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ellipseis 5to force the ellipse to be parallel either to the x- or
y-axis, and then have the user draw a box into which the ellipse is to
fit. Oher drawing tools allow a user to nmanually enter (e.g., type in)
the elliptical paraneters, which can provide sone design

SYSTEM AND METHOD FOR SPECIFYING ELLIPTICAL PARAMETERS

TECHNICAL FIELD
The present disclosure relates in general to the Computer-Aided

Design/Computer-Aided Manufacturing (CAD/CAM) field and, in particular, but not

exclusively, to a system and method providing an intuitive and interactive interface
5 for specifying parameters for computer-implemented drawing of arc segments,

including elliptical arc segments.



flexibility. Certain CAD applications inport and export Scal abl e Vector
Graphics (SVG 10 data including elliptical arc segnents. SVGis a
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a box into which the ellipse is to fit. Other drawing tools allow a user to manually

enter (e.g., type in) the elliptical parameters, which can provide some design
flexibility.

Certain CAD applications import and export Scalable Vector Graphics (SVG)

10 data including elliptical arc segments. SVG is a vector-based CAD format that

enables users to create dynamic interactive graphics that can be resized, animated,

rotated, etc. in real-time. Each elliptical arc segment is specified in SVG with five

elliptical parameters plus the endpoints of the segment involved.



10 being displayed. For exanple if an elliptical arc is displayed or being
drawn, the center control point controls the radius of the ellipse in the
x directiwpopeens2z maj or axis), while keeping constant theCTatS0®045f7the
radius of the ellipse in the y direction (sem-minor axis) to the radius
of the ellipse in the x direction (sen-ngjor axis). The center control
point can also control the relationship of the sweep flag (e.g., flag 15
speci fying whether the arc is to be drawn cl ockwi se or counter-cl ockw se)
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manipulate in order to change the parameters of a particular arc (e.g., an elliptical arc)
10 being displayed. For example if an elliptical arc is displayed or being drawn, the
center control point controls the radius of the ellipse in the x direction (semi-major
axis), while keeping constant the ratio of the radius of the ellipse in the y direction
(semi-minor axis) to the radius of the ellipse in the x direction (semi-major axis). The
center control point can also control the relationship of the sweep flag (e.g., flag
15  specifying whether the arc is to be drawn clockwise or counter-clockwise) to the large
arc flag (e.g., flag specifying whether the larger or smaller arc of the ellipse is to be
used). The focus control point controls the ratio of the radius of the ellipse in the y
direction (semi-minor axis) to the radius of the ellipse in the x direction (semi-major
axis), the angle from the x-axis of the coordinate system to the x-axis of the ellipse
20  (rotation), and the sweep flag. As a result, the two control points described can be
used to specify the parameters for an arc connecting two node points in an intuitive

and relatively easy manner.
In an alternative embodiment, the arc control system provides three control
points — a center control point and two foci control points — that a user can
25  interactively manipulate in order to change the parameters of a particular arc (e.g., an
elliptical arc) being displayed. Similarly, in this embodiment if an elliptical arc is
being displayed, the center control point controls the radius of the ellipse in the x
direction (semi-major axis), while keeping constant the ratio of the radius of the
ellipse in the y direction (semi-minor axis) to the radius of the ellipse in the x
30 direction (semi-major axis). The center control point can also control the relationship
of the sweep flag (e.g., flag specifying whether the arc is to be drawn clockwise or
counter-clockwise) to the large arc flag (e.g., flag specifying whether the larger or



bei ng di spl ayed, the center control point controls the radius of the
ellipse in the x direction (sem-nmgjor axis), while keeping constant the
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BRI EF DESCRI PTI ON OF THE DRAW NGS For a nore conpl ete understanding of the
present disclosure reference is now made to the follow ng descriptions,
taken in worpun@sl on with the acconpanying drawi ngs, in WTAS03/645F1 GURE 1
is an exenplary illustrates an exanple work station that can be used to

i npl enent one or nore enbodi nents of the present disclosure; FIGURE 2 is an
exenpl ary bl ock diagramof a drawi ng tool of the elliptical arc control
system according to the present disclosure; FIGURES 3A-B are exenplary

di spl ays @R@F BESCRIBTION @FTHMBRAWNINES can 10 specify by interactively
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poi nt paraneterization RE6 illustrates elliptical arc parameters
used for fdawingaiintwhighar amet eri zation; and FIGURE 7 is an exenplary flow

di agram for i i )
d 5 ! %I&% I1nig a%n&e?n)f)? liﬁﬁéfrates an example work station that can be

used to implement one or more embodiments of the present disclosure;

FIGURE 2 is an exemplary block diagram of a drawing tool of the elliptical
arc control system according to the present disclosure;
FIGURES 3A-B are exemplary displays of an elliptical arc that a user can
10  specify by interactively manipulating one or more of the control points shown;
S FIGURE 4 illustrates elliptical arc parameters used for end point
parameterization in an SVG system;

'FIGURE 5 illustrates elliptical arc parameters used for center point

parameterization,

15 FIGURE 6 illustrates elliptical arc parameters used for foci point

parameterization; and

FIGURE 7 is an exemplary flow diagram for implementing one exemplary

embodiment of the present disclosure.



enbodi ment of the present disclosure. WO 03/071452 PCT/ US03/ 04577 6

DETAI LED DESCRI PTI ON Referring to FIGURE 1, an exenplary workstation 10
that can weoasedsto inplenent one or nore enbodi ments of PChAISsys845eTs and
met hods of the present disclosure is provided. The workstation 10 can be a
computer typically used for 5 CAD/CAM @r engi neering applications, desktop
publ i shi ng, softvvare devel opment, or other types of applications that

provi de rel ativel % uaI [ ty graphics capabilities. For exanple,
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Corrput er, ather types of applications that provide relatively high quahty graphlcs capablhtles

For example, workstation 10 can be a desktop computer having a high-resolution
graphics monitor 12, internal memory (e.g., Random Access Memory) 14, and a
Graphical User Interface (GUI) 16. A mouse 20, other pointing device, or touch

10 screen may be provided to allow a user to specify, select, move and/or otherwise
control elements displayed by GUI 16 on monitor 12. The memory 14 may also
include a mass storage device or media 18, such as a disk drive.

