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image intended for rasterised display, each said outline comprising at least one object
fragment and a corresponding priority level; sorting means for sorting said object
fragments into a rasterisation sequence corresponding to each display line of a raster
format; reading means for reading said sequence in real-time and calculating object
edges, each having one of said priority levels, in each said display line; and priority
means for assigning pixel data values within each said display line based upon the
priority level of said object edges, said pixel data values being output from said
processor for rasterised display.

According to still another aspect of the present invention there is provided an
object based graphics processor comprising: input means for receiving object outlines of
an image intended for rasterised display, each said outline comprising at least one object
fragment and a corresponding priority level; sorting means for sorting said object
fragntents into a rasterisation sequence corresponding to a scan line in a raster format for

GTUARRER

*ACTION*




fragnent and a corresponding priority level; sorting neans for sorting said
object, fragnents-into a rasterisation sequence corresponding to a scan
line in a raster format for *ACTION* -2- rasterised display; storing nmeans
having a first storage area and a second storage area connected to said
sorting neans and adapted to store said rasterisation sequence in one of
sai d storage areas, reading neans connected to said storing neans for
reading a previously stored rasterisation sequence in real-tine and

cal cul ati ng obj ect edges, each having one of said priority levels, in a
respective scan line; and priority neansgfor assigning pixel data val ues
wi thin each said scan line based upon the priority | evel of said obj ect
edges, said i xel data val ues bei out put fr
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fragment and a corresponding priority level; sorting said object fragments into a

rasterisation sequence corresponding to each display line of a raster format; for each said

display line, reading said sequence and calculating object edges in real-time without the

use of an image store, each of said object edges having one of said priority levels; and

assigning pixel data values within each said display line based upon the priority level of

said object edges, said pixel data values being output for rasterised display.

According to still another aspect of the present invention there is provided a
method for the real-time rendering of object based graphics images for rasterised

display, said method comprising the steps: receiving object outlines of an image
intended for rasterised display, each said outline comprising at least one object fragment
and a corresponding priority level; sorting said object fragments into a rasterisation
sequence corresponding to a scan line in a raster format for rasterised display; storing



intended for rasterised display, each said outline conprising at |east one
obj ect fragnent and a corresponding priority level; sorting said object
fragnents into a rasterisation sequence corresponding to a scan line in a
raster format for rasterised display; storing - - 3 said rasterisation
sequence in one of at |least two storage areas, reading a previously stored
rasteri sation sequence fromone of said storage areas in real-tinme and
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The host processor 2 is configured in a manner corresponding to prior art object
based graphics systems to generate image data on the basis of object graphics either input
or selected by a user. A object list can be formed comprising a series of objects and
stored in the memory 3 prior to image generation and display. The object graphics are
formed as a mathematical representation of the outline of geontetric objects which
comprise the



In this specification the term"real-tine" refers to the ability of the
processor 4 to create pixel inmage data rate in synchronisation with the
display 7. If the display 7 is a video display, the data rate is
accordingly approxi mtely 25 franes per second. Alternatively, if the
display 7 is a colour printer, which is configured for slow printing, the
data generation rate of the processor 4 can be significantly reduced. In
the preferred enbodi nent a pixel data-rate of 13.5MBytes per second is
used which permts 25 interlaced frames per second to be displayed for
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performing equivelent manipulation on dats in pixel form.

The RTO processor 4 manipulates object fragments (OFs) of the curve outline of an
object, rather than entire objects because such fragments are generally represented by much
smaller and less complicated mathematical expressions. Accordingly, because of their
smaller size and lower level of complexity, each object fragment can be processed more
quickly and with greater case. This assists in providing real-time operation.

The graphic objects can be provided in any known format such as Bezier splines
which are generally cubic polynomials, and then divided into smaller object fragments
which can be readily processed.

Alternatively, the objects can be expressed as quadratic polynomial fragments
(QPFs) which are simpler in structure thax fragmenys formed from Bezier splines and
therefors much easier to process. Accordingly, QPFs are easier to integrate using current -




(Attorney Ref: (RTO O (203161)) entitled "Object Based G aphics Using
Quadratic Polynom al Fragnments" claimng priority from Australian Patent
Application No. PL2150 of 29 April, 1992 and the disclosure of which is
her eby incorporated by cross-reference. Furthernore, it is possible to
convert Bezier splines into QPF formats and this is disclosed in
Australian Patent Application No 38239/93% (Attorney Ref: (RTO9)(203174))
entitled "Bezier Spline to Quadratic Polynom al Fragnent Conversion”
claimng prigki fy i i i . Apri |
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stored in the ne he |. or “egc Ine s sorted 18 in order
ipdicated at (15) is to iteratively recalculate the values 1n an object fragment which start

of pixel val
before the first line of the display, to yield an object fragment starting on the first line of the

display. Finally, the pre-processing pipeline 12 is completed by a step (16) which applies a
correction to the object fragment if rendering of the resultant image is to be interlaced such as
ona VDU.

As the data exits the pre-praocessing pipeline 12, the object fragments are stored in the
memory 35 as a series of linked lists, one for each line of the resultant image.

A detailed discussion of the structure and operation of the pre-processing pipeline

12 can be obtained from Australian Patent Application No 38250/93 (Attorney Ref:
(RTO2)(202826)) entitled “A Pre-processing Pipeline for RTO Graphic Systems”, claiming



preparation for rendering. I'n video appllcatlons i mge preparation of the
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cl ai m ng pbu@gdn@pnf)f@mnﬁgégéra@nt an Patent Application PL2148 of 29 Aprl I
1992 and the di szc

a?culllatmg?he values of the OF intersections for the next line, or discarding OF’s
which terminate on the next line; and

3. merging the re-calculated OF into the linked list of OF’s starting on the next line.

Rendering and re-calculation has the highest priority on the bus 23, but the bus 23

is freed for storage and sorting access whenever the pixel FIFO 20 is filled, or all of the OF’s
for the current line have been processed.

Data is sequenced out of the pixel FIFO 20, which is sixteen words deep, under the
control of a pixel counter, which resides in the fill calculation block 21, and which is
incremented by each pixel clock cycle, derived from the display 7. The fill calculation 21

resolves the priority levels of the objects in the display, and outputs the highest visible level



whi ch and t he equival ent European application is hereby incorporated by
cross-reference. A detailed discussion of the structure and operation of
the effects block 22 can be obtained from Australian Patent Application No
3 8242/93 (Attorney Ref: (RTO 13)(202800)) entitled "Method and Apparat us
for Providing Transparency in an Cbject Based Rasterised |mage", claimng
priority from Australian Patent Applicatifn PL2153 of 29 April 1992 and

t he di sclosure of which is hereby incorpofated by cross-reference. Turning
nowto Fig. 3, the internal structure of the processor 4 is shown which
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and effects, uni FELU) 27.  The majority of 't processo i's cl ocked
at the host ‘B?%E‘é%sg‘ffﬂ ?héqz’d&kereﬁyrlé 54 bygaassrgieregcels Mz where an | NTEL
i 960SA processor Tursingsed)to FIENB, texinepial aruciuse ofttheprbdeko? 4 is shbwve whice ¢l ocked
at the pixel; gl . Caontral .and st at.us ignals to
and fromt helmglllﬁﬁgpaefrclgﬁg# F Qg?lgéké%?s? éﬁy a%réesPoen-r&sn E%Wreéﬂ?@ﬁf' lgg.opﬁ%%n cross the
boundary bet weefropfigurationerd pegiobeishe RED arasesserst iseehigved by rradingend eriingns vi a

the PIXEL FliftenaGontrd¥) Q&8s ifiacior AONE) Wighsk@$3 18 1Reraf YOS MABRUSEs bintdlideg SRECT

to each ot hers%n. lEitﬁ_d'{rhet. rel" nme g&eﬁl qn f the,.inmage ren?gfrl ng bl ocks is

synchr oni sed t8'S ASUEFOBELRPS CGRUERE s 5§ Dptq wanster ap e RBgs pf f§atrictly between

synchr oni satthedressprgeeasos 2 @R&thednterBsinedistera At Thie iphoabduid wataduleA

