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New algorithms for 2D quadratic arcs clipping .against convex and non-convex windows are presented.

Algorithms de not use pardmetric equations for the arcs description. The only a square root fiinction is needed.

. The algorithmsg r:qum: information how edges of the given window are oriented, The design, lmplemcnmuun

) and vegification is the first step toward to the quadratic arcs usage in computer graphics as new basic pnmx-
tives. The presented algorithms have not been published in a literature known to the auﬂmr
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1, INTRODUCTION

Clipping is a very important part of all graphics
packages, There are many efficient algorithms as [1],
[6], [7], [10] for clipping lines against convex win-
dows or for clipping lines against a window with
holes and with the non-linear boundaries, see [13]¢

[14].. Unfortunately no one known algorithm deals

with a problem how to clip circles or ellipses against
a window. This problem is a fundamental one if
we want to introduce quadratic arcs as a basic pri-
mitive for 2D graphics packages. The below descri-
bed algorithms enable to clip general quadratic cur-
ves or arcs sgainst convex or non-convex window-

2. CLIFPING BY A CONVEX AREA

Provided a convex area is given by its vertices
in the clockwise order and a oriented circle given by
its center x, and radius . We want to find those
parts of the given circle which lie inside of the given
convex window. For easier understanding the follo-
wing notation will be used:

ot

X, circle center x; polygon vertex

X, instead of x, ., ; the - is meant as mudulo n ad-
dition

8 =X — X1 §p =X — X

‘s =Xy — X

t = [y, — i x — x,]7 tangent vector at the point
{(x: 3)

To solve this problem it is necessary to find inter-
section points of the circle and line w (g) on which
the window border lies, i. e. to solve the following
equations:

(%41 — x;-) ' q

(x_'xw)z +(3’—yw)2"'7'2 =0.

AUTOMATIICA. 31 {1090 1—2, 2530

x(g) =x +

Fipure 2.1.

Solving these equations with regard to the variable
g the quadratic equation

agtt+bgtc=
will b_e obtained, where:
a=|s8|® b= -2}

In the case that the line @« (g) intersects or touches
the given circle two solutions are geuerully obtained
that are not necessanly different:

—bL br—4a
2a

-8 € =|'sy|> —#?

g1,2 =

The obtained values g,, g, must be ordered so
that g, < g,. For the further processing only points
for ge0,1) will be considered. Of course some
possible situations must be distinguished, see fig.
2.2. 'For a general case, when g, # g3, the tangent
vector t, always points out of the given window
while the tangent vector t, always points into the
given window, see fig. 2.2. cases a and d. There-
fore the circular arc x{g,}*{g,;) cannot be consi-
dered for further processing. The cases b and ¢ from
fig. 2.2, are a little bit more complicated’ because
the tangent vectors t, and t, are equal. It means
that it is necessary to introduce some special attri-
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Figure 2.2

butes for the case & while case ¢ must be handled as
no intersection points with the given edge have been
found. In the case » only one point x(g,) will be
drawn. But there are still some special cases to be
solved, see fig. 2.3.

X;

Figure 2.3.

- It can be observed that it is necessary to introduce
the additional attribute that would determine exactly
whether the tangent vecter t points into or out from
the clipping window.
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First of all it is necessary to distinguish between
cases a, b and ¢, 4 in fig. 2.3, i. e. to distinguish
between stouch« and »passe types. Now let us exa-
mine the result of the cross product of the s;, s,
and t vectors, see fig. 2.3., in order to distinguish
some cases, see table 2.1,

’I‘able 2.1

ft %8l [t % 5gle case tyﬁe sequence
>0 <0 a touch X X
4
<0 >0 b touch X, Xy
: ot

>0 >0 c pass x;

< 0_ <@ - o d pass X
=0 =0 e touch X
. 4

e ) <0 f pass )

. +

-0 =0 g pass x;
<0 =0 h touch X 3

=10 =0 special cases touch not allowed

where +— denotes the sign of the cross product z coordinate

It is obvious that when the both cross products
are equal to zero it is necessary to distinguish some
very -special cases. Therefore it is necessary to use
the direction of the tangent vector for detcrmunng
the artribute,

The whole algorithm can be described by a se-
quence in PASCAL-type style, see algorithm 2.1.

