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GRAPHICS SYSTEM USING QUADRATIC POLYNOMINAL FRAGMENTS

The present invention relates to object graphics and, in particular, discloses a means
by which objects can be described, and manipulated by dividing each object into a number
of fragments and mathematically describing each fragment by a quadratic polynomial..

Most object graphics systems use a frame store to hold a pixel based image of the
page or screen. The outlines of individual objects are calculated, filled and written into the
frame store. For two dimensional graphics, objects which appear in front of other objects
are simply written into the frame store after the background object, thereby replacing the
background on a pixel by pixel basis. Such systems are typically expensive in terms of
hardware and the time taken to create a full page image.

Real time image generation for raster displays can be achieved by calculating the
image in raster order. This means that each scan line must be calculated as it is
encountered. This requires that the intersection points of each scan line with each object
outline are calculated, and then filled.

Traditionally, the calculation of intersections of outlines are performed using
straight line or spline formats. The most popular spline formats are various forms of
parametic cubic polynomials, such as Bezier curves. If cubic Bezier splines are used,
intersection calculation involves calculating the roots of a cubic polynomial at a particular
scan line to obtain the parametric positions of the intersections, and substituting these into
the polynomial to obtain the actual pixel intersections. Whilst it is possible to build
hardware to perform this function in real time, such hardware is highly complex, and not
suited for consumer priced equipment.

It is an object of the present invention to provide an alternative to the above
through provision of a simplified format for representing object outline data which can be
readily and quickly manipulated within an object based graphics system.

In accordance with one aspect of the present invention there is disclosed an object
based graphics system characterised by the representation of objects by quadratic
polynomials. S '

In accordance with anothcr aspect of the present invention there is disclosed an
object based graphics system in which individual objects are represented by a plurality of
curve fragments in which each curve fragment is defined by a quadratic polymonial.

In accordance with a further aspect of the present invention there is disclosed an
object based graphics system wherein each object is divided into a plurality of curve

fragments each being defined by aWaA PIXEL value, a AAPIXEL
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Mist ©ORj ect graphics systens use a frane store to hold a pixel based inmage
of the page or screen. The outlines of individual objects are cal cul ated,
filled and witten into the frame store. For two di nensi onal graphics,

obj ects which appear in front of other objects are sinply witten into the
frame store after the background object, thereby replacing the background
on a pixel by plxel basis. Such systens arke typically expensive in terms of
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':lne with each obFQQQQéHFhH g gﬁé(ﬁﬁﬁéglﬁgggﬁiéﬁgtlﬁgnp?:PdeOf each sean
APIXEL (line,+) = APIXEL (line,) + AAPIXEL
where
PIXEL (linep = START LINE) = START PIXEL; and
APIXEL (linep = sTART LINE) = APIXEL.

In accordance with a further aspect of the present invention there is disclosed an
object based graphics system characterised in that each intersection between an object
outline and a scan line can be calculated by two mathematical operations, when the
previous intersection is known. Preferably, the mathematical operations are additions.

Embodiments of the present invention will now be described with reference to the

drawings in which:

Fig. 1 illustrates a single quadratic polynomial fragment (QPF);

Fig. 2 illustrates an object formed by two QPFs;

Fig. 3 illustrates an object formed by four QPFs;

Fig. 4 illustrates an object formed by six QPFs;

Fig. 5 illustrates an object formed by five QPFs;

Fig. 6 illustrates an object formed by eight QPFs;

Fig. 7 illustrates another object formed by eight QPFs;

Fig. 8 is a schematic block diagram representation of an object based graphic system
which utilises QPFs;

Fig. 9 is a data flow diagram of the real time object (RTO) processor of Fig. 8 which
indicates those operations occurring on the QPFs,

Fig. 10 shows an object list and the configuration of QPFs for each object in the list;

Figs. 11 and 12 show the object and QPF data word formats of the list of Fig. 10;

Fig. 13 illustrates the organisation of the QPF memory of Figs. 8 and 9;

Fig. 14 shows the data format of a single QPF in the QPF memory of Figs. 8 and 9;
and-

Figs. 15 to 19 shows examples of QPF formation for a single object.

Referring to Fig. 1, a quadratic. polynomial fragment QPF which forms part of an

object outline is illustrated extending from a start line to an end line within a raster display.
The QPF is a curve characterised by a constant change in slope of the line and in this

manner, each fragment of any object outline can be described using a quadratic
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TFadi tkonal Iy, the calculation of intersections of outlines are perforned
using straight line or spline formats. The nmost popul ar spline formats are
various forms of paranetric cubic polynomals, such as Bezier curves. If
cubi c Bezier splines are used, intersection calculation involves :
calculating the roots of a cubic polynom gl at a particular scan line to
obtain the paranetric positions of the in ersections and substituting
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The next parameter is the START_PIXEL which specifies the pixel value (i.e.
location) of the QPF on the start line.
The next parameter is APIXEL which specifies the slope of the line. APIXEL is
added to start pixel for each raster line of the display.
The next parameter is AAPIXEL which specifies the curvature of the line. AAPIXEL
is added to APIXEL each raster line.
The last parameter is the END_LINE which specifies the last line on which the QPF
appears.
With the foregoing parameters, the pixel locations on each of the scan (raster) lines

of the QPF can be determined in the following manner:

PIXEL (line,+1) = PIXEL (line,) + APIXEL (line,) '

APIXEL (liney+1) = APIXEL (line,) + AAPIXEL

where

PIXEL (line, = sTART LINE) = START_PIXEL; and

APIXEL (line, - sTaRT LINE) = APIXEL.

Turning now to Figs. 2-7, there are shown a number of individual objects each of
which being defined by a plurality of QPF's. |

In Fig. 2, a square object is shown defined by two QPFs which define the left and
right sides of the square respectively. Each QPF commences on a common start line and
ends on a common end line. In this manner, the QPFs of the square define the boundaries at
which particular pixel value (such as a colour) can be asserted so as to display the square.

In Fig. 3, a lozenge-shaped object is shown which is defined by four QPFs in which
the end line for one QPF represents the start line for the next, adjacent QPF.

It is apparent from Figs. 2 and 3, that is it is not possible for a QPF to be aligned with
a scan line which would imply infinite slope in, for example, the embodiment shown in
Fig. 1.

Fig. 4 shows an alternative object formed by six QPFs. Those QPFs that appear
vertical (perpendicular to the scan lines) have APIXEL = 0 and AAPIXEL = 0. Where a
QPF has a constant (linear) slope, APIXEL is non-zero and AAPIXEL equals 0.

The QPF format described herein has specific application in real time object

graphics and is useful in a system such as that disclosed in Australian Patent Application
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and quiickly mani pul ated within an object based graphics system

SUWWARY OF THE | NVENTI ON It is an object of the present invention to
anel i orate one or nore di sadvantages of the prior art. According to
one aspect of the present invention there is provided an object based
graphics system for producing an inage at | east one object conponent of
whi ch conprises an outline of said object'%bnponent, said outline

coMpr1 110 Bl bt 1)L RAKEACHIERLS LRyt R Saeh. S Sl el paren
i n whi ch saiSystenely elairfing @iidEt: from Australian Patent Application PL2147 of 29 April 1992

and the disclosure of which and the equivalent European application is hereby incorporated

by cross reference.

Turning now to Fig. 8, such a real time object (RTO) graphics system is shown which
includes a controlling processor 11 connected via a processor bus 17 to a processor
memory 12 which includes ROM and RAM. The processor 11 operates to form a page
display list of objects which are used to form an image. The page display list is stored in the
RAM portion of the processor memory 12 in which the objects can be derived from the
ROM portion of the processor memory 12 or alternatively input to the system 10 via any
known external means such as a disc drive, a digitising tablet of a graphics work station or
the like.

Connected to the processor bus 17 is a RTO processor 13 which manipulates
QPFs of objects in the page display list so as to output rasterised image data to a colour
lookup table 15 for reproduction on a display 16 such as a video display unit or printer. The
RTO processor 13 also connects via a QPF bus 18 to a QPF memory 14 formed of static
RAM which is used for the storage of QPFs whilst the processor 13 is calculating the image
data. |

Accordingly, because the processor 13 can only accept QPFs, the objects which
form the page display list produced by the processor 11 must also be described as QPFs.

Where the processor 11 and preformated objects are configured using cubic
polynomials such as Bezier splines, these polynomials can be converted to QPFs in the
manner described in Australian Patent Application No. ............ (Attorney Ref:
(RT09)(203174)) entitled "Bezier Spline to Quadratic Polynomial Fragment Conversion",
claiming priority from Australian Patent Application PL2149 of 29 April 1992 and the
disclosure of which is hereby incorporated by cross reference.

Referring now to Fig. 9, the data flow diagram of the RTO processor 13 shows an
image fetch unit 20 connected to the processor memory 12 via the bus 17. Objects and their
QPFs are fetched from the memory 12 by the unit 20 and are output to a QPF first-in-first-
out (FIFO) register 21 which is four words deep. Data in the FIFO 21 is tagged as object or
QPF data as per the formats of Figs. 11 and 12 to be later described. The FIFO 21 is used to
decouple fetching from data processing, so as to increase the access efficiency to the
processor bus 17 and the calculated efficiency. L

I
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Aécording to another aspect of the present invention there is provided an

obj ect- based conputerised graphics systenf for reproduc T'wﬁhmHisrﬁ:ﬂd\

di spl ay device having a plurality of scan |ines upon each
plurally of pixels are reproducible, said system conpr | SI
Data is output from the FIFO 21 into a preprocessing pipeline 22 which performs a
series of calculations on the data before it is stored in the QPF RAM 14. These operations

-5-

are:

-(23) applying scaling and translation factors for the current object to each QPF:

-(24) filtering out QPF's which will not effect the display;

~(25) iteratively recalculating the values in a QPF which start before the first line of
the display, to yield a QPF starting on the first line of the display; and

-(26) applying a correction to the QPF's rendering if the image is to be interlaced (as,
for example, on a television display).

