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B.Tech.

Fifth Semester Examination
Computer Graphics (CSE-303-F)
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Short Questions.
). L.{a) What do you onderstand by point?
Ans, Paint : A position in a plane 15 known as point and point can be represented by anv ordered pair of
nunber (5.8 1 where xS bornzontal distance from origin and v is vertical distance from origin.
b
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Q. L.{h) What do vou mean by linc segment.

Ams. Line Segment : Any line or picce of line having end points is called the line segmenm. We can find the
equation af any line segment wsing s end points and it can easily be checked that any point lies on the line
segment or not point will be on the line seament if .

(i) Paint satisfies the equation of segment

Py s co=ordinite of point Lies hetween ¥ coordinate ol end points.

i)y vo-ordinae of point lgs between v conrdinate of end points,

Length of Line Segment @ Therg is a line sezment having end points T‘,[Nh} () and Py : X2,¥1 ).

Palx2,52)

|\.:| = M)
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. Lo(e) What is pixels?

Ans. Pixels @ Any sereen is divided into small screen points and this small screen point is smallest part of
thie sereen. 15 relerred as a pixel or pet. Each pisel has it own intensity, name or address by which we can control
i,

Q. L (d}y What is segment?

Ans. Segment : The segment is a unir of display fill. Each segment corresponds toa component of the file,
Thus. the use of scaments by the programmer reguires him fo recognize the existence of the display file as a
spored representation of the displaved image,

The secment is a logical unit, not necessary contiguons either in the display file or on the screen. It is
simply a collection of display file instructions representing graphics primitives that we can manipulared as a
sinale unit. We therefore need function to perform these manipulations and a naming scheme so that we can
refer 1o each segment uaambiguously

Segment Sepment Segment _
name slar size Visibility SoaleX. ..
1
|
2
3

Segment Stable
). 1. () What do you understand by homogeneous coordinate?
Ans, Homogeneous Co-ordinates : [he term homogeneous co-ordinates is vsed in mathematics to refer to
the ¢ffeet of this represemation on Cartesian equations. When a Cartesian point (x, ¥) is converted 10 a

huomogeneous representation {xh.}'h.h}, equations containing x and v, such as [‘{x,:.,-}x 0. becomes

homuogeneous equation in three parameters x, . ¥y, and h. This just means that if each of the three parameters
is replaced by any value V times that parameter. the value V can be factored out the equations,
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Expressing posttions 15 homogeneous coordinates allow us to represent all geometric transformation
equatons as matris multiplications coordinates are represented with three element column vectors and trans-
formalion operanon are written as 3 by 3 matrics. For translation,

[x'] {1 0 1 lfx]
vislo 1yl
['J loo 1)

Which we can wrle in abbreviated form as

]Efiutj}-?[ Ans,

Q. 1. {0 What do you mean by mireor reflection?

Ans. Mirror Reflection : Mirror reflection in three-dimensional geomerty is also any analogous to that of
rwo dimensional mirror refleetion. There are following 3 cases

Reflection with respect to Xy plane

Reflection with respect 10 vz plang

Reflection with respect 1o x7 plane

The poemni atter reflection can be calcutated from the following equation

Px.yvtiz) = MP(x.y.2)

Where. '=x. ¥ EV, =7
P Mxy P
x| [1 0 0 o0fx
y! 01 0 ofy
2| 100 -1 o)z
| 0o 0 lﬂld
Similarly reflection with res - ot to xz plane,
i My P
[.x"- [I 0 0 0)fx
i :|1.J -1 0 0|y
f:z‘ 00 1 o
LIJ 0 0 o
and reflection with respect to v plane
P M r
[ﬂ f-1 0 0 0]x
Iyl [0 1o olly
AN Y
|IJ [0 0 @ 11_|J
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. 1 (g) Explain echoing.

Ans. Echoing : A important part of an interactive system is echoing. Echoing provides the user with
tormation abow his actions. This allows the user to compare what he has done agamst what e wanted to de
Far kevhoard input, echieing usually rakes, The form of displaying the tvped character Locator may be echoed
by @ sereen cursor displaved at the current locator pesition, This allows the user 10 sec the currem locmor
setting and 1o relate 1s position to the objects on the display.