synchr oni satcglgglugggﬁgn%gg%g@i .rﬂ&sﬁﬁ%ﬁﬁ%mﬁ%.i on of operation of the FEU
[

27 to the remainder of the RTO processor st a further
synchr oni sat i on RedtPeregitesohl geasratecpirol gnslolr the date arstessing dlogks. Other
di splay. A sejisi@s, soéh iRk defirfifithe DRGSen?By NEOMIWEnPkEHiBH 110 afPframd he
out puts of tbpa%.kilr:lEg %z.a ??gonchr ondfsrﬂé‘l on.wth the di SBE 7 | s, achi eved
through tapping oi TS IFRE FhifFtPa © YOTONA AR POSEF IR ?%‘n%ﬁ thq PR dateSy ne)
as wel | as iregigerpiAprocesbaydks nRElake) 24 interconnects the buses 32,33,34 and the image fetch
unit 10 to the processor bus 8, thereby permitting the host processor 2 control of the operation
of the RTO processor 4.
The fill calculator 21 and effects unit 22 of Fig. 2 are combined as a single fill and
effects unit (FEU) 27.
The majority of the RTO processor 4 is clocked at the host processor 2 clock
frequency (generally 16 MHz where an INTEL i960SA processor is used). The exception is
the FEU 27, which is clocked at the pixel clock frequency (13.33 MHz). Control and status

signals to and from the fill and effects unit 27 are re-synchronised as they cross the boundary

between the clock regions. Data moves between the two regions via the PIXEL FIFO 20,
whose reads and writes are asynchronous (with respect to each other),



Figs. 4 to 8 illustrate the process of rasterisation for the exanple of
generating an image 40 formed by a background object 41, a character
object of the letter A 42, and rectangul ar object 43, and a circular
object 44. In Fig. 4, the outline information of each of the objects 41-44
Is showmn and this is a series of nunbers which describe each fragnment of
the outline curves, and the priority- |level of each curve fragnent. This
particular data is called the OF data angl €an be for exanple, QPF data. As
seen in Fig. 5 which schematically views into the |ayers of the inmage of
Figs. 4 along &hsirealiimeopemmtidniofthedBage ramiedngjblscksfis waetitoreditp thedisplart s
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fiII nmet ho for 't he generarfi hol’es” i n specific objects, such
as in the IéFFEK A 42. Fig. 7 illustrates how hidden surfaces are renoved.
Some objects ar eF@s@mraadumthwhﬁmﬁMmfm@emmeﬁgm&y | evel .

The step of r { dden by
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pi xel |evel ractangylasobiggtdd, andg o ﬂﬁmﬁ shown in Fig. 8. The operation of
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| PC (i nmage pggp%&t ion conplete) and IRC (image render conplete). Wile
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method allows for the generation of holes in specific objects, such as in the letter A 42.

Fig. 7 illustrates how hidden surfaces are removed. Some objects are obscured by
other objects having a higher priority level. The step of Fig. 7 removes those portions of
objects which are hidden by other objects.

The resultant image is thereafter coloured according to the pixel level and displayed
in the manner shown in Fig. 8. .

The operation of the RTO processor 4 is controlled on a frame-by- frame basis by the
host processor 2, The image rendering and image preparation operations are controlled
sepmtély, by two bits in the CSE 31, IPEn (image preparation enable) and [REn (image

render enable) and two interrupt register bits, IPC (image preparation complete) and IRC
{image render complete). While the RTO processor 4 is oerating, the contents of four



processor 4, and clears the interrupt bit, causing the RTO processor 4 to
resune fetching activity. At the end of the |ast object |ist, indicated by
a | PLast bit in the CSE register 31, the pixel sort is perfornmed before
the interrupt bit is set If image preparation of the next. frane is to
start imedi ately, the host processor 2 wites the start address of the
first list for the next frane, as well as any other register
configurations, and then clear the interrupt bit If image preparation for
the next inmage is not to start |nned|athy, the processor clears the |PEn
bit of the control register 31 before tl®earing the I nterrupt | nmage
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set. image preparation, image rendering for the next frame can be commenced immediately by
clearing the interrupt, or can be delayed by clearing the IREn bit before clearing the

interrupt.

In video applications, when image preparation and image rendering occur
simultaneously, the host processor 2 has to wait unti! both operations have beea completed
before initiating processing for the next frame. Either of the operations may finish before
the other. When the first operation finishes, it must be disabled by clearing the appropriate
enable bit until the other operation is finished. On receiving an interrupt, the host processor
2 can determine whether image preparation and image rendering are active by reading the
CSE register 31. Image preparation is active if any of the bits [FA, PPA or PSA is set while
image rendering activities indicated by the IRA bit



The RTO processor 4 has 32 control, configuration and status registers
whi ch are accessed via the processor bus 8. The registers are each 16 bits
wi de and forma 32 word block in the address space and the host processor
2. Not all bits of all registers are inplenented. Uninplenented bits are
read as zero, whilst reading uninplenented registers wll return undefined
data. The value in the registers will depend on the application in which
the RTO processor 4 is being used. In théOpreferred enbodi ment, the RTO
processor 4 is configured to nanipulate quadratic polynonal fragnents
(QPF' s) descri be‘oila_mn det ail jn Australian Patent Application No 38246/93
(Attorney Ref: PG MPYIHHPTY lm%aegrwrﬁaormnﬂdw&eyewa% ganstalupPEHn Pat ent
Application sé@enﬂi%ﬂlst’b&ﬁckoIs e4bleB(fi tum. 1992 entl tled "Object based graphics
using quadratic a are used because they .
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Bezi er spli ngocg i1 1Be ?:Sélgpaﬁgml?até%ﬁos m?eﬁsé’r%q%‘gé‘ﬁtbﬁ “e%%‘erstaﬁese repr esent
t he i ndust r ymplemeried: &Jnfmplemhéedblm_are readps esrewlilst eadind ugmalshientedizigRekss,
Australian Rat ?éﬂimﬁﬁ@ﬁh%dt@ﬁ‘hwaluf h%ﬁ'c‘}' 1£té°1‘§tw’?l Wnd Bebhe efg;[ Q%ﬁ)g%r}éis}m

di scl oses a_means whi ch Bezl er T nes can e convert
t her eby easi f}r‘g‘j{jﬁ? E)E?é%sé‘érd1 ippethgpsehy eferred enbodi nent. A QPF is corrposed of

five conponents mh@pne&mgerabﬁ]'xﬁm thd NEO aiadss&MJs bbd‘ﬂéurea tﬂnh’:ﬁbulﬂ@' ue, a

APl XEL, val L , L NE | cate those
scan |ines g? ‘ﬁ{a%ogln?mlappg% n% 5§P g%; 55% fnc eta(llﬁ Ié at?rﬁﬁ?\?hcaﬁP&EL
represents i\ﬁég??ﬁ/?ﬁ @ﬂttomex&e &&TQ}@)(@QJBéé)r),lmm@mrmh@ f@ﬁARfl'strnllaﬂE’atehPDCEL
relates to pglicatioPNo QfL HS@ o@’fAﬁﬂdW%PMd “Objedt Qpﬂlﬁcs 'uﬂgé E@aﬁ}ﬁg the

curvature of lt he qD Fs eb gF can be defi ned
fol | owi ng fBPMRIal *}BWEL A‘H N ui%i) ecausg repwqpégylmplemaxgbv thiches) (EQ
1)  APD( EL, c¢mhplivetsd glaphic ABjtd¢ELan(Heidivéded into &aAgrXERhick &@cahable of being

processed at high speed at relatively low cost so as to achieve video datarate at a price within

commercial consumer markets.

At the time of writing this specification, technology does not exist to achieve real time
object rasterisation of curve with cubic polynomials such as Bezier splines as these involve
significant levels of calculation and accordingly high levels of hardware integration and
complexities that are presently beyond the reach of consumer markets. However, it is
envisaged that with the present rate of growth of integrated circuit technology, that within
approximately five to ten years, technology will be available for marketing hardware adapted
for calculating cubic polynomials at consumer levels. Accordingly, the present invention is
not limited to calculations using quadratic polynomial fragments and can be adapted, at a cost.
to any polynomial format. So that Bezier spline objects can be used, at the present time, as
these represent the industry standard for the



where PDCElI. (linen-START LINE) = START PI XEL, and (EQ 3) API XEl.

