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ABSTRACT

Not only does the stipple line algorithm of prewsoblave characteristics of a single type, but afso t
phenomenon, that the position of calculated pix@liates from the actual line, appears easily when w
solve practical problems. This paper introducesptfewious stipple line algorithm. The other coratis of
the stipple line algorithm are analyzed in dethdst, the convergence of the stipple line algorittsm
proved. The result shows that the vertical cootgigaocation, which the next pixel point of ther@nt
pixel point, converges weakly to the ideal line.
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the actual line, appears easily when we use the
algorithm which is introduced in the literature [2]

. solve the practical problems. This paper introduces
At present, the technology of computer graphlCSther situations of the stipple line algorithm, and

IS wu_jely used, a_nd the rgsearch of Compmeﬁnalyses the convergence of the algorithm.
graphics method is becoming more and more
important. Curve drawing is the basic content 02. STIPPLE LINE ALGORITHM
computer graphics, and the drawing of a straigrbtl_rwo Dimensional Line

line is based on the curve drawing [1].

1. INTRODUCTION

In the plane coordinate, straight line can be
In mathematics, the straight line, has no width, iexpressed aax+by+c=0.

a collection, which is composed of countless points ) )

When the straight line is rasterized, we determine For the straight segment whose starting

the best approximation to the straight line of &oordinate isX, ys), the end coordinate is( Ye).

group of pixels, in which the display of the finite!ts slope can be expressed as:

pixel matrix. According to the scan order, these (y.-y.) dy

pixels are operated by the current writing pattén. m=7=7e %(e -x) " Ax

picture may contain thousands of lines, so thedpee

of drawing algorithms must be as fast as possible. For anyx, along the linear, whose incrementAis,

the increment ofy is Ay = m* Ax . For anyAy,
The generating algorithm of classic line includes:  is Ay =m* Ax yay

Digital Differential Analysis (DDA) algorithm, 4&X=4y/m.

stipple Iine_algorithm and Bersenham _algorithm[Z]. Ax and Ay constitute the foundations of
DDA algorithm[3] need use the floating-point 10y thematics which determines the CRT(Cathode
calculate, so the accumulative error will make th?eay Tube) deflection voltage. For the line segment

qalculated pixel position deviate from the_ actu .I hich <1, firstly, we set the level component as
line segment. Because the speed of pixel grig, Then, according to the expression of

coordinate’s integer operations and floating-poinh —m*Ax, We can get the corresponding vertical

calculations is very slow, the algorithm efficierisy Av. For the li hichlb1
very low, and DDA algorithm is rarely used incomponent ofly. For the line segment whic >3,
e set the vertical component asy. Then,

practice. The algorithms of stipple line and” : ;
Bresenham overcome the disadvantages of DDACCOrdIng to the expression ak = Ay/m, we can
algorithm, are the most effective algorithm to ¢eea get the corresponding level componentAsf For
line. Literature [2], describes the stipple linethe raster scan display, in order to make the
algorithm, but its type is single. The phenomenorgenerating line smooth, line of the show is always
that the position of calculated pixel deviates from
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in the direction of coordinate where the adjacent d2=F(x, +1+1,y, +0.5+1)

pixels are taken[3-4]. =a(x, +2) +b(y, +1.5)+ ¢

2.2 Previous Stipple Line Algorithm =d+a+b

Let F(x, y) say the line segment afPo(Xo, Vo), ) )
P1(x:, Y1), the current pixel point ik, y;). For the the increment is+b.

next pixel, there are two options to chod3gx,+1, Let's begin to draw line from the point( o). By
Yp) andPa(x+1, y+1). LetM(x;+1, y,+0.5) be the £q 1, we knowdy=a+0.5b. In order to eliminate
midpoint of P, andPy, Q is the crossing point of the fioating-point arithmetic, we used2to replaced.
of Q and M. (a) When the point oM is located 4 MiAnAintinal ; ; ;
beneath the point @@, P,should be the next pixel; }/0|d Midpointline(int x0, int x1, int y0, int y1)
(b) When the point of) is located beneath the point dx=x1-x0:

of M, P, should be the next pixel. As shown in !

