METHOD AND APPARATUS FOR FRACTIONAL DOUBLE BUFFERING BACKGROUNDﬁoE 2HE
I NVENTION 1.  FIELD OF THE | NVENTI ON The present invention relates to
apparatus and nethods for 5 displaying three dinensional graphic |nages on
a display Mre particularly, the present-1nrvention relates to data c
processi ng apparatu d_net hods for oeneratlng_and mani pul ati ng i nages on -
a displ ay systf“h&r ARBARATUS-POR FRAGEIONAL OYYERING  many conput er .
systens, it is comon to dlsplay graphic data in three di mensi onal form on

a display. The generation ofBAOKGRO % : RYBNT real tinme display
on a two di nensional cathode ray t ube (CRT) reqU|res that | arge amounts of
data be processed prior to the display of the inmage. In particular, any

change of the yel amw data fromthe perspective 15 of

the user requires ' systemto recal cul ate and redisplay
al | points conprising tThe PrésahfinenticiFréRtds B EppERtICING Mo Mér A variety
of algorithns have been devel oped which permt three dinensional images to

be .di spl ay€i vmswanpgrtbrpmdsnenswr@aiwaphlmmagesmmdisolasrarMompgmcularly. the
perspective. e _hi torlc sociated with the f a three 20
G monai onal i s anuSn BhERs S eRR"Phatbelia lparambe Bl e B ' e
be "rendered" idw aﬁr@nand ﬁhﬁipﬁlaﬂh%ﬁhééés%ﬁé%fspiﬁ@&tén@r'Or to, or
concurrent wit t he "di splay of t i'mage. Since an inmage nay conprise
hundreds of thousands of data points, the generation of a conplex inmage may
require a significant_per.l f ti.rre. If a user wishes to nodify the

vi ewpoi nt of the . ayed, the 25 display system nust
re-render g§| of the powhanfeaﬁbmgkaﬁstam it BRdfmdh wsdafe@mcmﬁéﬁf

H storically, two techniques” have been used when di spl ayi ng conput er
gener at ed i magtbrege dimengloaatfofm eniandisplayl The gerersiidif efrthreg. dimbnsional imbges € :
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large amounts of data be processed prior to the display of the image. In

'_,‘5

~ particular, any change of the relative vfewpoint of the data from the perspective
15 of the user recjuires the computer display system to recalculate and redisplay all
points oomprising.'the displayed image from the new viewpoint. A variety of
algorithms have been developed which permit three dimensional images to be
displayed with appropriate hidden line elimination and depth perspective.
One historic problem associated with the display of a three
20 dimensional image is the requirement that all points comprising the image be
*rendered” (written) into a display buffer memory prior to, or concurrent with, the
display of the image. Since an image may comprise hundreds of thousands of
data poimé. the generation of a complex image may require a significant period of
time. If a user wishes to modify the viewpoint of the image to be displayed, the
25 display system must re-render all of the points comprising the image in the
display buffer. '
Historically, Mo techniques have been used when displaying
computer generated imagery: single buffering and double buffering. With singie
buffering the image is rendered completely visibie to the user and so the user is

30 distracted by the construction ot the image.



-2- In order to inprove the i mage di splay, sonme conputer display systens
enpl oy "doubl e buffering”, wherein two display buffer nenories are
aliternated between one another, such that while the conputer display system
writeg data corresponding to an inmage in the_currently non-displayed buffer
5 nmenory, the inmage data in the other buffer nenory Is displayed. Once the
rendering of the inage In the non-displayed buffer nenory is conplete, the .
di spl ay system sel ects t hin gndertodmprgverthe imagepdisplayl sooid eomputer display ays its
i mage while the other buffer nenory inage data is updated, The use of

go]tcj?l' e buf f er i ngSY5ame emplay,"dauble hutteningnavhesgindwp displayRufier slamarieg are om
C der ! . ar i . .
Compr1 6 vi sual | SIS Bobldeh GHECEHohdEtch tnat ' e BEmp AR kol tem

di spl ayed data, WwhistdatécoméEponéifig to anlimage MbeicRirefitishemtisplayed batferan
i mage relative to a viewpoint may be significant. Accordingly, even with

doubl e buf f er§ ngmemiey, therimagerdatain the sther butier memoryds\displayeth (Ope the

b t dat f . the, .l - ite | Thi ' I
between user | npEroats & A itsed Rine Rofderiaved Bdter ahahs tolpietd, e T e
described, the P&iﬁﬁﬁptsyétawﬁéaléa@ tHY Srévidasty MRisplayedbister BAd adplays lits
nodi fyi ng and view ng three dinensional inmages on a display system The

preslent inventighagaaaﬁb_rtb@ﬂebqﬂf&rmml t&gmd&aéﬁummeﬂ.zt ,he uaesttmmbi_eg t

conpl ex i mages enderin user sele ey cgent.age o e.data prior to

di spl.ay to the UM‘%"%&PPHFQ% &@%&Eﬁ@?‘@?ﬁi@ﬁ%@f@eﬁf@%@mﬂgﬁ'%’?fgs been

rendered, thgyi nRg@ssintsifileRYGAA mytbh! the user once again nodifies the -
nt i

Vi ewpoi nt e pres invention permts a-user to select a predeterni ned

perqgentage of data to be Hosthosy émageswihitiv compdsd visually Tompléxctexiurascandior
three 25 dinensions until ‘a desired viewing angle is obtained. This allows

the user to tradeqyire large amountsof dispiayed gata; the timg.requited fof the compugar whi | e
t he object is b e%rﬁ %_ ?atn%gr an image relative to a viewpoint may be significant.
: ' Accordingly, even with double buffering, the time between the chénge of view
15 and the subsequent update of the image may be quite long. This results in a lag
between user input and display that makes interaction difficuit.

As will be described, the present invention provides apparatus and
methods for modifying and viewing three dimensional images on a display |
system. The present invention overcomes the problems associated with

20 displaying complex images by rendering a user selected percentage of the data
prior to display to the user. After the predetermined percentage of data has been
~7 rendered, the image is dispiayed until the user once again modifies the
viewpoint. “The present invention permits a user to select a predetermined
percentage of data to be displayéd. and to quickly rotate the image in three
25 dimensions until a desired viewing angle is obtained. This allows the user to
trade-off speed of display updates for quality of image'while the object is being

rotated.



'_": -3- SUWARY OF THE | NVENTI ON An apparatus and nethod is disclosed which has '_

- application for 5 use in conputer controlled display systens, and in
s particular, display systens which display three di nensional Obj ects. A

- user, through the use of an input device, provides signals indicative of&-&

object rotation about the x,y and z axis, to a host central processing unllt
T (CPY. These rotations provided by a user correspond to a desired viewpoint
“for the display of an inmage stored-ih-an 10 original data inmge menory. A
graphics CPU is coupled to the host CPU for recei pt of the xy and z -
. coordinates as well as to & nal  dg . JRMory. The graphics CPU
Lo di splay buffers, each
. of which of conprises a bit nap of p0| nts on the di spl ay. The graphl cs CPU,
~executing a rendering programstored In the programnenory,. .1 renders
(wites) the data coAprapparaius ard uu}rwtlsdtsclosedwmmapplieamnefepondu ng to