(l'inen. ~START L1 NFL = PIXEL (a constant). (EQ 4) The formats of the QPF
conponent PDEL, APItXEEL and AAPDI E L, outlined in Australian Patent
Application No. PL2150(Attomey Ref (RTO 10X203161)) inpose limts upon the
accuracy with which inmages can be stored and rendered. QPFs are stored in
conpacted format in which in the processor nenory 3, PIXEL is stored as a
16 bit integer, PIXEL a signed fixed pai Rty npunber with 8 bits of integer
and 8 bits of fraction, and AAPIXEL as a signed fix point nunmber with 16
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in the display are sho Gmaﬂlb=§mh@’§&)ﬂ‘im¢§‘hbre t he i RE
i naccuracy of the PDCELAPEKEE (i EE%R/BM l&AARECEICCUNUI at ed @Q I
t hrough recal cul atd on. TABLE 2 ER OF LI MES OF ERROR MAGNI TUDE
RECALCULATI ON FO¥ TO ACCUMULATE (m) 0.5 pixels 128 1.0 pixels 200
PIXEL (unCnHSTART_L[NF) = START PIXEL, and (EQ3)
APIXEL (liney=sTART LINE) = APIXEL (a constant). (EQ4)

The formats of the QPF component PIXEL, APIXEL and AAPIXEL, outlined in
Australian Patent Application No. PL2150(Attomey Ref(RTO10)(203161)) impose limits
upon the accuracy with which images can be stored and rendered. QPF's are stored in
compacted format in which in the processor memory 3, PIXEL is stored as a 16 bit integer,
APIXEL a signed fixed point number with 8 bits of integer and 8 bits of fraction, and
AAPIXEL as a signed fix point number with 16 bits of fraction. Translation and scaling
convert these so that each has a 16 bit fractional part. PIXEL has a 16 bit integer part,
while the integer parts of APIXEL and AAPIXEL are restricted to 8 bits. Therefore, after
the translation scaling, the limits'in range and accuracy of the QPF components are
displayed in the following table.

TABLE 1.
COMPONENT RANGE (PIXELS) ACCURACY (PIXELS)
"~ Pixel 327681032768 |  H-0 |
APIXEL -1281t0 128 +-0,002
AAPIXEL -12810 128 +-7.63JE-6
Range (Lines)
StartLine 32,768 t0 32,767 -
EndLine -32,768 w0 32,767 -

As a PIXEL is rendered, there is a cumulative error resulting from the repeated
additions of APIXEL and AAPIXEL. After (n) lines of recalculation, the PIXEL value
P(n) can be expressed in terms of the original QPF values as:

-



2.0 pixels 304 10.0 pixels 748 Tables 1 and 2 show that single pixel
errors occur after about 200 lines of recalculation. Wile QPFs of this

|l ength are in general rare, they becone nore comon as inages are zooned
inand out, and in printer applications, (where there are 6480 lines). The
range limts outlined in the Table 1, effect the integrity of the rendered
image as it is zooned and panned. In particular, on START LINE and PI XEL
inply a fixed sized working area 47 of 65,536 |lines x 65,536 pixels, with
the displayed image being a fixed portildn-of this working area for each

application. This is shown i are ered correct]| rovi ded
they He entirely wthf Wrﬁ%rﬁ%ﬁ#ééﬂxn‘é%vﬁﬁﬂ g. 9. WéR & 5)
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repl aced bynitikidnqzosraty ofehal XEEgalue)epreseantigodly tietactonuliedercaytipovgnt . Thi s
i's arrange e&g: JRkEyent val ues fromw appi ng around, which can cause QPFs
to appear or disappear in the displayed image, or to behave erratically.
This hard [imting | eads to a nore gradual degrading of the inmge. START

LI NE val ues c%rgﬁ(z‘eed t he bounds of the working area due to translation
and scal ing. and (r)Pl Fl_values can exceed their bounds anywhere
during inage preparation or inage remtemngop(mvmfetl y, the hard limting
will not afflect ERBOBMAMEYERE | nage a$RECADCULATION FORERRORTO r epchi ng their
limts indidate that the current |ine|&CEMBAATR M ues are at the extrenes
of this worjking areagspgdld away from|the di spl aped i nage. The pffects of

limting w [T D8 SEEN| gpuddINDET 01 TTMES T Ul NErzp§lOWN e drsplpy as
subsequent r ' T back—t8 |3&U e bpl ayed i mage.
Errors due tio—~t+n ted--y—eatse—g—horzortat—or—vert+eat—of f set  of

: 0o :
t he displ ayed QRE fram PP true positilon  The fu tion upon

the performance offafikel EQ MowEas &ageﬁmei?) %-rd&&:anbﬁwl%dit DOOJineE hs.e gF é SPF)
VBt cs per ZERGHEICE: M st eiilert peapnl miofer Bomk mosg e g
sorting aninagegzre cadmed inwidout, dikdén mmpmm(mmwmo ba@h of these
o ey T B Sd e p
the image; itiszoomsdand pasperk rInparticulas gn mp é,ﬁx&hﬂzedP -
total nunbegoRndirkbdBofbisT3k Hnak 6553835 keld, Witk the dis¥Rlyld amge being a fixed
- portion of this working area for each application. This is shown in Fig. 9. QPFs are

rendered correctly provided they lie entirely within the working area 47 shown in Fig. 9.

When a QPF moves outside the working arca 47, the RTO processor 4 will detect
arithmetic overflow or underflow of a QPF component during image preparation or image
rendering. When this happens, the calculated value is replaced by the positive or negative
range limit for the component. This is arranged to prevent values from wrapping around,
which can cause QPFs to appear or disappear in the displayed image, or to behave
erratically, This hard limiting leads to a more gradual degrading of the image.

START_LINE values can exceed the bounds of the working area due to translation
and scaling. PIXEL and APIXEL values can exceed their bounds anywhere during image
preparation or image rendering.

Generally, the hard limiting will not affect the displayed image as it occurs, as values
reaching their limits indicate that the current line or pixel values are at the extremes of this
_woﬂdng area, well away from the displayed image. The effects of limiting will be seen &
number of lineg further down the di.pp.lay a3 subsequent re-calculation moves a QPf hack



BEST CASE WORST CASE OPERATI ON PERFORMANCE PERFORMANCE QPF Storage 6Q

Pi xel .Sort 7Q+(LP)16+2L+Pr32 Edge cal cul ati on 6N+2L The nunber of accesses
to the bus 23 required for edge calculation defines the limt on the
nunber of total QPF intersections which can be displayed on the line. The
pi xel FIFO 20 allows a |local density of edges |larger than the average
density. A maxi num of sixteen QPF outline intersections can take place in
consecutive pixels before the FIFO 20 anpties and the inmage tears. The
absolute limts on the perfornmance of the RTO processor 4 are difficult to
quantify, bewabedispéyedimageaEimatsidye todimjtingusuillyQRiss ahod zensal o virirgl gffset he

aver age nun&gﬂe&g g@lﬁpm&ﬁggﬁgﬁmﬁoﬁaused by each QPF. In the follow ng,
e fof twg .p

nunbers ar eri el ) .possi bl e average QPF | engths. The, nunbers
assume that al | The fundamenil imitaticn wpor heprpipananesof e Bt ¢ Prosesgredyis the,
practice, tHdwRINEES the OFL(QPF) hbthéry $s Atngisatit RAB, ik (s dae 3zbserd eved001/ 6,

appr oxi nat e 95% , Vi.deo | i catd.ons e ti .aN:a. r. I ng QPF
[ ﬁ!to ersecti o%és Bg (% waxgs P@D’F?Pé‘ggewc%’ %};‘P\Wé‘?& ‘W%ﬁ?&gp&?ﬁ%ﬁﬁer igod S
| onger t hanatdwige catenlatived Theonuibepofbus adckssedfor ¢aick of theseppernions isrupressed he