: dy=y1-y0;
Figure 1. x=x0, y=y0;
| L drawpixel(x, y, color);
‘ if(dy/dx>0&&dy/dx<=1)
Pt {
’ — do=dx-2*dy;
0 d1=-2*dy;
/ M d2=2*(dx-dy);
P:(;]Iyp) TP] T \{Nhlle(X<X1)
Figure 1: Previous Stipple Line Algorithm if(d0 >=0)
X=x+1;
d0=d0+d1;
In order to judge the position relationsipand elseif(d0<0)
M, we need to put théM into the expression: X=x+1; y=y+1;
F(x,y) =ax+by+c. Then judge the symbols of d0=d0+d2;
F(M) . Now, we constructed discriminant: } drawpixel(x, y, color)

d=FM)=F(x, +1,y,+0.5) (1) }
=a(x, +1) +b(y, +0.5)+c }
2.3 Extended Stipple Line Algorithm
Let F(x, y) show the line segment &fPy(Xo, Vo),
Pi(x,, W1)), the current pixel point isx{ Vp).
Becausd is a line function ok, andy,, we use According to the slope size of the straight segment
incremental computing to improve the operationdt, for the next pixel point selection, we dividee@r
efficiency. Methods are as follows: cases to analyse[5-9].

whicha =y, —y,, b=x —X,» C=XgY; -X,Y,-

@ Whe_n d>0, we select the right point &f; as (1)When_1< -8
the next pixel. When the next pixel is determined, b
we calculate the expression: For the next pixel, there are two options to
_ chooseP;(x,+1, y,) andPa(x;+1, y,-1). LetM(x,+1,
d1=F(x, +1+1,y,+0.5) y;-0.5) bex'ihe midpoint )z()ppl and P,, Q i;(p the
=a(x, +2)+b(y, +0.5)+c crossing point of the ideal line and=x,+1. We
compare the position o and M. (a) When the
point of M is located beneath the point & P,
the increment ig. should be the next pixelp) When the point o) is
(b) Whend<0, we select the top right point Bf located beneath the point &, P; should be the
as the next pixel. When the next pixel is determhjnenext pixel. As shown in Figure 2.
we calculate the expression:

=d+a
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while(x<x1)
J\ P> | {
’ if(do > 0)
pu x=x+1; y=y-1,
+\ P d0=d0+d1;
N~ elseif(d0<= 0)

P, ‘
|

x=x+1; d0=d0+d2;
drawpixel(x, y, color);
Figure 2: The First Case Of The Stipple Line Algfum }

}
}

Now, we constructed discriminant: a
(2) Whenl< _E

d=F(M) =F(x, +1,y, -0.5)
=a(x, +1)+b(y,-0.5)+c

©) For the next pixel, there are two options to

choose: Pi(X,, Yptl) and Py(x;+1, y+1). Let
whicha=v —v..b=x —x., c= } _ M(x,+0.5 y,+1) be the midpoint oP,andP,, Q is
Yo% % 7% €2 XaY1XaYo the crossing point of the ideal line ayy,+1. We

Becausd is a line function ok, andy,, we use compare the positionf Q and M. (a) When the
incremental computing to improve the operationgpoint of M is located left the point a, P, should
efficiency. Methods are as follows: be the next pixel(b) When the point ofQ is

. . _located right the point of1, P, should be the next
(@) Whend>0, we select the right-bottom po'ntpixel. As shown in Figure 3.

of P; as the next pixel. When the next pixel is

determined, we calculate the expression: | * /
d1=F(x, +1+1,y, - 0.5-1) |
=a(x,+2)+b(y, -1.5)+c
=d+a-b

the increment ia-b.

