Scan-Conversion

Topics
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Scan-Converting a Point

« A mathematical point (X, y) where x and y are real numbers within an
Image area, needs to be scan-converted to a pixel at location (x’, y’).
* This may be done by making x’ to be the integer part of X and y’ the
integer part of y.
* In other words,
x’ = Floor(x) and
y’ = Floor(y),
 the function Floor() returns the largest integer that is less than or equal to
the argument.

« All points that satisfy
x’<=x <=x’+landy’ <= y <=y’+1 are mapped to pixel (x’, y’).

For example,
* point p, (1.7, 0.8) is represented by pixel (1, 0).
* point p, (2.3, 1.9) is represented by pixel (2, 1).
* point p, (3.7, 4.9) is represented by pixel (3, 4).
* point p, (7.6, 8.9) is represented by pixel (7, 8).



Scan-Converting a Line

A line in computer graphics typically refers to a line segment, which is a portion of a
straight line that extends indefinitely in opposite directions.

It is defined by its two endpoints and the line equation y = mx + b, where m is called
the slope and b is the y intercept of the line.

Two endpoints are described by P,(x;, y,) and P,(x,, V).

The line equation describes the coordinates of all points the lie between the two
endpoints.

The slope-intercept equation is not suitable for vertical lines.

Horizontal, vertical, and diagonal (|m|=1) lines can and often should, be handled as
special cases without going through the following scan-conversion algorithms.

A line connects two points.

It is a basic element in graphics.

To draw a line, you need two points between which you can draw a line.

In the following three algorithms, we refer the one point of line as (X,,y,) and the
second point of line as (X, y,)-

Algorithms are:

- DDA (Digital Differential Analyzer) Algorithm
* Bresenham’s Line Algorithm

* Mid-Point Algorithm



DDA (Digital Differential Analyzer) Algorithm

Digital Differential Analyzer(DDA) algorithm is the simple line generation algorithm which is
explained step by step here.

Step 1: Get the input of two end points (X,, Y,) and (X, y,).
Step 2: Calculate the differences between two end points.
dx =X, - X,
dy =y - Yo
Step 3: Based on the calculated difference in Step 2, you need to identify the number of steps to
put pixel. If dx > dy, then you need more steps in x coordinate; otherwise in y coordinate.
if (dx > dy)
Steps = absolute(dx);
else
Steps = absolute(dy);
Step 4. Calculate the increment in x coordinate and y coordinate.
Kincrement = 0% / (float) steps;
Yincrement = dy/ (ﬂoat) StepS;
Step 5: Put the pixel by successfully incrementing x and y coordinates accordingly and complete
the drawing of the line.
for(int v=0; v < Steps; v++)
{
X = X + Xincrement;
y=y + Yincrement;
putpixel(x,y);



Bresenham’s Line Algorithm

The Bresenham algorithm is another incremental scan conversion algorithm. The
big advantage of this algorithm is that, it uses only integer calculations. Moving
across the x axis in unit intervals and at each step choose between two different y
coordinates.

Step 1: Input the two end-points of line, storing the left end-point in (x0, y0).

Step 2: Plot the point (x0, y0).

Step 3: Calculate the constants dx, dy, 2dy, and 2dy— 2dx and get the first value for
the decision parameter as —

p0 = 2dy — dx

Step 4: At each Xk along the line, starting at k = 0, perform the following test —
If pk <0, the next point to plot is (xk + 1, yk) and pk+1 = pk + 2dy
Otherwise, pk+1 = pk + 2dy — 2dx

Step 5: Repeat step 4 dx— 1 times. For m > 1, find out whether you need to
increment X while incrementing y each time. After solving, the equation for decision
parameter Pk will be very similar, just the x and y in the equation gets interchanged.



Bresenham’s Line Algorithm

In short,
Bresenham’s algorithm for scan-converting a line from P,(x,, y;) to P,(X,, y,) with

X1’<X,” and o<m<I can be stated as follows:
INt X =Xy, Y=Yy
Intdx =X, - X, dy =y, -y, dT = 2(dy - dx), dS = 2dy;

intd = 2dy — dx;
setPixel(x,y);
while(x<x,)
{
X++;
if(d<0)
d=d+dS;
else
{
y++;
d=d+dT;
b

setPixel(x, y);



Bresenham’s Line Algorithm: Description

Here we first initialize decision variable d and set pixel P;.

During each iteration of the while loop, we increment x to the next horizontal
position, then use the current value of d to select the bottom or top (increment y)
pixel and update d, and at the end set the chosen pixel.

As for lines that have other m values we can make use of the fact that they can
be mirrored either horizontally, vertically, or diagonally into this 0° to 459 angle
range.