addi ti onal gélggip@hggogtpgfﬂhggﬁﬁqm&pg period. There are a fixed nunber of

QPF nenory cycl es aval this tinme, which fixes the maxi num nunber
of QPF interse& iORsIRRE OEQRFYS 2 ayed on any line. 14 QPF

i Et er se(r:r:)i onsf omlhme@QSQ$§mmﬁmmai nddeaear mning limts on )
the nunber of intersections,. whic .di ed. F intersections wt
negative pi xel I‘v'atP%g%unébreé%llugééﬂgleﬁﬁﬂﬁgﬁﬁﬁ%?%yand affect the display 7.
These i nt er sect iPortotahnumber bt pleels displavedin ¢agh line FEU 27 as soon as they are

put into the K $, so that they do not build up in the FIFO 20.
I ntersectiong ' —COL--aspondi-rg—tothe—di-splayed—pixgl s are
dealt wth {n order as the pi X&HESTIC48k counts u i xel val yes. QPFs

wo
Wi th pixel valOREBATIgNeat er t har] BSRRPRMANCE do not | HERES €Edi spl ay, and
are not put in theQpr S®lagkl FO 40. Neverthel ess, |they nmuséQbe recaljcul at ed

i ke all ot h<Er—Q9F$- A g t{ratthe T ender g [of d 13 S soon
as the displ i.y_a.l_t_b‘féi‘\}i%w-aus_l-me i pshes—tt a'/]%m;“ an!\gfgg&pbri od can
be used to re¢ndeEdgasalaileian ve |pj xel VAP OPE jintersections. and lup to

si xteen di spl ayed QPF intersections before the pixel FIFO 20 Us up.
Because of the limted depth of the FIFO 20, only sixteen, displayed

i ntersections can Theaupberaf acqepses 1wahepusaP requires fon edgprRlyiatic $h%i ng
before it fichi$on HeSuMbey & totBIUYEF intersections which can be displayed on the line. The

pixel FIFO 20 allows a local density of edges larger than the average density. A maximum
of sixteen QPF outline intersections can take place in consecutive pixels before the FIFO
20 empties and the image tears.

The absolute limits on the performance of the RTO processor 4 are difficult to
.qua.mify, because of the variable lengths of QPFs and accordingly, the average number of
QPF intersections caused by each QPF. In the following, numbers are derived for two
possible average QPF lengths. The numbers assume that all of the available QPF memaory
bandwidth is used. In practice, the upper limit on this usage is likely to be close to 100%,

approximately 95%.

The time available for rendering QPF intersections on a line is the period between
LSYNC pulses. This period is longer than the time used to display all the pixels in the line
- the additional time being the line blanking period. There are a fixed number of QPF
memory cycle% available in this ;ime, which fixes the maximum number of QPF
intersections that can be displayed on any line.



calculation 19 will use all of the avail abl e bandw dth of the QPF bus 23
only if sonme of the QPFs being calculated are not displayed, and the
maxi mum nunber of QPF intersections that can be cal cul ated between two
LSYNC pul ses is larger than the maxi mrum nunber of QPF intersections which
can be displayed on the line. These two units are summari sed below in
Table 4 for NTSC and PAL video. TABLE 4. QPF nenory Max QPFs Max QPFs
Applic- Line Line cycles rendered in line rendered in line ation Period
Display in (Best Case) (Wrst Case) | Total Display Total Display NISC
63. 55us --54u3 1015 168 152 101 94 PAL16443 -54us 1@4 170 152 102 94 The
[ n Table 4 occur when the ne fol | ow | i ne being
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that can be calculated between two LSYNC pulses is larger than the maximum aumber of

QPF intersections which can be displayed on the line. These two units are summarised

below in Table 4 for NTSC and PAL video.

TABLE 4.
QPF¥
| memory | Max QPFg Mex QPFs
Applic- | Line Line cycles | rendered in line repdered in line
ation Period | Display | in (Best Case) (Worst Case)
Total Dispiay | Total Display

NTSC 63.55us | ~S4us 1015 168 152 101 94

PAL 64us ~54us 1024 170 152 102 94

The best case figures in Table 4 occur when the line following the line being
rendered has no QPFs starting on it, and no two QPFs an the line being readered crass.
This can be a fairly common occurrence, especially when rendering text. The performance
of the RTO processor 4 will degrade slowly towards the worst case as the number of QPFs
starting on the next line increases because additional cycles are needed for QPF merging.
The worst case only occurs if there are QPFs starting on the next line which are positioned
exactly interdigitated with each QPF intersection on the current line, which is extremely
rare, The average case is mostly likely closer to the best case than to the worst. The abbve
figures for QPF intersections on a single line assume that there i3 no image preparation
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Itis to be noted that the values shown in Table 5 apply only to QPFs that actually

progress as far as rendering. Long QPFs will generally result from magnification of an

image, in which case many QPFs will end up entirely above or below the display, and will

be culled during image preparation. However, QPFs to the left and right of the display will

not be filtered by the RTO processor 4, and will be rendered
Pg A nolications:

In printer applicaticns,, image preparation and image rendering are usually not
performed at the same time. [mage preﬁamion is during page blank (& period of 1.13
seconds for example in the Canon CLC500 Copier). Image rendering commences after this.
The Canon CLC 500 Copier print lines each have 4632 pixels, and the line pericd i3 396

ne.

microseconds. This results in values shown in Table 6 for maximum QPFs rendered per
i .

TABLE 6.
Applicat- Line QPF Max. QPFs rendered Max QPFs rendered
ion Period memory line (Best Case)  line
cyclesin (Worst Case)
Pericod
Total Displayed Total Displayed
CLC 396Gus 6336 1056 - 934 1 . 633 563




There are three basic limtation to the ability of the RTO 4 processor to
di spl ay each object edge in the correct position on a |ine. Wien an edge
is displayed in the wong position, a TEAR error is signalled Exanpl es of
thfree [imtations are showmn in Figs. 10(1), 10(2), 11(1), 11(2), 12(l) and
12(2). The first Iimtation arises due to the fact that the RTO processor 4
can only render one object edge at any particul ar pixel position. If two
objects in the i nage have coincident edgés- there is a one pixel error in
t he position of_one of. the edge splay 7 in
most cases, unl B¥EC PAEM “ﬁb’&?‘?gﬂ&% %“8’?‘” @%éﬁEg‘ﬁggageAhp‘ﬁ?rgfs exanpl e is
shown in Fi csnpeli€ier jor Qe r:l@(dz')badtiwmh shows two objects with coincident

edges. The edgeﬁunﬁﬁgo,gqg,ggéﬁ-%&ﬁohﬁ Eﬁ: it mﬁ?% &&pﬁf@ 'aﬁé‘m%&é g&st over

several scan lines ame plxe | aced 1 nto the
pi xel FlFO pet wem@mwmbmf&wM mdémae owidhe w%ﬁdm et Sy of the
?ﬁckgroung FH@M&MWﬁMoMo&WWWF&b%WWRQPHMF rgspaﬁéo(z)

e second Limt o e t atign Cross
each other' sh%%&?% gé’q @r"ﬁ’é ﬁ%ﬁ%&%ﬁ‘ﬁ@ %f n%‘a“’-rg?% f‘)fl'\ﬁlﬁét he next
line. Otherwnsges. their intersections with the next line will be placed in

the pixel FIFO 2g Xrgﬁl ﬂz'ﬂhfi%n&cﬁ@ﬁx@&lﬁﬁb&%?d??&%ﬁﬁw@&bﬁ{e%s of

the RTO processor nty refer froma line at any tine, each
QPF can be #&g@@ww@mmsm’shes& her QDF bet vveen successive lines. This

nmeans t hat onerfgD gan-cross many ot her QPFs, but where three QPFs
i nt ersect an faoss. twn of the COPFs will o up in the next line |ist

in the wong|or doeragdQPE lengthl JalMaximum QRFs et bast, |t Maximym QPFhat vsrstt he i nage
of up to twi g¢e the maxinum val ye ste gpee(pr 25 asdtedRlifg spe€ exanpl e

