for the particular type

8



exanple, matrices and/or determ nants to solve the equations for theﬂ N 200
particular type 8 0 3 JUN 2004 WO 01/ 48692 PCT/ US00/ 34110 of coordinaééy

i h a manner wn in the art. Various conputer data structures are

mai nt ai ned i n conplter nenory to describe a scene in terns ofCTUS00/34110
constituent surface polygons or triangles, such as data tabl es containing

I nformati on about the polygon vertices, polygon edges, polygon edge

sl opes, pol ygon boundi ng boxes, 5 and so forth, as is known in the art.
Included in these conputer data structures is information referred to
herein as transformation and lighting (T & L) vertices, referring

generally to transfornmed geonetric data and transforned attribute data. It
wi Il also be understood that graphics processing nay be perfornmed on

vari ous gr oupi absdingel, jmonmanercdil lafowif i hd drk SParddus Con LAY B U,
triangles such__10.as.tri-strips and triangle fans), high-order sur Stes
such as pol ygoﬁrer%@%@e? 5 ‘é‘?ml?l'g?rﬁ'@e‘?% te/describRe seina tin wrmd/baits soktiete

t echnol ogy cong®set sbiv¥ortVeti | _Corporatiqn), and so forth,
and that the pr esen?blb’%v%n?it%%%h%’ %‘1{%@ %F%ﬁg{t‘% Sgn HI%F'??%@P% abRm sy of
graphi cs pr oceB&lyga verticesspaiygamedgess pelygsieetgetshpics, poBigoR Bofiing Békes
represent ed uséﬂhgsot}gﬁﬁ a.nﬁ%{on. vect or (cgl:dregtion of travel angd magni t ude)
and 15 data represen ’iaﬁdf o ¢ § art- nchidedin these cemputes dataisgugtaregis i f it

i s spinning). inf@madonidférredoy HeRifLSed i 9 aj{. Jn FIG 4,
one enbodi nent _of the invention is deéﬁﬁéﬂé@%{d\?ﬁﬁt"%gﬁ%ﬁﬂ 6% of notion
of a 3D obj ectrefarnggmerallydo Fypnsfempeg geometric datt axiprinaforaed affiisutegdi t i onal

enbodi ments will b ' 0.1ln FIG 4, block 50 perfornms a
vertex motion int e?foo g§1§§§§gﬂ%{g%ﬁ%aﬁfg?mcwgwagg% bejnerfermed &F not i on

to an object briogs giospihgyefpaiygossukys prrfitives (i :8grou g&ﬁé%@g%%xgi nd

I nputs from bl ocks, 47-49, .an | gck 50 generates out put
67-69, as 1}r/\@/el |asgg-spg>sgp F@g%fgaﬂdnswv%r syrfacgesush ak polygon kneSliEsegei ves
data rel ating dsmged Rrudk-Rebdtufhon skt ddttwal 1 IBRHoR S HAANSRAT ML) R, 1OV

(i.e. ending or least transparent) vertex positi ns "GPt yabz]d
Intel Corporation), and so forth, and that the present invention is not limited to a
particular manner of graphics processing. If primitives are used, their motion can

be represented using both a motion vector (direction of travel and magnitude) and

15  data representing motion of the primitive on its axis (e.g. if it is spinning).

FIG. 4 will now be described in greater detail. In FIG. 4, one embodiment
of the invention is depicted in which an illusion of motion of a 3D object is
achieved by using linear interpolation. Two additional embodiments will be
discussed later.

20 In FIG. 4, block 50 performs a vertex motion interpolation algorithm that
provides an illusion of motion to an object being displayed on display monitor 18.
Block 50 receives inputs from blocks 47-49, and block 50 generates outputs to
blocks 61 and 67-69, as well as to blocks 71 and 77-79.

In general, block 50 receives data relating to both old (i.e. initial or most

25  transparent) and new (i.c. ending or least transparent) vertex positions of the object.
Block 50 also receives draw commands relating to the new position of the object,
and it receives motion information relating to the type of motion desired to impart

9



Bl ock 50 al so receives draw commands relating to the new position oiﬂStHHJZ[]m,
object., and it receives notion information relating to the type of notion
desired to i npebimdsd 3 JUN 2004 WO 01/ 48692 PCT/ US00/ 34110 t e ob ect .
Bl ock 50 then generates a new set of draw conmands 61 and 67-% 5“8’31
graphics systemto draw a set of inages, each representing the object in a
slightly different depth, transparency, and/or color, for exanple, to give
the illusion of notion. Block 50 al so generates a set of transformation
and lighting (T & L) 5 vertices 71 and 77-79 to the graphics system

t hereby providing the T & L vertices for each inmage in the set of images
to be drawn. Bl ock 41 provi des the nodel vertices of the 3D object, i.e.
the vertices fro pace to bl ock 45, which perforns transf or mat i on
and |ighting oﬁoipﬁé’biﬁ?EieB ock &P theneagnerptes hoed Betoifjdent comitagds 6and 67-69

transf or mat i on (§Bdeldranhid ther data 10 ovi ded b bl ock 43.
T&L bl ock 45 out putg:srabT&lf sgg%{n?gg;sa%ﬂ%sé? Flrﬁggs FaGR E?ngs‘?’i‘t&g th‘EB Jeelrin@x notion

i nterpol ati on allglﬂ‘yl diffenebi depith, HAnspunt e andRk £&lBr, 'f&té‘r"ﬁ@@&‘ @\?ve glgqm%%%‘gn} Ny

block 50 is aIsg § o % bl ock 48, which provi
the new positiSh™ ﬂlg gﬁo‘% Qé’%olﬂgn“ﬁﬂ%éﬁﬂ Oéﬂémfdwnmtandhghmﬁgaﬁ‘ﬂmtu)on |
| cludl g, Dot kkioesy 770 &1e SRS Pt 5 B Sk Levemvast ook 50

recei ved from bl ocks 47-49, verte
generates a sefOTGﬁCIUWeG@thmnddlmlagmkbsmauﬁpr the ol dest position of the

3D object, along w Qrr ding set of T&L vertices (block 71) for
the ol dest positi onh(hﬂc R 4ﬁ@r%‘ﬁ§%BF%@PQCIB1€H{9ES ghthg BBphjeshdreathesertices from

cor respondi ng swtielapadt; AVbI6ENTRRESCH frRek &gﬂ Tl yertices
(block 20 79) far the new position ofr the %fo e n%?%s#lr‘n&étﬁ’&% ﬁmoﬁ‘F]ock 50

generates cor YeUpSRdthepRe J§°Tdf51n$rlhwtr@msmrmaden friatriG Righ®infg, G8d otiefldf T&L

vertices (lpdoc d¥%d by bl OFrggeNBLRk ate positions of the 3D
obj ect. The nuﬁn,t?eﬂr b Qfacnégeg Sﬁ.f M% %P’é tsr@dﬂavﬂﬂf?sé 7 19t thgeaspippsition

optim zation f@r‘verth:en:gnap hnte@o]anaghlgaﬁmm block 50.
Vertex motion interpolation algorithm block 50 is also responsive to block

48, which provides draw commands for the new position, and to block 49, which

provides motion information, including both linear motion and spin motion.

