I AISYCY &Y
Cliuwe.

A Unifying Approach to the Line Clipping
Problem Solution

; % Vaclav Skala

I Computer Science and Informatics Dept.
Institute of Technology

B Nejedleho sady 14, P.0.Box 314

‘i 506 14 Plzen, Czechoslovakia

tg Abstract

. A new algorithm for 20 1line . clipping against naon
i' convex window that consistsof linear edges and arcs is
P being presented. The general algorithm was derived from

the Cohen Sutherland s and Liang- Barsky s algorithms and
I can be used especially for englneerlng drafting systems.
] The algorithm is easy to modify in order to deal with
holes too. The algorithm has been verified on IBM PC in
TURBO-PASCAL .

1. Introduction

packages. There are efficient algorithms as [6]
but not for non convex windows that consist of linear
edges and_arcs. Therefore new algorithms have been
developed [B] for clipping 20 1line against the general
windows. The below described algorithm enables to clip 2D
line segments against the windows +that are formed by
linear edges and circular arcs without need to orient
edges in the clockwise or anticlockwise order as some
known algorithms require. The algorithm can be easily
modified for the hatching. In this case some criteria can
be simplified. If the clipping area consists of some
holes it is necessary to apply the presented algorithm
fo- all given holes themselves and merge the obtained
intersection points together in a convenient way.
Particular care was devoted to handle all special
situations properly.

Clipping 1is an important part of all[ gra?hlcs

2. Non Convex Area Clipping

Provided a non-convex area is given by its vertices in
the clockwise or anticlockwise order and if the edge is
not linear then information whether +the right or left




part of the circle is to be taken from the actual vertex, g
see fig.2.1. It is also assumed that all vertices have
different coordinates, that no vertex lies on an edge or
arc and that two edges or arcs might have only a vertex !
as a common point ( for general conditions see (8] ).

Contrary to the clipping by convex window that consistis

of linear edges, the line w(qg) can intersect the arc edge _ 1
in two points. It partially increases the complexity of

the given problem.

i

orientation
to the left

orientation
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Figure 2.1.

The line w(g) is described by the parametric eguation:
x (g)=xp + ({xg - %X¢) .Q q € (-o0,+o0)

Now in case of arc edge it is necessary to solve the
following equations:

x (g )=x + (xg - Xa ) . Q q & (-00,+00)

¢ x - xu)2+(y—yu)1—r7':0

where (x,,yy) is the centre of the given arc
2r is the diameter of this arc.

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

ag + bg + c = 10
will be obtained, where:

2 2
H:(Xs"xr)+(ys—Yr-)

b= 2 [(xe - xy) . Cxg = % )+
(yr—yu).(}fg—yr)]

2
Cz(xr—xu)z "‘(Yy- “Yu) -I'?.

In the case that the line w(g) intersects or touches the
given circle two solutions are obtained, not necessarily
different, as: » '

9,=¢ - D £ Y6 4ac ) / (22 )

Now it 1s necessary te determine which part of the
circle forms the boundary of the given area. Because the
border is oriented it can be discerned whether the arc is
on the right or on the left from the connection of x K XK 44
points. If the line w (g) is considered then it must  be
decided which intersection point ought to be taken. It is
obvious that only the point which lies on the proper arc
can be considered. It means that:

- if the left arc is considered then +the point x(qi)
will be taken into consideration if and only if

[ 54 x §y13 > 0 i=1,2

- if the right arc is considered then the point x(g.)
will be taken into consideration if and only if

[ sy x 55]z< 0 i=1,2
assuming that xk% x(q; ), Sy = Xypu~ Xg and S, = x(q;) - Xy

0f course some special situations must be solved
again, e.g. when the line passes or touches the vertex XK

In those cases +the tangent vectors 5y, Sz, -Sg are
determined as:

- for the arc s;= [ yy- Yy 5 Xu— Xk)
where (x,,yy) is the centre

for linear edge s,= [ ¥, ~fu~q, ¥k - Yi-1]



- for the arc sa= [ Yk~ Yw » Xw - Xy ]
where (x,,vy) is the centre

for linear edge S3= [ Yierq~Xx > yk+r YK ]
—for the line w(g) Sy = [ %o - Xr o ¥s ~ Yr ]

The possible situations are shown in table 2.1.

Table Z.1.
[s XSy |z [ssxsz]g type "touch"/"pass

< 0D - L0 pass
<0 >0 touch
> 0 >0 pass
> 0 <0 touch
< D =0 if —53.s£>0 then pass else touch
> 0 =0 if -545.5,>0 then touch else pass
=0 < 0 if —54.52>U then touch else pass
=0 >0 if -s4.5,>0 then pass else touch
= 0 =0 if -s4.5,>0 xor -s5,.520

+hen pass else touch

Tf the arc is oriented to the right then the sign of the
tangent vector s must be changed in some situations.