! por cont e %ﬁé’pﬁéo'”%re%aﬁaﬁ’aiﬂﬁé ( heteR ot peiins BRIV BB RNt o « he

non-_di sp! 2y gl rthrée"tﬁm%ﬁ@ﬁﬁl%g{e@lﬁuﬁhﬁélaiﬁo HplusBlaP kAt ch couples

“the dlsplay to eviously non- spl ayed di spl ay r eby

di spl ayi ng dévice? providesceigreatsiindicative ot ebjectaetalidh abbutthe xywémd 2 akisy® been
~rendered. In the event that.the user does not provide any new xy and z -

coor di nat es® hepcestiak prreessing UnitdCELY. These,mtations pravidadiiha MselcPU cont i nues - |

‘to render t t ffer I f the
original data |§5ran msé'édﬁw%‘gg%@??ﬁﬁf“ #ﬁ"{%gg}&xgﬂ}%at of the-
obj ect spar biging daiaiinaguintsmmoryS A graphiveeCPUIS capiad toithe hestCPigsr CPU

di spl ays the predeterm ned N.percentage of data poirnts, the user provi de\)

new xy and fceighetiha xyand-zeoardipatesiasyvaliastodhe prgingidala imgesi memothe

Vi upoint. d658RR LRI Her cSGBIhT 8 protf e M il b Ragss oY O

buffers, each of whlch of comprises a bit map of points on the display. The
graphics CPU, executnng a rendenng program stored in the program memory.'
15 renders (writes) the data eomprising the object for the vnewpemt eorrespondmg to
the x,y and 2 coordinates provided by the user After a predetermmed |
percentage (N) of data eompnsmg the object have been rendered into the non- -
displayed buffer, the graphucs CPU sugnals a multlplexor which couptes the
display to the previously non-dispiayed dlspla_y _bui_ter.- thereby displaylng the
" 20 predetermined percentage (N) of data which have Ila_'ee'h' rendered. In the event
that the user dees not provide 'aninew Xy and z coordinates fepreéehﬁng a R W
different viewpoint, the graphics CPU continues to render the data comprising the
object into the displayed bufter. Ifthe original data Is randomizad, the
| appearance to the user |s that of the object sparkhng mto vuew lf however,
25 afterthe graphm CPU dnsplays the predetermined N pereentage of data poants. -
the user provides new Xy and z coordmates correspondmg to a different
‘viewpoint, the graphscs CPU ceases rendenng the object data corresponding to
the previous wewpomt and begins rendermg data correspondmg to the eurrent
viewpoint into the non-displayed display butfer. By appropn_ately setting the
30 percentage (N) of data which are to be displayed prior to changing viewpoints, a
user may rapidly modify the viewpoint of the displayed object until a satisfactery'



vi ewpoi nt into the non-di splayed display buffer. By appropriately setting
the 30 percentage (N) of data which are to be displayed prior to changing
viewpoi nts, & user may rapidly nodify the viewpoint of the displayed object
unti 14 sati sfact ory angle of viewis found. The object will then
"sparkle Into view until 100% of the data are di'splayed or the user once
agai n-provides a nodified viewoint to display the three di nensional inage.
-5- .BRI EF DESCRI PTION OF THE DRAWNGS FIGURE 1 illustrates a conputer

di splay systemincorporating the 5 teachings of the present invention.
FIGURE 2 is a fl anglerafview isi fosnd. aThegbjettovill twadsparkie! intg wiewt undih $00% of the
present invention, 10 . FI GURE 3 synboljcally [llustrates the
present inventi ofald gesisplayadorthe yser %tﬁg@}/"o?fw’gﬁ ﬁéx‘?‘y&#‘f'ﬁ‘ﬁ%@mt%

di spl ay i mages. Fsﬁéﬁﬁ P Rfthé ind Strates anot her exanple of the
use of the pr eser‘;jti I vgﬁtﬂ?én toéﬁésdgflg;‘/#auﬁages utilizing fractional double
buf f efi ng. -6- NOTATION AND NOVENCLATURE The detail ed descriptions
which follow are presented largely in terns of algorithns and synbolic
representati ons of operations of data bits within 5 a conputer nenory.
These al gorithm c descriptions and representations are the



nmeans used by those skilled in the data processing arts to nost effectively -
~convey the substance of their work to others skilled In the art. An’ :
“algorithmis here, and generally, conceg ved to be a self consistant -
ssequence of steps leading to a desired result. These steps are those 10 kﬁ
-requiring physical manipulations of physical quantities. Usually, though
‘not -necessarily, these quantities take the form of el ectrical or magnetic -
signal s capabl e of bei onhpar ed, -and

.ot herwi se mani pul at ed. . 251 i : ncipally for
‘reasons of common usage; to refer to these S|gnal as bits, values,

el ements, synbols, characters, 15 terns, nunbers, or the like. It should.
:be borne in mnd, homever;-that'all of 't hese ahd'sinilar terns are to be

associated with the I [ e S|cal tities and are nerel

conveni ent | abel s ap?‘&éﬁ% 86} P'?\‘E:B'”Hrsb’ﬁ@m "N@Fﬁﬁﬂﬁﬁ?ati ons
=performeq ar I ternms, such as adding or conparing,

:whi ch are% céﬁ?‘rﬁﬁ%s@% fits'?gtd&\?\ﬂtﬁnnent al 20. operations perforned by a

<human operator. No such capabi I|ty of a human operator is necessary, or
‘desirable in rmst cases, in any of the operations described herein whi ch

formpart of the preJI@UREds aiflow chag ilugirating the,sequenee of aperafiensafi ons .ar e
“machi ne oper, | machines for performng the operations of the -
-present |nvéﬁ“’9#§%ﬁ§% general purpose digital conputers or 25 other

~simlar devices. In all cases there should be borne in mnd the distinction

" between the nethod operations of operating a conputer and the nethod of
conput atli®on itself. ﬂﬁ“ﬁ%§@¥mthl¥WMIMMmt inventioh's tisp of f or

-operating a ct.ri.cal _or other physical  si gnal S
_generate ot H%%?’E@"Mgﬁﬁ%f“w% Eoé‘gg}ay images. The present v
“invention also relates to apparatus for perform ng these operations. This .

.apparatus may be specially constructed for the required -7-
FIGURE 4 symbolically illustrates another example of the use of

the present invention to display images utilizing fractional double buffering.



purposes or it may conprise a general purpose conputer selectively
activated or reconfigured by a conputer programstored in the conputer. The
algorgéhng présented herein are not inheLq?LIy related to any particul ar
conput®r or other apparatus. In particular” various general purpose

machi nes may be used with 5 prograns in accordance with the teachings
herein, or it may prove nore convenient to construct nore specialized
apparatus to performthe requir eNQTATION : DMED ATUR

a variety of these machines wi.ll appear fromthe description given bel ow
In-addition, the present invention is not described with reference to any
particul ar programm ng | ang . i L. , ' niety
of progranm ng | anguages na;ﬁ gdeaéspfgg‘qe%l: ?Ar%rgpér%‘ﬁ {@9? géaéﬁls%g@aé%g?ﬁe'h
invention as descr i@ dialgdrithms and §mijdiid feprédantiitiohRoPdpdriticas of idata bits within
| N\VENTI ON I n the follow ng description inproved apparatus and nethods are
described for dbsphfpmpytaramemony. Theserplgoathmic descriptionsandfepreseftations are the

Vari ous conput or - opiAeas Ml BE Tiate SRE e e Re R i Bimeelpafiehl °°

al gorithmi c convenphyay thé bibstante st ¥dir Workitb Oticie siiidiihenhé BAY ough -
under st andi ng of the prfesent 1 nvention. However, it wll be apparent to one

skilled in the art that the Amagenthmiishere,iand gengtally.monceivedto be atsslft t hese
specific details. In othéer instance || kpo 10, circujts and

slto ructures are not mﬁmﬁﬂ"?waoéﬁgﬂs%%&@mg?ﬂm ’P?P'&DILLQWGG?%&?@J%“?Wm
[ d t t b ' ' : [ . '