shown in Fi gg—343t4 qu P13 Hows obeetis—ytn op—of- pach
other. The three OPFs 1. B2 and B3 E?ﬁ)?@oeach her be Nt he scan
| i nes marked.{, On theS®irst scan |ine, 131680order bf inter&de®ion is|{Bl, B2,
then B3. On the NMext scan Tirne, this orader should be reversed (B3, B2, B
1), but in fact the intersections are pI aced |n the pixel FIFO 20 in the
order B2, B3, BIl. As a result, I - - iRPF B3 with the second

scan line wll gﬁ.%dﬁ %ﬁﬁu o t a%gﬁg uMed out
of the pixel %J—g%g nti akx@P er %gtgs mt sec??gb‘% soﬂgtdl%ﬁ%e scan
li ne has beepbm@m!e@e coFrest pesitiqnorn adifien (Vhea 4n efigeis displayedinthasvors | be
rendered andpdditdn, TEARNEGRF REigasildde Eichn lesTMhﬁﬁaﬁdnﬁhﬁeahd)ﬁ\mlﬁgsCaused by

brocess L2 B8 o, . troly hﬁfw&%@? and e fact they are displayed In
the worst case, Thefifsi irnitdSoR@i26 doato thefactitiv iteRITMprotessardrean only exmdes ve
o Cho e S S e e o1
pi xel's in thedsgsr ‘é"e&a‘s@emb@rt“h ¢ PRvEaR of ope gf . mpactupon
the display 7 in most cases, unless the incorrect edge is a hxdden edge. A. first example is
" shown in Figs. 10(1) and 10(2) which shows two objects with coincident edges. The edges
are represented by QPF's Al and A2, which intersect over several scan lines at the same
pixel value. If QPF Al is placed into the pixel FIFQ 20 before QPF A2, there will be 2 one
pixel wide display of the background colour between two objects. This error is seen in Fig,
10(2).
The second limitation arises in the edge calculatdon 19. QPFs which cross each
other have to be reordered while making the linked list for the next line. Otherwise, their
intersections with the next line will be placed in the pixel FIFO 20 in the wrong order.

Because the internal registers of the RTO processor 4 only refer to two QPFs from a line at
any time, each QPF can be crossed by at most one other QPF between successive lines.
This means that one QPF can-cross many other QPFs, but where three QPFs intersect and



density will not be displayed in the correct position. The exanple shown in
Figs. 12(1) and 12(2) shows ten objects, whose trailing edges |ie on

adj acent pixels. The first eight objects are rendered correctly, but the
trailing edges of the ninth and tenth objects cannot be cal cul ated fast
enough to be rendered in the correct position. This will apply until the

| ocal edge density is reduced. Processor Menory Bandw dth: The RI O
processor. 4 can address nmenory anywhere pp the processor nenory 3 address
space, and can work with nmenory of any speed. However, the speed of the
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average length of th ursts |

of five 16, ,Dbjt
wor ds, ‘each FW%W&?‘HPW%GQRFWWQ%F‘&%FP ey il el #’?as an
over head of thOWbrstt 296, khe BIXER FIFT 20 anteaamptitd in sitedaconetutye pixebdede ¢l ock

| t F
6" humber ofereisn alpoyiity Bt G BiTpe %5?‘%9@%@‘%%?? (‘Eﬁq‘?%%?ﬁw (EQ
6). Tabl e gseppresstely onkedgetenery kightfpixejainghe werstisace thag peckir i bighgfe at a
Pre rat 29?&533‘%“‘“@““5‘%“%5% Aol k. TABLE 80 % bRus.
bandwi dt h. r equi r'et S<rpl PW‘F@%H&&S ‘S/E?@% 05} ‘%’ E%%%%F% 100
obj ect s 100 whpreatdjsentdiets Thé A6 cigitichjedBQ0: igitiesed cofedly, @ﬂeﬁﬂﬁ@e@!ﬁs Ti me
4 wor dbur St g 20: A8l Bl Nofectl MBlobbd ichlafdHobe Wkl B ¥ietered inthe correct

position. This will apply until the local edge denmy is reduced.

The RTO processor 4 can address memory anywhere in the processor memory 3
address space, and can work with memory of any speed. However, the speed of the
processor memory 3 is a possible limiting factor on the number of QPFs in an image for
video applications. As shown above, the RTQ processor 4 is capable of rendering up to
about 8,000-10,000 QPFs, if the average length of the QPF is low (about two lines). If the
processor memory 3 is too slow to allow this number of QPFs to be feiched and processed
by the image preparation hardware in a single frame time, then it will be & limiting factor
upon the performance of the RTO processor 4.

QPF data is fetched by DMA (direct memory access) burst cycles on the processor
bus 8, which uses 16 bit words in the prefesred case where an INTEL i960 processor is
used as the host processor 2. The minimum number of words in each burst is set at 4 by the

~ image fetch unit 10, which will not start a burst jinless there are at least four free positions
in the OF (QPF) FIFO 11, Bursts will typically be longer than this, as items will be



214-275ns 46% 40% 92% 80% (5 Cyctes/ Word 155-21603 38% 32% 77% 64% (4
Cycles! Word 90-150ns 31% 25% 61% 490/s (3 Cycles/ Wrd 25-85cc 23% 17%
46% 34% (2 Cycles! Wrd <25 16% 9% 31% 18% (1 Cycle/Wrd The values in
Table 8 refer to the bandwi dth requirenents of the RTO processor 4
averaged over the entire frame time (16.67 ns). However, when the RTO
processor 4 is working at"the limt of its performance, its nenory fetch
activity nust, on average be conpl eted/| n about half of the frane tine.

The reason for this is as follows. 19~ 18s3une that the RTO processor 4 is

Fendur i ng é%é@%%ésﬁﬂ%%‘? R T
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f et chi ng armio&t

eparation must be conpleted in
slightly I ess t w&dgﬂ%ﬁhmram time, otherwise there will not be
suf fici ent @ﬁ%ﬁrﬁ?r@&%@b&v@fQ%I*@?B@Wf@ﬂ@q)ﬁéﬂmm% 18. As

a consequence, all of the i mgrRrdgebaR REgthayi ty on the processor 8 wil |

lrjrgrrfoirgi ?))hrencjlsit'nﬁllégfe§S t han halnm!t e frarre E %cgieans that t he E a{ Ssor

requir enentnumh&bfqhmmm whx&aseéls G5V ﬁaheﬁﬂHgfmm me(NM)emﬂza Iéhe RTO

processor 4&@&'}: biis peak rendering speed for short (average two
lines) QPFs only 1 7.t e processor menory 3 access speed is about. 85 ns or
faster. QDFM'mﬂngs[eqw red vol.ume of QPF nmenory depends on the nunber of
PFs to be % PBus bandwidth required for image feiching
Memory S00 objects . 50 objects -100 objects 100 objects
Access 4000 QPFs 4000 QPFs .| 8000 QPFs 8000 QPFs
Time ~ 4 word bursts | 20 word bursts { 4 word bursts | 20 word bursts
214-275ns 46% 40% - 92% 80%
(5 Cycles/ '
Word - _ :
155-210ns 38% 32%5 7% 64%
(4 Cycles/
. Word - -
90-150ns 31% 25% 61% 45%
(3 Cycley/
Word
25-85nc 23% 17% 46% 34%
(2 Cycles/
Word
<25 16% 5% 31% 18%
(1 Cycle/Word

The values in Table 8 refer to the bandwidth requirements of the RTO processor 4
averaged over the entire frame time (16.67 ms). However, when the RTO processor 4 is
working at the limit of its performance, its memory fetch activity must, on average be
completedin about half of the frame time. The reason for this is as follows.