From the preprocessing pipeline 22, the QPFs are stored in the QPF memory 14. The
QPF data is stored as a series of linked lists, one for each line in the image to be formed.
After all of the QPFs in the image have been fetched and stored in the memory 14, the
linked list for each line is sorted by a sorter 28 in order of pixel value (i.e. position), in
preparation for rendering of the image to the display 16.

In video applications, image preparation of the new image occurs in one half of a
double buffered QPF memory, whilst the other half is used for rendering. However, the
QPF memory 18 is single ported, so the image preparation and image rendering sections of
the processor 13 must compete for access to the bus 18. )

Image rendering is commenced in synchronization with the display 16. Rendering
consists of calculating the intersection of QPFs with each line on display 16 in turn, where
these intersections define the edges of objects. Each edge (or intersection) is used in the.
calculation of the level which is to be displayed at a particular pixel position on the scan
line. _

For each line in the image, the render process steps through the list of QPF's for that
line, executing the following steps:

- copy the pixel value (location), pixel level (colour) and effects information into a
pixel FIFO 30 to be picked up for fill generation and calculation;

- calculate the values of the QPFs intersection for the next line, or discard QPFs
which terminate on the next line; and

- merge the recalculated QPF into the list of QPF's startmg on the next line.

Rendering and recalculation has the highest priority on the QPF bus 18, however the
bus 18 is freed from storage or sorting access whenever the pixel FIFO 30 is filled, or all
the QPFs for the current line have been processed.

Data is sequenced out of the pixel FIFO 30, which is sixteen words deep, under the

control of a pixel counter which is incremented by each pixel clock cycle derived from the



2 ¢ it means for providing graphic object information for at |east one
graphic object intended for reproduction, said information conprising an
outline representation of said graphic object formed format |east two
curve fragnents each conprising a single non-  paranmetric quadratic

pol ynom al description thereof, and means for rendering said one
graphi c object, said means for rendering béing configured to determ ne,
for each said curve fragnent, given a first intersection between said
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prior to display. The fill generation can be modified by an effects block 32, so as to

implement visual effects such as transparency.

The organisation of the data making up an image in the processor memory 12 is
shown in Fig. 10. This shows one object list, although there may be many such lists, each
in the format shown.

In the preferred embodiment of the graphics system 10, the objects in the list are
placed contiguously in memory, with each object (Object 1, Object 2, ...) occupying nine
16 bit locations. The last two words of each object are *QList(Jow) and *QList(high)
which form a pointer to the start of the QPF list for that particular object. The QPF list can
reside anywhere in the memory 12. The remainder of the object description is made up of
scaling and translation factors (LScale, PScale, APScale, AAPScale, LOffset and POffset),
the object's level (6 bits) and effects (2 bits) bits (Level), and an eight-bit obj ect tag (Tag)

LOffset represents a palette of colours from which Level selects the actual colour of
the object. In this manner, Level and LOffset can address 24 bit colour data permitting
over 16 million colours to be displayed using the system 10. Although the RTO processor
13 only manipulates Level, the colour look-up table 15 also has access to the processor bus
17 whereby the processor 11 can adjust the particular palette. By writing to the colour
look-up table 15 to display the appropriate colour for that object.

POffset represents a pixel translation amount (X translation for video display)

LOffset represents a line translation amount (Y translation for video).

LScale represents a line scaling factor (related to Y size).

PScale represents a pixel scaling factor (related to X size).

APScale represents a pre-calculated factor for scaling APIXEL to give an
equivalent X size as PScale. .

AAPScale represents a pre-dalculated factor for scaling AAPIXEL to give
equivalent X size as PScale.

For each object, the QPFs are listed contiguously in memory, each QPF being made
up of five 16 bit words. These are, as described earlier, (in order) the START LINE, the
END_LINE, the START _PIXEL, the APIXEL, and the AAPIXEL. Both object and QPF
lists in the processor memory 12 must contain at least one item, as there is no provision for

a null list. :
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fragment and ot her ones of said scan |ines. | DESCRI PTI ON OF

THE PREFERRED ENMBODI MENT( S) Enbodi nents of the present invention wll
now be described with reference to the drawi ngs in which: Fig. 1
illustrates a single quadratic polynom al fragment (QPF); Fig. 2
illustrates an object formed by two QPFs; Fig. 3 illustrates an

obj ect fornmed by four QPFs; Fig. 4-Mdustrates an object forhed by
si x QPFs; Fig. 5 illustrates an object forned by five

The data types of the different object and QPF components are 1nd1(g;ted and their
precise formats are shown in Figs. 11 and 12. In addition to the image data, some of the
object and QPF components contain check bits and termination bits.

Check bits occupy the top bit of the four scale factors (LScale, PScale, APScale,
AAPScale) in an object description and the START_LINE component of a QPF
description. In the object list, the check bits must be set to zero. In the START_LINE
field, the check bit must be the same as the sign bit. If any of these bits are incorrect, the
RTO processor 13 will detect this and abort the image generation.

The bottom bit of the *QList(low) word of each object is used as a termination
marker for the object list. This bit is set to a 1 for the final object in the list only. The top
bit of the end line word of each QPF is used as a termination marker for the QPF list. For

all QPFs except the last, it must be the same as the end line sign bit. For the last QPF, it
must be the opposite of the sign bit.

The formating provided by Figs. 10, 11 and 12 permit the RTO processor 13 to
successfully read QPFs for an image and to manipulate those within the preprocessing
pipeline 22. After preprocessing, it is necessary for the QPFs to be stored in the memory
14, by which access is obtained using the memory interface 27 of Fig. 9.

The QPF memory 14 is organised in the manner shown in Fig. 13. Fig. 13 shows one
bank 33 of QPF memory 14 and if more than one bank is used, each bank is organised in an
identical fashion. The bank 33 is divided into four areas comprising a line table 34, and
pixel table 35, a bit table 36, and a QPF area 37. The line table 34, which contains one
word for each line of the display, is used for storing the start of line pointers and always
occupies the bottom of the QPF memory 14. The pixel table 35 is a temporary storage area
used for the sorting of pixels carried out by the sort unit 28. The base location is set by a
register PTBA, and the size is one word for each pixel displayed in a line, plus two
additional words. The bit table 36 is another temporary storage area used in the pixel sort.
Base location is set by a register PTBA, and the size of the bit table 36 is the size of the
pixel table 35 divided by 32, and rounded up to the nearest whole word. The QPF area 37
contains all of the QPF data. This always occupies the top of the QPF memory 14 in which
the bottom address is set by a register QRBA, while the top address, which is also the top
address of the bank 33, is set by a register MBTA.

The format of the QPF components stored in the memory bank 33 are indicated in
Fig. 14. In the preprocessing pipeline 22, the object scale and offset factors have been

applied to each QPF, resulting in PIXEL, APIXEL and AAPIXEL values having greater

range and/or precision compared to their original formats in the processor memory 12.
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Fixg. 6:illustrates an object formed by ei ght QPFs; Fig. 7 illustrates
anot her object fornmed by ei ght QPFs; Fig. 8 is a schematic bl ock

di agram representati on of an object based graphic systemwhich utilises
QPFs; Fig. 9 is a data flow diagram of the real tinme object (RTO
processor of Fig. 8 which indicates those operations occurring on the QPFs;
Fig. 10 shows an object list and the conf-i&uration of QPFs for each object
in the list; Figs. 11 and 12 show t he object and QPF data word formats
of the |ist Alfo,Fhgobje¢:;level, effesisgind tag hits|have beanagengpd irgnglstorsd wideash QPfe

QPF menory OIfhelgbg?l‘ineBﬁél@ Qee% no longer be stored with the QPF, as the QPF lists are based on the
start line. There are no check bits, and the end of each linked list is denoted by a zero
pointer.

This structure is seen in Fig. 13 wherein the QPF area 37 there are shown two linked
lists for lines zero and one of the image. The linked list for line zero commences with a
QPF 40 which points to a QPF 41 which in turn points to a QPF 42 at the end of the list.
The linked list for line 1 of the image commences with a QPF 43 which points to a terminal
QPF 44.

The actual formation and calculation of QPF data can now be described by example
using a simple object.

Fig. 15 shows an object of letter "B" shape. This object can be represented by QPF's
in the manner shjown in Fig. 16.

Fig. 17 shows a Bezier object for the letter "B" which can be transformed to a QPF
object using the method disclosed in Australian Patent Application No. PL2149 (Attorney
Ref: (RT09)(203174)).

In Fig. 18, a specific Bezier curve of the object of Fig. 17 is shown, in 4-point format.
This is transformed into two QPF's as shown in Fig. 19.

Modifications of the embodiments of the present invention can be made thereto

without departing from the scope of the present invention.
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Fi:g: ‘14 shows the data format of a single QPF in the QPF nenory of Figs. 8
and 9; and Figs. 15 to 19 shows exanpl es of @H&anle
obj ect. Referring to Fig. 1, a quadratic pol ynom al fra mant |ch
forms part of an object outline is illustrated extendﬂi‘il

to an end line within a raster display. The QPF is a cu sed by

a constant change in slope of the line andin this mann nt of
any object outl Id}.eAﬁ\%" be described using a quadratic poI ynom aI

L. An object based graphics system characterised by the representation of objects
by quadratic polynomials.
2. An object based graphics system in which individual objects are represented

by a plurality of curve fragments characterised in that each curve fragment is defined by a
quadratic polymonial.