I'n -order not 1@n0 ?ﬁﬁg@&ﬁgﬁgsﬁg@?iﬁﬂﬁdﬁﬁ léﬁf‘&fﬁﬁlﬁﬁéé | U¥ual ?{h%'hbh?ﬂt now

to Figure 1, a conp em i ncorporating t teachi ngs-of the
preslept invention necessasily, thése glantitivs tdkeche forimosttelédital Or mapreticcsignals t h
t he user (not shown) to supply signals and commands 15 through a conmand
buffer 15 to a gr apApable etheing stased) deansfangd, sembinegh gomparedyang; gtheryise

:des cribed, a user Whloid £, 2R prdVad'cofl¥eridifl af imS. fntialiPrck PSashS b EomimbR:

usage, to refer to these signal as bits, values, elements, symbols, characters,

15 terms, numbers, or the like. it should be borne in mind, however, that all of these
" and similar terms are to be associated with the appropriate physical quantities
and are merely convenient labels applied to these quantities. '
Further, the manipulations performed are often referred to in terms, |
.such as adding or comparing, which are commonly associated with mental
20 operations performed 'by a human operator. No such capability of a human
operator is necessary, or desirable in most cases, in any of the operations
described harein'which.form part of the present invention. In the present case,
the opérations are machine operations. Useful machines for performing the
operatiohs of the present invention include general purpose digital computers or
25 other similar devices. In all ca#es there should be borne in mind the distinction
between the method operations of operating a computer and the method of |
computation itself. The present invention relates to method steps for operating a _
 computer and processing electrical or other physical signals to generate other
desired physical signals.
30 The p@sent invention also relates to apparatus for performing these
operations. This apparatus may be specially constructed for the required



to provide signals indicative of object rotation about the xy, and z axis *
to the host CPU. The input device 25 may conprise one of a variety of input
devices currently avail able, such as for exanple and not |imtation, an,f
electronic 20 "nouse", a track ball, electric dials, potentioneters,- ory,

- Light pen. Typically, the i nput deV|ce 2% conprises a nouse and is used |n_ﬁ
~-conjunction with data to be displayed, such that a cursor may be noved on -
the screen of a rastor display 30 |n accordance with the novenent of. the

- i nput device I e

I nput device %@’@ségt?tr I zeéa‘ﬁgnspdr_% pdrgoézégé'orﬂétﬂ fﬁle%tﬁ&@hrﬁ%igﬂ ets?gonds
to a viewpoi rmcdnﬁgumdmmmmpmbrmgﬂmmmd]naha cdrmputer. OT'I'IéUgoﬂR'msl ay 30 and
‘the z coordinate is assuned to be fixed. By nodifyl n%éthe X,y signals

provided to tM@W%F%!’?‘W&tW““PWMi@P”ﬁé? apy paficy %@P@@f of; Rther

sel ectively r h Q%F'# signal s
indicative o %)%Fﬁué. ﬁé:hgi(') %ﬂh ééféoow EEQQ‘EQ"H* user rough
i nput devisce p?&grhmstuhadmaandawmhs télactingsshersin| or mnﬁywe)mbmtel y -
transmtted to the command buffer 15 which.i's coupled .. ---- to the

graphi cs CPUCp0venjert 19 capsiruct more sperialized apparatusiia pedoym Hhe maiired er

Shoum, T o an gt Biepl 5 3ph Pei AR IR, § vien ¥ et achheB IR Rl s o,

40 incl udes drintHerdysefistivni didercbelowB Uit alidificn) the> pieBemanvbintibh #/Rst to t he
user, such 5 ,as three the dinensional cube 45 on:display 30. This data

represents t idescribiegi with referpacs to anytparticulari programming languages sit atill belat a poi nts
(visible. or hldd h describe the particular object formging the inage.
' thi's 181 Sepiaimed fhaf 88 Broorumalie adiitos* piy Recusei opliment s o,
define a Iocqﬁé ihgs RfHD AWEhtidA'ER dedcAiehdrgined normal vector; their
union represents the sur ace or other property 10 of the object; The -

technique of fractional double buffering will work with any display =
primtive (e.g. lines, polygons and the like). IR



The obj ect of cube 45 is "rendered”. on the two di nensional display 30
utilizing one of a variety of known algorithns for rendering conputer

gerrer gt ed |nages I n many systens, various display primtives are used to
15 déPine the particular object to be displéyed, for exanple cube 45.
Exanpl-es of display primtives include lines, curves or polygons in two

di mensi ons or polyhedrals in three dlnen5|ons The renderlng consi sts of
converting the geonetric pRETAILER , il H NYENTIGN of pixels
viewed on the rastor display 30. In the presently preferred enbodi ment, the
data points stored within 20 the original data inmage nenory 40 are used as
the display primtive. They din kA& ntdthédeargased
upon the particul ar render"ﬁgbgkggﬁﬁfﬁéﬁﬁgﬁgf@ggav ﬁﬂhﬂgggﬁggranrneégry
35. (See, Levoy, ﬂé’éwbwmrdismmdatam ac&nppiaay!rsﬁlayrsysmne lnThefdlmmg sity
of -North Carotrna Cb er Scrence partnent and, Berg

Rendefing by AapH#sFs |Cdgmgggqtggnhppgbg§mrmj§oo

rlgnégri ﬁ382r )golr Pt%%eﬁwor ."gr K‘é?]d%mr‘rgge aﬁge sgrore r@é@ e'&'?%gﬁo

40. G aphics CPU @@. insortiérotsi plovide\atniord titorsugh awdérstanding dmatpeesemt mvmomn
corresponding to-a viewpoint to view the object on display 30 through host
CPU 30 10. As shbnwevarqit wilibe apparpatito#8e S&lleﬂ inhg\arihak the presentjinvedtion| ay

present i nvent | onMdo® BracBebc Wi lesS!apatifP colafp: BY ot nblahel YAl rbh®
known in the g§t. cikRst8 afdRrléwrdsdro Rt Badcribbd 86121 Bh@ ard-Showidin tlock ender
(wite) the obJject to be displayed into the-display buffer which is not

currsofly being dédieptanyfotm inorder nohto ehacute the prrsent vestiananhecesaarityw i t i ng
I'mage data) into, for exa S ffer, A _dat [is 5 an

obj ect previously renderegﬁef? %B‘P‘ﬁi“’ Etqurgr 'QW%&?{#%%VFYFQ e di splay
30. Accordingly, inBofpBRatig ¥¢ WachigS 81 He Brosiit ifvbniidifis GheWh AN RSy, a°

' host CPU 10 interacts with the user {(not shown) to supply signals and commands

15 through a command buffer 15 to a graphics central processing unit (CPU) 20. As
will be described, a user utilizes an input device 25 coupled 1o the host CPU 10,
to proVide signals indicative of object rotation about the x,y, and z axis to the
host CPU. The input device 25 .may comprise one of a variety of input devices
currently available, such as for example and not limitation, an electronic

:' | ' 20 "mouse”, a track ball, electric dials, potentiometers, or a.light pen. Typically, the

| input device 25 comprises a mouse and Is used in conjunction with data to be

displayed, such that a cursor may be moved on the screen of a rastor display 30

in accordance with the movement of the input device 25 over a surface.

i | However, in the present invention, the input device 25 is utilized to provide X, y

| 25 signals which corresponds to a viéwpoint for vieWing a three dimensional object
on the display 30 and the z coordinate is assumed to be fixed. By modifying the
X,y signals provided to the display system, the user may alter the object and
selectively rotate the object on the dispiay.