\

Echaing
A pick may be echoed by identifyving the selected objects on the display. The selected ohbjects may he
tlashed or made brighter or perhaps altered i color. This will allow the user determine whether or not he has
selected the intended ohjects.

10a0 A0

Echoing o Mick
0, 1. () What is octree? Also explain BSP

Ans, Octree Method @ When an octree representation is used for the viewing volume. hidden surface
elirmnateen is accomplished projecting octree nodes onto the viewng surface in fromt 10 back ordor,

Viewing direction

Surfaces in front of these octants are visible to viewer. Any surface to rear of .. front uctants or in the
back octants (4, 5, 6, and 7) may be hidden by front surfaces.

BSP Tree Method : A binary space partitioning (BPS) tree is an efficient method for determine obicet
visthility by painting surfaces onto the screen from back to front, as in painter's algorithra, The BSP tree is
particudarly useful when the view reference point changes. but the objects in a scene are at fixed positions.

Applying a BSP tree to visibility testing involves identifving surfaces that are "inside” and "outside” the
partitioning planc at each step of space subdivision, refative to viewing direction.
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O 1, () What deo you understand by spline rupresznmlic-n,

Ans. Spline Representation @ A spling is a {lexible sirip used to produce a smooth curve through a
designated ser ot points. The werm spline curve referred to a curve with a piccewise cubic polynomial. Function
whaose Fist and second derivates are continuous acrass the various curve sections. In computer graphics. the
term Spline carve refers ta any composite curve formed with polynomial sections satistving specified continu-
ity condition at boundary of preces;

Acspline surface can be describe with two sets of dorthozonal spling curves splines are used is graphics
applications o design curve and surface shapes, to Jigital drawing for computer storage and to specify
animation paths for objects or the camera in a scene.

O 1.y What is back face removal algorithm?

Ans, Buack Fuee Detection @ A fact and simple object-space method for identifying the back face of a
paivhicdron is based the “insidle outside” ext. A point (X, ¥, 2) 15 "inside” a polygon surface with plane
paramoter AL B Care Daf

[Ax+ By +Cz+ D < 0]

When an inside point is along the Line of sight to the surfuce, the polygon must be back-face.

NiACB.O)

Camera

W can simplify this test by considering normal vector N to a polvzon surface, which has Cartesian
compuneni (A, B, C). [f vector V is a vector in the viewing direction from the eve position then this polygon is
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a back tace if
[VN = 0]
I object description has been converted to projection co-ordinates and our viewing direction in parallel

o viewing A, axis then,
V=(0.0,V,) and VN=V.C

Sov that we only needs 1o consider the sign C the 2 components of normal vector N,

10 right handed viewing system wiln view m direction along the negative 7, axis the polvgon is a back
face of C 0

Section-A
Q. 2. (i) Find the distance between point {‘urfﬂ} and a line rx + sy + 1= 10 inaplane.
Ans. Distance Between Point and Line @ Let a line described by the equation rx + sy +1 =0 then we have

to find distance from the point {x,;,., ¥y | to this line,

Now, x+sy+t=10
v I'x I
5 3

mj=--

5

We know that. mym, = -1

m _5

: r

hen equation of perpendicular line,
5
r
Where ¢; is any constant line passing through point {ﬁ:n. }-;{-.} s, it will satisfy the line.
5
¥y =—XyFe
L r { |

5
i S ¥

__5“[. & ]i
F.l’. :”J Flu ||

Phis is the equation of line perpendicular to the line rx + sy +t =0, because they are intersecting to each

other at point. Let N{x.y) calculate (xy.y,).
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T faa Ans.
WIS

0. 2. (i) What do you understand by plune? Also define the implicit form and exphicit form of plane?

Ans, Planes : A plane can be expressed by a linear equation, i is divided into two classes |

(1) lmplicie form

(i) Explicit fonn

(i) Implicit Form : lmplicit form of the eguation of a plane can be used to determine whether two points are
on the same or opposite sides of the plane.