3. An object based graphics system wherein each object is divided into a plurality
of curve fragments characterised in that each said fragment is defined by a START_
PIXEL location, a APIXEL value, a AAPIXEL value, a START LINE, and an
END_LINE wherein the pixel location of said curve fragment on any line(y) of the
displayed image is given by:

PIXEL (line, ) = PIXEL (line,) + APIXEL (line,)
APIXEL (line,;;) = APIXEL (line,) + AAPIXEL
where :
PIXEL (linen = START_LINE) = START_PIXEL; and
APIXEL (line, - sTART LINE)= APIXEL.

4. An object based graphics system characterised in that each intersection
between an object outline and a scan line can be calculated by two mathematical
operations, when the previous intersection is known.

5. An object based graphics system as claimed in claim 4 characterised in that
said mathematical operations are additions.

6. An object based graphics system in which individual objects are represented by
a plurality of curve fragments characterised in that each curve fragment is defined by a
quadratic polynomial and is derived from a corresponding spline fragment.

7. An object based graphics system as claimed in claim 2 characterised in that
each object is further represented by scaling or translation factors.

8. An object based graphics system as claimed in claim 2 characterised in that
each object is further represented by colour level and offset information.

9. A method for representing objects in an object based graphics system, said
method characterised by representing said objects by quadratic polynomials.

10. A method for representing objects in an object based graphics system,

.characterised by representing individual objects by a plurality of curve fragments and
defining each curve fragment by means of a quadratic polynomial.

11. A method of genertating image data wherein features of the image are

AN RO

fragmented and represented using quadratic polynomials.
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12. A signal or recording comprising image data in which features of the image are
fragmented and represented using quadratic polymomials.

13. Apparatus for converting cubic curve fragments to quadratic polynomial
fragments.

AN T
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Because each QPF changes slope in a constant manner along its |ength, each

QPF can be readily defined by a nunber of paraneters. The first of
these paraneters is the START LI NE which specifies the first line in raster
order upon which the QPF appears. The next paraneter is the
STARTPI XEL whi ch specifies the pixel value (i.e. location) of the QPF on
the start.line. The next paraneter -il$ -API XEL whi ch specifies the
slope of the line. APIXEL is added to start pixel for each raster line of

t he displ ay. The next paraneter isAbs¥aqtp| XEL whi ch specifies the

curvature of the line. [err]PIXEL is added to [err] Pl XEL each raster |ine.
GRAPHICS SYSTEM USING QUADRATIC POLYNOMIAL FRAGMENTS

Disclosed is an object based graphics system wherein each object is divided into a
plurality of curve fragments described by a quadratic polynomial. For each fragment the
corresponding polynomial is defined by a START PIXEL location, a APIXEL value, a
AAPIXEL value, a START LINE, and an END__ LINE wherein the pixel location of said
curve fragment on any line, of the displayed image is given by:

PIXEL (line,, ;) = PIXEL (line,) + APIXEL (line,)
APIXEL (line,1) = APIXEL (line,) + AAPIXEL
where
PIXEL (line, = staArT LiIN) = START_PIXEL; and
APIXEL (line; = sTART LINE) = APIXEL.

Such a method of describing graphic objects permits high speed object processing

sufficient to allow for the generation of images at real-time data rates for raster displays

with present consumer-priced technology.
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The | ast paraneter
the QPF appears.

I's the ENDLI NE which specifies the
Wth the foregoing paraneters,

| ast
t he pi xel

| i ne on which

| ocati ons

on each of the scan (raster)
fol |l owi ng manner:
(lineferr])
wher e

[err]PIXEL (line[err] =[err])
t here are shown a nunber of

| ines of the QPF can be determined in the

PIXEL (line[err])
API XEL (line[err])= [err]PIXEL (lineferr]) + [err]PIXEL
PI XEL (line[err] = START LI NE)
= [err] Pl XEL.
individum

= PIXEL (line[err]) + [err] Pl XEL

= STARTPI XEL; and
Turning now to Figs.
obj ects each of

2-7,

_~ Start Line

[ - Start Pixel
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APixel A \\ ( —

N\ A Pixel \

L~ End Line

[

Fig. 1
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[ S
whi ch being defined by a plurality of QPF s. In Fig. 2, a square
object is shown defined by two QPFs which define the left and right sides
of the square respectively. Each QPF comences on a conmon start |ine and
ends on a common end line. In this manner, the QPFs of the square define
t he boundaries at which particular pixel value (such as a colour) can be
asserted so as to display the square. In Fig. 3, a | ozenge-shaped
object is shown which is defined by four QPFs in which the end |line for one
QPF represents the start line for the next, adjacent QPF. It is
apparent fromFigs. 2 and 3, that is it is not possible for a QPF to be
aligned with a scga.ling. . i g would inmply infinite slope in, for exanple,
t he enbodi nent shd= :

Fig. 2
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Fié. 4 shows an alternative object fornmed by six QPFs. Those QPFs t hat
appear vertical (perpendicular to the scan |lines) have API XEL = 0 and
[err]PIXEL = 0. Where a QPF has a constant (linear) slope, APIXEL is
non-zero and [err] Pl XEL equal s O. The QPF format described herein has
specific application in real time object graphics and is useful in a system
such as that disclosed in Australian Patent Application '
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-4 - No. 38244/93 (Attorney Ref:(RTO7)(202788)) entitled "A Real Tine

hj ect Based Graphic Systemi', claimng priority from Australian Patent
Application PL2147 of 29 April 1992 and the disclosure of which and the
equi val ent European application is hereby incorporated by cross reference.
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Turning nowto Fig. 8, such a real tine object (RTO graphics systemis
shown which includes a controlling processor 11 connected via a processor
bus 17 to a processor nmenory 12 which includes ROM and RAM The processor
11 operates to forma page display |ist of objects which are used to form
an image. The page display list is stored in the RAM portion of the
processor nenory 12 in which the objects can be derived fromthe ROM
portion of the processor nenory 12 or alternatively input to the system 10
via any known externaloppEgigorsuch as a disc drive, a digitising tablet of a

graphi cs work statlonlgmﬁﬁaf li ke. Connected to the processor bus 17
is a RTO processor 13 which npnipul ates QPFs of objects in the page display
list so as to outpat swﬁumgs i mage data to a col our
' Object List
EndLine ject 18
' ; LScale
QPF 1 Pixel
; PScale
APixel
- APScale
A APixel
AAPScale
StartLine T Offset
S€ Object 1
EndLine Jee
POffset
Pixel
QPF2 TagLevel
APixel N
QList(Low)
A APixel . :
. QPF list for *OList(Hich
2nd object QList(High)
LScale
StartLine
PScale
EndLine
APScale
Pixel
AAPScale
APixel .
APixel ' LOffset Object 2
A APixel
A APixel POffset
StartLine Tag|Level
EndLine *QList(Low)
Pixel *QList(High)
APixel
A APixel
. *QList(Low)
Fig. 10 . *QList(High)
APixel -
A APixel
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| ookup table 15 for

whi | st the processor
because the processor
page display |ist produced by the processor
Where t he processor
usi ng cubic polynom als such as Bezier splines,
converted to QPFs in the manner desgp
No. 38239/93 (Attorney ﬁgf (RT®9) (20
Quadrati c Pol ynom al

printer.
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reproduction on a display 16 such as a video display
13 al so connects via a QPF bus 18 to a
QPF nmenory 14 formed of static RAM which is used for the storage of QPFs
13 is calculating the i mage dat a.
13 can only accept QPFs,

Accordi ngly,
the objects which formthe
11 nust al so be described as

11 and prefornmatted objects are configured
t hese pol ynom als can be

‘elaohth W Fofmats an Pat ent Application
174)) entitled "Bézier Spline to
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C: Check Bit

S: Sign Bit
E: Effects Bit

T: Termination Bit

Fig 11

Fig 12



Cohversion", clainmng priority fromAustralian Patent Application PL2149 of
29 Apri l 1992 and the disclosure of which is hereby incorporated by cross

r ef er ence. Referring nowto Fig. 9, the data fl ow di agram of the RTO
processor 13 shows an imge fetch unit 20 connected to the processor nenory
12 via the bus 17. bjects and their QPFs are fetched fromthe nmenory 12 by
the unit 20 and are output to a QPF first-in-first-out (FIFO register 21
which is four words deep. Data in the FIFO 21 is tagged as object or QPF
data as per the formats of Figs. 11 and 12 to be | ater described. The FIFO
21 is used to decouple fetching fromdata processing, so as to increase the
access efficiency to the processor bus 17 and the cal cul ated efficiency.

33
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Datd is" output fromthe FIFO 21 into a preprocessing pipeline 22 which
perfornms a series of calculations on the data before it is stored in the

QPF RAM 14. These operations are: -(23) applying scaling and
translation factors for the current object to each QPF: -(24)
filtering out QPF' s which will not effect the display; -(25)

iteratively recalculating the values in a QPF which start before the first
line of the display, to yield a QPF starting on the first line of the

di spl ay; and -(26) applying a correction to the QPF' s rendering if

the image is to be interlaced (as, for exanple, on a television display).