As shown in Figure 1, signals indicative of the x, y coordinates

30 are provided by the user through input device 25 to the host CPU 10. These
signals are approprfately transmitted to the command buffer 15 which is coupled



- updated with new object data while the other display buffer is read by the '
- display circuitry and its object displayed on the display 30. A nmultiplexor
- 50, controlled by graphics CPU 20, alternately selects display buffer A- and :
~display buffer B. 10 and presents data fromthe currently selected buf*ﬁ.ér _

- to the display 30 upon receipt of agontrol signal from graphics CPU 20.
© Assune for sake of exanple that cube 45 is ‘to be di spl ayed by the graphics

"+ CPU 20. The graphics CPU 20 receives x,y ‘and.z coordinate information from
- the user lrtouledaphioscmzwmbratphlcslcmzmmwesmawyummpmesponds to

"~ a particular viewoint (angle) relative to the user fromwhich the cube 45

is to be digipphicsprograms siotes inprogram memagyc3f, @aﬂésalﬁppﬁualeﬂe%mvmg

" Cube 45 11 3 8 ol R EhAGR PRI LT 54l e o o D e 35" L
"renders t hfoiGdEcdAR réﬁe@&ﬁiﬁg%ﬂﬁﬁgmmb% bB'?ﬁBpldde 16 isEPhSdrhsachNd wri tes

. data 20 representative of the cube 45 for the selected viewpoint into

idis pl ay Sbufesdhred the direensignabeuhe 45 omdisplay 188 T@nmamprqseomme di spl.ay

P bhghnal BB 8 e GBIl o R SRl B¢ neBentl; o e
di splay 30 yHich §6€2ribb M Panibard émorlﬂhgeﬁmmdbépl@mbaulﬂeﬁemﬁwe

bi t - mapped nenories I n conj unctlon w th "di splay -systens 25  are wel | known
in the art the bbpcﬁpedeﬁhecthy pomtsmThesecpouﬂlsdeﬁndaeldr:ahomlneepecemddiave he .-

" bit-nmapped menories-in an furthe det ai | -Oncethelrraeof cube 45 has
" been rggdemﬁﬂalﬂdlﬂq’@ﬂ &qﬂ%ﬂ?sﬁﬁ'ﬁft@m B%’&hbed o
bel ow, gra o
. mul tipl gxo?’b?&’s ﬁgﬁ Zﬁ' e a a. no&h@?@u@@%ﬁnﬁhﬁl buffer A_jjs

read by theﬁ.gﬁlgwpmu'nw(agdin%a p(ﬂpgmla;dékﬁeuine)dl splayed, as shown in Figure
- 1. 'If the displayed object is to be nodified, graphics CPU 20 then renders

(writes) the updat edThshphiest i sube 45 i% "rendered” onthe lweudupaaslomlldlsplays whi l e
i Spl ay b Ufo(ﬁJtlllénh %ng%f Qq'angﬁqﬁ %o&nglg%%sal\or FénaSHhé wmsﬁlgr

- generated rmages In many systems, various drsplay prlmltrves are used to
15 define the partlcular object to be drsplayed for example cube 45 Examples of
dlsplay pnmmves tnclude lmes, curves or polygons in two dlmenslons or
| . polyhedrals ln three dlmensmns The renderlng oonslsts ot oonverlmg the
geometnc primmves into a two dlmenslonal array of plxels vsewed on lhe rastor
dnsplay 30 In the presenlly preferred embodlment the data pomls stored wlthm -
20 'lhe ongmal data lmage memory 40 are used as the dlsplay prlmltlve The pomts
| -are rendered by the graphlee CPU 20 based upon the pamoular rendenng . | u
| algonthms stored wnhm the program memory 35 (Se.e,. Levoy. 'The Use of B |
Points as a Display anltlve The Umversity of North Carol'na Computer :
o Scrence Department. and Bergman 'Image Rendenng by Adaptlve _
25 . Rel"mement" ACM Suggraph Proceedmgs. August 18-22 1986 y
. the embodlment ol Flgure 1, graphlcs CPU 20 exedutes a
rendenng algomhm and reads the ongmal rmage dala slored in the memory 40.
_ 'Graphics CPU 20 ls provrded \mth the Xy and z ooordmate mfon'natlon :
. oorrespondmg to a vnewpolnt lo wew the objeot on dlsplay 30 lhrough host CPU .
30 | 1D. As shown, lhe system meludes a display bufler A and a dlsplay butfer B.
The use of two altemately wrmen dnsplay buffers perrnlts the present invention to



transmtted to display 30. It will be appreciated by one skilled in the
art, :that a significant time | apse exists between the display of objects
r ende ed in the displaybuffer A and 5 the display of the updated object
witt into display buffer B. For exanpta by requiring that all visible
data be rendered in the display buffers prior to the object being

di spl.ayed, any nodifications to the object which would subsequently be

reflected in the mmwoapbmnwt iwhichriswell known! rditherary Deubile bnlferingct)elmﬂﬁ
the conplete renderln of the object disposed.in the nmenp

and. d Blay e
currently 10 beithRy Qpééla AR CT8REeM wste) *hﬁ qbjecy WG@PPY?G"Q%FH%‘J@P@Y

t | nt ti
vi ewsoi nt eLZEehvéﬁH“Q@‘qﬁﬁﬁ?%ﬁéﬁ%#@“‘r@%‘%f Bleplayih, Whib'tfe HRRNATATLD 8 |
25. and vi ews theendvmgt(wdu@imagecuam ihtogfo? BRaMple\dispi@obutier iA) darpdomprising | t

has been suggested by Levoy in The Use of Points as a Display 15 -

Priniitive tha danpbiestprevigusly tenderedjiedisplay buffaciBiis EM‘qQFlltﬁr‘ 9 gisplay®®: i ng

el Sp! By T 5 oo ASEREIRU, AL RGeS SetbepiB 5 of e Ry bERER e
inpression of th@p@&b&%th(ﬂhﬁb@je&lda%mueﬂ@ Sthér dispiay aumieaéawymrag |§y ng
the object are displayed, the object appears to "sparkle" in until 100% of

the po: n{_s con?rlcgbmgy 20d nsror:?(mmsp;:nd ohdb?%bpbn%fgftrﬁlmwemaﬁo _controél:_ed t
mani pul ation o eV| 8"& Pﬁcanlﬂgﬂ e jnputte x!ﬂn zbc&(}rlnae
fromthe input d "lg) %‘F'@W \ !—iﬂl?éh F’ﬂ&@ SPiay, by '

diate t '
oIt bei ng Penghd Biess oia SR e b8l sbiecidl hiale f MeGbplad 30 upol TOV
25 Alrtdsipldhalmmyl stgnat&pmtgthbbicsieﬂﬂra(bed a system based on the

randomi zati on and di splay of points, he did not nBeerrent hi sﬁaléstemto
achi eve the interactive i rﬁf@ﬁ"‘?ﬁﬁﬁﬁ%%we‘ﬁmﬂ,‘@ A%iigioke digplayest by they e

