Computer Graphics

Lecture 3
Line & Circle Drawing

Towards the Ideal Line

» We can only do a discrete approximation

0, y00 " 9
"es” Anideal" line

(el y1)
A discrete approximation

* llluminate pixels as close to the true path as
possible, consider bi-level display only
— Pixels are either lit or not lit

What is andeal line

» Must appear straight and continuous
— Only possible axis-aligned and’4fBes
» Must interpolate both defining end points
» Must have uniform density and intensity
— Consistent within a line and over all lines
— What about antialiasing?
» Must be efficient, drawn quickly
— Lots of them are required!!!

Simple Line

Based orslope-intercept
algorithmfrom algebra

y=mx+b
Simple approach:

increment X, solve fory

Floating point arithmetic
required

Does it Work?

It seems to work okay for lines with
a slope of 1 or less,

but doesn’t work well for lines with
slope greater than 1 — lines become *,
more discontinuous in appearance
and we must add more than 1 pixel
per column to make it work.

Solution? - ussymmetry.

Modify algorithm per octant

Rotate and Rerame coordinafe axes

3, & Stope x
Greater
than 1
p B
2 &
Stope Less
than 1
dx

OR, increment along x-axis if dy<dx else increment along y-axi
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DDA algorithm

« DDA = Digital Differential Analyser
— finite differences

e Treat line as parametric equation int:

Start point - (%, Y1) X(t) = % +t(X, = %)
End point - (x,,Y, —
napomt - (e gy =y, +t(y, - yy)

DDA Algorithm X0 =% #1056 -x)

YO =y +t(y, = 1)
» Startatt=0 X =+
At each step, incremenby dt ymzym“%
» Choose appropriate value fdtr

dx=x, - X
» Ensure no pixels are missed: dy=y,-vy,
—Implies: dx _, anddy _,
dt dt

 Setdt to maximum ofdx anddy

DDA algorithm

line(int x1, int yl1, int x2, int y2)

{ n - range of t.

float x,y;
int dx = x2-x1, dy = y2-yl; /
int n = max(abs(dx), abs(dy));
float dt = n, dxdt = dx/dt, dydt = dy/dt;
X = x1;
y =yl
while( n-- ) {
poi nt (round(x), round(y));
X += dxdt;
y += dydt;
}

DDA algorithm

« Still need a lot of floating point arithmetic.
— 2 ‘round’s and 2 adds per pixel.

* Is there a simpler way ?

» Can we use only integer arithmetic ?
— Easier to implement in hardware.

Observation on lines.

B T I S R while( n-- )

B e e S e s
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I R Tt + o+ o+ draw(x,y);
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}
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Testing for the side of a line.

* Need a test to determine which side of a ling
a pixel lies.

» Write the line in implicit form:
F(x,y)=ax+by+c=0

«If (b<0) F<O for points above the line, F>0 for
points below.




Testing for the side of a line.

F(x,y)=ax+by+c=0
* Need to find coefficients a,b,c.

« Recall explicit, slope-intercept form :
y=mx+b andso y:%wb

¢ So:

F(x y) =dyx—-dxy+c=0
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Decision variable.
Let's assume dy/dx < 0.5 (we can use symmetry)

EvaluateF at point M 1
d=F(x, +1 y°+E)

.

Referred to adecisionvariable

M
] E
Previous  cpgices for Choices for
Pixel - — current pixel— Next pixel
(Xp,yp)

Decision variable.

Evaluate d for next pixel, Depends on whether EBrls chosen :

If E chosen :

Qo =F (X, + 27, +2) =a(x, +2) +bly, +2) o

But recall :

1
dog =F (X, +1Y, +E)

=a(x, +1) +b(y, +%) +c

dne/v = dold +a
=dyq +dy

Previous CEEsl Choices for
Pixel 0ICES 10T | | Next pixel
Current pixel|

(xp.Yp)
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Decision variable.

If NE was chosen :

e = F(xp+2,yp+g)=a(xp+2)+b(yp+%)+c

M So:
NE
dnew - dold +a+b
L . =d,, +dy—dx
Previous . Choices for
Pixel é:holc(:s forl Next pixel
(pyP) urrent pixel

Summary of mid-point algorithm

» Choose between 2 pixels at each step base
upon the sign of a decision variable.

» Update the decision variable based upon
which pixel is chosen.

 Start point is simply first endpoint.f;).
* Need to calculate the initial value for d
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o

Initial value of d.