A suitable operating system for workstation 10 can be a UNIX® or
WINDOWS NT® operating system. Workstation 10 can be a single-user computer, or

15  a plurality of workstations, servers and/or other computer devices linked together to
form one or more local area networks (LANSs), metropolitan area networks (MANs),
wide area networks (WANS), or a portion of a global network, such as the Internet.

Referring to FIGURE 2 is an exemplary block diagram of an arc control
system 100 according to one embodiment of the present disclosure. The arc control

20 system 100 includes an application window 110 and an interactive arc control
component 102. The elliptical arc control system 100 can be implemented in software
and/or hardware. The application window 110 is displayed on monitor 12 by GUI 16,
and allows users to generate objects (e.g., elliptical arcs) and to interactively modify
the objects by manipulating one or more control points associated with the objects.

25 The interactive arc control system 102 includes an end point parameterization
component 104, a center point parameterization component 106, and a foci point
parameterization component 108, The end point parameterization component 104 is
used by the system 100 to support Scalable Vector Graphics (SVG). The center
parameterization component 106 is used for drawing an arc (e.g., an elliptical arc) for

30 display in application window 110. The combination of the center parameterization
component 106 and the foci parameterization component 108 provides user control of

the arc (e.g., elliptical arc parameters) parameters by determining the arc parameters



15 a plurality of workstations, servers and/or other conputer devices
l'inked together to formone or nore |ocal area networks (LANs),

met r opol iwansaras net works (MANs), wi de area networks (WRRE)USO®B04527 porti on
of a global network, such as the Internet. Referring to FIGURE 2 is an
exenpl ary bl ock diagramof an arc contyol system 100 according to one
enbodi ment of the present disclosure. The arc control 20 system 100
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controllable by a user through application window 110. The elliptical arc 120 and any

10  suitable SVG arc may be displayed to and manipulated by the user in real time. The
elliptical arc 120 connects two endpoints, P; and P,. Control points defining the
elliptical arc’s configuration are also displayed on application window 110. In the
embodiment of FIGURE 3A, three control points can be used for manipulating the arc
displayed — a center point (C) and two foci points (F; and F2). In an alternative

15  embodiment, seen in FIGURE 3B, two control points can be used for manipulating
the arc displayed - a center point (C) and a foci point (F; or F). The configuration of
the elliptical arc 120 can be specified by the user by interactively manipulating one or
more of the center (C) or foci (F; and/or F,) control points. Each end point Py, P2, and
control point C and F; and/or F, can be independently manipulated by selecting and

20 dragging the point with mouse 20 connected to GUI 16 of the workstation 10.

In the embodiments of FIGURES 3A-B at least one of the foci points, F; or F,
is used based on the specified control points used the parameters to render the
elliptical arc 120 and to support SVG or other standards for defining elliptical arcs can
be determined. In a particular embodiment, the standardized parameters for SVG are

25  provided by the end point parameterization component 104 (seen in FIGURE 2) and
are determined based on the control points using center parameterization component
106 and foci parameterization component 108.

FIGURE 4 illustrates an exemplary ellipse 122 and elliptical arc 121 specified
by the end point parameterization component 104. For example, with end point

30  parameterization, the parameters Py and P; represent the start point and end point of
the arc 121. The parameters Ry and Ry represent the radius of the ellipse 122 in the x

direction and y direction, respectively. The parameter, ¢, represents the angle from



the arc (e.g., elliptical are paraneters) paraneters by determ ning the arc
paraneters WO 03/071452 PCT/ US03/ 04577 7 from control points graphically
speci fi edwby3bhasuser through the applicati on wi ndow 110PCirrusas/pgarti cul ar
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and two focio points (F1 and F2). In an alternative
parameterization components 106 and 108.

FIGURE 5 illustrates the elliptical arc 121 specified by the center

parameterization component 106. For example, with center point parameterization,

10  the parameter C represents the center point of the arc 121. The parameters ¢, Ry and
R, are as previously described. The parameter, 0, represents the start angle of the arc
121 (from the x-axis of the coordinate system), and the parameter AD, represents the
sweep angle of the arc 121 (e.g., negative for a clockwise arc).

FIGURE 6 illustrates the ellipse 122 specified by the foci parameterization

15  component 108. For example, with foci point parameterization, the parameter Fi
represents the first focal point of the ellipse 122, the parameter F» represents the
second focal point of the ellipse 122, and the parameter Fg represents the focal radius
of the ellipse involved (sum of the distances from each of the foci to any point on the
ellipse).

20 In one aspect of operation, the elliptical arc control system 102 allows a user
to move one or more of the end points and control points (e.g., C, Py, P2, Fy, or F2)
shown in FIGURE 3 in an interactive an intuitive manner and based on those points
specifies all of the remaining end point, center and foci parameters shown in
FIGURES 4, 5 and 6 based on the mathematical relationships that can exist between

25 the elliptical parameters involved. The control points can be changed by a user
“dragging” (e.g., with a cursor controlled by a mouse 20) these points directly on
monitor 12 (e.g., via GUI 16).