™~ N

_ —

Fig. 15 Fig. 16
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From t hej preproce55| ng!p peline 22, the QPFs are stored in the QPF nmenory

14. Th brbd as a series of linked lists, one for each line
in theli . After all of the QPFs in the i“rm‘g‘e"ﬁ—\Te been
f et che

e menory 14, the linked list for e epﬁasmenkeplaced
on
of the inmage to the dISp| ay 16.
o]

sortedjby a sorter 28 in|order of pt Xel value (i.e. positi “lm““ \“
|

preparation for render| ng “
appl i cat iggaBHIdSTRYe A0 ANG tQUARRATIC [POLKNQ GRAGEENTSS i n
doubl e bdffered QDF rrem)ry, whi | st the ot her half I's used for rendering.
However, th E S Lt e e ore fji;on and

I mage rendeﬁ% sggﬁjt(r))r%g%g?éshhekﬂ%?%tceesggorgdgfaﬁﬁéégcsjﬁgg & Tor Qg%: 65s to the
bus 18. jpcludirdgmmgens endering is commenced in synchronization with the

di spl ay %hi@ﬂ%ﬁd@&n be described, and manipulated by dividing each object into a number

of fragments and mathematically describing each fragment by a quadratic polynomial..

Most object graphics systems use a frame store to hold a pixel based image of the
page or screen. The outlines of individual objects are calculated, filled and written into the
frame store. For two dimensional graphics, objects which appear in front of other objects
are simply written into the frame store after the background object, thereby replacing the
background on a pixel by pixel basis. Such systems are typically expensive in terms of

~— hardware and the time taken to create a full page image.

Real time image generation for raster displays can be achieved by calculating the
image in raster order. This means that each scan line must be calculated as it is
encountered. This requires that the intersection points of each scan line with each object
outline are calculated, and then filled.

Traditionally, the calculation of intersections of outlines are performed using
straight line or spline formats. The most popular spline formats are various forms of
parametic cubic polynomials, such as Bezier curves. If cubic Bezier splines are used,
intersection calculation involves calculating the roots of a cubic polynomial at a particular
scan line to obtain the parametric positions of the intersections, and substituting these into
the polynomial to obtain the actual pixel intersections. Whilst it is possible to build -
hardware to perform this function in real time, such hardware is highly complex, and not
suited for consumer priced equipment. -

It is an object of the present invention to provide an alternative to the above
through provision of a simplified format for representing object outline data which can be
readily and quickly manipulated within an object based graphics system.

* In accordance with one aspect of the present invention there is disclosed an object
based graphics system characterised by the representation of objects by quadratic
polynomials.

In accordance with another aspect of the present invention there is disclosed an
object based graphics system in which individual objects are represented by a plurality of
curve fragments in which each curve fragment is defined by a quadratic polymonial.

In accordance with a further aspect of the present invention there is disclosed an
object based graphics system wherein each object is divided into a plurality of curve

! fragments each being defined by a START PIXEL logation, 2 APIXEL value, a AAPIXEL



.-16 | n turn, where these | ntersect i ons define t hie ledpseripioncipaged s . teEpaped ...
edge (or intersection¥h %ﬁqumRtpﬂveedcal cul at i oA éflaitafs) | e\paged/\h .¢d paged 4°.
be di spl ayed at a parti II

con$ists of cal cul ating—theintersection of @FS%REP%MEN’E@ TSi spP&y.
SI tion on i i Deawing(s)neaged ... to paged 9.,
each line in the imge,

ocess st epis I ibstigh t hepabédsill.ob pakkd.c..
for that |line, executing the fo ovm ng steps - copy the pixel value

(location), pixel level (colour) and ef fdcts in Oy plﬁp Rﬁ&ﬁlﬁ‘ pi x@tm‘?#l FO

The val et of EALHEERSYStEneERMNG 0P RPHATIG L ROMINAL FRAGMERIS

which term nate on the next |line; and

The present invention relates to object graphics and, in particular, discloses a means
by which objects can be described, and manipulated by dividing each object into a number
of fragments and mathematically describing each fragment by a quadratic polynomial..

Most object graphics systems use a frame store to hold a pixel based image of the
page or screen. The outlines of individual objects are calculated, filled and written into the
frame store. For two dimensional graphics, objects which appear in front of other objects
are simply written into the frame store after the background object, thereby replacing the
background on a pixel by pixel basis. Such systems are typically expensive in terms of
hardware and the time taken to create a full page image.

Real time image generation for raster displays can be achieved by calculating the
image in raster order. This means that each scan line must be calculated as it is
encountered. This requires that the intersection points of each scan line with each object
outline are calculated, and then filled.

Traditionally, t/he calculation of intersections of outlines are performed using
straight line or spline formats. The most popular spline formats are various forms of
parametic cubic polynomials, such as Bezier curves. If cubic Bezier splines are used,
intersection calculation involves calculating the roots of a cubic polynomial ata particular
scan line to obtain the parametric positions of the intersections, and substituting these into
the polynomial to obtain the actual pixel intersections. Whilst it is possible to build
hardware to perform this function in real time, such hardware is highly complex, and not
suited for consumer priced equipment.

It is an object of the present invention to provide an alternative to the above
through provision of a simplified format for representing object outline data which can be
readily and quickly manipulated within an object based graphics system. _

- In accordance with one aspect of the present invention there is disclosed an ob_; ect
based graphics system characterised by the representation of objects by quadratic
polynomials.

In accordance with another aspect of the present invention there is disclosed an
object based graphics system in which individual objects are represented by a plurality of
curve fragments in which each curve fragment is defined by a quadratic polymonial.

In accordance with a further aspect of the present ;nvention there is disclosed an

REPLACEMEIS ﬁ\- gf‘-" d graphics system wherein each object is divided into a plurality of curve
— ‘fragmems Lach being defined by a START_PIXEL location, a APIXEL value, a AAPIXEL
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.merge the recalculated QPF into the |ist of QPFjspspiar )
I|ne Rendering and recal cul ati on has the hfg §F%§h’r’fﬂ7' HEEBN( t he QPF
bus 18, however the bus 18 is freed from storage prjsorting acc':‘ésys enever
the pixel FIFO 30 is filled, or all the QPFs for jth Zlﬁ}MARt obyne have been
processed. Data i s sequenced out of the pixell_Fl FO 30, |dh S
si xteen words deep, under the control of a pixel jcounter nt er whirchi-<
i ncrenented by each pixel clock cycle derved fr :

value, a START_LINE, and an END_LINE wherein the pixel location of said curve
fragment on any liney) of the displayed image is given by:
PIXEL (line,+;) = PIXEL (line,) + APIXEL (line,)
APIXEL (liney4+;) = APIXEL (liney) + AAPIXEL
where
PIXEL (line, = staART LINE) = START_PIXEL; and
APIXEL (line, = sTaArRT LINE) = APIXEL.
In accordance with a furtier aspect of the present invention there is disclosed an

object based graphics system characterised in that each intersection between an object
outline and a scan line can be calculated by two mathematical operations, when the
previous intersection is known. Preferably, the mathematical operations are additions.
_ Embodiments of the present invention will now be described with reference to the
drawings in which:
Fig. 1 illustrates a single quadratic polynomial fragment (QPF);
- Fig. 2 illustrates an object formed by two QPFs;
Fig. 3 illustrates an object formed by four QPFs;
. o, . This Sheet Has g
Fig. 4 illustrates an object formed by six QPFs; Replaced
Fig. 5 illustrates an object formed by five QPFs; l I”W I’”/[ lll’ m !”l
Fig. 6 illustrates an object formed by eight QPFs;
Fig. 7 illustrates another object formed by eight QPFs;
Fig. 8 is a schematic block diagram representation of an object based graphic system
which utilises QPFs; '
Fig. 9 is a data flow diagram of the real time object (RTO) processor of Fig. 8 which

——— .
——

indicates those operations occurring on the QPFs,

Fig. 10 shows an object list and the configuration of QPFs for each object in the list;

Figs. 11 and 12 show the object and QPF data word formats of the list of Fig. 10;

Fig. 13 illustrates the organisation of the QPF memory of Figs. 8 and 9;

Fig. 14 shows the data format of a single QPF in the QPF memory of Figs. 8 and 9;

and : '
Figs. 15 to 19 shows examples of QPF formation for a single object.

Referring to Fig. 1, 2 quadratic"'polynomial fragment QPF which forms part of an
object outline is illustrated extending from a start line to an end line within a raster display.
The QPF is a curve characterised by a constant change in slope of the line and in this
manner, each fragment of any object outline can be described using a quadratic

polynomial.

B



-6- display 16. The fill generator 31 resolves the priority |levels of the

objects in the display, and outputs the highest visible |evel
position to the col our | ookup table 15

-3-

at each pi xel

Because each QPF changes slope in a constant manner along its length, each QPF

can be readily defined by a number of parameters.

The first of these parameters is the START_LINE which specifies the first line in

raster order upon which the QPF appears.

The next parameter is the START PIXEL which specifies the pixel value (i.e.

location) of the QPF on the start line.

The next parameter is APIXEL which specifies the slope of the line. APIXEL is

added to start pixel for each raster line of the display.

The next parameter is AAPIXEL which specifies the curvature of the line. AAPIXEL

is added to APIXEL each raster line.

The last parameter is the END_LINE which specifies the last line on which the QPF

appears.

With the foregoing parameters, the pixel locations on each of the scan (raster) lines

of the QPF can be determined in the following manner:

PIXEL (line,; ) = PIXEL (line,) + APIXEL (line,)

REPLACEMENT SHEET

APIXEL (lineu.,.l_):= APIXEL (line,) + AAPIXEL
where

20 MAR 1997

PIXEL (line, - sTART LiNg) = START_PIXEL; and

APIXEL (line, =gt ART_LINE) = APIXEL.

Turning now to Figs. 2-7, there are shown a number of individual objects each of

which being defined by a plurality of QPF's.