15 In response to the inputs received from blocks 47-49, vertex motion
interpolation algorithm block 50 generates a set of draw commands (block 61) for
the oldest position of the 3D object, along with a corresponding set of T&L vertices
{block 71) for the oldest position of the 3D object. Block 50 also generates a
corresponding set of draw commands (block 69) and a set of T&L vertices {(block

20 79) for the new position of the 3D object. In addition, block 50 generates

. corresponding sets of draw commands (blocks 67.68) and of T&L vertices (blocks
77,78) for several intermediate positions of the 3D object. The number N of images
to be drawn is a matter of design optimization for the graphics programmer.

In one embodiment, the operation of vertex motion interpolation algorithm

25 50 can be summarized in a high-level manner by the following pseudo-code:

(1) For each vertex in all buffers,

10



I n one enbodi ment, the operation of vertex notion interpolation al gob 3§t
25 50.can be summari zed in a high-level manner by the foll ow ng

pseudo- code: wiola14g6y» €ach vertex in all buffers, 10 0 3 JUN 4 \\D

01/ 48692 PCT/ US00/ 34110 (2) Begin (3) Transformthe vertex TUBQOGANO¢ e
vertex (5) If this is a |ocked/optim zed buffer, 5 (6) Begin (7) Save a
copy of the vertex (8) If there is a prior copy of the vertex, (9) Begin
(10) Determne difference in position (DeltaX, DeltaY, Deltaz, DeltaW 10
(11) Determne difference in colors (DeltaSpecul arRed, DeltaD ffuseBl ue,
etc.). (12) Determne difference in Al pha (MaxAl pha -- NewAl pha) (13) For |
= 1 to N (desired nunber of copies, increasing in the direction of the

new, nost intense object image), 15 (14) Begin (15) Create a new vertex

(16) Set X posi@iBsgito the interpolated value: X = | * (DeltaXx/ N + X
i | * (DeltaYy / N) + Y
|

(17) Set Y posjii hg interpol ated value: Y
(18) Set Z posﬁ)i gﬂraﬁsgoﬁﬁneiv&pa pol ated val ue: Z * (Deltaz / N) + Z 20
(19) Set persp@gtilMghtitBe Vér€exi nterpol ated value: W= 1 * (Deltaw/ N + W

(20) Set applicable colors to their interpolated val ues: RedSpec = |

(Del t aRedSpec () Nf this madegked/opamized baffyr, Set transparency to the
i nterpol at ed v(%buq;eg%awAl pha = WMaxAlpha - (DeltaAlpha/ N * (I -1)

(7) Save a copy of the vertex
(8) If there is a prior copy of the vertex,
(9) Begin
(10) Determine difference in position (DeltaX, DeltaY, DeitaZ, DeltaW)
10 (1) Determine difference in colors (DeltaSpecularRed,
DeltaDiffuseBlue, etc.).
(12) Determine difference in Alpha (MaxAlpha — NewAlpha)
(13) ForI=1to N (desired number of copies, increasing in the direction of the
new, most intense object image),
15 (14) Begin
(15) Create a new vertex
(16)  Set X position to the interpolated value: X =1 * (DeltaX /N) + X
(17)  Set Y position to the interpolated value: Y =1* (DeltaY /N)+Y
(18)  Set Z position to the interpolated value; Z =1 * (DeltaZ /N)+ Z
20 (19) Set perspective to the interpolated value: W =1 * {DeltaW /N)+ W
(20) Set applicable colors to their interpolated values: RedSpec =1 * (DeltaRedSpec /
N) + RedSpec, etc.
2n Set transparency to the interpolated value: NewAlpha =
MaxAlpha - (DeltaAlpha /N) * (I-1)
25 (22) End
(23) End
(24) End
11



25 (22) End (23) End (24) End it 0 3 JUN 7004 WO 01/48692 (25) Endl3 JUN 2004
PCT/ US00/ 34110 Line (1) of the pseudo-code states that the operations
descri bed wi MO®&86%erforned for each polygon vertex in the pegmfepdafe i NE
(3) the vertex is transformed 5 from nodel coordi nates to device
coordinates, and in line (4) the vertex is |lit by having any applicable
attribute data (e.g., color, intensity, transparency, depth, fill, surface
reflectivity, texture, etc.) applied to it. The code followi ng Iine (5)

will be perfornmed if this buffer is |ocked and optimzed, i.e. if this
buffer will be reused. In line (7) a copy of the vertex is saved. 10 The
code following line (8 wll be perforned if there is a prior copy of the
vertex. In ling4¥py the differences between the new and ol d positions of
the vertex are Jeternined by cal culating DeltaX, DeltaY, DeltaZ, and
DeltaW DeltaX, for exanple, is the difference in the X coordinates for

the final position ﬁf the%éﬁj ect and the original position of the object
to be depicted on thEedd} ¥fe Prsuie-sydesiates BaDbt ppatatiors delaibdiffigmences in

the Y and Z cogedirhal €5r eadh) ' e differen in the W or

per specti ve, cgor dinate. | ng?leg%& ?éf%‘%rtl Lﬂe% Sﬁ? % é?i‘ﬁﬁ@ the,vegex 15 FpRstemside

col ors bet ween fipmanedshcogrdinetes to PovsdetdoofiinadsCariiih &l (e Wrtﬁ?isgﬁ'#;?t' ng the
e di

appropriate De for each |i.cable color. In line (12) t erence
i ﬁpt r gns par enc%}é‘?}}ﬁ Waﬁppﬁgabgegéjwerfgba {5t mokar, mprasizg mgaspalmmypdeqit}pmﬂ, tions,
wher ei n NewAl phﬁfa&@ﬁfﬁﬁﬁ}{)@tgxﬂﬁe,r&%@he@mvnt of transparency for the new
position, and IVBXAI'EI’?;a represents t max! nmim anount of transparency for

the ol d position. T edagnliarsnglingtsamitibe perforaeias thidbyi delock @l alfBX Al pha
o o O B oy R L RS er s s
10 The code following line (8) will be performed if there is a prior copy of the vertex.

In line (10) the differences between the new and old positions of the vertex
are determined by calculating DeltaX, DeltaY, DeltaZ, and DeltaW. DeltaX, for
example, is the difference in the X coordinates for the final position of the object
and the original position of the object to be depicted on the screen. DeltaY and

15 DeltaZ are the differences in the Y and Z coordinates, and DeltaW is the difference
in the W, or perspective, coordinate.