rendered. Each QPF requires 16 bytes. In addition, the start of |ist
pointers and the sorting process working space require that an area of
menory be left clear of QPFs. The size of this area of nmenory is: 4 bytes
(nunber of Ilnes) + 4 bytes (nunber of pixels of aline + 2) 4.4 bytes
((number of "pixels in aline + 2)!32). (EQ7) This results in 4912 bytes
for NTSC video, 5280 bytes for PAL video, and 45072 bytes for Canon CLC500
printing. In the preferred enbodi ment, the maxi num size of QPF nenory is
two banks of 1 ARByte each. This linmtatgon is inposed by the fornat
chosen for QPFs in QPF nenory, in which the NEXT pointer, for the Iinked
lists, of each Agemmadstthe &TE) arecessphf is fiilnuttisinglis availakie QPR memases of QPFs to

65536, eachy Qa6 iy, iaRd taid; §?enbér£n aﬁsu?wae@s@qrmmaw&e@hﬂ
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| .es n this figure,
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printing. h RLOCES mze stimeis
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RTO pr ocess QPFandpéke} $reting; Mhmsmﬁﬁl’ memmessmam@l’ Wlﬁéh@el | owi ng
?Rt?ﬂ)]; Ing;t :?g‘%&s% %&mﬁ {r?g;ﬁ???)é:iﬁ?%h?o 6@?&% I an Pﬁ Appl i cation
No. PL 2144F0WF letgg i Y Ipsghan ‘P??°8&|¥"“9FH€& Heree r“&b 9 Ani mat or
De;n ce"; (I s)ffidientQRE mamodyadycles avajigi¢ wabinpletetihe ik 3GuUBS19. AMd I ney

R RTO3X ti
LTS A f by SR T SRl
for Col our e Tb(wmmmammrmww mshd@bm%/ 93
(Attorney Rq{et(,ﬁl'ﬁi}g requiRthi\fhdB shOiitidi5¥e, from Austral i an Pat ent

Appl i cation ﬂ%éﬁﬁﬁ%ﬁlﬁ&?ﬁ -entit I ed "A, Port!abl ;e Vi deo

Ani mat i on Devi c

(Attorney Rsﬁee@m&)t(a’uﬁﬁgeﬁc)hnes) QP only mﬁemcwoﬁmmxﬁﬁm speed Bat ent
Appl i cation, 29 April 1992, entitled "An Integrated G aphics

Rist of
Systemfor a lsgb% Easer‘ Copier"; (v) Australian Patent Application No
38231/ 93 (Attorney Ref (RTOL1) ( 2031@§-§Mﬂ@9ﬂ-m’ ng priority fromAustralian

Pat elnt Appl i cat i e dluireBlvoltdiebs QPF rg&mépaége?&%g&e fidbet 6f80FFs 6B | Nf or mat i on
Rer . (OB € e??flﬁ%#‘z“h QU ey Yoot e R N BlaS B Bt o
No. PL 2146 pW%Mglwme art drexlof memory be left clear of QPFs. The size of
this area of memory is:
4 bytes ® (aumber of lines) + 4 bytes * (number of pixels of a line + 2) + 4 bytes * ((number
. ' of pixels in & line + 2)/32). EQD
This results in 4912 bytes for NTSC video, 5280 bytes for PAL video, and 45072
bytes for Canon CLCS500 printing.
In the preferred embodiment, the maximum size of QPF memory is two banks of 1
MByte each. This limitation is imposed by the format chosen for QPFs in QPF memory, ia
which the NEXT pointer, for the linked lists, of each QPF uses 16 bits. This limits the
maximum number of QPFs to 65536, each occupying four 32-bit words in processor
memory 3. The practical limit on the number of QPFs is slightly less than this figure, as
QPFs are excluded from the working space cutlined above. As & result, the maximum
number of QPFs is 65229 for NTSC, 65206 for PAL and 62719 for printing.
With a processor clock speed of 16 MHz, QPF memory access time is required to
be about 35 ns.
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. Specific examples of the application of the RTO processor 4 and the graphics system
1 can be found in the following specifications:



"A Real -Tine Interactive Entertai nnent Device"; (vii) Australian Patent
Application No 38236/93 (Attorney Ref:(RT014)(203200)) <claimng priority
from Australian Patent Application No. PL 2154, of 29 April 1992, entitled
"A Multi-Media Device"; all |odged concurrently herewith and the disclosure
of each of which and any equival ent European applications is hereby

i ncor porated by cross-reference. These dgocunents, and those previously
cross-referenced, illustrate the abilitygcﬁ the RTO processor 4 to render
obj ect graphics in real-tinme without an imge frane or line store. The RTO

processor 4 has keen int ted..into,.a.si e . LSl \1\/& h,.wth mass
production, pl aégf‘“ﬁtﬁ%‘a@?g‘ﬁﬂ ARpli %PE&%%I(I‘S‘ %ﬁ ¢ ?@é‘ F48n8ange of

consuner mapiettg frofihreustraliandeiengA ptisationNes P Al 44, af 20usiyér 997, emitlbd iV ineat s of
t he present C%Xr%k&g?réﬂcmg?tﬁ%wé »cations obvious to those skilled in the

art can be out dep artlna from the scope of the present

i nvention. For dkbfwstelianlatenbiaplicatnn MhHIRZA2/@3tatarreyfies (REPIX 18048H) ect

fragments f gal?fﬁ@ign iontﬁogm%us@ilﬁﬁ'Pat%x‘{tgﬁﬁ)ll@inoﬁl%aﬂ"sbl’4~30(§ﬂ1’f9%r11 $9mherdRle€ UbI C
pol ynom al s

e use rla orted in hardware. 21 -
CLAI MB: 1. %f%@?nﬁgwsg’?é‘b’ﬁ OI%LV E‘Pi gured for processing
outlines of Obj e(mﬁ)skusdelialnr]’eténmzppmcmourl\m38\‘2;’3/@3‘(Ammmcgﬁef RTAHA 80409)di spl ay,
characteri Sagl géﬁbﬁlt{y fr%?\%tréﬂ gg(ﬁgtgﬁqksppﬂxinﬁgyg f[h ﬁ%ﬁﬁ%gﬁ?ﬁ?@aerg%le he

real -tinme ras salrd curve ore.
2. An obj eciAlBaIS@dle Yidap Anteatigy Hewips as claimed in claim1 wherein said

real - Ej i m; rast E@\l)sﬁﬁisgﬁﬁng’ﬁféﬂtr&pﬁﬁh@n%U%ﬁﬁﬁ’ﬁ(%rrﬂ?@l@f (er@@ (Mrgahpytes per
second. . n. Qbj ect I.CS SyS(.em a %@é
wherei n eac *“(‘)"f“‘é Ry g \fé‘gu‘iﬁg ng é‘Ff“ﬁ%‘ﬁ’ ‘f)%}“’&?\lol SE Soké 9@@3@{%}21 eé‘tme‘?
pol ynom al fAmbnemndted @rapiics Syfsjeactor basledr Ipsalvpes™; syst em as claimed in claim
3 wherein said o4hl{ReSifpuetPAiPRAN %825 fof (it RIXGHIA) bEARYA SPI i ne
format to a quad&g A Faﬁ r%gmtaa l? et . l%neS? ﬁ T‘(ﬁ )é %)25
processor c@i?r‘ﬁ?lnsprmj*ty fﬁ‘?}lﬁusﬁﬂ;&ﬁé’ a‘F@‘rAHPél%liov Nﬁgﬂo Beof Jutaril AR etitleR i mage
i nt ended f orak BSéBfatiseDisglag ByaAdm:’ each said outline conprising at |east one
obj ect fragnment a%a Or respondi i Qpdd V. Jevel for
sorting said obj¥ g uftfaz‘ﬁ?’réﬁfrg ﬁpﬁl‘??gggﬁ %%’r%s’ é@ﬁ%‘ﬁe s%%owggﬁzﬁ%is pondi ng
t o each di sphiaying prieitpfrom Avasilian PhtentrsplicationdionBlL AEdnst 290¥pril 2R3, engitksdi d
sequence ins A%%h-fltn@m&gg%@h%ﬁﬁ! g&%é@%&em edges each havi ng one of
sai d pl’l ori ty leve N eacn Sal
(vii) Australian Patent Application ? 36/93 (Attomey Ref:(RT014)(203200))
claiming priority from Australian Patent Application No. PL 2154, of 29 April 1992, entitled
“A Multi-Media Device™;
all lodged concurrently herewith and the disclosure of each of which and any
equivalent European applications is hereby incorporated by cross-reference.
These documents, and those previously cross-referenced, illustrate the ability of the
RTO processor 4 to render object graphics in real-time without an image frame or line store.
The RTO processor 4 has been integrated into a single LSI device which, with mass
production, places the graphics system 12 well within the price range of consumer markets.
The foregoing describes only a number of embodiments of the present invention, and
modifications obvious to those skilled in the art can be made thereto without departing from
the scope of the present invention.
For example, although the above embodiments utilize object fragments formed of
QPEF’s, other types of data structures, such as cubic polynomials can be used when

appropriately supported in hardware.