In Fig. 2, a square object is shown defined by two QPFs which define the left and
right sides of the square respectively. Each QPF commences on a common start line and

ends on a common end line. In this manner, the QPFs of the square define the boundaries at

which particular pixel value (such as a colour) can be asserted so as to display the square.

In Fig. 3, a lozenge-shaped object is shown which is defined by four QPFs in which

the end line for one QPF represents the start line for the next, adjacent QPF.

It is apparent from Figs. 2 and 3, that is it is not possible for a QPF to be aligned with

a scan line which would imply infinite slope in, for example, the embodiment shown in

Fig. 1.

Fig. 4 shows an alternative objgc't formed by six QPFs. Those QPFs that appear
vertical (perpendicular to the scan lines) have APIXEL =0 and AAPIXEL = 0. Where a
QPF has a constant (linear) slope, APIXEL is non-zero and AAPIXEL equals 0.

The QPF format described herein has specific application in real time object:

graphics and is useful in a system such as that disclosed in Australian Patent Application



prior to display. The fill generation can be nodi f A MANT SHEEEL 5 bl ock.
32, so as to inplenent visual effects such as trangparency. he
organi sation of the data making up an inmage in thel pRqgaaRofgoyENPry 12 is
shown in Fig. 10. This shows one object |ist, alfhpugh there my| bg many

such lists, each in the format shown. | n [ he preferred-enbodi nent of
the graphics system 10, the objects in the list gre placed contiguyously in
menory, wth each object (CObject 1, Object-2, .) occupylng nine 16 bit

N A N i [y o Sl

particul ar ?@leﬁﬂ't clafthitg Priority FbmRdstrafsn F&emyﬁ]ﬁ‘:ﬁﬁoﬂ PL2 1y oTe90A prilliBg2 The

renai nder and t}?eedl(s) ogu% oP Wl%.l [ll pé Ith%r::q{n'sva ent European application is hereby incorporated
by cross reference.

Turning now to Fig. 8, such a real time object (RTO) graphics system is shown which
includes a controlling processor 11 connected via a processor bus 17 to a processor
memory 12 which includes ROM and RAM. The processor 11 operates to form a page
display list of objects which are used to form an image. The page display list is stored in the

- RAM portion of the processor memory 12 in which the objects can be derived from the
ROM portion of the processor memory 12 or alternatively input to the system 10 via any
known external means such as a disc drive, a digitising tablet of a graphics work station or
the like.

Connected to the processor bus 17 is a RTO processor 13 which manipulates

. QPFs of objects in the page display list so as to output rasterised image data to a colour
lookup table 15 for reproduction on a display 16 such as a video display unit or printer. The
RTO processor 13 also connects via a QPF bus 18 to a QPF memory 14 formed of static
RAM which is used for ihe storage of QPFs whilst the processor 13 is calculating the image
data.

Accordingly, because the processor 13 can only accept QPFs, the objects which
form the page display list produced by the proces.sor 11 must also be described as QPFs.

Where the processor 11 and preformated objects are configured using cubic
polynomials such as Bezier splines, these polﬁrnomials can be converted to QPF's in the
manner described in Australian Patent Application No. ............ (Attorney Ref:
(RT0O9)(203174)) entitled "Bezier Spline to Quadratic Polynomial Fragment Conversion",
claiming priority from Australian Patent Application PL2149 of 29 April 1992 and the
disclosure of which is hereby incorporated by cross reference. :

Referring now to Fig. 9, the data flow diagram of the RTO processor 13 shows an
image fetch unit 20 connected to the processor memory 12 via the bus 17. Objects and their
QPFs are fetched from the memoty 12 by the unit 20 and are output to a QPF first-in-first-
out (FIFO) register 21 which is four words deep. Data in the FIFO 21 is tagged as object or
QPF data as per the formats of Figs. 11 and 12 to be later described. The FIFO 21 is used to
decouple fetching from data processing, so as to increase the access efficiency to the
processor bus 17 and the calculated efficiency.

This Sheet Has Been Replaced
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scaling and translation factors (LScaI e, PScal e, [err]RESp/qI@ rn{-;E,‘E:I',} Tsaal e,
LOFfset and POfset), the object's level (6 bits) andreffeets 2b1“t bits
(Level), and an eight-bit object tag (Tag) LOf get E{J resents:a

pal ette of colours fromwhich Level selects the actjal R 8397 h?
object. In this manner, Level and LOfset can addre$sl24 bit col ouridpta
permtting over 16 mllion colours to be displayed bsing the sy's"f‘“'rﬁ 10.

Al t hough the RTO processor 13 only mani pygl.ates Levers -our | ook} up
tabl e 15 al so has access to the processor bus 17 whereby the processor 11
can adj ust thelqaaﬁkiomﬂuafroﬂaheﬂm ZBynmnaipirémgcdssinglp@eﬁné 22whidoperfgrmisabl e

" opr osent <5016 P EHORPUNEISE PEASR RO e bhn it B ET RAM U JHisSepitigry

LOFfset remeesents a line translation anount (Y translation for video).

-(23) applying scaling and translation factors for the current object to each QPF:

-(24) filtering out QPF's which will not effect the display;

-(25) iteratively recalculating the values in a QPF which start before the first line of
the display, to yield a QPF starting on the first line of the display; and

-(26) applying a correction to the QPF's rendering if the image is to be interlaced (as,
for example, on a television display).

From the preprocessing pipeline 22, the QPF's are stored in the QPF memory 14. The
QPF data is stored as a series of linked lists, one for each line in the image to be formed.
After all of the QPFs in the image have been fetched and stored in the memory 14, the
linked list for each line is sorted by a sorter 28 in order of pixel value (i.e. position), in
preparation for rendering of the image to the display 16.

" In video applications, image preparation of the new image occurs in one half of a
double buffered QPF memory, whilst the other half is used for rendering. However, the
QPF memory 18 is single ported, so the image preparation and image rendering sections of
the processor 13 must compete for access to the bus 18. .

Image rendering is commenced in synchronization with the display 16. Rendering
consists of calculating the intersection of QPFs with each line on display 16 in turn, where
these intersections define the edges of objects.. Each edge (or intersection) is used in the
calculation of the level which is to be displayed at a particular pixel position on the scan
line. _

For each line in the image, the render process steps through the list of QPFs for that
line, executing the following steps: |

- copy the pixel value (location), pixel level (colour) and effects information into a
pixel FIFO 30 to be picked up for fill generation and calculation;

- calculate the values of the QPFs intersection for the next line, or discard QPFs
which terminate on the next line; and |

- merge the recalculated QPF 1nto the list of QPF's startlng on the next line.

Rendering and recalculation has the highest priority on the QPF bus 18, however the
bus 18 is freed from storage or sorting access whenever the pixel FIFO 30 is filled, or all
the QPFs for the current line have been processed. '

Data is sequenced out of the pixel FIFO 30, which is sixteen words deep, under the

control of a pixel counter which is incremented by each pixel clock cycle derived from the



LScal e represents a line scaling factor (related to Y size). PScal. e

represents a pixel scaling factor (related to X size). [err] PScal e
represents a pre-calculated factor for scaling [err]PIXEL to give an
equi val ent X size as PScal e. [err] PScal e represents a pre-cal cul ated

factor for scaling [err]PI XEL to give equivalent X size as PScal e.

For each object, the QPFs are |isted contiguously in nmenory, each QPF being
made up of five 16 bit words. These are;6at described earlier, (in order)
the STARTLINE, the ENDLINE, the STARTPI XEL, the [err] Pl XEL, and the

[ err] Pl XEldisjay h6.0bhefill generaf@PB 1 Iresotves ithe priveitp tayelssd thre otgeass in the dispkity,

contain at, | a%5u@He HiSif vidBie 136 5t bah Hixe? pOYLiSA &thk Rblour lookup table 15
prior to display. The fill generation can be modified by an effects block 32, so as to
implement visual effects such as transparency.

The organisation of the data making up an image in the processor memory 12 is
shown in Fig. 10. This shows one object list, although there may be many such lists, each
in the format shown.

In the preferred embodiment of the graphics system 10, the objects in the list are
placed contiguously in memory, with each object (Object 1, Object 2, ...) occupying nine
16 bit locations. The last two words of each object are *QList(low) and *QList(high)
which form a pointer to the start of the QPF list for that particular object. The QPF list can
reside anywhere in the memory 12. The remainder of the object description is made up of
scaling and translation factors (LScale, PScale, APScale, AAPScale, LOffset and POffset),

-the object's level (6 bits) and effects (2 bits) bits (Level), and an eight-bit object tag (Tag)

' LOffset represents a palette of colours from which Level selects the actual colour of
the object. In this manner, Level and LOffset can address 24 bit colour data permitting
over 16 million colours to be displayed using the system 10. Although the RTO processor
13 only manipulates Level, the colour look-up table 15 also has access to the processor bus
17 whereby the processor 11 can adjust the particular palette. By writing to the colour
look-up table 15 to display the appropriate colour for that object.

POffset represents a pixel translation amount (X translation for video display)

LOffset represents a line translation amount (Y translation for video).

LScale represents a line scaling factor (related to Y size).

PScale represents a pixel scaling factor (related to X size).

APScale represents a pre-calculated factor for scaling APIXEL to give an
equivalent X size as PScale.

AAPScale represents a pre-calculated factor for scaling AAPIXEL to give
equivalent X size as PScale. '

For each object, the QPFs are listed contiguously in memory, each QPF being made
up of five 16 bit words. These are, as described earlier, (in order) the START_LINE, the
END_LINE, the START PIXEL, the APIXEL, and the AAPIXEL. Both object and QPF
lists in the processor memory 12 must contain at least one item, as there is no provision for
a null list. '

REPLACEMENT SHEET
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The data types of the different object and QPF cqmponents are indicated arjd their
precise formats are shown in Figs. 11 and 12. In addition to the image data, some of the
object and QPF components contain check bits and termination bits.