For example, referring to FIGURE 3, the foci, F; and F,, lie on the semi-major
axis of the elliptical arc 120. Consequently, the rotation angle, ¢ (FIGURES 4 and 5),

30 can be computed from the foci, F; and F,. Also, the radius of the ellipse in the x
direction (semi-major axis), Ry (FIGURES 4 and 5), can be determined by the
relationship, Rx = Fg/2 (where Fgr in FIGURE 6 is the focal radius of the ellipse 122



15 enbodi nent, seen in FIGURE 3B, two control points can be used for

mani pul ating the arc displayed - a center point (C) and a foci point (F1
or F2). TWe osonfssgurati on of the elliptical arc 120 can peTapsedifsSied by
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the x values of F; and F, can result in the same ellipse). Consequently, the relative
10  positions of the foci, F; and F,, can be used to determine the value of the sweep flag,
Fs, without sacrificing generality. As such, rotating an ellipse by 180 degrees can
result in flipping the value of the sweep flag, Fg (from true to false or vice versa).
FIGURE 7 illustrates an example method 200 that can be used to draw arcs in
accordance with the present disclosure. As such, the above-described geometric
15  relationships can be used to determine all of the end point parameters for an elliptical
arc by a user manipulating one or more of the three control points, C, F; or F, (e.g., as
shown in FIGURE 3) using, for example, GUI 16 and elliptical arc control 102
(FIGURE 2). At step 202, if a user moves the center control point, C, at step 203,
new values can be computed for the foci control points, F; and F,, with the value of
20  the distance from either foci control point to the center of the ellipse, F¢, being held
fixed. At step 204, the value of the focal radius, Fg, can be computed twice, based on
the points, P; and P,. At step 205, the smaller value of Fr based on P; or P, can be
used to re-compute the radius of the ellipse in the x direction (semi-major axis), R,.
At step 206, the value of the radius of the ellipse in the y direction (semi-minor axis),
25 Ry, can be computed from the ratio of R/R,. At step 208, if the center control point,
C, is moved across a straight line joining the end points, P1 and P2, then at step 209,
the value of Fs can be swapped (e.g., the value of Fp is maintained, but the
relationship between Fa and Fs has changed). Otherwise, at step 210, the center and
foci control parameters, C, F; and F,, can be re-computed based on the new end point
30  parameters, and the resulting curve and control points can be redrawn.
At step 212, if a user moves or “drags” the first focal point of the ellipse, Fy, at

step 213, a new Fc (distance from either foci to the center of the ellipse) and second



direction and y direction, respectively. The paraneter, cp, represents the
angle from WD 03/071452 PCT/ US03/ 04577 8 the x-axis of the coordinate
system t owDha/oxHaxi s of the ellipse 122 (e.g., rotation). PChaSopedsanet er,
fA, specifies whether the larger or smaller arc of the ellipse 122 is used
(e.g., large arc flag), and the paramgper, fs, specifies whether the arc
121 is drawn cl ockwi se or counter-clockwi se (e.g., sweep flag). As
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arc). FIGQURE 6 illustrates the ellipse 122 specified by the foci
par anet er ifzagande swapped. Otherwise, at step 218, the center and foci cofitrol parameters, C,
F; and F,, can be re-computed based on the new end point parameters, and the
resulting curve and control points can be redrawn. The second focal point of the
10 ellipse, F», may be manipulated by performing the same steps 212 through 218 as
performed for the first focal point, F;. In fact, the above-described function of
interactively specifying elliptical parameters can be provided using only two of the
control points shown (e.g., the center control point and one of the foci control points).
However, a second foci control point (e.g., F1 or F,) can be included to provide a
15  symmetrical and more intuitive interface to be used.

The end point parameters can be mapped to the movement of the center and
foci control points, C, F; and F,, in a number of other ways. For example, if a user
moves the center control point, C, instead of computing the radius of the ellipse in the
y direction, Ry, to maintain the ratio of Ry/Rx constant, the value of Ry can be

20 computed to maintain Fc constant. Also, if a user moves a focal control point (e.g.,
F1), the other focal control point (e.g., F2) can be maintained constant, instead of
maintaining the position of the center control point, C, constant, and vice versa.

Although a preferred embodiment of the method and apparatus of the present
disclosure has been illustrated in the accompanying drawings and described in the

25  foregoing detailed description, it will be understood that the disclosure is not limited
to the embodiment disclosed, but is capable of numerous rearrangements,

modifications and substitutions without departing from the spirit of the disclosure as

set forth and defined by the following claims.



15 conponent 108. For exanple, with foci point paraneterization, the
paraneter F1 represents the first focal point of the ellipse 122, the
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one aspect of operation, the ellipti ca} are control system 102 allows a
user to nove one or nore of the end points and control points (e.g., C,

Pl, P2, HypAT IS ABMEMMISin FIGURE 3 in an interactive an intuitive manner
and based on those points specifies all.of. the r.emaining.e pnt, center
and foci parangt er sAsHsHod for ep %?ll@{lﬁﬂdar% IBarse@%PnS% L h%gelﬁaﬂ‘{pﬁgnati cal
rel ati onshinq ristilﬁft can exi st between 25 the elliptical paraneters involved.
The contr & % ‘'s can be changed by a user "draggi ng" ée.g., with a
cursor cont rol teediving, aiampsiatidgdieviteeste grophical user méarfage ¢aUDnddirstgnd 2
(e.g., via GU 16). ggrlafxa %e, rﬁlfﬁrrlin to FIGURE 3, the foci, F1 and
F2, 1i% oROMh#NRPRCONR Yt POIKIOL AP PHE 3Si ptj cal arc 120. Consequently,
the rotation a ind! vid HERERiE @RibeR the BUICakehier poinp iratle Elipralhe foci,
F1 and F2. Al sge%t %g’rvédd:%hus of n;ghe ellipse in the x gi rection (sem -nmjor
axi s), RXafckFl GURES 4 and 5), can be determ ned by the

receiving, via the pointing device of the GUI, a foci point for the elliptical arc;

and

10 rendering the elliptical arc passing through the first and second end points, and
having a center at the center point and a semi-major axis along a line joining the

center point and the foci point.

2. The method of Claim 1, further comprising:

15 receiving, via the pointing device of the GUI, a second foci point for the

elliptical arc; and

rendering the elliptical arc having the semi-major axis along a line joining the

center point and the second foci point.