priority neans for assigning pixel data values within each said display
line based wupon the priority |evel of said object edges, said pixel data
val ues being output fromsaid processor for rasterised display. 6. An
obj ect based graphics processor as clainmed in claim5 wherein each of said
object outlines is defined by at |east one quadratic pol ynom al fragnent.
7. An object based graphics processor as clainmed in claim5 or 6 wherein
said input nmeans conprises translatiomr &ld-scaling neans adapted to
transl ate and scale said object fragnents. 8. An object based graphics
processor as WAdMted in claim5, 6 or 7 wherein said i nput neans conpri ses
clipping neans adapt ] t i : eng..parts
of obj eat s whi ch do noeCferAEL Babed YR e of AUTEINE qu I BEIPRY
from said pieficedsor Phlitd PEeuayesiinigndsd fer display. chapcppeddn thehisgegpraptfice s
Processor asyyCladl §PBem dte $dried b thdrealtimOfasi&isahie & sAid udied wiBPUthdBBRS 2
conpri ses precal cul ati on neans adapted to determ ne partial object
fragnents | 'ﬂﬁeﬁQFtially off said rasterised display and to calculate a
first line pixel edge objedthesefi@raphitisdygtem td ddimedjredaint ¥ whereintsaid r@2-tinfed. An
obj ect based, oAb SeRi-ORABE! rafor bt T99 MdlaBIs PSecBfa.C1 I B 2 10 9

e t ween sai d readi ng. neans

further conprising queuLn% means i nterconnected I ! .
and said priority rEneiectbased grankics systerpasilaimed BHRES] of OWBLEB£2H0 | aj med
ibn cgai mé 1sﬂwﬁﬁ€ésﬂfj&§ﬂﬁédWMEM@nmﬁéga&_@&@ﬂﬁa@n&yn{:gr oni sat on
oundary between said i.n ans,.said. sorting. neans,. .and sa .eading
nmeans on one\aﬁand, m%g‘#éa‘%ﬁi thcﬁs HE c;a%egm%ﬁa@er%%€$%§uﬁ§no%i ch
sai d i mage isidiobjedtsare firssicontected fiopra splie formatdh p quadraticpotyngmigh firgat.
processor asscl ai medal fhicd SHodRsop dine-Wherein said priority
nmeans includgé a vhsﬁgpbﬁgygggggﬁggﬁgﬁg.aptcéﬁ%ﬂﬁ%g r saigﬁpixel t
val ues based upo‘ﬁp‘étdﬁ?}nf)?qrd?‘ieivng ehjeqt gu §i°§ﬁ‘éﬁnﬁgﬁ interdqd j‘f@&cflsfég%éé.ay’la
An obj ect bas®H sgitd aptline S8oRPASIAS sirledstoneCdHectfbdbnient aidya corespohdiag atiosryd to 12
wherein saidlg&iority means assi gns pi xel data val ues using an even/ odd
fill rule. 1£°°An obj ect based graphics processor conprising: input neans
for receiving objostdng mMifﬁmﬂbngdbmggﬁM§n@QGmﬂsﬁmseﬂe§% di spl ay,

each sai d OUEdtdiSoriHERb e Wsphy liSAcHa r00i& rotkiagCt fragment and a
correspondi ng prior|t ect

y leyel; . sorting nmeans_for sqrting.said obj
fragments into a’?aggigé??aé‘é}l‘?rdﬁdé‘é?cﬁi‘éirfé&‘gmﬁwF?é‘b‘&ﬁ(finaQa!f"gg“angs@éﬁt T‘i%‘l@ ina
raster formatachhavingsheof selpribirsp leayls, is eadhisad dispamskmhsammﬁng a first storage
area and a second 3Lorage; 8553 5RRE 5%k A 1S &k Hhin each said display line based

upon the priority level of said object edges, said pixel data values being output from said

processor for rasterised display. . _
6. An object based graphics processor as claimed in claim 5 wherein each of said
object outlines is defined by at least one quadratic polynomial fragment. .
7. An object based graphics processor as claimed in claim 5 or 6 wherein said
input means comprises translation and scaling means adapted to translate and scale said

" object fragments.
8. An object based graphics processor as claimed in claim 5, 6 or 7 wherein said
input means comprises clipping means adapted to determine those object fragments
forming parts of objects which do not form part of said pixel data values being output from
said processor and discarding same.

9. - An object based graphics processor as claimed in claim 5, 6, 7, or 8 wherein
said input means comprises precalculation means adapted to determine partial object
fragments lying partially off said rasterised display and to calculate a first line pixel edge

value for said partial object fragments.



sorting neans and adapted to store said rasterisation sequence in one of
sai d storage areas, reading neans connected to said storing neans for
reading a previously stored rasterisation sequence in real-tinme and

cal cul ati ng obj ect edges, each having one of said priority levels, in a
respective scan line; and priority means for assigning pixel data val ues
within each said scan |line based upon the priority |level of said object
edges, said pixel data val ues being'outhQ fromsaid processor for
rasterised display. 15. An object based graphics processor as clainmed in

claim 14 Wﬂeg&' n Samobje@%syd @p]ﬂ?@ﬁﬁce@ﬂ%%nﬂe@ﬂ‘mn‘v%e BRAGS oAt e

substantiall y”in parallel sai d readin means.. -16.. An ob{ ect based
gr aphi cs pr dukes 6PMBAKSIRY %ﬁeﬁﬁ’@ ‘T‘??“Elné‘i’i:ﬁ“ﬂif‘ rbe%’e()\ﬁ%!?é‘iaﬁ'”\%?qng andssgidy
recei vi ng nggpsnyaneknsai d sorting neans utilise one of said storage areas to

form one hld fast Qs %rt{ Qag‘fé?’gbﬁgﬁc&"?“%% QleSI%gJi ng%mapsw%hhlsgrgs t he

ot her of sai storage eas ng sard es I1n relation
to a previ osering MERISTBRTEIMISTey netTprisation boyndany hEReen ﬁ?a‘éé’@ubfﬂ%ﬁﬁ‘ﬁi said

Processor asofingini@ds, lafd wreqeagmeaﬁg GH dF® hind, endlid pHdeiteinBanshed display
plurality of object edges.are w articul ar pixel position in Said 23

di spl ay 1i néleVi€aPpPHyiupY 54l %ﬁ%d'ﬁgi‘@fi MESWEFi ch obj ect edge has a
hi ghest priot2.ty | evxalobjecobased giaphid prnedssotgsatﬁmedbpm ondgfdaiarsd @dldi gns

that i ohesty Ribid Yl GleafOptiife e el RaBilba ol AL

pi xel position ase grap i CS nprising: " a

processor meahiss h@@ﬁh@ow%@@a elg assignedt o S#éahgctfeése%t oring outlines of

graphi c objegis, saiad olbjb‘éibdéédlgﬁftﬁesr rwdmmmgdaﬂagmdofaammaae from
said outlines lists:-of .said out

d nes g‘l n each E’g % I.epresents
data rel ati rPEFE™ SHE PHEYE THRPLHTEES PI8F é‘?ﬁ‘?gﬁand"v P ‘{/EI H%pl ay neans
for displayi sai d Ainrobjpet based gnaphmgpmmsmscdmnsargsom ating colour data with
each said obj eCHmpu%ﬁlegmch} &Eéuerﬁcl?%g;aegngdaxﬂ&es b Riige txﬂtem(i'ozq’aﬁmfléﬁ dﬁﬁg@s in a