Py em deser| DegHNS P SRE b LR 8 R N Bt e
only fully 30 gaiiemeition tonfithdiusiel Mpatddvice: 25:thrsigh thHe A6stTRU fTOP'Wf\htht he
vi ewpoint by altering the
: 15 corresponds to a particular viewpoint (angle) relative to the user from which the
cube 45 is to be displayed. Graphics CPU 20, in accordance with a rendering
algorithm stored in program memory 35, reads the original object data for cube 45
‘from the original data image memory 40. The graphics CPU 20 then “renders"” the
-cube 45 in accordance with the rendering algorithm and writes data
20 representative of the cube 45 for the selected viewpoint into display buffer A. In
the presently preferred embodiment, both display buffer A and display buffer B
compnsa bit-mapped memonas. in which there is a one to one corraspondance
with the plxels comprising the raster display 30 and the storage locations in each
display buffer. Since bit-mapped memories in conjunction with display systems
25 are well known in the art, this Specification will not describe the operation of the
bit-mapped memories in any further detail. Once the image of cube 45 has been
réndered ahd written into the display buffer memory A as described below,
graphics CPU 20 issues appropriate control signais td the multiplexor S0 such
| that the data now stored within the display buffer A is read by the displéy 30 and
30 the cube 45 is displayed, as shown in Figure 1. If the displayed object is to be
| modified, 'graphics CPU 20 then fenders (writes) the updated object data into the



"i-12- inputted xy and z coordinate. As the points are rendered, they are
switten into the single display buffer .and i medi ately di splayed. In
;accordance with the teachings of the present invention, and referring naw._
:to Figures 1,2 and 3, data defining.an object to be di spl ayed 5 (such @f
‘cube 45 in Fi gures 1 and 3) is storedltr menory 40. In the presently
:preferred enmbodi ment, graphics CPU 20 may render 225,000 points-per second
“the renderi ng bei n control |l ed by rendering al gorithm.stored w t-hin the

‘pr ogr am men@isplay-putter Bl‘i"l"l?ﬁ'%lﬂééu"ﬁf A Iscbeing, fpaghtan the slisplay,Gircuity ang aphi cs
_CPU 20 rege 0) coordinates fromthe user input device 25 -
defining a h%ﬁ%@g&m&?iﬁpﬁg%t he object to be displayed. G aphics CPU 20

.previousl y randoni zed wiflibetapprétiztéd by ond sKildd i the art] fhat & Rignifithnt KMe0)
vi ewpoi nt,--into the display buffer currently not . bel ng displ ayed (for

exanpl e di s!ﬂh§9 exists betwapn thmdtarzlemﬁebieds\rrmderedim the sispiayufier ktrad pr gsenf |
hen wr i Bt ofha SR AEWR3HegRGH st Wee i Ssppy Bugpfhc £8 ‘é'p?ﬁrﬁelr B0, The
percent age Ni r?ﬁaﬁﬂfﬁ&bﬁ%ﬂé?e??%?edﬁ%@@%ﬁl&xfﬁ%&ﬁﬁg eI ect e?dl gat eed

m ni mum per ceht of the objec wittenl spl ay
‘buffer. Ref bengrd;piayedheny Imodifications tofthEiogjedtawﬂtchthJidieubsemeM)ebcorrpr| si ng

th bj ect t f nd t d - Th
oot Tt eheRfoctin 158 Be disploved bifer mompn Waikd ohki 55 dsRiaved g ke | mage
be 20 d ' :
Vi ewpoi nt, Eiﬁé'f?;ﬁinggtf%iﬂi fbiaf o o dtoc @Séigf‘é‘?g?@gvfﬁ“ﬁ“&er to

- view Once béiagisptayedd Adsprdingly,dhisaiifficull topachisve a rue interactive imagehe -

-nondi spl ayed buffer raphi ¢s CPU 20 displ ays -the contents of the =
previ ous! y @ l!fll?"f"@f‘ th usersolasts 8 viewpping hrssd aPKyARd Hien -

device 261 étfh@gt% Biod by SOLEArIRNG Yo 28, il {6 ho PR S, "L o
provided a dieplayed ﬁpmefbhbﬁéﬁweWﬁdint hﬁ@ﬂfﬂﬁe a new vi ewpoi nt- f or the object,
-t hen graph| ¢s-CPU 20 continues rendering the - N
~ lthas been suggested by Levoy in "The Use of Points as a Dlsplay. '
is ' anrtwe that data eomprising the object be randomized pnor 1o rendenng them _
in the display bufter ‘Points eomprismg the object are then rendered and _
displayed ina random order. thereby glving the user an immediate impression of
the ob]ect on the dnspiay ‘As the remaimng polnts eomprising the object are
drsplayed the objeet appears to "sparkle” in until 100% of the pornts eompnsing
| 20 inthe object have been rendered Any mampulation of the vrewpornt (by
| '_ ehangmg the inputted x.y and z ooordinate trom the input devnce 25), and N u
' thereby the wewpoint resuits in the immedrate terminatron of the rendenng of the.
current object and the new points berng rendered in the dispiay butfer based on
the updated viewpornt " . '
25 ' Aithough Levoy conceptueily desenbed a system based onthe
| .randomization and drspiay of points. he did not implement his system to achieve
the interectrve image synthesrs which he envisnoned Moreover. the system :
. described by Levoy does not relate to a double buftered system. but rather a
' smgle buitered image generation system in which the ebject is only fully |

30 'generated end drspiayed |t the user does not modity the viewpoint by attenng the



renalnlng percentage of the p0|nts I n the currently di spl ayed buffer until
100%:o0f the points conprising the object are rendered, or the user inputs a
new x;y 30 coordinate. As shown In Figure 2, once t he predet erm ned (N)

percéhtage of  points have been rendered, any change in the xy viewpoint by

t he user -13 - intérrupts the renderlng' 6cess and results in the
graphircs CPU writing new obJ-ect data into the alternate nondispl ayed buffer
based on the updajnpgited ‘?’I%U mo\‘ﬂlﬁ&&ehsthi 881:1&5% r@ﬁ&?etf'%em&ﬁhéﬂﬁto
V|ewp0|nt thenthe obj ec Il be fully rendered appear to

"sparkle onto thethmsslpglqydnsatathepanmtremametew displayaden into the di spl ayed

frame buffer inarandomo der. Referr, OW.} 0 ures 3 .gn
operation of the present %?'ihqﬁﬁé?%@a %A%%prﬁé?@r'@fﬁf@"f'oa'?%

exampl es. In Fi gufﬁaﬁnggag%?ﬁphﬁeswﬁ% '@Ynﬁﬁ%ﬁ)gﬁ ) b it

initially at |ocation ure 3 els
nondi‘spl ayed d§ sp{sagh asichbe 48mmﬂgurés ddnd a)ais stdred in memory40.y dr thei ;srehérﬂlyon
dISp| ay 30), and the p0| nts are witten into the buffer menory in a random

order. At positi oprelesred embadimant,gapbics GRU,20 may readar225. QQQ)P%tstPRés?RﬂnHt s

e anhi s 2pU 20 e sl el Ghntfoéd B olrBdbring B SR GWTIRE plogeam
Chen the entire cmbmons3sii Aplilustrateddn teciuw charPsiFIgur2, grpiicsiCPuL2el appear

to 15 "sparkle onto the display as the renaining points are displayed in
random or der. Hovf@¢gives initial m)lﬁ"ﬁ"lﬁﬁ%f@m the “F?Fe'"ﬂ%‘é?e"m&sf Q!'g‘

i ons per smeld | ol hRBeEE o8/ ahA8yall alebiicticihu 26 oPIARY wERHRS
the {pitial xy copgiftswdiich maslemhenmﬁﬁ! (%G.y G Vibwisoime Bitd) the display bifercube
45 in the currently nondi sgma yed 20 buffer, as shown synbolically at