In line (11) the differences in all applicable colors between the new and old
positions are determined by calculating the appropriate Delta for each applicable
color. In line (12) the difference in transparency (Alpha) is determined between the

20 new and old positions, wherein NewAlpha represents the minimal amount of
transparency for the new position, and MaxAlpha represents the maximum amount
of transparency for the old sasition. The graphics programmer can select a value
for MaxAlpha that is optimum for the particular object being displayed.

The code following line (13) will be performed for N iterations, where N is

25 the number of images or copies of the 3D object that are displayed, and wherein I

increases in the direction of the new, most intense object image.

12



25 the nunber of inages or copies of the 3D object that are displ ayeqis Jﬁw
wherei.n | increases in the direction of the new, npbst intense objec 004
| age. 12 Oag ﬂl 004 WO 01/ 48M PCT/ USOQ' 34110 The code followi ng line

(15) is use ? ate anew vertex. In line (16) the new XPEA&SO9MIL s set
to the interpolated value, i.e. new X =1 * (DeltaX/ N) + old X
SSmlarly, inlines (17) and (18) the new Y and Z positions are set to the

i nterpolated values. 5 In line (19) the new perspective Wis set to the

i nterpolated value. In line (20) each of the applicable colors is set to
its respective interpolated value. In line (21) the transparency Al pha is
set toits interpolated value, with the Al pha value dimnishing fromits
maxi nrum at the ol dest, nobst transparent image in the direction of the

newest, |east trandpacede following link (1 5)dslidel 8 clere aHew NHeR26h Rhe (16 the
attributes of | 4)§ol or and nsparency, other attri but e-spemﬂ C

tr
parameters, sOEK HROFHANS S¢tiq the ptemolatéd Yalusy i.e.friew X =l ti(Deitatur) €all be
utilized to i XpRimihhe ifGaLy &iif & | to..the object being
di spl ayed. Furt her ,@%t er pol(g?)ed \/(aﬁ)fjtggkgpmce!'&rqzaf’ﬂmﬂ%%? F4t6° ramet ers,
such as si ze, mtgpelatedanluencl udi ng depth, and the like, can be applied to
the sequenge of i MROR, %’(I%ﬁhi nst ead of. o&,l n addition to interpol ated val ues
a

of the above-nentione FB&Y@%TSB?CUVE brset torthnEyerpelated valust dmiine y,

refl ectivity, (30 ehchautdnd spplitaiote édtors TR fo i ekl Rinedrhditith 08" LT ON: A4S
used herein, %he term"attribute" includes color, transparency, B ensity,
reflectivity, (41 the trapsparency Alpha is sef touith interpolgted vatue with pinr Alpbk @8Resuch as

size, positi ofm:ehidi L ke. Thus, for exanple, 20 a 3D
obj ect can be%@%&ﬁgﬁa |H1 ﬁg%ﬂwuﬁﬂ%{]ﬁgéﬂ,@os\} ﬁ&%}ﬂl@zeﬂﬂghfsd%nm t he
depth of theofdbg ewesteast trivsparknt ipage.t InGidditidn 96! HR ke didIt BE SRIbALE,

posi tions qto the new position, or by usi@gg a conbination of size, dfepth,
and i nt end] t y*o WA BIRALENC K, PUBRT attpite spesaficparameters; such agrigtensitybi nat i on t o

2 mear it o pol ot o ape okl (OB RARS I AP e Al Pfafon. can
be i npl ement ¢he abiestdsingdispiayedg t he
Further, interpolated values of certain geometric parameters, such as size,
position including depth, and the like, can be applied to the sequence of images,
15 instead of or in addition to interpolated values of the above-mentioned attributes of
color, transparency, intensity, reflectivity, fill and texture to impart a desired

illusion of motion. As used herein, the term “attribute” mcludes color,

transparency, intensity, reflectivity, fill, and texture, as wel] as geometric

parameters such as size, position including depth, and the like. Thus, for example,
20 a 3D object can be given an illusion of motion by varying only the size or the depth

of the object from the old position through the intermediate positions to the new

position, or by using a combination of size, depth, and intensity. Attributes can be

utilized singly or in any combination to achieve the desired effect.

The above-described embodiment, which performs a linear interpolation of

25  polygon vertex and attribute information, can be implemented without changing the

particular graphics application and with relatively low computational demands.

This interpolative method is suitable for many graphics applications where it is
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i [ [ | [ tational
particul ar graphics application ang Wi t hu{fgglt ;vﬂ)?/ lrrg\rl:lycg?gghi t 03 JuN 2004
demands. This interpolative netho 2|034SV\O ab e LoD many grar fd od
ot honsr:‘muélgf@iﬂt I'St %Bt gg }]IOI\lusi on of notion of a 3D objpe%éﬁs%q[g@
to provide the viewer w _ _ ° s
[ holds for rotations that are
accuracy of the notion representation ( JAre e
rotation may distort the obiect s imge, S This embodi mont can be-
rotation nay distor e _ : ent can be .
i npl enent ed using, for exanple, I aglol | ggt : iogra}or og;lajl(rme;ss ::)' PR,
i I S%)I f01[ 0 Cﬁ/ln?re(r)gl)?!t | g:o?\pgglr a?i oﬁ Using Di ?/éct3D the progranmmer can
avail able from or pC . ) o (o5 of
" i m zekh- " .tag on a vertex buffer (refer to
? ﬁg agbosgt :orsneu 815%%185&?%{]@ ViS5t e th e lusipntof enasiiop lof a 3D abjecer E\‘ﬁ@ene t
iancli - i - W ' t changes to

e Lo 10, edant e hombibh RpBkd ot B R O S ST G L v
t he source vertices. oAftl?r an tiOnPtl nf1r Zed becan@tibtier eXhEAS Hlfs on of
o Vet en e '&?ﬁd étgaNq clz)qi eagr(’)f each veértex a?lg crtea ed, going
gag{: Ygrtﬁ)é gfiogﬁlﬁ%ﬁ%ﬁ'e’ pggi tion 8f the object with increasing .

. 15 Eimeb ' ' awed ah si.red 1
L aepa e o pha)I'hJs e Rackote in'?liﬂglgs Tﬁ%ﬂ%ﬂ’@gﬁ}x%r%}pi‘e{fs ?CEHP‘?:UI ations
(o 0. usi ng 11 BIEFAEHT HOTGET (RS fooxamracciaty sl sbl TR il e
i nvent i i : d usin he _stream ng
mstruct | ons. prog i mapicRio MAGICkOK CRlrekHono LstiscDipsio it programmer

i anpyse jap (igptinai : ihglt i MeToUS Ml i.ncrease
The' 201 ny or opt geessor o ot KLoad. - tan 1 cancre ket B0 (S L P ver ed
tget ﬁg mggfg;%ﬁgf’g&m‘igﬁ‘é’%ﬂs 128 dhesed byt application orseenetmangead al so be
cmbodi mont . an 11 Luston of rer o orear apSEtdnect fo B Sadss Sertbe. aferg a

' t, an illusion of not (

1? {TT[)'? :jlnge 1[] unct-iﬁhl‘%’an’d@di VErtexkist lhas been transformeédiariddit, the results are saved. Ifa

prior result exists, the motion of each vertex is determined, and N copies of each
vertex are created, going back to the origin of the position of the object with

increasing transparency (Alpha). The 3D object is drawn at each of the desired
15 number N of positions using these vertices.