Check bits occupy the top bit of the four scale factors (LScale, PScale, APScale,
AAPScale) in an object description and the START_LINE component of a QPF
description. In the object list, the check bits must be set to zero. Inthe START_LINE
field, the check bit must be the same as the sign bit. If any of these bits are incorrect, the
RTO processor 13 will detect this and abort the image generation.

The bottom bit of the *QList(low) word of each object is used as a termination
marker for the object list. This bit is set to a 1 for the final object in the list only. The top
bit of the end line word of each QPF is used as a termination marker for the QPF list. For
all QPF's except the last, it must be the same as the end line sign bit. For the last QPF, it
must be the opposite of the sign bit.

The formating provided by Figs 10, 11 and 12 permit the RTO processor 13 to
successfully read QPFs for an image and to manipulate those within the preprocessing
pipeline 22. After prep_r.ocessing, it is necessary for the QPFs to be stored in the memory
14, by which access is obtained using the memory interface 27 of Fig. 9.

The QPF memory 14 is organised in the manner shown in Fig. 13. Fig. 13 shows one
bank 33 of QPF memory 14 and if more than one bank is used, each bank is organised in an
identical fashion. The bank 33 is divided into four areas comprising a line table 34, and
pixel table 35, a bit table 36, and a QPF area 37. The line table 34, which contains one
word for each line of the display, is used for storing the start of line pointers and always
occupies the bottom of the QPF memory 14. The pixel table 35 is a temporary storage area
used for the sorting of pixels carried out by the sort unit 28. The base location is set by a
register PTBA, and the size is one word for each pixel displayed in a line, plus two
additional words. The bit table 36 is another temporary storage area used in the pixel sort. -
Base location is set by a register PTBA, and the size of the bit table 36 is the size of the
pixel table 35 divided by 32, and rounded up to the nearest whole word. The QPF area 37
contains all of the QPF data. This always occupies the top of the QPF memory 14 in which
the bottom address is set by a register QRBA, while the top address, which is also the top
address of the bank 33, is setby a reéister MBTA.

The format of the QPF components stored in the memory bank 33 are indicated in
Fig. 14. In the preprocessing pipeline 22, the object scale and offset factors have been
applied to each QPF, resulting in PIXEL, APIXEL and AAPIXEL values having greater

range and/or precision compared to their original formats in the processor memory 12,



The data types of the different object and QPF conponents are indicated and
their precise formats are shown in Figs. 11 and 12. In addition to the
i mage data, sonme of the object and QPF conmponents contain check bits and
termnation bits. Check bits occupy the top bit of the four scale _
factors (LScal e, PScale, [err]PScale, [err]PScale) in an object description
and t he STARTLI NE conponent of a QPF description. In the object list, the
check bits nust be set to zero. In the SBARTLINE field, the check bit nust
be the sane as the sign bit. If any of these bits are incorrect, the

Also, the object level, effects and tag bits have been merged in and stored with each QPF.

The start line field need no longer be stored with the QPF, as the QPF lists are based on the
start line. There are no check bits, and the end of each linked list is denoted by a zero
pointer.

This structure is seen in Fig. 13 wherein the QPF area 37 there are shown two linked
lists for lines zero and one of the image. The linked list for line zero commences with a
QPF 40 which points to a QPF 41 which in turn points to a QPF 42 at the end of the list.
The linked list for line 1 of the image commences with a QPF 43 which points to a terminal
QPF 44.

The actual formation and calculation of QPF data can now be described by example
using a simple object.

Fig. 15 shows an object of letter "B" shape. This object can be represented by QPF's
in the manner shjown in Fig. 16.

Fig. 17 shows a Bezier object for'the letter "B" which can be transformed to a QPF
object using the method disclosed in Australian Patent Application No. PL2149 (Attorney
Ref: (RT09)(203174)). /

In Fig. 18, a specific Bezier curve of the object of Fig. 17 is shown, in 4-point format.
This is transformed into two QPF's as shown in Fig. 19.

Modifications of the embodiments of the present invention can be made thereto

without departing from the scope of the present invention.
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RTO processor 13 will|l detect this and abort the image generat_i__og.f%#lﬁe
bottombit of the *QList(low word of each object is used as a term nation
marker for the object list. This bit is set to a 1 for thg. ek Beingehladed

the list only. The top bit of the end line word of each
termnation marker for the QPF list. For all QPFs except t “]ﬂH‘BH“\lm“"st
be the sane as the end line sign bit. For the last QPF, it '

opposite of the sign bit. The form8t-ing provided by Figs. 10, 11 and
12 permt the RTO processor 13 to successfully read QPFs for an inmage and

to mani pul ate $h6dMSui thin the preprocessing pipeline 22. After
preprocessing, It 'A§n6@6&%&6@5&&5&?5&@%’5&&6%@&1 t?}&é@ ré&nﬁa’ﬁ@n'&’?gﬁéb’ts 14,

by which access is obtained using the menory interface 27 of Fig.
by quadratic polynomials. '

2. An object based graphics system in which individual objects are represented
by a plurality of curve fragments characterised in that each curve fragment is defined by a
quadratic polymonial. '

3. An object based graphics system wherein each object is divided into a plurality
of curve fragments characterised in that each said fragment is defined by a START _
PIXEL location, a APIXEL value, a AAPIXEL value, a START _LINE, and an
END_LIN E wherein the pixel location of said curve fragment on any line, of the

displayed image is given by:

PIXEL (linep41) = PIXEL (liney) + APIXEL (line,) " EET
APIXEL (liney+;) = APIXEL (line,) + AAPIXEL 20 MAR 1997
where - L

e e
————

PIXEL (linen = START_LINE) = START_PDGEL, and
APIXEL (line; — sTART_LINE) = APIXEL.
4. An object based graphics system characterised in that each intersection

between an object outline and a scan line can be calculated by two mathematical
operations, when the previous intersection is known. _

5. An object based graphics system as claimed in claim 4 characterised in that
said mathematical operations are additions.

6. An object based graphics system in which individual objects are represented by
a plurality of curve fragments characterised in that each curve fragment is defined by a
quadratic polynomial and is derived from a corresponding spline fragment.

7. An object based graphics system as claimed in claim 2 characterised in that
each object is further represented by scaling or translation factors. .

8. An object based graphics system as claimed in claim 2 characterised in that
each object is further represented by colour level and offset information.

9. A method for represeriting objects in an object based graphics system, said
method characterised by representing said objects by quadratic polynomials.

10. A method for representing'"b'bjects in an object based graphics system,
characterised by representing individual objects by a plurality of curve fragments and
defining each curve fragment by means of a quadratic polynomial.

11. A method of genertating image data wherein features of the image are -
fragmented and represented using quadratic polynomials.

—— _—

ey



The QPF nenory 14 is organised in the manner shown in Fig. 13. Fig. 13
shows one bank 33 of QPF nenory 14 and if nore than one bank is used, each
bank is organised in an identical fashion. The bank 33 is divided into four
areas conprising a line table 34, and pixel table 35, a bit table 36, and a
QPF area 37. The line table 34, which contains one word for each |ine of
the display, is used for storing the start of line pointers and al ways
occupi es the bottom of the QPF nenory 14.;g9The pixel table 35 is a .tenporary
storage area used for the sorting of pixels carried out by the sort unit

28. The base.l ocat Iﬁoﬂgnzﬁ 0B ﬁicohﬂngﬁlcd’rﬂlgﬁsiﬁgeifmdﬁlaéta iafehit Rafirdsofitle DikZe\WRS d
for each plxel %g aéed i n | i ne, add tlonal words. The bit

table 36 | SPEMSE TIGTR %tﬂ@r%@a&r@a Sn the pixel sort. Base
| ocation isl3set by Appas@issfoetorvERhg cubit dutee Fhgient td fidRitic goRRlotial6 i S the

si ze of th%agnmns
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pi xel table 35 divided by 32, and rounded up to the nearest whole word. The
QPF-area 37 contains all of the QPF data. This always occupies the top of"
the QPF nenory 14 in which the bottom address is set by a regi ster QRBA,
while the top address, which is also the top address of the bank 33, is set
by a regi ster MBTA. The format of the QPF conponents stored in the
menory bank 33 are indicated in Fig. 14. In the preprocessing pipeline 22,

t he object scale and of fset factors have jheen applied to each QPF,.
resulting in PIXEL, [err]PI XEL and [err] Pl XEL val ues havi ng greater range
and/ or precision conpared to their ori gibsahctf ormats in the processor nenory
12. :

GRAPHICS SYSTEM USING QUADRATIC POLYNOMIAL FRAGMENTS

Disclosed is an object based graphics system wherein each object is divided into a
plurality of curve fragments described by a quadratic polynomial. For each fragment the
corresponding polynomial is defined by a START_ PIXEL location, a APIXEL value, a
AAPIXEL value, a START _LINE, and an END_ LINE wherein the pixel location of said
curve fragment on any linew,) of the displayed image is given by:

PIXEL (liney+;) = PIXEL (line,) + APIXEL (liney)
APIXEL (line,+) = APIXEL (line,) + AAPIXEL
where ' _
PIXEL (line, = sTART LINE) = START_PIXEL; and
APIXEL (line, = sTaArRT LINE) = APIXEL.
" Such a method of describing graphic objects permits high speed object processing
sufficient to allow for the generation of images at real-time data rates for raster displays

with present consumeerriced technology.