position 112 of W@Ot iog disgleyad (for ammﬂem-wwmupm@gwm
e P Tt il b P OB e ol S e
'3 points rendered are then written into the nondasplayed buﬁer A by graphics CPU
| 15 20. -The percentage N of the total points to be rendered represents a guaranteed
minimum percentage of the object to be written into the selected display buffer.
Referring to the flow chart of Figure 2, the data points comprising
the object to be displayed are first randomized prior to rendering. The
requirement that a selected percentage of the points comprising the image be
20 rendered guarantees that prior to a modification of a (x,y) viewpoint, N
. percentage of the object will be generated fof the user to view. Once the
selected (N) percentage of points is rendered in the nondisplayed buffer,
graphieé CPU 20 displays the contents of the previously nondisplayed buffer on
, display 30. Graphics CPU 20 then determines if the current x,y coordinates
25 provided by the user input device 25 is the same as the previous xg,yo
coordinate. If the user has not provided a new x,y coordinate, and therefore a-
new viewpoint for the object, then graphics CPU 20 continues rendering the
remaining percentage of the points in the currently displayed buffer untili 100% of
the points comprising the object are rendered, or the user inputs a new x.y
30 coordinate. As shown in Figure 2, once the predetermined (N) percentage of
points have been rendered, any change in the x,y viewpoint by the user



graphics CPU 20 displays the imge on display 30. If the user does not
input a new viewpoint [err] then the object based on position [err]
continues to be 25 rendered and will "sparkle" on the display as:shown by
position 116. A nodification to the viewpoint [err] results in the objedje

-

. being rendered based on the new vi ewpoini3(shown at position 118) until the

predet erni ned percentage of points has been rendered in the nondispl ayed
‘buffer (120), Referrin ow to Fiqure 4, the innge, of airecraft is

' st r st od INSTSHSES (e BRORTG RiaFess Andsubytieln g1e Baphes CEM RIS Agv. ne
guarant eed t g,Ud%g b3k Bltfd blase LiqW | | be
appreci at ed, B?jﬁat yﬁns!ghél)ﬂg?{'ﬂgmna-gq%?é%ercerﬁag?g&ésg{“%}g%drdg%\? eed points
suf fi ci ent | yviewpoint.nHowever, fayusstl tiegs natangdify'the viewpoint thenrthe object willng t he

user input device 25, and thereby after the viewoint of the object very -
rapidly. Onchbe fullygenderad,and williappearstossparkie-antg\the displayas the peints,ate | npge

g];)p;?:f 3|s£ %@%%%@%A@Q%eécr |r§*e€p+@¥md$'gsf‘a9i hg dat aAf;O;di(.:g?r{)ﬁ.fe.r

di splay system Althdmmﬁ? Row!tb Rigures3 a6d 3 THie"Epdratigih 'eiife [preseneen
indicated for carrying out the various propedures. described in this
Speci fi cat i oinventiansigrillustrated with teferpage todwpexemplas. | InFigure:-3.ccubp 45He

| anguage which is st _suitable for his | di.a ur poses... | 0] :

o act | o6, "t SRt o7 B ey iRl o cHiay A PeRY e loBafit PRSPk PLen.

i nvention iNcgkh BTeREEN6Y inte b msHlisplyed dispRlyI biffer MmefTdn) (skieh el ®Us ABt ©

obj ect code. Because the conputers and the nonitor systems which nmay be
used in peacysétoisibje ondslispiay 30 andithepoints arsowettan intsr thebuffetimemonting enent s,

no detailed pr | i sgings. h ided. |t i ' d that the; -
Operat Lons. afARIO Ordet, At RSB T At astpdsiedine bircatiads (W) AIihe patr 1 « e
S T1TEo pr oSghBbiphe oty Rave) 6 wileniFiodRE fohdishByéd mefidd, ©t 1LC 1o
:'hi m graphics OPU 20 diSplays cube 45. If the user does not modify the viewpoint

then the entire cube is displayed as shown in boéition 110 and would appear to
15 “sparkie” onto the display as the remaining bointé are displayed in random order.
However, as shown in Figure 3, if the user modifies-_’th_e viewpoint by altaring
the inputted x.y coordinates (in the present example from a perspective to an end
view) then the rendering of cube 45 based on the initial x,y coordinate ceases | |
a_hd 'grapﬁics CPU 20 begins rendering cube 45 in the currently nondisplayed
20 buffer, as shown symbolically at position 112 of Figure 3. Once again, after a
predetermined percentage (N) of the points comprising the object to be displayed - |
is written into the nondisplayed buffer (shown conceptually as bosition 114), o~
graphics CPU 20 displays the image on display 30. If the user does not input
" new viewpoint (xé.ya).'thén the dbiect based on position (x1,y1) continues to be
25  rendered and will “sparkie” on the display as shown by position 116. A
modification to the viewpoint (x2.y2) results in the object being rendered based
on the new vievvpoiht '(shomm at position 118) until the predetermined pefcemage |
of points has been rendered in the nondisplayéd buffer {120).. .
- Referring now to Figure 4, the image of an aircraft is illustrated in
30  which the percentage (N) of points comprising the guaranteed the number of
‘points 1o be rendered is set low. It will be appreciated, that by setting the
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The present invention's unique apparatus and nethods pernit rapid display
and update of three dinensional inmages on a display screen. Wile the 20
preserit invention has been particularly described with reference to Figures
1- 434t shoul d be understood that the Figures are for illustration only
and shoul d not be taken as limtations ypgp.the invention. For exanple,

al t hough the present invention has been described for use with three

di mensi onal inmages, the inventi-on is also applicable.for use In displaying
two dinensional inmages. In 25 addition, it is clear that the nmethod and
appar at us of the peecentage of\gmtamammatsumceytly lovatnp uqqnlmayanlte@memomem

hi b h
Purther cont enpl afedl tifeptizina he fasroed detion a6, and fefehy &Rkt {isiviewnaint of e
one of or di nary Slgbjdet vy it ‘Oncl & BEsifeaRaBr 6 sblbEIBY by Ine Gerewdlul he

i nventi on as disclo -15- CLA A conput er displ ay
system said systMagmofmdlallgraﬁﬂllspampdmtmwspl&yyl ng an Obj ect, wherein

said object conprises a plurality mtives ai.d coupl ed
to a central pPocessor (crAgeordingly WW%F"Q}IF?HTQS’? '@9’ e g d@ﬁ%?qaél b (a)
nmenory neans coupl t cof said
plurality of pri mfs% %i@%#ﬁﬁéﬁgﬁﬁwggﬁiﬁbé ugﬁ%r%&ﬁdﬁnaeans

coupl ed to said Ciebgramminglanguags lsagwdtsindumdabnwrymg gut the yarowsr di nat e
on said display, said x,y coordi nate correspondi ng vi ewpoi nt such_t hat
sai d obj ect appear@ﬁqgufﬁ,s ‘FQ?P&@%‘“dh‘ss?meé'fﬁatQﬂl- awsaéow eagigulgg compidar willpe

accordance with s aa'u%re of the language which is most suitable for his immediate purposes. In