The interpolation calculations (e.g. using floating-point matrices) required
by this embodiment of the invention are particularly well performed using the
streaming SIMD instructions provided in the instruction set for the Pentium® II1
microprocessor. Although such calculations do not significantly increase the

20 microprocessor’s workload, significantly more polygons are delivered to the display
hardware,

As mentioned earlier, :he invenion can also be implemented in various
alternative embodiments. In one alternative embodiment, an illusion of motion of a
3D object is achieved by using a fitting function to derive the motion and rotation

25 ofthe object from its old and new positions. In essence, the transformation matrix
that is used for both the object's old and new position is analyzed. This
transformation matrix includes several elements computed into it, including scaling,

14



25 of the object fromits old and new positions. In essence, the 03 JUN 2004
transf.ormation matrix that is used for both the object's old and new
position is 1*&&&. This transformation matrix includes several elenents
conputed into 1t, Including scaling, 14 03 JUN 2006 WO 01/ 488QP/Us00/3411¢

PCT/ USO0/ 34110 shift, novenent, and rotation. By |ooking at the novenent of
nore than one vertex in the object, and perform ng sone basic geonetric
cal cul ations, values for each of these el enents can be derived. Scaling,
shift, and novenent are relatively weasily derived, because they affect al
vertices in an object. Deriving rotation is 5 relatively nore difficult,
because it depends upon where the vertices are in the object in relation
to the axis of rotation, but after the other elenents are known, all that

i s needed to dehifveovement, amd fotation. Beaodkihy attthemaehé 3 ' rotation
which fits al Ivﬁ%f 'Hlﬁ vertic%f of the obj%ct‘. I'Fhi S enbggio?rg(é{r}\]?ngéen be
i npl enent ed wi tR3TE™ BHAHGTInEPd esiomRing;sete besig gearhétts calpbiiamt vaipesdmd Wi t h

only medi um | evgdh dfh&xe RRiteats QR n . The .accuracy of the motion
representation produced by  thi s%gr?bo |fre%§?hr|‘£§?)‘ rﬂ%‘ﬂ?é‘ﬁ?‘téﬁirﬂ%}’@v\hen

the object rot &tsilylerivedsbecause thgy effectiall venives innwalbyRs DeriviRE Forhiflis One
rotation. Ip aF@ﬁtﬂrgfyxﬁE{?ec{iﬂ?cHtve enbodéﬁrge}g&, an illusion of notion of a 3D
object is achieved by having t N gF AHAFPERISHPEN whate the vertices dre imthei fy t he

desired positi obieafin tdlationltd thdpESH Btari6A Kt bft raphics
appl i cati on ge&%{/at es. a plurality of matri cesgﬁlcl)é é%gﬁ?lfr-ég‘ﬁf %@E}‘%ﬁ“ﬂbﬁl{ect' s

actual ot on. DBYISPERIAJo SeriYemtation isiegdentifip thetangle\and tagis offedthtith which

i nterpol ati on gisGArdrihiw : trices are used to create a
desired nunber of ‘idmgeség?estoﬁgle%ﬁ%g?%@? e%?‘ﬁfﬁleﬂé‘fﬂé’éﬁmﬂ@e&ed Wit i on
and the new podiangiog thagsirticnlar graphicseipplisatiofan@dsih R GEdiumOkyd€USi Ng a

posi 11 on. " thi s EEIRRE! FmipdS, Pok&Shres aide mevinremesenptiar pradgealf he
O L 5 % s epah it B S YA BT o
to the nunber B ipYal¥sineTEorean enejrptatiemui r es onl y
In another alternative embodiment, an illusion of motion of a 3D object is
achieved by having the graphics application itself specify the desired position of the
15 object at each time frame. The graphics application generates a plurality of
matrices to describe the 3D object’s actual motion. By making suitable changes to
the vertex motion interpolation algorithm 50, the generated matrices are used to
create a desired number of images of the 3D object lying between the old position
and the new position, using a new matrix for each object, or reusing a matrix if, for
20 example, the object is to remain momentarily in one position. This embodiment
provides the most accurate rendering of the object’s motion between the old
position and the new position, and it can accurately depict rotation or spinning of
the object without limitation as to the number of rotations. While it requires only
medium-level computational demands, it does require modifications to the code of
25 the particular graphics application.
In order to implement any of the above-described embodiments of the

mmvention, various data structures are stored in one or more memory components of
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medi um | evel conputational demands, it does require nodifications toptzheyy
code of 25 the particular graphics application. In order to inplenent any
of the aboveVHR8Y¥#8%¥ed enmbodi nents of the invention, vari oupcaaisaossso
structures are stored in one or nore nenory conponents of 15 0 3 JUN 2004
WO 01/ 48692 PCT/ USOQO 34110 the data processing systemillustrated in FIG

1. One data structure conprises a first block of data regarding a first

set of vertices or primtives for a first position of an object on a

conput er screen. The data structure also conprises a second block of data
regarding a second set of vertices or primtives for a second position of
the 5 object on the conputer screen. The second bl ock additionally includes

attribute dat %EB%S?%§§§$ %?g%ﬁg%gg&%d pogégteg'sfe.agoad posi tion to appear

different fromthe object NS o€ ARl STREHTFGOMmRSes dr ovi des
the object wit hfimhbloth ofsdatareghrdinpts frst scbof Verates oRBrifiih Rk 19AShis QLA e
nd subs

second position, The data structure can conprise third a quer?t

bl ocks of data *™MPIFLYRAEPRGUERFTErna e satastyetare alsceraniprises @second Biock ves

for third and ssfReadesns; kil bect op the cqnputer screen.
This could be, for exgﬁ%llngl,%? 'Jé)drﬂd;g E‘Z°fq{)°ﬁ¥°g§g‘g&%fﬁﬁltr"g§,§>5,aiSﬁcdmﬁrpgsxggp@i{.hei n a

plurality of i rRbigcherthetcomputsr sireers Treetseemd Hlbuk adﬁitfoﬁM13aﬁﬂ1ua€§£H}$bu995i tion,-
wi th the object a&aﬂ{‘jatg;% a iffer§ntthval ue.of one or nore types of attribute
data at each inPErnEdTATE MeIEE Ght CHeond ResiHom PP shifierent frar6 the ahyies of
data can thus daefe firshosinaindi thidlef Bat ¥oWides & o Byte data that
causes the object in the correspondi ng fpf)osi t?%ﬁ?"&??&fb%aﬁﬁr% PO r om
the object i n DefrecBihelirsppesitianand thegsaond positmnnanner t hat provi des the