rasterised format an o hics processor as clained i n any
one of clai rpgclssae%oqbnq mwg@alwﬁ@pm@%t%wem%q Pt RAEE PRivEtS ai d
col ouring neans; for receiving said |ists and render| ng said pixel data

val ues to said colourin Jer -t me‘_dl spl ay of
said image on- ssgfnﬂgd“eagﬁ 2y Soré%galé %@ecti Sm ast%r1 a?é‘n APHI S “syst em as
clainmed in cﬁoamp‘_ﬂsdmmfeman@acmgys@ef@nn@form&@ﬁw@sd by t he absence of

a discrete pixelgiabanahOnAde J@é{bﬁora%ﬂma&ﬂdala&c%ﬁa stbﬁ§@gre95&91|abte§to$§é€d em as
claimed in claim19° vvherelniald I X data stora s selected from

the group coREINSMIRYs Hid a4apiE o siqrppald Bgnsglien scAense B’r°é‘° e of said storage aress,

reading means connected to said storing means for reading a previously stored
rasterisation sequence in real-time and calculating object edges, each having one of said
priority levels, in a respective scan line; and

priority means for assigning pixel data values within each said scan line based upon
the priority level of said object edges, said pixel data values being output from said
processor for rasterised display.

15. An object based graphics processor as claimed in claim 14 wherein said
receiving means and said sorting means operate substantially in parallel with said reading
means. _

16. An object based graphics processor as claimed in claim 14 or 15 wherein whilst
said receiving means and said sorting means utilise one of said storage areas to form one
said rasterisation sequence, said reading means utilises the other of said storage areas for
calculating said object edges in relation to a previous rasterisation sequence.

17. An object based graphics processor as claimed in any one of claims 5 to 16

wherein, when a plurality of object edges are within a particular pixel position in said



21. An object based ‘graphics systemas clained in claim18, 19 or 20
further including conversion nmeans for converting said object outlines
froma spline based format to a quadratic podynom al based format. 22. An
obj ect based graphics systemas clained in claim21 wherein said conversion
means fornms part of said host processor neans. 23. An object based
graphics systemas clained in claim2l1 or 22 wherein said conversion neans
forms part of said input means. 24. A nmethod for the real-time rendering of
obj ect based graphics inages for rasterised display, said nethod
conprising the steps of: receiving a plupglity of object outlines of an

i mage intended for .rasterised display, each said outline conprisin

| east one obiisply lihe.agidwripriwmEass Goamaspwhic sRiecprdss hpg yhighegerioritydeyet ?"ﬁ@ said
obj ect frag rgﬁllatp%ralw 6f djdchedgey ind aksi @B RERIlRRGRioAgT s pahepirg daw velae bf

di spl ay b Jmat; for each said display line, reading said
sequence an&gldg’lmﬂngaﬁ;ﬁ&%g;%ﬁct ed es in.real-time wthout the use of an

i mge store,! L3 PYSEHOTPHNS ng one of said priority |evels:;
and assi gni ng pishedt priaesaonmeapeRavigigtan iassociatehmerairy meprspprayoring qutisessdd upon
the priorit ygrhguedbjedss, safitiodh @bjeswot medlg@8ing KApEd i gepdrate &fom sdidl| ougimesiitsesg

out put for rggt Ghei ifeeised M 24
wherein eachsqgifO%gg?se‘gh gé%g%‘:ﬁ%ﬂg ftnrgéeslgg‘ggm?l ngé %;./ﬂ aLFﬁgel eas(!twgorger& augdratl c

pol ynom al fq"%P&’Fent 26. A nethod as clained in claim24 or 25 wherein said
recei vi ng conpr idispiay merns figrrdispiaying seidmagaf transl ati on and scal i ng neans
adapt ed to trangbidirtngandnsonhsodaing colbyraat Withagersaidbjet/ said\calet dar beisg
clainmed in c} tﬁ’ﬂu’ﬂ %xdc@sﬁla me&@ ‘?Es‘&irﬁe €€l ving conprises the further
step of clippin n nn arts of ¢ts which do
not formpart o %’@Pmasa? Bgﬁffﬁsega’ﬁnﬁc d&té)’lllg RO g A
net hod -as c|m:;|sm¢1hq,sraqomssu andgid g@mm&mﬁ@r@ew% l\s'é mfgm

conpri ses thQid dikel 841 vahses @psaird coltiring edesis g rebnseto plfnBicteatftinsegiispiay 2 kaid ng
partially of,fm @&g ':ﬁ&gs di splay and cal cul ati ng a first line pixel

any one of clai ofﬁb%e‘f?g’rwﬁé# Sl R g s PRRRL AR AR B g s d
pi xel data vmwééé@cabwﬁces%adhﬁmmw 211 BoR@ESTEEEI gned to sai d obj ect
edges. 30. 20.neidudikceimsal graphid syseonm)clame] iotlaih & wher@id s¢id pR8l dakaerozage sai d
pi xel data vglies @fefed 858 ':&f‘g%shptb%hﬁ&n Bf £MRMREIghdld drzlmerswr@ 31. A method
for the real sl T SSANSULG, Bl SEEL, DRSEAPHART 59 of TBASS Biudifist o | sed
conversion means for convertmg saxd ObjCCt outlmes from a spline based format to a quadratic
podynomial based format.
22. An object based graphics system as claimed in claim 21 wherein said conversion means
forms part of said host processor means.
23. An object based graphics system as claimed in claim 21 or 22 wherein said conversion
means forms part of said input means.
24, A method for the real-time rendering of object based graphics images for rasterised
display, said method comprising the steps of:
receiving a plurality of object outlines of an image intended for rasterised display, each
said outline comprising at least one object fragment and a corresponding priority level;
sorting said object fragments into a rasterisation sequence corresponding to each display

line of a raster format;

for each said display line, reading said sequence and calculating object edges in real-time
without the use of an image store, each of said object edges having one of said priority levels;
and

assigning pixel data values within each said display line based upon the priority level of
said object edges, said pixel data values being output for rasterised display.



recei ving object outlines of an inmage intended for rasterised display, each
said outline conprising at |east one object fragnment and a, correspondi ng
priarity level; sorting said object fragments into a rasterisation sequence
corresponding to a scan line in a raster format for rasterised display;
storing said rasterisation sequence in one of at |east two storage areas,
reading a previously stored rasterisation sequence fromone of said storage
areas in real- tinme and cal cul ati ng obj ect edges, each object edge having
one of said priority levels, in a respective scan |line; and assigning
pi xel data values within each said scan-l3ane based upon the priority |evel
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' 29. A method as claimed in any one of claims 24 to 28 wherein said assigning includes
altering said pixel data values based upon said priority levels assigned to said object edges.
30. A method as claimed in any one of claims 24 to 29 wherein said pixel data values are
assigned using an even/odd fill rule.
31. A method for the real-time rendering of object based graphics images for rasterised
display, said method comprising the steps of:
receiving object outlines of an image intended for rasterised display, each said outline
comprising at least one object fragment and a corresponding priority level;
| sorting said object fragments into 2 rasterisation sequence corresponding to a scan line in
a raster format for rasterised display;
storing said rasterisation sequence in one of at least two storage areas,
reading a previously stored rasterisation sequence from one of said storage areas in real-
time and calculating object edges, each object edge having one of said priority levels, in a
respective scan line; and
assigning pixel data values within each said scan line based upon the priority level of
said object edges, said pixel data values being output for rasterised display.
32. A method as claimed in claim 31 wherein said receiving and said sorting operate
substantially simultaneously with said reading.
33. A method as claimed in claim 32 wherein said receiving and said sorting operate using
one of said stofage areas to form one said rasterisation sequence, and said reading operates
using the other of said storage areas for calculating said object edges in relation to a previous
rasterisation sequence.
34. A method as claimed in any one of claims 24 to 33 wherein, when a plurality of object
edges are within a particular pixel position in said display line, said assigning comprises
determining which object edge has a highest priority level from said plurality of object edges
to assign that highest priority level as the pixel data value of said particular pixel position.