20 3. The method of Claim 1, further comprising determining a radius of the
ellipse along the semi-major axis and a radius of the ellipse along a semi-minor axis

based on the received user input.



relationship, RX = FR'2 (where FRin FIGURE 6 is the focal radius of the
ellipse 122 WO 03/071452 PCT/US03/04577 9 involved). |If a paraneter, FC,
repr esentwotol®7dsst ance fromeither foci, F1 or F2, to thecTasas/ers7of the
ellipse 122 involved (FIGURE 6), then the square of the radius of the
ellipse in the y direction (seni-ninoizaxis), Rye, is equal to the square
of the radius of the ellipse in the X" direction (sem-mgjor axis), R, 2,

m nus the square of the paraneter, 5 Fc (e.g., Rye = RX2 - FCZ%. The center
poi nt, C (FI GURE 3) The aftitbetfrGinine 1 withér avimprising defgrnpvisgiaplaagel fomses can
be used, and can al so establish a.relatjonship_ between;t | ag, Fs,
and the | an geaxisr of 4 peydingie (yateg: of e ldh Op XaKs of; gRuipdE b%%e\ggﬂ%ptﬁé) .

Al so, the_foci . F2 (FIGURE 3), can be interchangeable (i.e.,

swappi ng Fﬁg&e%ggéugﬂgf F1 and F2 can result in the sane ellipse).
Consequently, the relative 10 positions of the foci, FIl and F2, can be used

to determ ne the value of the. swee I Fs:..W it lCl
generality. Asdsuchl ?Bleél?qdn%f@ﬁméﬁi f“ﬁ@gf %%/m%%@g%géegﬁg%ne‘lﬁésggﬁ £ in

f1ipping al e Ofrc breaonasprdckivgd uses ifputom true to fal se or vice
versa). Fbgﬁﬁé 7 ?fl&gtrates an exanpl e nethod 200 that can be used to draw
arcs in accordance with the present disclosure. As such, the
above-descri bed geonetric



15 rel ati onshi ps can be used to deternmne all of the end point paraneters
for an elliptical arc by a user nmani pul ati ng one or nore of the three
control peowe7142 F1 or F2 (e.g., as shown in FI GURE 3) Pagiusg3/0450T1
exanple, GJ 16 and elliptical are control 102 (FIGURE 2). At step 202, if
a user noves the center control point,,C at step 203, new values can be
conputed for the foci control points, 1231 and F2, with the value of 20 the
di stance fromeither foci control point to the center of the ellipse, Fc,
being held figed. Atnsthed fb@@enéﬂa’engmh@hpﬁcat e frotesbonsgdioudser FJFPUtcan be
conputed tw ce, based on the points, Pl and P2. At step 205, the smaller
val ue of mnbla@@a on Pl or P2 can be wused to re-conpute the radius of the
ellipse in the or cBatrolNoirsi} £ Air? @i corteolval ue of
t he radi us of % lf%e&%{é%n&l%fﬁmemb%%%f%% (}@em/i;r?l nor axis), 25 Ry, can
be conput gdin, raﬁmatsb&)nﬂébalmonﬁommassocmedewélpt Gdlipticel #Be center control
point, C, is m)ved Cross a tra ht |ine jolnin P1 and
P2, then at st épihscs least pre 9 L?O%ﬁs Ove& &té&%@ﬁg% pﬁ{f‘ﬂg&vaat | ue of

FA 15 mai gl gedor @i‘étﬁr'é,thﬁ)m E&{tﬁ)tl iR ind tb@'%w@ﬁﬂl o6& catoFpointassotiateded) .
O herwi se, at step 210, the center and foci control paranmeters, C Fl1 and

F2, can bevmﬂhceﬂqpuczédrd;ased on the new end p0| nt 30 paraneters, and the
resul ti ng curve and. control poin R Abe sliBRicALs bbgeda user
noves or "dr aggﬁtefrﬁlém?gi?'g g% Org:glf:?l?{al Ecﬁc | |t|]f)lsee {%ﬂc ¢

on the value for at least one of the foci control points;

10 determining a value for a first radius of the elliptical arc based on the value for
the focal radius, the first radius defined with respect to a first geometric axis
associated with the elliptical arc; ‘

determining a value for a second radius of the elliptical arc, the second radius
defined with respect to a second geometric axis associated with the elliptical arc; and

15 determining, based on the values for the first radius and the second radius, a
new value for the at least one center control point, and the at least one of the first foci

control point and the second foci control point associated with the elliptical arc.



step 213, a new Fc (distance fromeither foci to the center of the ellipse)
and second WO 03/071452 PCT/US03/ 04577 10 focal point of the ellipse, F2

can be cowpusedisstth C and the focal radius, FR being helca/fsoxes77 At stép
214, the rotation angle, cp, can be re-conputed based on the new values of
the foci control points, Fl and F2 Ai step 215, the new Fc can be used to
re- conpute the radius of t he elllpseé}n the x direction, R and the radius
of the ellipse in 5 they direction, Ry. At step 216, if a user noves the

first focal control TB@hﬁlhodB‘fClﬂﬁr@i’ﬁrthdrherrmfiaimgs at step 217, the val ues
of each of the sweep flag, fs,_ and the | ar rc fla ng]?} f A can swapped

Q herwi se, at &f 8y B8 fogiheonsighpemt 01dtheoss O’é {BFioPomigl RRteIPsMmo¥ed: ™ o 5 g
F2, can b ﬁ%tawgmghp u%&lﬁe? &llsﬂﬁcé H'Smnzﬁvlle%@@né’@f e @ HER il p@hﬁ drhe

resul ting d con p0| nts can be redrawn. The second focal point

of the lot}ﬁldeb@ﬁﬁﬁocf&ntxﬁhpmhtetomnnﬂanbﬁmedllipylcplaﬂﬁ,orm ng the sane steps 212
t hrough 218 as perforned Ior the first fo 0| nt

above-Hescri bede®UREINGA Ya1ue foR AciofAtonglpiE %6@(931‘33/? P%} %% |p21§% plrgr amet er s
can be pr gyl Aes i MaBrRNirihd 1981 hirb 1nt%0””0| poi nt s Shown (e.g., the

f fﬁf?o
center con%rol poi nt EJone of oci control points). However, a
second foci cordb’reﬁhmmtg avalgefog the ﬁiﬁtmdlwzft@aﬁﬂlmalﬁél uded to provide a

determining a value for the second radius of the elliptical arc; and
determining, based on the values for the rotational angle, the first radius, and
10 the second radius, a new value for the at least one center control point, and the at least

one of the first foci control point and the second foci control point associated with the

elliptical arc.