object with an ill usien,Qf ' tween.the first and second positions
on the conputer screéen. a%S@%écﬁ%ﬁsﬂg%Rnsﬁ tﬁ"@&ﬂ%?‘ﬂ’s“FW‘ blreks ofdar i on
presents a18i npégsrding tiidsmdsubsequent béwtieés o Primiti AR FoPREd3RR kel Sert OF
creating motion ilLl USifO'_Q in a gr aphi cs system The |inear
positions of the object on the computer screen. This could be, for example, for the
purpose of rendering the object in a plurality of intermediate positions between the
first and second position, with the object having a different value of one or more
types of attribute data at each intermediate position. The third and subsequent
15 blocks of data can thus each include a different value of the attribute data that
causes the object in the corresponding positions to appear different from the object
in the other positions, again in a manner that provides the object with an illusion of

motion between the first and second positions on the computer screen.

20

Conclusion

In conclusion, the invention presents a simple, realistic, and effective
method and apparatus for creating motion illusion in a graphics system. The linear
25  interpolation embodiment is simple enough for low cost hardware implementation
yet realistic and effective enough to give significant performance improvement in

animating the movement of objects.
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25 interpol ation enbodi nent is sinple enough for |ow cost hardware 03 JUN 2004
I npl enentation vyet realistic and effective enough to give significant
performance jnmprovenent in aninmating the novenent of objects. 16 0 3 JUN
2004 WO 01/ A¥8IY4¥¥/ Us00/ 34110 The disclosed invention can HeT/wsdoBdiied in
nuner ous ways and can assune many enbodi ments ot her than those
specifically set out and descri bed above. For exanple, while the invention
has been described with reference to the representati on of 3D objects using
pol ygons, the invention can equally be 5 inplenmented using other
representation schemes, such as quadric surfaces, superquadrics, spline
surfaces, fractal and particle systens, bl obby objects, octree systens,

i so-surface displays, volune renderings, sweep representations, and ot her

visual i zati on t echnTheidiscloded itibh 04 b h&dik an, be i,npl ement ed by
any suitable processor . 10 or. other type gql %%ﬁ{}? a1 AP o7 ASSUBECh as

but not I i mit efPafHHOOHTERS SEhsE Hen rose spacifisally enrtonirdedescribedWBBY € XFor

i nstruction sebya e Wi - | croprocessor, a reduced instruction set
conputing (Rl SC§ m cr on)IrIg %&é&%}%ﬂ&%@%@@ef%ﬁﬁ MibreisEce o ther d (VLW

m cr opr ocessor lepresentatisini of SDpobjecessissiniz, podygoik Ghé vesidiah e ﬁgwesor, an
applicati ons-spﬁyilgigt#wte%:%ed circuit (ASIC, or 15 ang other type of
processor or procesal g U YhfrerPrgientaian sehemes suchay @uiric sidfsceqver, t he

i nvention is napelquidricetplife §lirfleba l..screen but can be

i mpl ement ed on gnﬂ;/1 out putp di spl ay grgeiglc%dcpsuc:lﬂhé§’§t°5]sp€]8&3é?t,’le‘ﬁﬁi9‘if’é?,
flat-panel di SPFES: Fo-gerfase displayalvoltineprenderingh,aniep RprakntafbRl A5 GRGI C
film hol ogr amyali t{ogqéchhnﬁgég ty display, 3D display device, or the like.
20 The invention may odi'ed in other specific forns without departing

fromthe spirit or Ipsddrion,ahe mhedtatces béhﬁ(jﬁém&ﬁ't@& ﬁfénsypélg@gf%ﬁ&%?%oa strative

enbodi ment,s ar & tLFeref och_e to be considered in all |
and not rest r TAPTEPGHEompEIHoRA ciremt, susheastbubmottiziiteg tomdi cat ed by t he

appended cl ai Microprocessor, a microcontroller, a complex instruction set computing (CISC)
microprocessor, a reduced instruction set computing (RISC) microprocessor, a
very long instruction word (VL W) microprocessor, a graphics processor, a
digital signal processor, an application-specific integrated circuit (ASIC), or

15 any other type of processor or processing circuit, or combination thereof.

Moreover, the invention is not limited to display on a computer screen
but can be implemented on any output display device, such as a plotter, printer,
flat-panel display, liquid crystal display, plasma panel, photographic film,
hologram, virtual reality display, 3D display device, or the like.

20 The invention may be embodied in other specific forms without
departing from the spirit or essential characteristics thereof. The present
embodiments are therefore to be considered in all respects as illustrative and not
restrictive, the scope of the invention being indicated by the appended claims
rather than by the foregoing description, and all changes which come within the

25 meaning and range of equivalency of the claims are therefore intended to be

embraced therein.
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rather than by the foregoing description, and all changes which cone( ¥ JUNiz;
the 25 nmeani ng and range of equival ency of the clains are therefore
intended to be enbraced therein. 17 0 3 JUN 2004 CLAIMS 1. A nethod to be
used in a processor and conprising: generating a first set of vertex data
repr esenttﬂgllgﬁ object to be displayed in a first position on a conputer
screen; ¢ ng a second set of vertex data representing the object to
be displayed in a second position on the conputer screen; applying at

| east one attribute to one of the sets of vertex data, wherein the at |east
one attribute fdnatheshiothecisgd supposessprandmygnufisinganspar ency, col or,
intensity, ref L:VIty, il d L. an A i he,tirst and
second sets ofée\%lg%a{n\eék aofgtsg;ge% 8¥V6| Spcfaé%?%ofé's? uenago%i (Eeﬂ(’%?&?(?l%% IagSanfy?(ri é'igzlﬁs
second posdsitican DeorhfiRercRrgeni er screen, the at | east one attribute causing
the object in the first positign to appear different fromthe object in
the second posESIETRHNG @ weonchsshef vemen d¥n senrepeating, theghjecs to ke Wisplayed im @si on

of three-gdi %{Fﬁ I [ .the first position and the second

posi ti on.é%. déﬁ@t%ﬁgfeép{}%%x&%&él aim1 wherein the first and second
sets of vert exappiting aolepstione auebiitexo dad af the asts tofi @ete0dqa comSEinttha gl Rhst
geonetric data_and perspective data. 3. The nethod recited in_ claim] _ and
further cERRAtrbaieys f@@hg"«eﬁ%e%ﬂ#@&gf UrARASAEH, CPORANteaEty, ssflegavieiliat a
repr esentgnlage,&nl%. ghject to be displayed in at |east one additional
position on the ¢onputer screen; applying a different value of the at |east
one attri but e procdshingahe ffiest ahd ceepnddeist oforeatex datat footlisplaytafxhe abgrt mntle
processing the at |east. one additional set of. ver of

ex data for displa
the obj ects} fnd srend POiLRET B 1ae SHRPHIED ATFerh ks 8 ISAstorpe At fRIeie e een

whil e di Sdﬂﬂ)&-)( i ghe Rt %iifi@ﬂ %‘J‘Bppe‘éﬁhiff’ér&ft A€ 1Rl o83 %A 11RNGcBAd 'prHBﬁ? ind A
nethod to be used in a data processing system angl conpri si ng:
manner that provides the object with an illusion of three-dimensional motion between the

first position and the second position.