Bi=0; ii=n—1;
flag: = true; {circle is not mtersected}
while2<<n do

‘begin .

§;: = X, — X;; {needed for intersection solunon}
if COMPUTE VALUES (g,, g2)
then {intersection points exist and g, < g,}
begin flag: = false;
if g, = O then {pass [ touch type}
begin
80 =% — X5t = [yy — 30 — 2,17
a:= [t X 5,5 b= [t X 6]
if (a )> 0) or (b = 0) then GENERATE (x,,
l+|’ H
if (a )g 0) or (b << 0) then GENERATE (=1

if g, (0, 1) then
begin t: = [y, — ¥ (22): % (22) — xw] ;
GENERATE (x (g2), sign ([t sk]l))
{for circle, ellipse the attribute is &l-
ways -}
end
end
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else
if g, # g, then
begin
forj:=1to 2 do
if g, (0, 1) then
begin t: = [y, — v (@) x (@) — ESLH
| GENERATE (x (¢, siga ([t X 1)
en

end
else

{if g, = ¢. then}
begin t: = [y, — y(g:), ¥ (q:) — %173
if t » s, <0 then
begin
GENERATE (x(g,), "-+;
GENERATE (x (g,), '—")

end
end;
==k Ri=k+1
end {while};

Alporithm 2.1,

As a result of the algorithm 2.1. sequences shown
in table 2.1. are obtained, Now it is necessary to
draw appropriate arcs that are inside of the given
window. This process can be described by the algo-
rithm 2.2,

m: = No of intersections;
if m # 0 then
begin 7: = 2;
while i << m — 1 do .
begin if x, = x;,; then PLOT (x,)
else if attr (x;) = '+’ then DRAW ARC (x;,

Xip1s7)
else DRAW ARC (x,_,
X ")5
fi=1+4+2
end
end {while}

else {it is necessary to distinguish cases when the}
{circle is totally inside or outside of the given
window} ' '
if flag then
begin flag: = true;
f:=n—1; k:=0;
while (2 <C#n) and flag do
begin s,: =x, — x;; 's,:=x, — X;
if sy % 's,]; >0 then flag: = false;
fi=Fk hi=Fk-+1 '
end;

if flag then DRAW CIRCLE (x,,r)
end

Algorithm 2.2,
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The shown algorithm deals with a principal so-
lution and does not particularly care of the arithme-
tic precision, see [8]. In some cases special criteria
must be used in order to respect a limited precision.

The presented algorithm is capable to handle all
kinds of quadratic arcs, In the general case the
quadratic arc must be given as: )

. FE) =xTAx=0
so that
fxw) =% Ax, <0

where x, is the center. The tangent vector t must
be computed as: :

t =:[fy.'l _'fx]T

where f,, f, are partial derivations of the function
f and the matrix A represents a general quadratic
curve.

3. NON-CONVEX WINDOW CLIPPING

So far presented algorithms have solved the qua-
dratic arc clipping by the convex polygon. But some
types of applications do-require clipping by non-
-convex window. Of course, it is possible to split
the given non-convex polygon into a set of convex

polygons, e. g. [11].

4
}) ] [3
Fipure 3.1.

Provided a non-convex polygon is given by its
vertices in the clockwise order. It is also assumed
that all vertices have different coordinates, that two
edges might have only a point as a common point
and that fio one vertex lies on an edge. Contrary
to the previous problem, an arc can intersect the
polygon edges in a quite different order than would
be previously expected, see fig. 3.1, Therefore some
additional operations must be expected. A sequence
of points together with their artributes

Xi..s Xy
+

is not the sequence that we need for the further

processing, because only the following arcs should
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be drawn:

KgXy xmxs XXy XgXs XaX3
o

‘It is obvious that some kind of sort prooess must
be employed in order to get the shown sequence. It
is necessary to find a convenient criterion for sorting.
The obtained points must be split into two sets
according to y valie of the given points, i. e.:

0, =fx} 3=y, forallj
Q,={x} »n<y for'allj

In the case shown in fig. 3.1, two sets Qi and 2,
are obtained so that:

Ql.={x1,x4,xa,x9,x1°}
-+ 4+ =%

£, = {xg, X3; ¥55 X6 x—,}
+ - = k=

Both sets £, -and f2; must be sorted according to
x value of the given points. The set {2, must be
sorted according: to the descending x value of. the
gwen pomts Then the ordered sets are:

02, = {xd»s Xy Xy0; Koy XB}
+ = =
2; = {Xq, Xg, X55 X2 X3}
- = 4 =
If a new set {2 is created as:
Q == QI cont .Qg
where cont is the concatenation operater, i. e.:
Q = {x4, X, Xy g Xg; Xg, X7, X3 X5 Xz, X3}
I T T

then the required parts of the given quadrauc curves
are obtained.