\J 10 practice, it has proven useful to substantially implement the prasent invention in
|  an Assembly language which provides a machine exacutable object code.
Because the oompuiers and the monitor systems which may be used in
practicing the instant invention consist of many diverse elements, no detailed
program lisiings have been provided. It is considered that the operations and
15 other procedures described above and illustrated in the accompanying drawings
~ are sutficiently disclosed to permit one of ordinary skill to practice the instant
invention or so much of it as is of use to him. |
The present invention's unique apparatus and methods permit rapid
display and update of three dimensional images on a display screen. While the
20 _ present invention has been particularly described with reference 1o Figures 1-
- 4, it should be understood that the Figures are for iliustration only and should not
be taken as limitations upon the invention. For example, although the present
invention has been described for use with three dimensional images, the
invention is also applicable for use in displaying two dimensional images. In
25 addition, it is clear that the method and apparatus of the present invention has
. utility in any application where graphics are to be displayed on a CRT or other
&isplay device. It is further contemplated that many changes and modifications
may be made, by one of ordinary skill in the art, without departing from the

scope of the invention as disclosed above.
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at e; kg neans for displaying those ef sejd prinitives_:
“l “i U!ﬂser froma first viewpoint, sai d rendering
. N term ned percentage (N of said total .,

mtives on said display for s first viewpoint correspondlqgf

Xy coordi nate val ue provi ded “sai d input means; (d) sensi ng

means coupled to said CPU for sensing, once said N percentage of
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di spl ay conf@iisplay sys§andcgmmpnseagcpu sai d rendering neans mmltlng dat a

represent at
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claim 3. vvhg\éan TepyeR Htgﬁllgﬁl a?gd f4d e P}

CPU provi di

ive of sz ‘ﬂé%nboc% 'e%PE@’%‘ii'd’(.‘iﬁ?f@‘r

bei ng di s

Ogmprisgnqlshddsahgect,
" (b) user input means coupled ‘to said CPU for

fers

he di spla systen1as deflned by
%gaﬂgﬁﬂafﬂa EF vEj’rﬁhphlcs

providing signals indicative of an x,y coordinate on

said display, said x,y coordinate corresp_onding to a _'
viewpoint such that said object appears to be rotated on

said display as viewed by a user in accordance with said“f

,y coordinate,

(c) rendering means for displaying those of said'_

primitives which are visible to said user from a first
viewpoint, said rendering means displaying ‘a
predetermined percentage (N) of said total  visible

primitives on said display for said first viewpoint_ |

corresponding to a first x,y coordinate value provided
by said input means; _ :

(d) sensing means coupled to said CPU for
sensing, - once said N percentage: of _visible_ primitives

- have been displayed, if a current x,y'coordinate'differ '

from said first X, ¥ coordinate value - said rendering

means continuing to display primitives corresponding to
said object at said first X,¥ coordinate until 100% of

said visible primitives are displayed or said current
%X,y coordinate differs from said first x,y coordinate.

o
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mul ti pl exor means, said data in said non-displayed buffer being read and 15
di spl ayed only after said N percentage of visible primtives conprising

sai d obj ect have been rendered In said non-displ ayed buffer. 5. The

di spl’a:y system as defi wherein said rendering 20 nmeans
continues witing sai Mm“m mmm‘zml tive of said visible prinmtives in
sai d di splayed buffer until !l.OOl%Of gaid visjble primtives are displayed
or said current X,y .coordi nate provided by s g user input neans differs
fromsaid first x,y coordi nate. 25 6. The di splay system as
defined by claim 5 wher @ n i §hedisplaf S siéih las HétiRdP V‘félﬁﬁﬂ? v dréiRsaid ¢pYn sai d
first xy coordinate, said renderi.ng neans ceases Iting said data into
said currently di smmmﬁebﬁﬂmphlmwmgpmewﬂgumg data corresponding to
said visible primtives for said current viewioint into said buffer not
currently being displayed. 30 -17- 7. The display - system as
defined by claim 1, wherein said prinmtives conprise points. 8. The
display system as defined by claim4, wherein said user input neans
further provides signal 8.i ndTbadrsplay aistemasdebneﬂ hyiclarm 2, forther iabluling fishand
that said object appears ated on said I spla

to
accordance with sai&fcRng dﬁﬁ@’?“@ﬁ@r@f‘ﬂ‘&?@ sgjd rendering w@ana@ﬁ){%ywﬂwgm as
defined by claim d
ot &' repr osent at | vemoaps Sl oSS baaY Bo LR daid GHABEY Py bl et
buffer .until 100% oheans writingsddia eepresentative obsaid prihitives ty/baldisplaged i onerof said

X,Yy, z coordinate provided
butfers not currently being displayed.

\-/_ 10

4.  The display system as defined by claim 3, wherein said non-
displayed buffer is displayed by said graphics CPU prbviding a signal to said
multiplexor means, said data in said non-displayed buffer being read and

15 displayed only after said N percentage of visible primitives comprising said
objer:! have been rendered in said non-displayed buffer. |

5.  The display system as defined by claim 4, wherein said rendering
20 means continues .writing said data représentative of said visible primitives in said
- displayed buffer until 100% of said visible primitives are displayed or said current

X,y coordinate provided by said user input means differs from said

first x,y coordinate.

25 6.  The display system as defined by claim 5, wherein if said current
Xy coordmate differs from said first x,y coordmate, said rendering means ceases
writing said data into said currently displayed butfer and begins writing data
cormresponding to said visible primitives for said current viewpoint into said butfer
not currently being di_spl_ayed.

30



by said user input neans diffe fromsaid first x, y z coordinate. 10.
The display——sysrewr“_—ﬂagfrﬁzd by claim 9, mhereln If said current:
Xy, z coordi nate “ﬁld first x,y,z coordinate, said rendering - =2
nmeans ceases ﬁ“& mi\m into said currently displayed buffer and wf
begi ns wwiting correespgonding to said visible primtives for said

current viewpoint into said buffer not currently being displayed. 11.

The display system as defined by el@arm 6, further including a host .

CPU coupl ed between said user input means and said graphics CPU for:

provi di ng sald X,y coordinates from said user _input neans to sai d graphics
CPU. 12. 7. The dlngayd§§E%éH1a§Y§EFPneﬁsbyd§f&Pﬁﬂ11wahSﬂéﬁﬁ s&rd user

i nput m%‘an&m‘@ﬁainsealanpeiﬂstmachBﬁpﬁsse poifds.13. In a conputer
display system said systemincluding a display for displaying an

obj ect, wherein said object conprises a plurality of display primtives,
sai d di spl a8. coupl eTtheo diepmayalspsbenssasg definedPUby aadainid4cohputer
di spl ay sy t g dydi I or.
storing daiﬁ%pﬁseﬁti {H?p@E %ngel ura g¥ ﬁPo?Pdé“ m ?Rg%é '
conpri sing snﬂucab}uetofsaua 6999@%@3t6|§pl 9i§y 6n1$9¢bh§hatnsaudlng user

i nput nean3039aeteda§9e§§sd €8U be rotated on said display in
accordance with said X,y and z coordznate. -

9. The display system es: defined _by claim 8,
wherein said rendering means continues writing said_data_. '\‘)
representative of said visible primitives in said '
displayed buffer until 100% of said visible primiti?es -

are displayed or said current x,y,z coordinate provided

by said user input means differs from said first x,y,

. coordinate. ' '

10. ' The ‘display system as defined by claim 9,
wherein if said current x,y,z coordinate differs from
said first x,y,z coordinate, said rendering means ceases
writing said data into said currently dlsplayed buffer’
- and beglns writing data corresponding to said visible -
pr;mitives for said current viewpoint into said buffer _
not currently being displayed. R -

11.  The display system as defined by claim 6,
further 1nc1uding a host CPU eoupled between said user
input means and said graphics CPU for providing said x,y"
coordinates from said user input means to said graphics
CPU.