8. The method of Claim 7, wherein determining a value for the at least

15  one of the first foci control point and the second foci control point associated with the
elliptical arc if the center control point is moved, further comprises fixing the value

for the distance from the at least one of the first foci control point or the second foci

control point to the center of the elliptical arc.

20 9. The method of Claim 7, wherein determining the value for the focal
radius associated with the elliptical arc is performed with respect to a first end point
of the elliptical arc and a second end point of the elliptical arc, and determining the
value for the first radius of the elliptical arc is based on a smaller of two values

computed for the focal radius.



15 symmetrical and nore intuitive interface to be used. The end poi nt
paraneters can be mapped to the novenent of the center and foci control
poi nts, GvORB/Hoan& F2, in a nunber of other ways. For exanpiC&/uso$/o&7user
noves the center control point, C instead of computing the radius of the

ellipse inthe y direction, Ry, to intain the ratio of Ry/ R, constant,
the value of Ry can be 20 conputed to nmaintain FC constant. Also, if a user
nmoves a focal control point (e.g., Fl), the other focal control point

(e.g., F2) canihe nmuhdhritoddfchnst Grvhereinghe figst geomaticraas ¢RI ISCHE% posi ti on
of the center control point, C constant, and.vice versa. Al though a

pr ef er r edx exisondibasecond gerangiEe AYH CYRBINS St XfUs of the present disclosure
has been illustrated in the acconmpanyi ng drawi ngs and described in the 25
foregoing detailed description, it wll be understood that the disclosure
is not limted to the enbodi nent disclosed, but is capable of nunerous
rearrangenents, nodifications and substitutions wthout departing fromthe
spirit of the disclosure as set forth and defined by the follow ng clains.
WO 03/071452 PCT/ US03/ 04577 11 WHAT IS CLAIMED | S:



1. Anethod for rendering an elliptical are in response to user input,
conprising: receiving, via a pointing device of a graphical user interface
(GQUI), aworsi7esz 5 point and a second end poi nt for anPerhisps/4sat arc;
receiving, via the pointing device of the GU, a center point for the
elliptical arc; receiving, via the poipting device of the GU, a foci
point for the elliptical arc; and 10 rendering the elliptical arc passing
through the first and second end points, and having a center at the center
poi nt and a senilimaj GheaxétbodabDBhpim 4, ifinthgr @omipriging i€ thecentee copindlrgoidnd t he
foci point, 2. The nmethod of Claim 1, further conprising: 15 recejivi.ng, via
the poi nti HgReEsH Qe BHIEeTRsRnE & Tl spRors oF thﬁoqqﬁlf’ﬂ%?l%taﬂé 2 sgpidptdc al

arc; and repgderjrige bl bRl gﬁ@;&piﬁg 8 VAYd B& 4 REesS Tap Ri@iatdk vithateng a
line joining the center point and the second foci pornt. 20 3. The net hod
of d ai m lellipticallaee. conpri sing determ ning a radius of the

5
12.  The method of Claim 7, wherein determining the value for the second
radius of the elliptical arc comprises maintaining a ratio between the value for the first

radius of the elliptical arc and the value for the second radius of the elliptical arc.



ellipse along the sem -mgjor axis and a radius of the ellipse along a

sem -mnor axis based on the received user input. W 03/071452

PCT/ US03/W033/P71432 4. The nethod of Claim 1, further conpPCIIUSY3/eSTEr M ni ng
an angle from an x-axis of a coordinate systemof the GU to an x-axis of
the ellipse based on the received usern7 nput. 5 5. The nmethod of Caim]l,
further conprising the arc of the ellipse and a direction of the arc based
on the received yser .input. WD 03/071452 PCT/USQ3/04577 13 6. A nethod for
generating an el 13 pt i Themethed pfiClaizs JowBereindeierarning she Val@@f@éﬂhesdlﬁ‘f@ﬂce

receiving %Yl’?ﬁf‘e”é t 0 | t foci
control polnt, 3 ngft g%%gﬁgl%ffggtpﬁgon f&%%?lr;] &lgs%ééogllda 80&) Hurf’ ﬁp?lﬁ fo
el liptical tlar cqnt& oﬁ thiehedlijtical eﬂSﬁlrthBIEC(ﬂﬁm&BE maintatrhg oialie fo$ thdv&der

determnin valuef atf least one of the first foci control point and
t he second%?lgté I notpap Ithep{?Pﬂtra‘gE%%sé?cé%té@I with the elliptical arc.