2. The method recited in claim 1 wherein the first and second sets of vertex data

comprise vertex data from the group consisting of geometric data and perspective data.

3. The method recited in claim 1 and further comprising:

generating at least one additional set of vertex data representing the object to be
displayed in at least one additional position on the computer screen;

applying a different value of the at least one attribute to the at least one additional
set of vertex data; and

processing the at least one additional set of vertex data for display of the object in
the at least one additional position on the computer screen while displaying the different

value of the at least one attribute.
4. A method to be used in a data processing system and comprising;

generating a first set of vertex data representing an object to be displayed in a first

position on a computer screen;
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generating a first set of vertex data representing an object to be 23JUN2W£
displayed in a first position on a conputer screen; 18 0 3 JUN 200
generating a second set of vertex data representing the object to be

di splayed in a second position on the conputer screen; applying first

val ues of transparency and depth to one of the.sets of r{ex. dat a; .and
onderi ng & ho SPRERNEA PeRaER of wpRegite Bt RuS IR Fios! B bE iR i Rc 1
the fi rStsec@mjpﬁﬁRﬁﬂﬂ)tﬁ@ébﬁ‘xb@tﬁﬁs&éhnt; he conputer screen, the first val ues
causing the object in the first position to appear different fromthe

obj ect in the appbongilisb¥iluesorf transparenoysad depthitto ope olthdeets pheertyjdata, with an
illusion a%fd t hr ee-di nensi onal notion between the first position and the
second position. 5. The nmethod recited in claim4 wherein the first and

second sets ofrenddrin@xthél@ra adnpeorieseteof eerteladata {0 GEPI ehedbliER iAARSFissti NY
of geonetric data and perspective data. 6. The nethod recited in claim4

and f ur t rad ssenndrnositiogs op dbresempuier wreencts firgneluss gausingribie obiset ipfthe/ Brst ex
dat a reprﬁ%ﬁ{&}?'e{%g%é%g{ QrgEht FBmPhe %?ﬁg&y&‘é sdofid lp{(jglﬁgltl iBNE ALt yonal

posi tion ‘on er screen; app second values of "transparency and
dept h to prbeided the @bjict aith aadiludiomw obihreedimeafiond micondRtweenane fie pdsitiong t he
at | east one, additional set of vertex data to display the object in the at

| east onea™ddbg $corhPOH¥l-t i on on the conputer screen while displaying the
second val ues of transparency and depth. 7. The nethod recited in claim®6
wherein at | east one of the sets of vertex data is generated by an

i nt er pol &.i ve Theometwd 18citéthm oletrheldwherirt e first ahdisenoidvdetsr eff nerttx daast

one of the sets of vertex data is generat by a curve-fitting process. 9.
The et hORTIEEE TN e TS St BRuE o dsshefiscti e S or  ex
data are generated by a graphics application specifying desired positions

of the object. 19
6. The method recited in claim 4 and further comprising:

generating at least one additional set of vertex data representing the object to be
displayed in at least one additional position on the computer screen;

applying second values of transparency and depth to the at least one additional set
of vertex data; and

rendering the at least one additional set of vertex data to display the object in the at
least one additional position on the computer screen while displaying the second values of

transparency and depth.

7. The method recited in claim 6 wherein at least one of the sets of vertex data is

generated by an interpolative process.

8. The method recited in claim 6 wherein at least one of the sets of vertex data is

generated by a curve-fitting process.

9. The method recited in claim 6 wherein at least two of the sets of vertex data are

generated by a graphics application specifying desired posttions of the object.
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0 3 JUN 2004 10. The nethod recited in claim4 wherein, in addition pé HUN00:
first . .values, at |east one attribute fromthe group consisting of color,
intensity, reflectivity, fill, and texture is applied to the one set of
vertex data. 11. The nethod recited in claim4 wherein the operations are

performed,in t order. r.ecited. 12 A processor executi a_copput er
program cl)(?fpr i J@ﬁ%ﬁleﬂwg TS%geﬁd{licg%@ %1‘” he{f@‘h éf éﬁﬁlﬁan io ﬁ?erttéﬂspg@f‘esoﬁ{’r@ﬁttoé]ﬁ dat a
repr esent atfgbudd foki @ied gidupbeordisERg aeehlor) iftehdifys teflRESity,I B, AR Fe:@QHEPYL er
screen; generating a second set of vertex data representing the object to
be di spl agrpdied tp e ose s¥nd vpB®i €9tdn on the conputer screen; applying first
val ues of transparency, color, and depth to one of the sets of vertex

data; and processing the first and second sets of vertex data for display

of the object The tlethodfretitdd anglaies orltbréinshé bpAstER 4rb PedOmiid B the Gr&eN,
the first values of transparency, color, and depth causing the object in
the firstrepded-tion to appear different fromthe object in the second
position in a manner that provides the object with an illusion of

t hree-di nensional notion between the first position and the second

posi tion.123. Alpeodesatessating @coingdter progiaan oohprisihg thei opetdiens bf: st and
second sets of vertex data c rise vertex data fromthe group, consisting
of geonetric J8ADSTALRY 2 gﬁfs%e? i'q%@"dgﬁ‘%ﬁepl%?mﬂﬂeaﬂp?laéﬁéé%ﬁ displayedén 2 Hrgl ai m
12 wher ei B droiRithRler¥cRGhaM further conprises the operations of:
generating at |east one additional set of vertex data representing the

obj ect to be ghnspitiag acksecondaset lo€ asiterxod@a aetatesehtimg thepaigéct ito be aispldyed dmaput er
screen; val ues of transparency, color, and depth to the at

appl yj ng..secon
| east oneég’%%%chﬁ"%?tmaqn EFOIBPu\?’éW%‘?P_;dat a; and processing the at |east one
addi tional setapiyiNeFir®¥alat af tr@hspdrehy, 3618 atd8efiRit®6he bthel R FHvek@RSt

one additional position on the conputer screen while displaying the second
val ues ofdat#;@hdparency, color, and depth. 20

processing the first and second sets of vertex data for display of the object in the
first and second positions on the computer screen, the first values of transparency, color,
and depth causing the object in the first position to appear different from the object in the
second position in a manner that provides the object with an illusion of three-dimensional

motion between the first position and the second position.

