Scan-Conversion Solved Problems: 01
The endpoints of 1 given limg are (0, 0) and (6, 1K), Compute each value of y a5 x teps from 1o 6 and plot the

results

SOLUTION

An equation for the ling was not given. Therefore, the eguation of the ling must be found. The equation of
thé ling {y = i + b) 1 found &8 follows. First the slope is found
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Next, the v intercept £ 15 found by pluggmg v, and 1, into the equation y = 3r 4 b 0 = }{0) 4 b, Therefore
b=1), 50 th equation for the line 18 y = x (se¢ Fig. 3-31)



Solved Problems: Problem 02

What steps are required to plot 2 line whose slope 18 between 0F and 45° using the slope-intercept
equation”

SOLUTION

10,

Compute dy; dx = 5, — x,.
Compute dy: dy = ¥y - .
Compuate m: m = dy/dx.
Compute b b=y, = m x 1;,

set (x, v) equal to the lower lefi-hand endpoint and set x..; equal o the larpest value of £, If dx < (), then
izt Y= gy =5 Wde >0, thenx=x, y=p;, nd 2y =35,

Test o determine whether the entare hne has been drawn. If x = x_,, stop.
Plot a point at the current (1, ) coardinates.

Increment = r=x+ .

Compute the next value of v from the aquation v = mx + b,

(i 1o sl 6.



Solved Problems: Problem 03

Use pseudo-code 1o describe the steps that are required to plot a line whose slope 1s between 45°
and =45 (Le., |m| = 1) using the slope—intercept equation.
SOLUTION
Presume v, < py for the tvn emdpomis (x;, v b and (s, w )

il &= X, ¥ =
float xp, m o= (¥ — ¥ )/(%; — ;). b =y — oy,
setPixelix, ¥
while (r < 15 {
e
Xy = (v = b)im,
x = Floon{x, < 0.3}
Problem 04: sepicir

Usze pseudo-code to describe the DDA algorithm for scan-converting a line whose slope is between
=45 and 457 (e, lml = 1)

SOLUTION
Presume x; < xy for the two endpoints (o), v ) and (xy, ¥k

it x = x,, ¥,
I’Inul:_F__,- - Y, M= = e Nl -k
whike (x <= x1;) §
¥ = Floor( v, + 0.3);
seiPixel(x, ¥k
X4+
¥



Solved Problems: Problem 05

Usé peeudo-code to describe the DDA algorithm for scan-converting  line whose slope 1s betwesi
45" nd -43° (ie, Im| = 1),

SOLUTION
Presume y, < v, for the two endpoints {z,, y,} and {x;, sk

mhx yE Y
ot 17 = 5y, Mg = (5 = 1)/00 = 1)
while {y <=y |

¥ = Flooeiz +0.3);

setfimelx, )

5= 1+ Mg

Laa



Solved Problems: Problem 06

What steps are required to plot a line whose slope 5 between 0F and 45° using Bresenham’s
meihod”

SOLUTION
|. Compate the instial values:

di=x—x  Ino, = Ndv - k)
dr=p=n d=dh-d
e, = Jidy

4. et (x,v) equal io the lower left-hand endpoint and x,, equal 1o the largest value of x. If dy < 0, then
E=hy V=V, g =X. fdv =0 then x=x,, ¥ =¥, Xy = 5.

3. Plot a point & the current (1, ¥) coordinabes.
4. Test io see whether the entire hne has been drawm, [T x = x_, stop,

5. Compute the location of the next pixel, IF d < 0, then d = d + Ine;, l!'d'zﬂ.l}n:nui:d+hrr!, and
then y = y+ 1,

6. Increment x x =1+ |
1. Plot a point a the current (x, ¥} coordinates.
8. (o to step 4.



Solved Problems: Problem 07

Indicate which raster locations would be chiosen by Bresenham’s algonthm when scan-converting a
line from pixel coordinate (1, 1) to pixe! coordinate (8, 5).

SOLUTION
First, the starting walues must be found. In this case
X=K=0=8=1=7T di=py-—-p=53-1=4
Therefare:

.I|'|'|'1:'|:=.-':-I.EL-'=_E w4 =5
ficy =Ndv—dh) =2 x (4 -T)= -6
d=Mc, —di=8-T=1]

The following table indicates the values computed by the algorithm (ssc also Fig. 3-13).