FIGURE 1.
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Al so, the object level, effects and tag bits have been nerged in and stored
wth each QPF. The start line field need no | onger be stored with the QPF,
as the QPF lists are based on the start line. There are no check bits, and
the end of each linked list is denoted by a zero pointer. Thi s
structure is seen in Fig. 13 wherein the QPF area 37 there are shown two
linked lists for lines zero and one of the image. The linked list for line
zero commences with a QPF 40 mhich.p$%n;s to a QPF 41 which in turn points
to a QPF 42 at the end of the |ist. e linked list for Iine 1 of the inmage
commences wWith a QPF 43 which points to a term nal QPF 44. The actual
formation and cal cul ati on of QPF data can now be descri bed by exanpl e

Fig. 2
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using a sinple object. Fig. 15 shows an object of letter "B" shape:
Thi s object can be represent ed by QPF's in the manner shjown in Fig. 16.
Fig. 17 shows a Bezier object for the letter "B" which can be transforned
to a QPF object using the nethod disclosed in Australian Patent Application

No. PL2149 (Attorney Ref: (RTQ9)(203174)). In Fig. 18, a specific
Bezi er curve of the object of Fig. 17 is shown, in 4-point format. This is
transforned into two QPF' s as shown in Fig. 19. Modi fications of the

enbodi nents of the present invention C?Fp be made thereto wi thout departing
fromthe scope of the present inventio
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CLAI M5 The cl ains -defining the invention are as foll ows: 1. An
obj ect based graphics system for reproducing an i nage at | east one object
conmponent of which conprises an outline of said object conmponent, said
outline conprising a plurality of curve fragnments in which each said curve
fragnment conprises an explicit quadratic polynom al reproducible in an

out put space in which said inmage is forned. 2. An obj ect based
graphics systemas clained in claiml, wherein said inmage is intended for
rasterized reproduction on a display deyice having a plurality of scan

| i nes upon each of m@bp@kpﬁplurality of pixels are reproduci ble and wherein

when a 1st object

/| StartLine
EndLi Object List
ndLine :
QPF 1 Pixel LScale \
APixel PScale
A APixel APScale
> AAPScale
StartLine
LOffset Obj ect 1
EndLine
POffset
Pixel
e < Tag|Level
APixel
A APixel \*QList(Low)
ixe . : :
: gt Qi
LScale
s StartLine
PScale
EndLine
APScale
Pixel
AAPScale
APixel L
APixel LOffset Object 2
' A APixel
A APixel : i POffset
StartLine | Tag{Level
EndLine *QListLow)
Pixel *QList(High) )
APixel
A APixel
*QList(Low)
Fig. 10 *QList(High)
APixel . I :—:—r—:(
A APixel REPLACEMER) BT

=
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first intersection between said outline and one of said scan lines is
known, each subsequent intersection between said outline and other ones of
said scan |lines can be cal cul ated using two mat henati cal operations.

3. An obj ect based graphics systemas clained in claim2, wherein said
mat hemati cal operations are additions. 4. An obj ect based
graphics systemas clained in claim2 or 3, wherein each said object is
divided into a plurality of curve fragnents, each said curve fragnent being
defined by a commencing pixel locatiopn gaLue (START_PI XEL), a slope val ue
([err]PI XEL), a change-of-slope value ([err]PlI XEL), a comencing scan-line
val ue (START_LINE), and a fini shi ngbﬁgmathiw&d\@rﬁﬁts( END LINE), wherein a
pi xel 1 ocation 15 0

C Integer Fraction Key
LScale R RN B BN N B A
C Integer Fraction C: Check Bit
PScale oL [ N A O T :
AAPScale ¢ | 1 I?te|ger1 1 L1 I:raclztioln 1 1 e Effcts Bl
LOffset s| - Integer T: Termination Bit
I T N O A T WO N T A I
POffset S Integer
| I
Tag/Level Object Tag EOEl  Level
[ S A 1 1 11
*QList(low) * Address15..1 T -
: I T N NSO I TN O A A }?Q; 11
*QList(high) ~ Address31..16
: I 280 OO T O N O A Ny
15 QPF Data Word Formats 0
. Integer
Start Line | C|S A T O O O A I R B
; T|S Integer
End_Line N T T T Y Y A A Y
Pixel S Integer '
I A [ T I A
APixel S| Integer Fraction .
RN N BRI B A A Fig. 12
A Pixel S Fraction
: I DO AN T T T N Y T O T O
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(PIXEL (line[err])) of said curve fragnment on any scan |ine(n+l) of t he

rasterised inage is given by: PI XEL (line[err]) =
PIXEL (line[err]) + [err]PIXEL (line[err]) [ err] Pl XEL
(line[err]) = [err]PIXEL (line[err]) + [err]PlIXEL wher e

PI XEL (linen = START LINE) = START_PI XEL; and

[err]PIXEL (line[err] = [err]) = [err] Pl XEL. 5. An obj ect based
graphics systemas clained in claim2, 3 or 4, wherein said operations are
conput er i npl enent ed. 6. An obj ect based graphics system as

clainmed in any one of the
-7 -

33

MBTA; —
Top of Bank)|:
(Top ). QPR
(Eree P!ace— QPF Data
MBBALE f s | e
BTBA +
| (Max Pixels+2)/32
36 Bit Table Area
(Sory)
BTBA '
PTBA +
MaxPixels+2

35 Pixel Table Area

\ ~ (Som)

PTBA
#Lines
Start-of-List

Pointers =
34 : *

Line 1 \

Line 0 37 |

0000
Fig. 13
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precedi ng clains wherein each said curve fragnent is defined by a quadratic
pol ynoni al deternined froma spline fragnent that also describes said

obj ect conponent. 7. An obj ect based graphics system as cl ai ned
in any one of the preceding clainms wherein each said object conponent
further conprises a scaling factor, a translation factor, or both .

8. An obj ect based graphics system any one of the preceding clains
wherein each said object conponent further conprises a colour |evel value
and offset information.

-8 -
31 15 _ . 0
Word0 Address Integer
I O W A U A O I I O O I R O U T T IO I A O B B |
) Next A End Line g
31 15 0
Word1l Integer ) Fraction
I T T A N U 1 A I O O O TN O T T TN N OO WO IO O A O
s Pixel
31 | 15 0
E | Integer S Integer Fraction
Word2 | | /7y T R NN N N N N O N O O 1 O O I O B O
— > <« >
Level _ ’ ~ APixel
31 15 0
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9. A method for representing-a graphi cal obj ect .in an object based
comput er graphi cs system said nmethod conprising the steps of defining said
obj ect by a plurality of curve fragments each said curve fragment
conprising an explicit quadrati EBE nom a descrlgt i on of said curve

fragnent. GRAPHICS/SY&T NG (QH}S\EBIA HQ ROLYINEIVHNARM f or
reproduci ng an i mage on a di spl ay dWﬁ‘GWFE’NT@ a plurality of scan lines

upon each of which a plurality of pixels are reproducible, said system
conprising:  The prespatdpeention tglagssi taiqhiecy Eeaphics 2b%j BcRartisilar, iHiSGIQNsS Romeans
| east one gy AMKHCOMIEILS64n b tigyREiBEd f Aid mﬁﬂﬁﬂdtéﬁtbycmwdﬁfg'bébchmfb cP&ithb @Mnumber
conpri si ng outline . representati on_ sal d f.rom at
| east two JEERS) %H@%ﬁa i“l‘ggeaﬁ g%ﬁﬁﬂp adratic polynomial.

Most object graphics systems use a frame store to hold a pixel based image of the
page or screen. The outlines of individual objects are calculated, filled and written into
the frame store. For two dimensional graphics, objects which appear in front of other
objects are simply written into the frame store after the background object, thereby
replacing the background on a pixel by pixel basis. Such systems are typically expensive
in terms of hardware and the time taken to create a full page image.

Real time image generation for raster displays can be achieved by calculating the
image in raster order. This means that each scan line must be calculated as it is
encountered. This requires that the intersection points of each scan line with each object
outlines are calculated, and then filled. '

Traditionally, the calculation of intersections of outlines are performed using
straight line or spline formats. The most popular spline formats are various forms of
parametric cubic polynomials, such as Bezier curves. If cubic Bezier splines are used,
intersection calculation involves calculating the roots of a cubic polynomial at a particular
scan line to obtain the parametric positions of the intersections, and substituting these into
the polynomial to obtain the actual pixel intersections. Whilst it is possible to build
hardware to perform this function in real time, such as hardware is highly complex, and
not suited for consumer priced equipment.

It is an object of the present invention to provide an alternative to the above through
provision of a simplified format for representing object outline data which can be readily
and quickly manipulated within an object based graphics system.

SUMMARY OF THE INVENTION
It is an object of the present invention to ameliorate one or more disadvantages of -
the prior art. '

.. According to one aspect of the present invention there is provided an object based
graphics system for producing an image at least one object component of which comprises
an outline of said object componenf, said outline comprising a plurality of curve
fragments in which each said curve fragment comprises an explicit .quadratic polynomial
reproducible in an output space in which said image is formed.