(b) Whend<0, we select the right point &% as P=(x,ly,) |
the next pixel. When the next pixel is determined,
we Calculate the express|on Figure 3: The Scond Case Of The Stlpple Line Mbm

d2=F(x, +1+1,y, -0.5)

=a(x, +2)+b(y,-0.5)+c

=d+a d:F(M):F(xp+O.5,yp+1)
the increment is. =a(x, + 05) +b(y, +1)+c

Let's begin to draw line from the pointy(¥o). BY  which a = Yo~ Yir b=% —X;r €= XY, - X,Y,.

Eq. 2 we I_movxd_o = a—_ 05b. In order to eliminate Becausel is a linear function ok, andy,, we use
floating-point arithmetic, we used2to replaced. incremental computing to improve the operational

Now, we constructed discriminant:

®3)

Algorithm program is shown as follows. efficiency. Methods are as follows:
void Midpointline(int X0, int x1, int y0, int y1) (@) Whend>0, we select the upper right point of
{ P, as the next pixel. When the next pixel is
dx=x1-x0; determined, we calculate the expression:
dy=y1-y0;
X=x0, y=y0: d1=F(x, + 05+1,y, +1+1)
drawpixel(X, y, color); =a(x, +15+Db(y, +2)+c
if((dy/dx>=-1)&&(dy/dx<=0)) Cdtath
{
d0=-dx-2*dy; the increment isi+b.
d1=-2*(dx+dy);
d2 =-2*dy;
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(b) Whend<0, we select the right above point of
P, as the next pixel. When the next pixel is

determined, we calculate the expression:
d2=F(x, + 05y, +1+1)
=a(x, +05) +b(y, +2)+c
=d+b

the increment .

Let's begin to draw line from the pointy( yo). By
Eqg. 3, we knowd, = 0.5a+b. In order to eliminate

floating-point arithmetic, we used2to replaced.
Algorithm program is shown as follows.

void Midpointline(int x0, int x1, int y0, int y1)
{

dx=x1-x0;

dy=y1-y0;

x=x0, y=y0;

drawpixel(X, y, color);

if(dy/dx>1)

{

d0=2*dx-dy;
d1=2*(dx-dy);
d2=2*dx;
while(y<yl)

{

if(d0 >0)
X=X+1;
y=y+1;
d0=d0o+d1;
elseif(d0<=0)
y=y+1;
d0=d0+d2;
drawpixel(x, y, color);
}
}
}

(3)When _% <-1

For the next pixel, there are two options t

choose: Py(X,, Y1) and P(xp+l, y,-1). Let
M(x,+0.5, y-1) be the midpoint oP, andP,, Q is

the crossing point of the ideal line aiyd= Y, +1.

We compare the positiasf Q andM. (a) When the
point of M is located left the point d®, P, should
be the next pixel,(b) When the point ofQ is
located right the point df1, P, should be the next
pixel. As shown in Figure 4.

N
RN
Figure 4: The Third Case Of The Stipple Line Aition
Now, we constructed discriminant:

d=F(M)=F(x,+05y,-1)
=a(x, + 05) +b(y, -1)+c

(4)

whicha=y, -y, b=X —X,, C=XgY; - X,Yo.

Becausdl is a linear function ok, andy,, we use
incremental computing to improve the operational
efficiency. Methods are as follows:

(@) Whend>0, we select the below point Bf as
the next pixel. When the next pixel is determined,
we calculate the expression:

di=F(x,+05y,-2)
=a(x, + 05 +b(y,-2)+c
=d-b

the increment isb.