5
14. The method of Claim 7, wherein determining the value for the
rotational angle associated with the elliptical arc further comprises determining the

value for the rotational angle based on a value of the first foci control point or the

second control point.



with the elliptical arc; determning a value for a focal radius associ ated
with the elliptical arc based on the value for at | east one of the foci
control peoBe7143D determ ning a value for a first radi usPefi/ush®ositi ptical
arc based on the value for the focal radius, the first radius defined with
respect to a first geonetric axis assqgiated with the elliptical arc;
determ ning a value for a second radius of the elliptical arc, the second

radius defined with _respect to a second gegnetric axis associated with the
el liptical arc; 1glnd Ths magthed of Glag 6, wageid 15 FheriRel GpairabROMGE mayed prerst

radi us and ;t : ' I f : a r
control poianlt?l,":f‘e zﬁﬁgﬁgf’%ﬁ h%?éé?%ﬁ%%? a’?ﬁé S?iraPél!tﬂ Ef %gal&cgﬁtggﬁegﬁﬁ] and

t he second afsociataglowith dlhe glbiptical assasi avelde bt h ldarge asd flagphssoaibtedrwith WO

03/ 071452 PﬁlT/.U 03/04577 14 7. The nethod of Caim6, further conprising:
if the firStPP6¢i*ontrol point or the second foci control point is moved,
determ ning a value for a distance fromat |east one of the first foci
control point or the second foci control point to a center of the
elliptical arc;



5 determining a value for a rotational angle associated with the elliptical
arc based on at |east one of the foci control points; determ ning a val ue
for the fwoaB/oradt us of the elliptical arc; determ ning 2CTalS0®0450T t he
second radius of the elliptical arc; and determ ning, based on the val ues
for the rotational angle, the first radpus, and 10 the second radius, a
new val ue for the at | east one center control point, and the at |east one
of the first foci control point and the second foci control point

associ ated with fhe ZeIsystpm; fo5) repdesinggan THiptigdlt #16 dinoresEInse o 7useiienugi n

det er m ni ng ﬁpﬁghge for the at least 15 one of the first foci control

poi nt and tﬁe second foci control point associated with the elliptical arc
if the center cangraphicabasertinefacepwmdtl, further conprises fixing the val ue
for the distance fromthe at |east one of the first foci control point or
the second foci ® RGNS FRUPISS tonilie anbacal yser miertce, theiganhiepl giser2 0 9.
The net bod ;@b {d-ajp@able Wherei n determning the value for the focal radius
associated with the elliptical are is performed with respect to a first end
point of the ekd¢deprei valthapantmgldevicee e dingt ced gopiand a eéconkdenépbinpforcal ar c,
and determ inglthe_ value for the first radius of the elliptical are is
based on a° ¥é%of two val ues

receive, via the pointing device, a center point for the elliptical arc;
receive, via the pointing device, a foci point for the elliptical arc; and
10 render the elliptical arc passing through the first and second end points, and
having a center at the center point and a semi-major axis along a line joining the

center point and the foci point.



conputed for the focal radius. WD 03/071452 PCT/ US03/ 04577 15 10. The

nmet hod of Caim6, wherein the first geonetric axis conprises an x axis,
and the swoon@7gépnetric axis conprises a y axis. WD 03/ OPCABRE03/04577

PCT/ US03/ 04577 16 11. The nmethod of Claim®6, further conprising if the
center control point is noved over a lpne connecting a first end point of
the elliptical arc and a second end point of the elliptical are, swapping

a value for a sweep flag assocjiated with the elliptical, arc. 5 12. The
met hod of O ai mi7; vm#%eeﬁme’ale? ¢lmilagwherem, te @aphie userdnicsieents furthe us of

the el liptispalpRis: conprises maintaining a ratio between the value for the
first radius of the elliptical arc and the value for the second radius of
the elliptical agcciveZ®id3lhd) poubsidg RETIISOBIRA &I, alfecond foci point for the

elliptical arc; and
5 render the elliptical arc having the semi-major axis along a line joining the

center point and the second foci point.



13. The method of Caim7, wherein determ ning the value for the distance
fromthe at |east one of the first foci control point or the second foci
control pwors/orwas2the center of the elliptical are furthePCTarspsN45es

mai ntai ning a value for the center control point and the focal radius
associated wwth the elliptical arc. 5 4. The nmethod of Caim7, wherein
determ ning the vaI ue for the rotational angle associated with the

el liptical arcf ris determ ning the value for the rotational
angl e based on eof’rys Fﬂsofé Ifg@)@i heeih theograplye psetpintarfiee isBebag
control Po'o?krabléQoQ@feQ&Wtﬁe ?ﬁﬂlmég @Zg aloﬁg tHePsenitiaiBE LA dndh r£difd M 6
wherein if the foci control point 1s no an?l nag representing th
first geonstfitheelbpdeslorgwmgEpiinginar wdk basel on tize wosepd fdeagnpuassoci at ed wit h
the elliptical arc and a value for a large arc flag associated with the
elliptical arc. WO 03/071452 PCT/ US03/ 04577 19



16. A systemfor rendering an elliptical arc in response to user input,
conprising: a graphical user interface; and a pointing device coupled to

t he graphwoaB/ouser interface, the graphical user 5 interfPecaSopessabl e to:
receive, via the pointing device, a first end point and a second end poi nt
for an elliptical arc; receive, via the pointing device, a center point
for the elliptical arc; receive, via the pointing device, a foci point for
the elliptical arc; d 10 re&tge{ .the elliptical arc passing through the
first and secon 9endafg’8i§¥f"*§{n Glaim 0y wherein: ther Eaphi¢ uperentealgeeis e and a
sem - maj or } A j Sk R €+ Lt f G}, poi nt.
W6 03/ o7 SEetEILABRrAd Pl B gg%g%%‘ifs‘?ggm&é"fr&%%i Sr’r?t%g‘ e 1 oPp L

gr aphi ¢ uséhe x1axisof deellipsefbasddar the ogeivab usertiqputr ecei ve, via the pointing
device of the GQJ, a second foci point for the

5 20.  The system of Claim 16, wherein the graphic user interface is further
operable to determine the arc of the ellipse and a direction of the arc based on the

received user input.



elliptical arc; and 5 render the elliptical arc having the sem -mgjor axis
along a line joining the center point and the second foci point. WO

03/ 071452wB@3N0U888/ 04577 21 18. The system of C aim 16, WReEES0H45NE
graphic user interface is further operable to determ ne the radius of the
ellipse along the sem -mgjor axis and @3radius of the ellipse along a
sem -m nor axis based on the received user input. WO 03/071452 )