PROCEDURE COMPUTE_ TANGENT ( XA s Xg > T s t )
BEGIN
IF XA Xp is linear

. THEN BEGIN : [ J
S := Xg- Xp3; T := S X S ;
END B TA 22
ELSE BEGIN
s := £ yw Xw- Xkl 3
r := S X S, '
(¢ (xyw,Yw) 1% the centre of the arc %)
IF r=0 THEN IF t THEN r:=+s.s,ELSE r:=-s.5,
ELSE IF the arc is to the right
THEN r := -r
END
END (% COMPUTE_TANGENT x);
(% %)

k =n-1; i:=0;

21 Xg= Xpj (¥ operation with vectors %)
WHILE i < n DO
BEGIN

IF x, lies on the line w(g) THEN



BEGIN
COMPUTE_TANGENT(x,x; ,b,TRUE);
COMPUTE_TANGENT(xy_y ,xg,8,FALSE);
IF xgx; 1s linear THEN

BEGIN
COMPUTE_VALUE( q );
IF a.b > 0

THEN GENERATE( g , attribute )
ELSE IF a.bh< O
THEN GENERATE( q, g , attribute _, )
ELSE IF a = 0 THEN
GENERATE( g , attrihute sign b )
tLSE
GENERATE( g , attribute sign a )

s

END
ELSE (% x.x; is the arc =)
BEGIN

COMPUTE_VALUESC gy, qy);

IF a.b > 0 THEN*

GENERATE( a4, qs% , attribute _, )
ELSE IF a.b< 0 THEN
GENERATE( g4, g4, q,x , attribute )
ELSE IF a = 0 THEN
GENERATE( q,, attribute sign b )
ELSE GENERATE( Ay attribute sign a )
END
ELSE IF x,x; linear THEN
BEGIN
- COMPUTE_VALUE (q);
IF an intersection point is inside of (xyX;)
THEN GENERATE ( g with attribute _, )
END
ELSE
BEGIN .
- COMPUTE_VALUES( q,, 04);
IF an intersection point exists
THEN GENERATE( qgqx, q,% , attribute _, )
(¥ % means if the intersection point lies %)
(x on the required side of the xyx;arc x)
END
Kk i;

i =1+ 1;
END (% of while x);
SORT ( values g );
REDUCE ( set of g values according to table 2.2. ); )
SELECT ( subintervals as <€qj, Qju2N1<0 , 1) for all j );
COMPUTE ( the end points );

Figure 2.2.



Table 2.2. Basic possible situations for reduction

attributes
_____________ situation action
a; Q144 qi+2 __________________
% /Fﬁ l » save ( g; , q,ﬂ), 1:=1+2;

- /\,— —*/\' > ‘ i i i:=1+2;
+ /u - save ( Q3 Q|+l)

- - J\ change attribute of g to
Lo + \H - *77Z¢;save ( g7 , Qyep); 1:=1+2;
‘\/[ \V[ change attribute of g to

Qi » Qigq s 1:=1+1;
/f+ + Lﬁ& change attribute of g to
+ - ® //+ :\\ ! save ( a; q1+4), i:=i+42;

> Q; » Ojpq 3 L:=i+1;
/L e “A\ change attribute of q to L

¥ means all cases, e.Q. + -

The coordinates of the resulted points determined by
their g values can be obtained from the equation for the
line w(g): i

x(g) = xp + (Xg = % ) . 0




It 1is obvious that the presented algorithm for
clipping line by non-convex area can be easily modified
for a case when the area is formed by linear segments and
gquadratic arcs. In this case it is necessary +to define
conveniently the quadratic arcs. A similar approach to
the circle case can be chosen for this general case too.
Genprally all quadratic curves are described by the
function f£(x,y) together with their tangent vectors as:

£(x, y) = O 5= [ £y, - ]

2 . by2 + 2cxy + 2dx + Zey + g

where: f(x,y) = ax

If the given area consists of some holes it is
necessary to apply the presented algorithm for all the
given holes themselves and merge the obtained g values
together. '

3. CONCLUSION

The presented qigorithms are based on the principle of
the Liang-Barsky s algorithm. It is shown how the

algorithms become more complicated 1if the requirements

are more general. In general they do not need oriented

half-planes of the clipping window. The second algorithm

solves the situatiocn when the clipping polygen is non
convex. The increase of complexity is expressed in the
need to distinquish between different cases and fo sort.
the final set of intersection points. The last presented
algorithm solves the problem when the clipping area 1is
formed by line segments and arcs. This problem has not
been solved in the accessible literature as far as it is
known to the author. The algorithms are fast and all
specilal cases are properly handled.
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