(b) Whend<0, we select the right below point of
P, as the next pixel. When the next pixel is
determined, we calculate the expression:

d2=F(x, +05+1y, - 2)
=a(x, +15) +b(y, -2)+c
=d+a-b

the increment is &-

Let begin to draw line from the point ofy( yo).

qSy Eq. 4, we knowd, = 05a—-b . In order to

eliminate floating-point arithmetic, we usel 20
replaced. Algorithm program is shown as follows.

void Midpointline(int x0, int x1, int y0, int y1)

dx=x1-x0;

dy=y1-y0;

x=x0; y=y0;
drawpixel(X, y, color);
if(dy/dx<-1)

d0=-2*dx-dy;
d1=-2*dx;
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d2=-2*(dx+dy);
while(y>y1)
{

TR DEG

if(d0>0)

y=y-1;

d0 =d0+d1;

elseif(d0 <= 0)

y=y-1;

X=X+1,;

d0 =d0+d2;
drawpixel(x, y, color);

w o

o = MW B e~ @

} A T N N N S N N N M S S B
o1 2 3 4 5 6 7 9 10 11 12 13 14 15

;
} } Figure 5: -X-a/ b<0

3. THE APPLICATION OF EXTENDED
STIPPLE LINE ALGORITHM

Example 1. Use the Extended Stipple Line
Algorithm to find the pixel points, which is passed
by the line segment, that connects the poii(2,
11) andP,(13, 1).

Solution: Let L connect the pointB,(2, 11) and
Py(13, 1). At this time,—1<-2=_1<o. By the
b

T T T O T N N M T O N
01 2 3 4 5 6 7 8 9 10 11 12 13 14 15

Figure 6: K-a/ b

Extended Stipple Line Algorithm, we know that
passes the pixel points which is shown as Figure 5.

Example 2. Use the Extended Stipple Line
Algorithm to find the pixel point, through whicheh
line segment connections the poifmg1, 0) and
P,(8, 14).

Solution: Let L connect the point®,(1, 0) and
P,8, 14). At this time,1<—%:2 . By the

Extended Stipple Line Algorithm, we know that
passes the pixel points which is shown as Figure 6.

Example 3. Use the Extended Stipple Line
Algorithm to find the pixel point, through whicheh

S o m W Bk @ @
T T T T T

line segment connections the poimgl, 14) and 0T 23 s BT 9l
P,(6 4)9 POIRY ) Figure 7: -&/ b<<-1

Solution: Let L connect the pointB,(1, 14) and 4. THE CONVERGENCE OF STIPPLE LINE
P,(6, 4). At this time, _@—_o<_1. By the ALGORITHM
b

Extended Stipple Line Algorithm, we know that Definition: In the process of drawig line, let the

passes the pixel points which is shown as Figure 7€UTTent pixel point bex, y,), and the vertical
coordinate bey, horizontal coordinate be as the

next pixel position ofX,, y,). For any interval ofy,
xd, 9(X) is a continuous function. Wheg®N, there
is

lim [y - (3] ¥dx=0"
X Xy P
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where K and p is a natural number, in the Humanities and Social Science Project of China
Ministry Education(11YJC870014), the National
Nature Science Foundation of China (61163045),
the National Nature Science Foundation of China
Theorem: In the interval X,, xJ, if the sequence (61263044), the Computer Application Technology
of {yi} converges to the function &fx), and eacly,  Key Disciplines of Xinjiang Normal University.
is continuous, theny} weakly converges to the
function off(x).

Proof: In the interval of %, xJ, let {yd

converge tof(x), so f(x) is cont!nuous. In Fhe [1] Q. F. Zhang, H. L. Wang, L. Zhang, "Study on an
interval of [, xJ, let g(x) be a continuous function. algorithm of linear scan conversionGuizhou

By the probem set, in the interval of,[ x], we University of Technoogy JournaVol. 32, No.
know g(x).yx andg(x).f(x) are integrable[10-13]. In 2, 2003, pp. 70-73.

the interval of %, %J, g(x) is continuous, s@(x)
has a maximal value, it is set M(M>0). In the
interval of Kk, xJ, {yi} is uniform convergence to
f(x). So for any positive number there isN, when
P>N, for anyx&[x,, XJ, the expression:

interval of [, xJ, we say that Y} weakly
converges to the function ().
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