For example, a line from (X;’, y;’) to (x,’, y,’) with -1<=m <0 has a horizontally
mirrored counterpart from (x,’, -y,’) to (x,’, -Y,’) with 0<=m < 1.

We can simply use the algorithm to scan-convert this counterpart, but negate the
y coordinate at the end of each iteration to set the right pixel for the line.

For a line whose slope is in the 45° to 90° range, we can obtain its mirrored
counterpart by exchanging the x and y coordinates of its endpoints.

We can then scan-convert this counterpart but we must exchange x and y in the
call to setPixel.



Scan-Converting a Circle

A circle is a symmetrical figure.
Any circle-generating algorithm can take advantage of the circle’s symmetry to
plot eight points for each value that the algorithm calculates.

Eight-way symmetry is used to reflecting each calculated point around each 45°
axis.

For example, if point 1 were calculated with a circle algorithm, seven more
points could be found by reflection.

 The reflection is accomplished by reversing the x, y coordinates as in point 2,
* reversing the X, y coordinates and reflecting about the y axis as in point 3,

« reflecting about the y axis as in point 4,

* switching the signs of x and y as in point 5,

* reversing the x, y coordinates and reflecting about the x axis as in point 6,

* reversing the x, y coordinates and reflecting about the y axis as in point 7, and
« reflecting about the x axis as in point 8.



Scan-Converting a Circle ...

To summarize,
Pi= (X, Y)
P= (¥, X)
Ps= (Y, X)
Ps= (=X, Y)

Ps = (-X, -Y)
Ps = (Y, -X)
p7 = (Y, -X)
Ps = (X, -y)

Fig. 34  Eight-way symmetry of a carcle,



Defining a Circle

There are two standard methods of mathematically defining a circle centered at
the origin.

* Polynomial Method

* Trigonometric Method

The first method defines a circle with the second-order polynomial equation:
yz =r2_x2
where X = the x coordinate,
y = the y coordinate and
r = the circle radius.

With this method, each x coordinate in the sector, from 90° to 459, is found by
stepping

« X from 0 to r/(\2), and

« cach y coordinate is found by evaluating V(r2-x2) for each step of x.

This is a very inefficient method, however, because for each point both x and r
must be squared and subtracted from each other, then the square root of the
result must be found.



Defining a Circle

« The second method of defining a circle makes use of trigonometric functions:
X =rcos 6 and
y=rsino
where 0 = current angle
r = circle radius
X = X coordinate
y =y coordinate

* By this method, 0 is stepped from 0 to /4, and each value of x and y is

calculated.
« However, computation of the values of sin 6 and cos 0 is even more time-

consuming than the calculations required by the first method.



Mathematical Problems



Solved Problems

Problem 01: Indicate which raster locations would be chosen by Bresenham’s Algorithm
when scan-converting a line from pixel coordinate (1, 1) to pixel coordinate (8,5).
Indicate which raster locations would be chosen by Bresenham's algonthm when scan-converting a
line from pixel coordinate (1, 1} to pixel coordinate (8, 3).
SOLUTION
First, the starting values must be found. In this case

=3 =0 =8=1=7 dy=w—p=5-1=4
Thercfare:

Moy =2dy=2x4=4
ey =Ndy —di) =2 % (d=T)= =6
d=fnc ~di=8~-Tm=]

The following table indicates the values computed by the algorithm (sec also Fig. 3-33).

F
L 2=
) x ¥ ¥=
T
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I 4 faey = =5 2 2
S+, =3 3 2 T o
3+ fhiey = =3 4 3 i o0
=X gy =5 5 3
54 ey = —1 6 4 I 00
—4dney =T 7 1 ' 00
T+ fhce = 1 ] 5 =0
I i




Solved Problems

Problem 08: Modify the description of Bresenham’s line Algorithm in the text to
set all pixels from inside the loop structure.

Modify the description of Bresenham's line algorithm in the text to set all pixels from inside the
loop structure,

SOLUTION 1

mlx=ux), ¥=¥;
i dx = xj — x|, dy =), — ¥, dT = 2dy = ), 5 = 2dy;
it o = 2aly — dx;
while (x <= x5} 1

seiPixelix, vi;

b o o

il {a = )

d =d+ d8;

else |
»
o = o +dT:
F
i

SOLUTION 2

it x =x — L, ¥ =¥
int dy =2} — ), dv =y, — ¥, dT = 2dy — dx), 45 = 2dy;
int o = —gx;
while (x < xi) |
I+
if id < 0)
d=d-£d5;
clsz |
Jd
d =d +dT;
¥
setPixelx. vl
b



Solved Problems

Problem 09: What steps are required to generate a circle using the polynomial method.

What steps are requined to generate a circle using the polynomial method?