Start point ig(X.y1) 1 1
e =F OO +LY, +2)=a(x +D +b(y + ) +C

:ax1+by1+c+a+%
= b
=F(.y)+a+s
But (X.y1) is a point on the line, soX{:) =0
dg,. =dy-dx/2

Conventional to multiply by 2 to remove fractien doesn't effect sign.




Midpoint algorithm

voi d M dpoi nt Li ne(int

x1,y1,x2,y2) while (x < x2) {
{ if (d<= 0) {
int dx=x2-x1; d+=incrg
i X++
int dy=y2-yl; } else {
int d=2*dy-dx; d+=i ncr NE;
i i X++;
int increE=2*dy; i
int incrNE=2*(dy-dx); o
x=x1; ) WitePixel (x,y);
y=yl1; }

WitePixel (x,y);
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Circle drawing.

¢ Can also use Bresenham to draw circles.

« Use 8-fold symmetry

—_—

Previous  choices for ~ Choices for
Pixel Current pixel Next pixel
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Circle drawing.

* Implicit form for a circle is:
FOxy)=(x=%)" +(y-y)" -r?

If SEischoserd,,, = dy, + (2%, =2y, +5)
If Eischosen d,,, =d,, +(2x, +3)

Functions are linear equations in terms»efy)
—Termedpoint of evaluation
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Summary of line drawing so far.

« Explicit form of line
— Inefficient, difficult to control.

e Parametric form of line.
— Express line in terms of parameter
— DDA algorithm

 Implicit form of line
— Only need to test for ‘side’ of line.
— Bresenham algorithm.
— Can also draw circles.
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Problems with Bresenham algorithm

* Pixels are drawn as a single lireunequal
line intensity with change in angle.

Pixel density =/2.n pixels/mm

/ Can draw lines in darker colours
according to line direction.
-Better solution : antialiasing !
-(eg. Gupta-Sproull algorithm)
—

Pixel density = n pixels/mm
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Gupta-Sproull algorithm.

« Calculate the distance of the line and the pixe
center

 Adjust the colour according to the distance




Gupta-Sproull algorithm.

Calculate distance using features of mid-point algorithm D= VCosg

vax
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Gupta-Sproull algorithm (cont)

Recall from the midpoint algorithm:

F (x,y) = 2(ax+by +c) = 0(doubled toavoidfraction) Line to draw
NE
So y= (@x+0) ¥ 1 I
-b
Yo
For pixel E:
Xou = X tl  You =Y, VEY-Y,
So:
_ax,+Y+c
b Ip

Gupta-Sproull algorithm (cont)

Line to draw!

From previous slide:
a(xp+h+c
V=———-Yp

From the midpoint computatioyn,
b=-dx

So:

vdx = a(xp +1) +by, +c=F(xp +1y,)/2

Gupta-Sproull algorithm (cont)

From the midpoint algorithm, we had the decisio
variable (remember?)

1
d=F(M)=F(Xp:1,¥p +E)

Line to dray
Going back to our previous equatioln: NE \
2vdx =F(x,+1y,) | ]
=2a(x, +)+2by, +2c Y
=2a(x, +1)+2b(y, + 1/2)- D /2+2c % B
=F(x,+1Yy,+1/2)~b
=F(M)-b
=ad-b
=d+dx

Gupta-Sproull algorithm (cont)

So,
d+dx

D=— ——
2,/dx? +dy?

And the denominator is constant
Since we are blurring the line, we also need to
compute the distances to pointsyl and y + 1

numeratorfor y, - 1= 2(1-v)dx = 2dx - 2vdx
numeratorfor yp + 1= 2(1+v)dx = 2dx + 2vdx

Gupta-Sproull algorithm (cont

If the NE pixel had been chosen:
2vdx = F(xp +Lyp +1)
=2a(xp +D+2(by, +)+2c
=2a(xp +D+20(y, + 1/2)+ D/2+2c
=F(xp+Lyp+1/2)+b
=F(M)+b
=d+b
=d-dx
numeratorfor y, + 2= 2(1-v)dx = 2dx - 2vdx
numeratorfor y, = 2(1+v)dx = 2dx + 2vdx




Gupta-Sproull algorithm (cont)

« Compute midpoint line algorithm, with the follovgralterations:
« At each iteration of the algorithm:

— If the E pixel is chosen, set numerator = d + dx

— If the NE pixel is chosen, set numerator = d — dx

— Update d as in the regular algorithm

— Compute D = numerator/denominator

— Color the current pixel according to D

— Compute R, = (2dx-2vdx)/denominator

— Compute e = (2dx+2vdx)/denominator

— Color upper and lower accordingly