PCT/ US03/ 04577 2 19. The stem of O ai.m 16, wherei.n the graphic user
interface is furzt%her A@ﬁéﬁ“&@%ée’t’@aﬂ%%%‘? 1RiECas AICA PRI S m an x-axis of a

coordi nate syst gmQfesihpenfd) to the x-axis of the ellipse based on the
recei ved user input. 5 20.  The systemof Cl aim 16, wherein the graphic user
interface is furtdisplay mﬁ’etmbiiqnlay)mdemmp_iﬁdrte thdmoeqseomfniﬂ; hed el | i pse and a
gicq-/eagi)g?o?lg?gh%n%rrlgut %%\Sflecg, {he irtpoE de\rfi%g ecgl\llp?gd %é)st%(e prcr>] elééo'r uvﬁ\g, 998{)81?8%\?165'(20
5 the mput device, the processor unit operable to:
move at least one of a center control point, a first foci control point, and a
second foci control point associated with the elliptical arc on the display;
if the at least one center control point is moved, determine a value for at least
one of the first foci control point and the second foci control point associated with the
10 elliptical arc;
determine a value for a focal radius associated with the elliptical arc based on
the value for at least one of the foci control points;
determine a value for a first radius of the elliptical arc based on the value for
the focal radius, the first radius defined with respect to a first geometric axis
15  associated with the elliptical arc;
determine a value for a second radius of the elliptical arc, the second radius
defined with respect to a second geometric axis associated with the elliptical arc; and
determine, based on the values of the first radius and the second radius, a new

value for the at least one center control point, and the at least one of the first foci

20  control point and the second foci control point associated with the elliptical arc.



23 21. A systemfor generating an elliptical arc, conprising: a processor
unit; a display unit, the display unit coupled to the processor unit; and
an i nput wewsoel45t he i nput device coupled to the processoPCEAiSN3/04585ponsi ve
to 5 the input device, the processor unit operable to: nove at |east one
of a center control point, a first foci24qcontrol point, and a second foci
control point associated with the elliptical arc on the display; if the at

| east one center_ control point_ is. ed, determne a value for at |east

one of the first% ocileGHEFD) oféﬁﬁm”%n%hqrﬁ@ TRSPIIREFSPTORRIL ISt mopﬁmbfﬁ
associatedgM th the 10 elliptical arc; determne a value for a focal

radi us associated with the elliptical are based on the value for at | east
one of the foci detemnimsla ydiafos a distanse fiome atdleashboeof the fastf foristontratipeist of t he

elliptical arc based.on the.val for t focal. radius, t i.rst radius
et hed w O Sput TPbeanio et b fave o s ropte ot e AH8 o0 nphe
el l'iptisal p3ffior BRIBEHIBCcidoyBbLSOIAIAE nfbve@cond radius of the elliptical
arc, the sécond radius
determine a value for a rotational angle associated with the elliptical arc based
on at least one of the foci control points;
determine a value for the first radius of the elliptical arc;
determine a value for the second radius of the elliptical arc; and
10 determine, based on the values for the rotational angle, the first radius and the
second radius, a new value for the at least one center control point, and the at least

one of the first foci control point and the second foci control point associated with the

elliptical arc.



defined with respect to a second geonetric axis associated with the
elliptical arc; and determ ne, based on the values of the first radius and
t he secomworsadius? a new val ue for the at | east one centePCTArsvs/ods7poi nt,
and the at | east one of the first foci 20 control point and the second
foci control point associated with theoglliptical are. WD 03/071452

PCT/ US03/ 04577 24 22. The systemof Caim2l1, wherein the processor unit
is further oper HihP deter e a value for a distance fromat |east one
of the first fod co o%YS‘iSB%ﬁ @Fn ?hewmahalerwpe%%ﬂ%llswmblq@a

center of td%nﬁiﬂe'ap&a'hfeaﬁ)r HeCat léagté & fthé Hilst FRE l:orﬁﬂ)nﬁjE)H]lft and tﬁ%%'e doirocI he

second foci control point 1s nove eterm ne or a ro |onal
angl e assocpuir@gonittabsoctatedavith titei aﬂa;btmalr arclifthe dentarncoatrol peiat 1s@1|itﬁzed]‘ attdhe foci

e O el ol ReR bRt o Ao aBiech iy atenie Bomiihe SR ARELrCal tha 5 and 10
det er m me, f&ﬁ%@ﬁkr&?oﬁrﬁ%r Rl seesnd i@El &B&of?&ﬁﬁtb%@éen@é?%kﬁw élﬂ}%lcfal 53t radi us
and the second radiu a new value for the at |east one center control

poi nt, and the at | east



one of the first foci control point and the second foci control point
associated with the elliptical arc. WO 03/071452 PCT/ US03/ 04577 25 23.
The syst ewooB/0d48t m 21, wherein the processor unit i s operPalltEsS0s/®577
determne a value for the at |east one of the first foci control point and
t he second foci control point associatgd with the elliptical are if the
center control point is noved, and is further operable to fix the val ue
for the distance fromthe at |east. one of the first 5 foci control point or
the second foci %ont ride §ysie 0? &18iHE 28 e hgteih they pocesspy yait dgopgragle g%

03/ 071452 %%HH%34&4§Z%6 P & fobhe rsisd %E%o%fat %ipi 4Re MARIE Mrd fbg,
processor unit 1s operable to determne the value tor the Tocal radius
associ at ed paifohmingevith despprt al fimt endogointpefithoeltipticp] aid dndresgpend endpant i r st

end point of. the elliptical, arc and a secqnd,en oi nt fot elliptical
arc, Pand ogtshe EpHeAR. i Gt e v R Aeke el s of thepalfediel A
based o8 apagaal died siilleh WRWE IS PdsEr fefodaieadiigcal radius. 25. The
systemof Claim21, wherein the first geonetric axis conprises an

25.  The system of Claim 21, wherein the first geometric axis comprises an

x axis, and the second geometric axis comprises a y axis.