If ellipses are cons1dered the - situation is a httle
bit more complicated. Therabove shown criterion for
splitting the intersection points into- two-sets £,
£2, is.not the right one, see fig. 3.2., because the

Figure 3.2
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arc for y >y, is not generally a function of x coor-
dinate It means that two points x;, X, must be found
so that the tangent vectors of the given cllipse are
collinear with y axis in these points. The points can
be found as a solution of the quadratic equations:

x_i'__A.x == 0 and -ixT Ax=0
) _ dy .
Because the x,, x, points are obtained it is possible

to split the intersection points of the ellipse and the
given window into two sets £2, and {2, so that:

02, = {xj}
Q, = {x)}

— %), <0

The sets £2, and (2, must be sorted again and a new
set f2 must be created in the same way.

If a parabolic arc is comsidered the rules can be
derived in a similar way. But because only x, point
can be obtained it is necessary to find a different
criterion how to split the obtained points. The points
X,, X, X, can be determined easily for the parabolic
arc, Thcrefore the £ aud .Qr. sets can be deﬁned
as follows

2, ={x}
22 ={x}

If a hyperbolic arc is considered the main problem
is to find a convenient criterion for splitting the
intersection points into two sets {2, and (2, and the
proper criterion for the ordering these sets. In this
case it is necessary to find a vector t, as:

[.(xb -
[(=

x,) X (% for allj

—x,) X {x, for all j

[(x;— —%)], =0 forallj

[(oxy —

x,) X (xj

%) X (% — %), <0 forallj

b = X2 — Xpy
and a vector t orthogonal to the vector t; as:
- . t=[a _r‘]r .
wa‘ thé.‘sets £, and 2, can be defined as:
Q= {x}
2; ={x}

[tx(x—=2)l.=0 forallj

[t % (x;,—=x,)],<<0  forallj
The sets 2, and £2, must be ordered and the orde-
ring according to x coordinate of the given points
is not the right one.

The sets £, and £, must be reordered with re-
gard to x or ¥ coordmate according to the rotation
angle o defined as:

2a = arccotg (£)
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112 22 4, are elements of the matrix A.
ais

It means that if

where & =

& = 0 then the y coordinate must be used for sorting
£ < 0 then the x coordinate must be used for sorting

To display the obtained arc segments a similar algo-
rithm to the algorithm 2.2. can be used.

For the non-convex window clipping a special test
ypoint in polygont must be employed if no inter-
section point is found in order 1o distinguish between
cases when ellipse or circle lie totally inside or out-
side of the given window (in the other cases the whole
curv= must intersect window boundary if they are
inside of the window)..

4. CONCLUSION

The new algorithms for clipping quadratic cur-
ves and their parts against convex and non-convex
window bave been presenied. The algoritmhs can
be maodified in order to handle different polygon
or curves orientations and more general cases, too.
The algorithms use only the implicit function defi-
nition for quadratic curves and only a square root
function is needed. The algorithms do not solve the
problem of the limited arithmetic precision because
this problem was solved by [8] and the shown re-
sults can be applied straightforwardly with the pre-
sented algorithms,
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QOdrezivanje stoZnica — rjeSenje problema. Prezentirzn je novi postupak odrezivanja lukova krivulja
drugog reda za konveksne i nekonveksne prozore. Postupak ne koristi parametarske jednadbe za opis lukova.
Poirebna je jedino funkcija drugog korjena. Postupak zahtjeva informaciju o orjentaciji bridova datog prozora.
Oblikovanje, primjens i provjera su prvi korak u koriitenju lukova krivulja drugog reda kao novih osnovnih
primitiva u raéunarskoj grafici, Pokazani postupak dosnd nije bio publiciran u literaturi keliko je auteru poznato

Kljuéne rijeti: odrezivanje, lukovi krivalja drugog reda, postupci.
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