SOLUTION

1. Set the initial variables: r = circle radiug; (b, k) = coordinates of the circle center, 1 = ), { = slep size;
Yo = rlu"-..l"f
Test to determine whether the entire cincle has been scan-converted, If x = 1, stop.

3. Compute the value of the v coordinate, where v = +'rf = ¥4,

4. Plot the sight points, found by symmetry with respect to the cemter (A, b), at the current (x, ) coordinates:

Plot{x + k. v + k) Plot{ =x + &, =¥ + &)
Ploa( ¥ + b, x + k) Plot{ =y + k, =x + k)
Plodi—y+ x4+ k) Ploty+ b, —x+ &)
Plotl=x+ h, v+ k) Ploblx + &, =y + k)

L
| ]

Increment x: x =%+,
b Go e mep 2,



Solved Problems

Problem 10: What steps are required to scan-convert a circle using the trigonometric

method.

What steps are required to scan-conver! a circle using the trigonometric method?
SOLUTION

1

21 the mtml vanables: r = cicle mdwms; (b, k) = coordinates of the circle center; [ = step size;
g = &4 mdians = 457, # =0,

Test to determine whether the entire circle has been scan-comverted. IF 8 = &, stop.

Compate the valoe of the © and » coordinates:

Plot the eight points, found by symmetry with respect io the ceniter (A, k), & the currént (¥, ¥) coondinabes;
Plablx < &, v <4 k) Plot{ =x + &, =y 4 k)
Plot{ y + k. x + k) Plot{—w» + &k, —x + k}
Plot{ =y 4+ &, x + &k} Plob v + &, —x 4+ k)
Plowl —x + &, ¢ + ) Flat{x + &, —y + k]

Increment & & = i 4 4.
Go 1o step 2.



Solved Problems

Problem 11: What steps are required to scan-convert a circle using Bresenham’s algorithm

What steps are required to scan-convert a circle using Bresenham's algonithm?
SOLUTION

1. Set the initial values of the variables: (k, k) = coordinates of circle center; r = 0 v = circle radius r; and
d=3-lr

2. Test to determine whether the enfire circke has been scan-converted. If x = », stop.

1. Plof the eight points, found by symeetry with respect io the center (h, &), at the current {2, ¥) coordinates:

Plob(x + h, v 4+ k) Plot{=x + &, <y 4+ k)
Flot v + &, x + £) Plot{=y + &, =x + &)
Ploti—y+h.x+ k) Plot{v+h —x+ k)
Ploti—x +h. v+ k)  Flotlz + &, -y + k)

4, Compute the location of the next pixel. [f d < 0, then d =d +dc+ band x=x+ 1. If & = 0, then
d=ad4+dx=y+llx=x+4],mdyp=y=1L

5. Go to siep 2.



Solved Problems

Problem 12;

In the dernvation of Bresenham circle algonthm we have used 3 decision vanable 4, =

[MT) 4+ IN3) to help choose between pixels 5 and T. However, function I as defined in the text
15 not a true measure of the distance from the center of a pixel to the true circle. Show that when
d; = 0 the two pixels 5 and T are not really equally far away from the tree circle,

SOLUTION

Let 45 be the actual dstance from 5 to the iroe crcle and JT be the actual distence from T to the troe

carche (see Fig 3-35). Also substitute x for x; + 1 and y for y; in the formula for &, to make the following proof
edsier b read:

d=2+ @ 4i{y=10=2¢=0
Since (F+JT) =" + @ and (r — dS) =27 + (¥ — 17 we have
2WdT+dT =2+ - F  and - 2d§+d¥ = +(p- 1) =¥,
Hence

2rd T+ dT? = 2rd§ 4 5 = D
dT(2r + dT) = dS(2r — dS)

Smoe dT/dS = (Ir = dS)/(2r +dT) < 1, we have dT < d5. This means that, when d, =0, piel T s
achmlly closer o the true ¢ircle than pixel §,



Solved Problems

Problem 13: Write a

Write 2 description of the midpomt circle alporithm in which decision parameter p 1s updated using
ik -ﬂlh:l_'l-"l_” ]mm I:.r'l'-l H]'ld_l"l'.

SOLUTION

mi=0y=rp=1-¢
while i <=} |
setPucelx, v):
phd
if (p = 0]
pepdir
else |
Y=
pEpdix=y+l;
l
|



Solved Problems
What steps are required 10 generate an ellipse using the polynomial method?
SOLUTION

], Set the initial varisbles: o = length of major axis; & = length of minor #xis; (4, k) = coondinates of
ellipse cender; = 0 | = step size; I, = a.
2, Test to determine whether the entire ellipse has been scan-comverted. If x = x_,, stop.,
3, Compute the value of the y coandinate:
—
¥

y=bhl ==

Voo

4, Plot the four poinds, found by symmetry, ai ibe curvent (x, ¥) coordinates;

Plotix 4 &, v 4 &) Plot] =x 4 &, =v+ &)
Phd(—x+ b, v + k) Plat{x + &, =¥+ k)

5. Increment x y=x 4.
b, Gio 1w sep L



Solved Problems
What steps are required o scan-convent an ellipse using the tgonometnc method?