13. The processor recited in claim 12 wherein the first and second sets of vertex data

comprise vertex data from the group consisting of geometric data and perspective data.

14.  The processor recited in clairn 12 wherein the computer program further comprises
the operations of:

generating at least one additional set of vertex data representing the object to be
displayed in at least one additional position-on the computer screen;

applying second values of transparency, color, and depth to the at least one
additional set of vertex data; and

processing the at least one additional set of vertex data for display of the object in
the at least one additional position on the computer screen while displaying the second

values of transparency, color, and depth.
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0 3 JUN 2004 15. The processor recited in claim12 wherein, in additpgnmag:
the first values, at least one attribute fromthe group consisting of
intensity, reflectivity, fill, and texture is applied to the one set of
vertex data. 16. A data processing system conprising a conputer screen and

a processor, the processor executing a conputer program conprising the
operations of: generating a first set of vertex data representing an object

to be di sy ayethd prodedsbF fdcited @6 tlair®1206hdréla, GOFHAGT toShe FRE vORRChtlehig a
second set of vertex data representing the object to be displayed in a

second podletateipuisniremdhe eropntcensisineearintenypt yaflegtivicy. il wad texdurefis applied

t ranspare d (o} e of the sets of vertex data; and rendering the
first andtggﬁe{%%rqedseggfé%%d\?gé;t ex data to display the object in the first

and second positions on the conputer screen, the first val ues of
transparency and depth causing the object in the first position to appear
di f f er ent 161 ond\t $ata JBPeESSIng (PYSIRE SUIBPITING FoSMPWH Poreen aadhfePrachser.pheyi des

t he objec i i S| - di i i . between the first
posi tion an S% e&g%%yﬁé dﬁ%@%@%@%.cgﬁggﬁg%% reg@edsng%g systemrecited in
cl ai m 16 wher eganetatiag fai first seaofl varesxoduts pisenting arestjext 1ol bt displaypd irse fivar t ex
data fromthe group consisting of geonetric data and perspective data. 18.
The dat a RASHIOBY the CAPRMEISTEM ted in claim 16 wherein the conputer program

further conpri g‘e%érattiﬂg ggs??éllgf éteﬁg? ggxlftéx AL ée%@%ﬁeéﬁe}‘t 1&BE d?ﬁ%gai by Qpgl set

of vertex data repre ect to be in at st one
addi t i onadecqrabpdsitam @ntht hkempotepsirean; scr een; appl yi ng second val ues of

transparency and, depf.h to the.at |least o addi tion set _of vertex data,
and T enderi ng TRLIR bk s S nspre oo gl SeBh thpng B eSS af Senss #%pl ay the
obj ect imdghe at |east one additional position on the conputer screen

whi | e di splaying the second val ues of transparency and depth. 21
rendering the first and second sets of vertex data to display the object in the first

and second positions on the computer screen, the first values of transparency and depth
causing the object in the first position to appear different from the object in the second
position in a manner that provides the object with an illusion of three-dimensional motion

between the first position and the second position.

17. The data processing system recited in claim 16 wherein the first and second sets of
vertex data comprise vertex data from the group consisting of geometric data and

perspective data.

18. The data processing system recited in claim 16 wherein the computer program
further comprises the operations of:

generating at least one additional set of vertex data representing the object to be
displayed in at least one additional position on the computer screen;

applying second values of transparency and depth to the at least one additional set
of vertex data; and

rendering the at least one additional set of vertex data to display the object in the at
least one additional position on the computer screen while displaying the second values of

transparency and depth.

21



03 JUN 2004 19. The data processing systemrecited in claim 18 whereild 44N 2004
| east -.one of the sets of vertex data is generated by an interpolative
process. 20. The data processing systemrecited in claim 18 wherein at

| east one of the sets of vertex data is generated by a curve-fitting
process. 21. The data processing systemrecited in claim 18 wherein at

| east two of the sets of vertex data are generated by a graphics

applicatig) sppgd fath procdthd 1P sdclib@nS cfm t188whe@bih 8¢ leasPene din@edadsaf
processing systemrecited in'claim 16 wherein, in addition to the first

val ues, aterlenalgta ipgencaated bpam sni¢rpolativhprogessup consi sting of col or,
intensity, reflectivity, fill, and texture is applied to the one set of
vertex data. 23. The data processing systemrecited in claim16 wherein the

oper at i on®), ar eTIRX@a4 pestesdyg 5FA€nP r608 $PElair 18RehcRéibl QN 1628CHREHE théLetsAF
conput er -r eadabl e nedi um cont ai ni ng conput er - executabl e instructions for

i nst r uct i YRytex datade eensorted by perveriiiing pwwcessd of providing an illusion of
notion to an object displayed on a conputer screen, the instructions
conprising: generating a first set of vertex data representing the object
in a firs}l posThd ddla procefiing SBrEmlteited ¢ el 1§emstahianeast vaecoftie sets off
vertex data representing the object.to be displayed in a second position
on the coYPﬁi‘H‘e‘gatas arcegeneralerh by hgraphics apphgalies speciiying dpurednpgpitions| ofr the
intensity,teflectivity, fill, and texture to one of the sets of vertex
data; and Hendering the first and second sets of vertex data to display the
object in the first and second positions on the conputer screen, the first

val ues of _fra arency, calor, intensjty, reflectivity, fi.ll, an exture
causi ng tHe o] o HaiR ProsSSing cirtemaiePiRtb iR {18nh dfesbertia: 1 eddiipd ¢f iy PR

obj ect i nyAiiie, HAERREnP AfHibhE Fron iR FHBRANESnststiak oP ot d8@ndiRe raRicachky, WIL, D

the illusion of three-dinensional nbtion between the first position and the

second poanditexsnre i2 2pplied 19 UN @Bot ofbvertthdaonput er - r eadabl e medi um reci t ed
in claim24 wherein the instructions further

23, The data processing system recited in claim 16 wherein the operations are executed

by the processor in the order recited.