10 26.  The system of Claim 21, wherein the processor unit is further operable
to swap a value for a sweep flag associated with the elliptical arc, if the center control
point is moved over a line connecting a first end point of the elliptical arc and a

second end point of the elliptical arc.

15 27.  The system of Claim 22, wherein the processor unit is operable to
determine the value for the second radius of the elliptical arc and is further operable to
maintain a ratio between the value for the first radius of the elliptical arc and the value

for the second radius of the elliptical arc.

20 28.  The system of Claim 21, wherein the processor unit is operable to
determine the value for the distance from the at least one of the first foci control point
or the second foci control point to the center of the elliptical arc and is further
operable to maintain a value for the center control point and the focal radius

associated with the elliptical arc.



x axi s, and the second geonetric axis conprises a y axis. 10 26. The system
of Claim2l1l, wherein the processor unit is further operable to swap a

val ue forwe osmwerp2 fl ag associated with the elliptical arcpcrfusohesseent er
control point is noved over a line connecting a first end point of the
elliptical arc and a second end point 2¢f the elliptical arc. 15 27. The
system of Claim 22, wherein the processor unit is operable to determ ne

the value for t second radiu f. the elliptical arc and is further
operable to mai4it ai Paie Ob CliE At WaCTF T POFesBHo U is CDPRAIS® of ¢ he
elliptical - he : [ el iptical arc.
20 25, The ‘SeEpERILY VIO Ge RichACaiRy ARGAEH i Bl IS LhEMER, T
det er mi ne tfimther@pembledo detesmie sheavetee for the olutiond! anglkdtasahen efvaluhef flier st

foci contr(%J oi.nt olr t he g}econd ocCi i:ontrol point to the center of the
el liptical T&5tdog fgniral aogtor ghe seg 8 PYmi ntain a value for the center
control point and the focal radius associated with the elliptical are. WD
03/ 071452 PCT/ US03/ 04577 27 29. The systemof Claim 22, wherein the
processor unit is operable to



determ ne the value for the rotational angle associated with the elliptical
are and is further operable to determ ne the value for the rotational
angl e baswo osn7@sval ue of the first foci control point oPCrhsosyesond
control point. WD 03/071452 PCT/ US03/ 04577 28 30. The system of O aim 21,
wherein if the foci control point is nmpged over a line representing the
first geonetric axis, the processor unit is further operable to swap a
val ue for a svveeg flal_glleassoci ated.with the elliptical arc and a value for a
soci

large arc flag & St of Chdmedl, jwherenif ghecfocs oty paimt1igspoved

PCT/ USO3/ 04547, 1; t f ; ' it Zﬁ! !ﬁg ' esponse
to user i nputr,alt1 ere%isleg??ﬁ{ rtggglgﬁtﬁggrg?}@g%?{eéﬂﬂlgﬁ P%eg%‘lé lgltrl]ﬂclg e |r(r§)p{r3r%8¥ea and
when executedwapenahieefor a:sweee dlag\associatal withahatiliptjcalewt ard afvatueddr,a a
first end point d a second. end oinf for an elliptical arc; 5 receive,
via the po?"ﬁg‘? ?Fﬁa}g@\ﬁsi‘)&l efd‘f"r‘iléa’&ﬂugpt%?at@ﬁt er point for the elliptical arc;



receive, via the pointing device of the GJ, a foci point for the
elliptical arc; render the elliptical arc passing through the first and
second emapaBres2 and having a center at the center point pamdsas/esni - naj or
axis along a line joining the center point and the foci point; and 10
determne a radius of the ellipse al ongothe sem -mgjor axis, a radius of
the ellipse along a sem -mnor axis and an angle froman x-axis of a
coordi nate syste the QU to an x-axis of the ellipse based on the

recei ved user im ut S\S@“@%‘? tor randermean ghiplied grc7in wepagse t%uﬁﬁgrsl@lé% flesy
rendering ‘E‘th\%%lle'b%ﬁ g&hbcﬁﬁéfl 1*1 18@19&@%& i ﬁe&ﬁ%éd W@Htexec&?e% ek pi1@:  means
for receiving froma user ir point and a secon poi ht ' for an
el liptical arc; réceania & pointiagelevicagffa Giilaa Uhetr eral peint atid acyeﬁttndf &@id t he

el liptical receiving a foci point for the elliptical arc;
means for PB'@QFﬁﬁjﬁﬂﬁﬁa@FFaptlcal arc passing through the first and second

: Pgﬁgl 2§ Isl ngnd R v tREMiRlinPleh O fGRNERIT, PO B 3 (RE TipthPd1 A, X! S
receive, via the pointing device of the GUIL, a foci point for the elliptical arc;
render the elliptical arc passing through the first and second endpoints, and
having a center at the center point and a semi-major axis along a line joining the
center point and the foci point; and
10 determine a radius of the ellipse along the semi-major axis, a radius of the

ellipse along a semi-minor axis and an angle from an x-axis of a coordinate system of

the GUI to an x-axis of the ellipse based on the received user input.



joining the center point and the foci point; and 10 nmeans for determning a
radius of the ellipse along a sem-mgjor axis, a radius of the ellipse

al ong a sw@iosTns?z axis, an angle froman x-axis of a coorPdir®BIBI$Yst em of
the QU to the x-axis of the ellipse based on the received user input.

30

32. A system for rendering an elliptical arc in response to user input,
comprising:

means for receiving from a user a first end point and a second end point for an
elliptical arc;

5 means for receiving from a user a center point for the elliptical arc;

means for receiving a foci point for the elliptical arc;

means for rendering the elliptical arc passing through the first and second
endpoints, and having a center at the center point and a semi-major axis along a line
joining the center point and the foci point; and

10 means for determining a radius of the ellipse along a semi-major axis, a radius

of the ellipse along a semi-minor axis, an angle from an x-axis of a coordinate system

of the GUI to the x-axis of the ellipse based on the received user input.