F
L 3 =
d X ¥ =
7=
1 | 1 L
| = facy = =35 2 2
—S5+Mne, =3 3 2 ' o
3+ ey = =3 i 5 = o0
=34ty =5 b 3 |
54+ ey = =1 i 4 ' 00
V4 lne, =7 7 4 - Q0
T+ fhicy = 1 B 5 =0




Solved Problems: Problem 08

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

SOLUTION 1

mx=x.y=W;
it dy = x; — x|, dy = ¥ — ¥, T = 2y = dx), o3 = 2dy;
il of = 2dy — dx;
while (¥ <= %) {

seiPreelix, vic

T,

i {d = )

d =d +d§,

el=e |
g
of
i
i

SOLUTION 2
intx =x) — 1, ¥ = #);
it dx = 2y — ), dv = ¥4 — 3. AT = 2dy — di), 45 = 2dy;
int d = —d;
while (x = x4} |
J- o o o
if (d < )
d = d -+ d%;
else |
e
i = o < Jd'T;
¥
setPixelx, yj;

o + T



Solved Problems: Problem 09

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

SOLUTION

1. et the imitial variables: r = circle radius; (h, k) = coordinates of the circle center; © = ), { = step sze;
Yered = rf-..l"j

2. Test to desermiing whether the entire ¢ircle has been scan-converted. If r = 1, stop.

3. Compaute the value of the v coordinate, where 3 = v/ = x%,

4. Plot the eight points, found by symmetry with respect to the cemter (h, £), at the current (x, v) coordinates:

Plotx + k. v + &) Plot] =x + &, =v + k)
Plod( y + b, x + k) Plot{ =y + k, =x + k)
Plotl—y+ h x+ k)  Ploty+ b —x+ &)
Phodi=x + b vk Plob{x + &, =y + &)

5 Increment v x=x+41
6 Go o uep 2,



Solved Problems: Problem 10

What steps are required 1o scan-convert a circle using the ingonometric method?
SOLUTION

1. Set the mbal vanables: r = cicle mdws; (4. £) = coordinates of the circle center; § = step st
g = %/4 ruchans = 45°; §/ = )

2. Test to determine whether the entire circle has been scan-converted. If 8 = &, stop.

3. Compase the value of the ¢ and ¥ coordinates:

r=reosl)  y=rsinlf)

4. Plot the eight points, found by symmetry with respect io the center (b, k), &t the cusrent {x, ) coondinates;
Flat(x 4 b, v+ k) Plot{=x + &, =y 4 k)
Flo y+ h.x + k) Plot -y + &, —x + k}
Plot{=y +h, x4+ &)  Plot{ v+ &, =x + k)
Plotl—s +h v+ k&) Platiz + b, =y + £

5 Increment & 0 = 0 4,
6. Gotostep



Solved Problems: Problem 11

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

|, Set the intial values of the variables: (b, k) = coordinates of circle center; & = 0t v = el rdius r; and
d=3=1r

2. Test to determune whether the entire cirche has been scan-converted If x = y, slop.

3. Plot the eight points, found by symemetry with respect o the center (h, &), & the surrent (z, ) cootdinates:

Plotls 4 hy4+ k) Plot{=x4h, =y 4£)
Ploy+ax+k)  Plot{=y+h =x+£)
Ploti—y+ hx+ k) Plot{y+ 4 —x+ k)
Ploti—x + b v+ k) Platls + b, -y -+ ki

4, Compute the location of the next pel. Ifd <0, hen d=d$ded band x=x4 1. If = 0, then
d=d4+dx=y+ 10 r=x4],mdy=y=1

5, Goiosiep 2



Solved Problems: Problem 12

In the denvation of Bresenham's circle algonthm we have used a decision vanable d, =
NT) 4+ IN5) o help choose between pixels 5 and T. However, function 1 as defined in the text
15 not a true measare of the distance from the center of a pixel to the true circle. Show that when
dy = 0 the two pixels 5 and T are not really equally far awsy from the troe circle,

SOLUTION

Let 45 be the actusl distance from S to the troe cirele and JT be the actual distance from T to the tmye

carche (see Fig. 3-35) Alio substitte x for x, + 1 amd y for y; in the formula for o, to make the following proof
easser by read:

d=2+@ +ip=11=27=0
Since (¢ 4+ dTVY =& + 37 and (r — d5F =2 + {3 — 17 we have
28T +dT =+ —F  and 28448 =2 4+ (3= 1V =#
Hence

2rd T+ 4T = 2rdS + d5° = )
dTi2r + JT) = d5(2r — d5)

Smoe dT/dS = (Ir = dS)/(2r + dT) < 1, we have 4T < 45, This means that, when 4, =0, pixel T is
achmlly closer o the true circle than pixel §,



Solved Problems: Problem 13

Write a description of the midpomi circle algorithm in which decision parameter p 1s updated using
L -ﬂ.I'H:I_'I-'I_” ]m I:'r'l'-l Emdfl"

SOLUTION

ii=0y=rp=]-F
while (x <= ¥) |
setPixelr, );
T
if {p=0)
pEpra+|;
else |
V=
pEptdly=v+l;
l
1



Solved Problems: Problem 14
What steps are required 1o generate an ellipse using the polynomial method?
SOLUTION

|, Set the initial variables: @ = length of major axis; b = length of minor axis; (&, &) = coordinates of
ellipse center, ¥ = I | = sbep size; I, =@
2, Test o determine whether the entire ellipse has been scan-convered. If x = x_,, stop,
3, Compute the value of the y coordinate:
—
x

y=hyll ==

Voo

4, Plot the four poinis, found by symmetry. &i the carrent (x, ¥) coordinades;

Plot{x 4 & v 4+ k) Plot{ =x <+ &, =v + k)
Pl —x+ b v+ k)  Plablx + kb =v+ k)

5. Increment x r=1rx41
. G o suep L



Solved Problems: Problem 15

What steps are required to scan-conver! an ellipse using the mgonometric method?
SOLUTION

1.