24. A computer-readable medium containing computer-executable instructions for
instructing a processor to perform a method of providing an illusion of motion to an object
displayed on a computer screen, the instructions comprising:

generating a first set of vertex data representing the object in a first position on the
computer screen;

generating a second set of vertex data representing the object to be displayed in a
second position on the computer screen;

applying first values of transparency, color, intensity, reflectivity, fill, and texture
to one of the sets of vertex data; and

rendering the first and second sets of vertex data to display the object in the first
and second positions on the computer screen, the first values of transparency, color,
intensity, reflectivity, fill, and texture causing the object in the first position to appear
different from the object in the second position in a manner that provides the object with

the illusion of three-dimensional motion between the first position and the second position.
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conprise: generating at |east one additional set of vertex data 0 3 JUN 2004
representing the object to be displayed in at |east one additional

position on the conputer screen; applying second val ues of transparency,
color, intensity, reflectivity, fill, and texture to the at |east one

addi tional set of vertex data; and rendering the at |east one additional

set of vertex data to display the object in the at |east one additional

posi tion PN t henCQUMMh&LresdabRERedkiin RSl BHMTY Y HhGeMARO BB trualIH8 Fudter
transparency, color, intensity, reflectivity, fill, and texture. 26. A

conput er -¢asamb! e nedi um havi ng stored thereon a data structure conprising:
a first block of vertex daﬁa re‘gc[iﬁsenti

ng. an, object to be regndered.in a
First “posi t1 oreengirink &b gt Bne ERRERRT LR Sl dsitonr Beug FRHIER e
r epr esent digsla¥edqn @bie8tonk addifiohR Ppasikied oh Thcon@nMdtterep®si tion on the
conput er screen, the second bl ock further coggr|5|ng.attr|bute dat a t hat

causes the objaplying se¢ands selopd of dsanNsPEANTYe eanterlity aeidertivity.ofitls lead
object in_the fi it - n provi des the object with an
b by RS 8ol 8 PR bl

illusion ona ion e first position and the

second posi ti oRndeMigrae Bt lehet oat kdditivhf seadfaeton datatts didplay tthasispare aeyat
color, texture, and depth. 27. The conputer-readable nediumrecited in
cl ai m 26, leaft ope pdditipral pasition pp kg eeraputer sorerarWhilsrisnladag the seeendvaies o of

vertex d e ] L.ect b pdered in a third position on
t he conpﬁ%%?ﬁégéééﬁgb%E@B%ﬁﬁfﬁm%ﬁbéﬁﬁ?HF%HQ? conprising attribute data
having a different value fromthat of the second bl ock, causing the object
inthe third position to ppear. different omthe object in the first and
second podd-t i ofSOMPHIETTAYA _rmiadi‘fﬁ'f‘ hﬁvlaeiswé%c{ tﬁlfwena@ﬁeé_ﬁmﬁ%cwrﬁmaasi on of
motion between, KR pidek S veRS bt '?cl%%niiﬂ@ ag%sﬁeﬂtmfehaaed i 8 first Pysition

conputer-readable nediumrecited 1'n claim?26 wherein the first and second
bl ocks of onvecemputelaiceeeopapt i se vertex data fromthe group consisting of

gg;)rpmrs;[ g: ﬁ g:dat % s&:rc])gd RToKPSt \t/e!rt\é}e{ cfia?g ?éprezs%ntcl)r?g &gl\cl)bj?cg: 4{'0 e9'rer'1A&e¥§dt Q}Oac.j second
position on the computer screen, the second block further comprising attribute data that
causes the object in the second position to appear different from the object in the first
position, in a manner that provides the object with an illusion of three-dimensional motion
between the first position and the second position, wherein the attribute data consists of

transparency, color, texture, and depth.

27.  The computer-readable medium recited in claim 26, wherein the data structure
further comprises:

a third block of vertex data representing the object to be rendered in a third
position on the computer screen, the third block further comprising attribute data having a
different value from that of the second block, causing the object in the third position to
appear different from the object in the first and second positions, in a manner that provides

the object with an illusion of motion between the first position and the second position.
28.  The computer-readable medium recited in claim 26 wherein the first and second

blocks of vertex data comprise vertex data from the group consisting of geometric data

and perspective data.
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generating a first set of vertex data representing an object to be {3 JUNZ00:
di splayed in a first position on a display; generating a second set of
vertex data representing the object to be displayed in a second position

on the display; applying first values of transparency and color to one of
the sets of vertex data; and rendering the first and second sets of vertex
data to display the object in the first and second positions on the

di spl ay, %@e fk&ﬁ%h8&%¢ﬁ§M§§gBing the object in the first position to
romthe o

appear difTterent ‘ect in the second position in a manner that
provi des the gdneeating wifirbt sen of Wéntesd data ceprdshntéres ali obfodito baldispidyedn bérsteen
the first position _and the second position. 30. The nethod recited in

cl ai m 29, PAHENANA 4ifRIAYS st and second sets of vertex data conprise vertex

data sel ect ed {amhbe SEONDE ISk Bl AlprBRATRL ieorladdo %@Qﬁscgmy%ami ve

data. 31. The recited in claim?29 an urther conprising: "generating
at | east soendipshitionomathe desplayf vertex data representing the object to be

di spl ayed in at | east. one additional positipon on the. display;, applying
Seobn val ues PRSI ARNRLg! NP REIGne o ReS B e BB Bt se
of vertexyfjata;, and rendering the at |east one additional set of vertex

data to display the object in the at |east one additional gosi;ion on the
di spl ay whi | e @ndgingythadirstandssscomtiseinpiivertexf data tadisplay dhe 9bigetdingbe dirst 32.

The method recited in clai l . wherein at least ope of the,s of. vertex
data s geerondipspet o (R Bipia bt Fil yPlics SERIngRE oflec] 3PS it BLE' | ¢
clai m 31, toW}pes diffetent GR81 tHRNGbi&t ih ke SRbAd Pbsivieh e Hadir itsat geVi@éthed by
a curve-fitting process. 24 0 JUN 2004 34. The nethod recited in claim

31, wher ephiecitwitle g5tillpgien oXf thics-dimensierial vaptiaaberween dhe firg dwsitigheandpthic g
gr aphi cs ﬂ%gﬂdﬁgﬁﬁéﬁ? speci fying desired positions of the object.

30. The method recited in claim 29, wherein the first and second sets of vertex data
comprise vertex data selected from the group consisting of geometric data and perspective

data.

31.  The method recited in claim 29 and further comprising:

generating at least one additional set of vertex data representing the object to be
displayed in at least one additional position on the display;

applying second values of transparency and color to the at least one additional set
of vertex data; and

rendering the at least one additional set of vertex data to display the object in the at
least one additional position on the display while displaying the second values of

transparency and color.

32. The method recited in claim 31, wherein at least one of the sets of vertex data is

generated by an interpolative process.

33. The method recited in claim 31, wherein at least one of the sets of vertex data is

generated by a curve-fitting process.
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35. The nethod recited in claim29 wherein, in addition to the firsfg3 JUN 7004
val ues, at least one attribute fromthe group consisting of intensity,
reflectivity, fill, and texture is applied to the one set of vertex data.
36. The nethod recited in claim29, wherein the operations are perforned in
the order recited. 25

34, The method recited in claim 31, wherein at least two of the sets of vertex data are

generated by a graphics application specifying desired positions of the object.

35. The method recited in claim 29 wherein, in addition to the first values, at least one
attribute from the group consisting of intensity, reflectivity, fill, and texture is applied to

the one set of vertex data.

36.  The method recited in claim 29, wherein the operations are performed in the order

recited.
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