According to another aspect of the present invention there is provided an object-
based computerised graphics syster for reproducing an image on a display device having

; EAGE lJ Mys rh 5111,( Is are reproducible, said

09 JAN 998

a plurality of scan lines upon each ofj

system comprising:




parametri.c quadratic polynom al description thereof, and means for
rendering said one graphic object, said neans for render| ng bei ng
configured to determne, for each said curve fragrent, given a first

i ntersection between said curve fragment &nd a scan line of said display

devi ce, and usiiegns for qmmdt@r graﬁjhicﬁﬂjbj&tednfﬁﬁhitﬁimiﬁbrcai lé’b@ﬁroﬂélg}'aﬁhlce%j%ct
ot her ones of _sali

subsequent ;| Ot 8L SGE tr'ﬁ;io %du&go\i}ve gsggqs réga%anaﬁm ?‘fgn %:’F gplﬂi“for CPRTEREHon Of; Saldd

scan |ines.
conput er i giapbiceohject fonmheé fotr calleasp éwatduores fregmpnts $ectaddinpfising.a single non--

12. A systerias ﬁdﬂtﬁﬁ?"‘gﬂ%’ﬁ ai"klé@c kmmgd ch said curve fragnent is

defined by a comre cin ocati1on val ue PI XEL), an initial
sl ope val ue  means for rendermg said one graphic Ob_]CCt said means for rendering being

configured to determine, for each said curve fragment, given a first intersection between
said curve fragment and a scan line of said display device, and using two computer
implemented mathematical operations, each subsequent intersection between said curve
fragment and other ones of said scan lines.

DESCRIPTION OF THE PREFERRED EMBODIMENT(S)
Embodiments of the present invention will now be described with reference to the
drawings in which: '
N Fig. 1 illustrates a single quadratic polynomial fragment (QPF);
Fig. 2 illustrates an object formed by two QPFs;
Fig. 3 illustrates an object formed by four QPFs;
Fig. 4 illustrates an object formed by six QPFs;
~ Fig. 5 illustrates an object formed by five QPFs;
Fig. 6 illustrates an object formed by eight QPFs;
Fig. 7 illustrates another object formed by eight QPFs;
Fig. 8 is a schematic block diagram representation of an object based graphic system
which utilises QPFs;
Fig. 9 is a data flow diagram of the real time object (RTO) processor of Fig. 8
which indicates those operations occurring on the QPFs;
Fig. 10 shows an object list and the configuration of QPFs for each object in the
o list; ' _
~ Figs. 11 and 12 show the object and QPF data word formats of the list of Fig. 10;
Fig. 13 illustrates the organisation of the QPF memory of Figs. 8 and 9;
Fig. 14 shows the data format of a single QPF in the QPF memory of Figs. 8 and
9; and .
. Figs. 15 to 19 shows examples of QPF formation for a single object.

Referring to Fig. 1, a quadratic polynomial fragment QPF which forms part of an
object outline is illustrated extending from a start line to an end line within a raster
display. The QPF is a curve characterised by a constant change in slope of the line and in
this manner, each fragment of any object outline can be described using a quadratic
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polynomial.

s e e

09 JAN 598 |

b et e s o oo

it marien

W



R T
: - Ve K,

([err]PLXEL), a change-of-slope value ([err]PIXEL), a copwe - . :
val ye (START_LINE), a finishing scan-line value (END LI Ng *’”fvpj%gﬂﬁ

I ocation (PIXEL (1ine[err])) of said curve fragnent on anyfscanzei-tefe 'J?F
of the rasterised imge is given by:

P
(line[err]) = PIXEL (line[err]) + [err] RLXEL (line[err]) b%uan 19g
[err]PIXEL (line[err]) = [err] Pl XEL (Iine[err]) + [err] Rl XEL
wher e PIXEL (17 pela = START LI NE) =
and - _ _ [e ‘ra%opl XEL %9 o err] START L+
13. An Thsj daimsyigfiningdhe, BYERLON; 3 128 tantlally as descri bed here| n

wi th 1. An object based graphics system for reproducing an image at least one
object component of which comprises an outline of said object component, said outline
comprising a plurality of curve fragments in which each said curve fragment comprises
an explicit quadratic polynomial reproducible in an output space in which said image is
formed. '

2. An object based graphics system as claimed in claim 1, wherein said
image is intended for rasterized reproduction on a display device having a plurality of
scan lines upon each of which a plurality of pixels are reproducible and wherein when a
first intersection between said outline and one of said scan lines is known, each
subsequent intersection between said outline and other ones of said scan lines can be
calculated using two mathematical operations.

START Pl XEL'

3. An object based graphics system as claimed in claim 2, wherein said
mathematical operations are additions.
4, An object based graphics system as claimed in claim 2 or 3, wherein

each said object is divided into a plurality of curve fragments, each said curve fragment
‘being defined by a commencing pixel location value (START_PIXEL), a slope value
. (APIXEL), a change-of-slope value (AAPIXEL), a commencing scan-line value
(START_LINE), and a finishing scan-line value (END_LINE), wherein a pixel location
(PIXEL (linep 1)) of said curve fragment on any scan line(p4 1) of the rasterised
_image is given by:

PIXEL (liney +1) = PIXEL (linep) + APIXEL (linep)

APIXEL (liney 4 1) = APIXEL (linep) + AAPIXEL

where '
PIXEL (liney = START LINE) = START_PIXEL; and
APIXEL (liney = START LINE) = APIXEL.

S. An object based graphics system as claimed in claim 2, 3 or 4,
wherein said operations are computer implemented.
6. An object based graphics system as claimed in any one of the

preceding claims wherein each said curve fragment is defined by a quadratic polynomial
determined from a spline fragment that also describes said object component.

7. An object based graphics system as claimed in any one of the
preceding claims wherein each said object component further comprises a scaling
factor, a translation factor, or both . :

8. An object based graphics system any one of the preceding claims
wherem each said object component further comprises a colour level value and offset

M




reference to Figs. 1 and 8 to 14, or, Figs. 1 and 8 to 14 in conbination.

with any one of the remaining draw ngs. REPLACEMENT SHEET
09 JAN 1998
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9. A method for representing a graphical object in an object based

computer graphics system, said method comprising the steps of defining said object by
a plurality of curve fragments, each said curve fragment comprising an explicit
quadratic polynomial description of said curve fragment.

10. An object-based computerised graphics system for reproducing an
image on a display device having a plurality of scan lines upon each of which a
plurality of pixels are reproducible, said system comprising:

means for providing graphic object information for at least one graphic object
intended for reproduction, said information comprising an outline representation of said
graphic object formed from at least two curve fragments each comprising a single non-
parametric quadratic polynomial description thereof, and

means for rendering said one graphic object, said means for rendering being
configured to determine, for each said curve fragment, given a first intersection
between said curve fragment and a scan line of said display device, and using two
computer implemented mathematical operations, each subsequent intersection between
said curve fragment and other ones of said scan lines.

11. A system as claimed in claim 10, wherein said computer implemented
mathematical operations comprise additions. '
12. A system as claimed in claim 11, wherein each said curve fragment is

defined by a commencing pixel location value (START_PIXEL), an mmal slope value
(APIXEL), a change-of-slope value (AAPIXEL), a commencing scan-line value
(START_LINE), a finishing scan-line. value (END_LINE), wherein a pixel location
- (PIXEL (linep 1)) of said curve fragment on any scan line(n4 1) of the rasterised
image is given by:
PIXEL (linen 4 1) = PIXEL (liney) + APIXEL (liney)
APIXEL (lineg 1) = APIXEL (liney) + AAPIXEL
where
PIXEL (lineq = START LINE) = START_PIXEL; and
APIXEL (line; = START LINE) = APIXEL.
13. An object based graphics system—subsmntially as described herein with
reference to Figs. 1 and 8 to 14, or , Figs. 1 and 8 to 14 in combination with any one
of the remaining drawings.
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No. 38244/93 (Attorney Ref:(RTO7)(202788)) entitled "A Real Time Object Based
Graphic System", claiming priority from Australian Patent Application PL2147 of 29
April 1992 and the disclosure of which and the equivalent European application is
hereby incorporated by cross reference. _

Turning now to Fig. 8, such a real time object (RTO) graphics system is shown
which includes a controlling processor 11 connected via a processor bus 17 to a _
processor memory 12 which includes ROM and RAM. The processor 11 operates to
form a page display list of objects which are used to form an image. The page display
Iist is stored in the RAM portion of the processor memory 12 in which the objects can
be derived from the ROM portion of the processor memory 12 or alternatively input to
the system 10 via any known external means such as a disc drive, a digitising tablet of a
graphics work station or the like. ,

' Connected to the processor bus 17 is a RTO processor 13 which manipulates
QPFs of objects in the page display list so as to output rasterised image data to a colour _
lookup table 15 for reproduction on a display 16 such as a video display unit or printer.
The RTO processor 13 also connects via a QPF bus 18 to a QPF memory 14 formed of
static RAM which is used for the storage of QPFs whilst the processor 13 is calculating
the image data. i

Accordingly, because the processor 13 can only accept QPFs, the objects which
form the page display list produced by the processor 11 must also be described as QPFs.

Where the processor 11 and preformatted objects are configured using cubic
polynomials such as Bezier splines, these polynomials can be converted to QPFs in the
manner described in Australian Patent Application No. 38239/93 (Attorney
Ref:(RTO9)(203174)) entitled "Bezier Spline to Quadratic Polynomial Fragment
Conversioﬁ", claiming priority from Australian Patent Application PL2149 of 29 April
1992 and the disclosure of which is hereby incorporated by cross reference.

Referring now to Fig. 9, the data flow diagram of the RTO processor 13 shows
an image fetch unit 20 connected to the processor memory 12 via the bus 17. Objects
and-their QPFs are fetched from the memory 12 by the unit 20 and are 6utput to a QPF
first-in-first-out (FIFO) register 21 which is four words deep. Data in the FIFO 21 is
tagged as object or QPF data as per the formats of Figs. 11 and 12 to be later described.
The FIFO 21 is used to decouple fetching from data processing, so as to increase the
access efficiency to the processor bus 17 and the calculated efﬁcile.ncy.
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