Set the mitial vanables: a = length of major axis; b = length of minor &xis; (h, &) = coondinaies of
elipse center, i = counter slep swe; 0y = /2 B =),
Test 10 determing whether the entire elhpss has been scan-converted. If ¢ = i, stop,

Commpute the values of the x and v coordinaies:
v=qacosill]  y=bsmill)
Plot the four poists, found by svimmetry, al the current (x, v) coondinstes:

Plot(x + h, v+ &) Plos(=x + &, =¥ + k)
Plob—x+ & v+ &) Plotlx+ & —p+ &)

Increment & A= 8+
Cio o sep 2,



Solved Problems: Problem 16

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

Sl the mitial variables: o = magor avis; b = minor axis; (h, k) = coordinales of arc center: | = siep sz
{ = siaring angle: 8, = ending angle.

Test to determine whether the enfive arc has been scan-corverted, If 8 > 6, stop.

(ompite the values of the £ and v coordinabes:

y=dacoll}+h  y=aun{t) +k

Pliot the peans ab the current (x, v) coondimates; Plod(z, v,
Increment & f =i+ |,
(o fo step 2

(Noe: for the arc of & cmele @ = b= circle radivs r)



Solved Problems: Problem 17
What steps are required to penerate an arc of a circle using the polynomial method”

SOLUTION

. 5ot the imitial vanables: » = radws; (h, k) = coordinates of arc cenler; x = ¥ coordmaie of stant of arc;
%) = ¥ coardmate of end of arc; | = counber step size.

L. Teat to deterening whether the entire arc has been scan-converted, Il x = x,, stop.

1. Compute the value of the v coordifiae:

4, Plot at the current (x, v) coordinates;
Plat{c + b, y + £)

&, Increménl v x= x4 1,
6. G to step 1,



Solved Problems: Problem 18

Wrile a pseudo-code procedure 1o implement the boundary-fill alporithm in the text in its basic
fiorm, using the d-connected definition for region pixels.

SOLUTION

BoundaryFill (int x, , fill_colos, boundsry_color)
| il color
getmelix, v, volor);
if {codbor = boundary_color && color = fill_color) |
setPielx, v, fill_color);
BoundaryFillix + [, y, fill_color, boundary_color):
BoundaryFili(x, v + 1, bll_color, boundary_color),
BoundaryFill(z = 1, y, bll_color, boundary_color);
BoundaryFill(z, v = 1, All_color, boundary_color);
|
}



Solved Problems: Problem 19

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

Koch-cusve (flost 1, v, len, alpha mt n)
|
i im =)
ken = len'd;
Koch-curvelx, v, len, alpha, 7 - 1)
T = I + len"cos{alpha);
¥ = ¥ + len"sin{alpha);
Koch-curve(r, v, len, akpha — 60, » = 1);
x =1 4 len*cos{alpha = 60);
¥ = y + len*sin{aipha ~ 60);
Kaoch-curve(x, v, len, alpha + 60, & — |);
¥ =x 4+ len®cos{alpha + 60);
¥ =y + len"sin{alpha + &60):
Koch-curve(r, ¥, len, alpha, n— 1)
| el
lime{x, y, x + len*cos{alpha), v + len*sinfalpha));
|



Solved Problems: Problem 20

Presume that the following statement produces a filled miangle with vertices at (x, # ), (x5, ¥, and
(x3. Wk

triangle(y;, ¥ . ¥z, V7. 65, 5]

Wnite a psendo-code procedore lor generating the Swerpmski gasked S, (afler the procedure i the text for
genarating )

SOLUTIGN

S-Crashoet (foat x,, »), x5, ¥y Xy, Fy; ot #)
i
float %y3, ¥iz F130 ¥ime ¥ Vi
i (m =0} |
Xz =|:.l'| +.¥!:|.I'2',
Y =+l
¥y = % + 5l
¥ =y + I
Xy = % + 512
¥ = (v + w2
S-Urasket(xy, ¥y, Tya. Frze Tnne Fpne 0= 1)
S-(rasket(x,s, Vize X35 ¥ Xo3a P B = 1)
S-Gasket{xyy, Vis, X330 Yoo %2 Py B = 1
b oelse
triangle(x), ¥y, Lz, Mo, Xy, B3l



Thanks