12, The display system as defined by . claim 11,
vherein said user input means comprises an electronic
mouse.
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for providing signals indicaLLMﬁ_Qi_ZLX_EQQLg%Q?tes on sai
met hod for displaying said data, conprising steps of:-
displaying a predeterm ned said total

pri mtT ves on said display at”*ﬂnmmnmmlwmlespondi ng to

identified by a first x,y coordifiatk val we provi ded by sai
nmeans; (b) nonitoring said user input neans to provide a c
coordinate; and (c) conparing said current X,y coordinate
user input nmeans with said first x,y coordﬁ}ﬁﬁea after said
primtives have been displayed, if said current xy coordin

d display, a

(a) said CPU

vi si bl e

a first viewpoint

d user input

urrent X,y

provi ded by said
N per cent age of

ate provided by

sai d user inp neans ual s sal LLrst or g salf: ye |
primtives fo?’t:’s'ai d filﬁ’gt aé(,.yégigglrlglé%at g)iﬁgﬂlﬁg di-splayéd ?r#gic* g*%gﬂsai d
prinmtives ardnfilgidineda display sfen displeaving anoohieste whereinfirom

sai d Tirst X, vaepidh e cofi $&b) £ PR thy e a1 S1dy

first x,y coordinate val ue and di spl ayl ng sai d predetermn

of said prini Sakk HFPIAY KRLEA & A Fertral BRAREIRLND

ipeihyepvée) said
ed percentage (N

My (PPnt X,y

coordinate valayd said 9-cdfputeihe dispgy asytienedtiytivdri niddSludinmgher
including first and second |%Rigydpuffers i&“péﬁg tg sai d. CPU and.t
MBFROTYn FE R g coupled to- sa of = storing data

mul ti pl exor
representative of said plurality of

primitives

comprising said object, said computer display system

further including user input means coupled

to said CpU

for providing signals indicative of x,y coordinates on

N ' said display, a method for displaying
comprising the steps of: '

said data,

(a) said CPU displaying a predetermined
percentage (N) of said total visible primitives on said
display at a position corresponding to a first viewpoint

identified by a first x,y coordinate value
said user input means;

provided by

(b) monitoring said user input means to provide

a current x,y coordinate; and
(c) comparing said current x,y

coordinate

provided by said user input means with said first x,y
coordinate after said N percentage of primitives have

L been displayed,

if said current x,y coordinate provided by said
user input means equals said first x,y coordinate, said
remaining_primitives for said first x,y coordinate being
displayed until all of said primitives are displayed,

_ else if said current x,y coordinate differs
from said first x,y coordinate, said CPU céasing
display, of primitives for said first x,y coordinate
value and displaying said predetermined percentage (N)
of said primitives for a second . viewpoint corresponding

to said current x,y coordinate value.
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by said CPU and-ceupled—to—sai-d—di spl ay, sai d CPU vvr|t| ng data
representative of said s to be displayed in one of said buffers
not currently gi“mgwlimwiﬂi’ 5 The net hod as defined by clai m:14, S
wherein said n i s displayed by said CPU providing a H S
- signal to said multiplexor rreans sel% data in said non displayed buf f er’
being read and dis Iayed only after said N percentage of visible primtives:

conpri sing said obféct Thevmethedas definedihyctiaim 13 futthedincliding! fustamdbut f er | 16.

Gata repr asonEREriLaSpRY ity Bodrled GG EPLCRG o matiicy %:@%%Sfﬁ”at%a?efa' ‘
until all of episdid/CPUMM dRipeltd ¥48 cisply dkﬁ&bﬂ?ﬂnﬁﬁ/géﬁh‘i'eﬁr&ﬁ a>6Y )

coordinate differs fromsaid first x,y coordi nate The 'net ho

defi ned by cl aamammménehermsmedmpmw sefid pulfers novegrently being current ly

di spl ayed buff Ider ce?es I f said current x,y coordinate differs fromsaid
first x,y coo said CPU t hen wrltlng data corresponding -to VISIb|e :
primtives for said current x,y coordinate into the display buffer not
currently belng di spl aye

said systemi ncl udﬂfg %Pﬁﬁﬂggﬂ ﬁ)germegngﬂq'ﬂg“aﬂ’?‘g%‘ég%dmg;&q@yggsySt em o

O et ol " occouferih Biplebby e ) BovRing LpHlo 558 iRy feshp Al ©
i n¢l udi ng nmenor yamarsandcnnrpdhmlayad Medbﬂﬁyréadamwsplaydjmmaﬂmmmt ative

of said luralit mtjves risin obj.ect i-d. comput er. .
di spl ay syst gm Pﬁf‘@ﬁéﬁei%(‘,’i H"Qf"ﬁfg%?“? in 3 le "QJCPSPB 'E%f? P

said non-dlsplayed buffer. .
v

16.. The method as deﬁned by cla:m 15, wherein said CcPU contmues
wntmg said data reprasentatwe of said visible primitives in sald dlsplayed buffer
until all of said visible primitives are dnsplayed or said current X,y coordinate

differs from said first x,y coordinate.

17. The method as de!med by claim 16 wherem the dnsplay of
' pnmmves in said currently displayed buffer ceases if sa:d current Xy ooordmate
differs from said first x,y coordinate, said CPU then writing data correspondmg_ to \J
'_visibla' prim’itive# for sé_id current x,y coordinate into the display butier not
~ currently being .displaye,d. | '



for providing signals indicative of Xx,y, z coordinates on said- di splay, a
met hod for displ rising the steps of: (a) said CPU

di splaying +a pr ned ercent age (N) of said total visible

~ pribtives on sai iﬂ“? l S|t|on corresponding to a first viewpoint
identified by a f nate val ue provided by said user input '
means; (b) nonitoring sal d user anut nmeans to provide a current X,y,z

~ coordinate; and (c) conparing said curTe®t x,y,z: coordinate prOVIded

by said user input neans with said first x,y,z coordi nate after said N
percentage of_ primtiyves have bee di ed, if ald curygent Xx,y,z
coordi nate pro¥i ded b%lpsan FEPY ma%quﬁff? S dq‘q"rit §y§¥§m
coordi nate, sinacludimgniangdpsphayi \m'fddspaayting yarr obJedithavhebeiing

di spl ayed. unt P urrent
X, Y,z coordi A4I@GA }?fée?ésa#gmo# sa|% %eél@glﬂi $§ gs%g%zep%iémgeﬁ:gﬁgéeam ng
di splay of prsaddidisplay compledree %, %ﬂmbrﬂrmssmmahd(ﬂf’ﬁbbayl ng
sai d predet erffqleds pey Cu”ﬂ%&éﬁ‘) alsgihy PE yStéh Cful e SEROTHAYHEPO! Nt

corresponding to sald f/ coordi nat e val ue.
memory means coupled to said CPU for storing data

representative of said plurality of primitives
comprising said object, said computer display system
further including user input means coupled to said CPU
for providing signals indicative of x,y,z coordinates on

.\/' said display, a method for displaying said data,
comprising the steps of:

(a) sa;d CPU d1sp1ay1ng a predetermined
pércentage (N) of said total visible primitives on said
display at a position corresponding to a first viewpoint
identified by a first x,y,2z coordinate value provided by
said user input means;

(b) mbnitoring said user input means to provide

a current x,y,2z coordinate; and

(c) comparing said current x,y,2 coordinate
provided by said user input means with said first :k,y,z
coordinate after said N percentage of primitives have
been displayed, :

o/ if said current x,y,z coordinate provided by
said user input means equals said first x,y,z
coordinate, said remaining primitives for said x,y,z
coordinate béing displayed until all of said primitives
are displayed,

else if said current x,y,z coordinate differs
from said first x,y,z coordinate, said CPU ceasing
display of primitives for said first x,y,2 coordinate
value and displaying said predetermined percentage (N)
of said primitives for a second viewpoint corresponding
to said current x,y,2z coordinate value.