SOLUTION

1. Set the minal vanables: ¢ = length of major axis: b = length of minor &g (b, k) = coondinates of
ellipse center; i = counter sep se; Py =/l Fu )

2. Test 1o determime whether the entire ellipse has been scam-converted. IF € = i, stop,

3. Commpute the vahues of the x and v coordinates:

v=acoslll)  y = bsmilf)
4. Plothe four points, found by svemimetry, al the current (x, v) copndinates:

Plod(x + &, y + k) Plol(=x + A, =¥+ £)
Plob-x+ & ¥+ k)  Plotlx+ & -y + K

8 Incrememt Q=84+
6, o o sep 1,



Solved Problems

What steps are required 1o scan-convert an are using the mgonometn method?
SOLUTION

aet the initial variables: o = major axis; b = minot axis; (h, k) = coordingtes of arc center; | = siep size;
{ = slarting anglé: 0, = ending angle.

Test to determine whether the entire arc has been scan-converied, I 6 = 0, stop,

Compite the values of the 1 and v coondinates:

y=geosil)+&  y=asn(t) +k

Plod the points t the curtent (x, ) coordmates: Plod(z, v,
Increment 8 i = i 4
(o o step 2.

(Node: for the arc of & circle @ = b = eircle radivs v



Solved Problems
What steps are required to pencrate an arc of a circle using the polynomial method”

SOLUTION

| Set the mitial vanables; r = radius; {k, £} = coordimates of arc center; ¥ = x coordmaie of siant of arc;
% = 1 coordimate of end of arc; | = counter step size.

1. Teat to determing whether the entire src has been scan-converted, I x = z,, shop.

1 Compute the value of the v coondiniate:

4 Plot at the current (x, ¥} coordinates.
Plat(x + b y + &)

5, Incremenly x= X441
6. o to step 2,



Solved Problems

Problem 18:

Wrile a pseudo-code procedure 1o implement the boundary-fill algorithen in the texi in its basic
form, using the 4-connected definition for region pixels,

SOLUTION

BoundaryFill (int x, y, fill_color, boundary_color)

{
il color:

getPinelix, v, color),

if {cobar 1= boundiry_color && cobor [= fill_color) |
setPeel(x, v, fill_colar),
BoundaryFillix + 1, v, fill_cobor, boundary_cobkir);
HoondaryFull(x, ¥+ 1, fill_calor, boundary_color)
BoundaryFill(x = 1, v, fill_color, boundary_color);
BoundaryFill(x, v = 1. fill_color, boundary_color);

|

‘.-



Solved Problems

Write a pseudo-code procedare for generating the Koch curve K, (after the one in the text for
generating C, )
SOLUTION

Kaoch-curve (flost x, ¥, ben, alpha; mt w)
i
if{n=0){
ben = lenfd;
Koch-curveix, v, len, alpha, m - 1);
¥ = 1 + len"cos{alpha);
¥ = ¥ + len"sinfalpha);
Koch-curve(x, v, len, abpha = 60, 5 = 1);
x = x 4 len*cos{alpha = 60);
¥ = ¥ < len*sin{akpha = 60
Kaoch-curvedx, v, len, alpha + 60, 5 — 1);
1 =1 + len®cos{alpha + 80);
¥ =y 4 len*sinfalpha + 60);
Koch-carve(x, ¥, len, alpha, n— 10
| else
line(x, y, x + ben*cos(alpha), v + len*sin(alpha)):
]



Solved Problems

Problem 20: Fresume that the following statement produces a filled miangle with vertices at (xy, » ), (2, ¥,), and
(x3. %k

trannggledyy, vy 0z ¥z, x5, )

Wil a peendo-code procedure for generating the Swerpmski gasket 5, (afler the procedore m the wext for
generating ).

SOLUTION

S-Crasket (float x,, v, 13, ¥3 Xy, py; 0t w)
i
flont xy3, ¥iz: T130 F13e T Vi
if {m = 0} |
Kiz =|:.|'| +IE:I.I'E',
Yz = + i
¥y = by + )l
¥y = Dn + ¥
£ = (% + 5025
¥ =y + N
S-Uraskes(xy, ¥y, Tz, Frze pse one = 10
S-(rasket(rys, Viz, X3, ¥y X330 Py = L)
S-Grasket(xyy, Vise X230 ¥p30 $30 Vo B = 1}
b oelse
triangle(x;, ¥y, Iz, Yo, Xy M5l



Thanks