Fmplicit Form of equation of plane,
Ax i Bx+Cz+ D=0
[(x,y.2)=Ax+By+Cz+D
Fwo sides of plane g+, g~ are derermined by sign of fix. v. 2) Le., point P[ X+ ¥0: 2y ) lines on the region
R F{xp. v 2y ) =0 and region R if I‘fxu. vo, 2p) <0 if fl:xu. ¥+ 2g) = 0 the point lies on the plane.

Explicit Form : Explicit form of equation is given by the following ;

Z=ax+by+c
Q. 3 Implement the DDA algorithm to draw a line from (0, 0) to (6, 6). Explain vector generation of line.
Ans. Veetor Generation : Since Interceptof lineis y =mx+ b,

m = Slop of line

b = Intercept of y axis,

e TEN
Mo — Kl

L]
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Wy
m=—=
Ax
P ——— | ,r
| Ay = mAx) or !;_\_t - T?]
par i ) o
Compute mibal viadues.
AN = :l'.: - Xy
=h-0=h
Ay =¥ -y =6-0=6
m=Aay Ax=1
Ay =1
¥ia =k +m
b h ¥ Pivel
- 3 (0.0)
! : | (1.1}
- . 2 {2.2)
: 3 (3.3)
: 4 4 (4.4
. ? 3 (5.5)
‘ 6 6 (6.6)
ta
3
4
3
2
I
1 [ 1 " . .
1 e . ) il T T
| 2 3 4 5 S
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Section-B
.4 00 What do vou understand by world coordinate systein?
A, World Coordinate Svsiem : Objects are plaved into the scene by modeling transformation to master
courdinate svstem. referred as World Coordimate Svstem {WOS). The WCS is the space in which the picture is
defined. As rectangalar window with its edees paralic! 1o the wnis of WS 15 used to select the portion of the

scene for whicl an image is 10 be generated

Viewing Coordi ¥
T :'I. sl r Windinw

W td Cordingte Svsiem

Sonie time an additional coordinate system called viewing coordinetz system is introduced to simalate the
effect ol mwoving 1 and 'or tilting the camera

Q. 4. (i) Write steps for Cohen-Sutherland line clipping alzorithm,

Ans, When Sutherland algerithm is ane ol the popular line clipping algorithin. This algorithm immediately
the fines which are living 1otally outside the window. This alzorithm divides the plane is 9 parts and assigns the
oucode or Bipary numbers 1o each par

Above
PO T 1000 [ 1010

101 10100 1 0110
Belpw

End point of cach line is assigned a four bit binary code which is called as outcode. The highest bit among
4 digits. ie. A will be set to 1 ifend point of a line is above the window. [Fthe end point is not above the window
then it is set to 0. Similarly i "B bit is sel, means the end point is below. I end point is inside the window then
i is assigned a code as GO0,

Lerotoall 4 bats indicates that the end point is not above, not below, not right and not lcft of the window.

C). 5. (i) What do vou understand by homogeneous coordinate,

Ans, Homogeneous Coordinates : The term homogeneous coordinates 15 used in mathematics 1o refer to
the eifect of this representation on Cartesian equations. When a Cartesian point (x, ) is converted to a
homogeneous representation (%,. ¥, h) equations containing x and y such as f{x, y) = 0, becomes homoge-

neous equation in three parameters X, . ¥, and h. This just means that if each of the 3 parameters is replaced
by any vitlue W times that parameter, the value can be factored out of the equations,

Expressing positions in homogeneous coordinates allow us to represent all geometric transformation
cutattions as matrix multiplication, Coordinates arc represented with three clemeni column vectors and


http://studentsuvidha.in/

www.studentsuvidha.in

s feFn RO OpCralion are wrilten as 3 by 3 malrics,

[

Farl (1 o 1\\_: .

|.'+-'i-"“ Loy 5,;:~I
!

1] fon 1 fit)

Wﬁj Ans,

{). 3. (ity Show that compasition of two notations is additive by concatenating the matrix representations
for R(B, ) and R(B;) toobtain R{HI]'R(&I) = R(8;+8,)-

Ans. Rotations : Two successive rotations apphied to point P produce the transformed position,

P=R(0:).[R(0))P]
P =R (0, ).P(0;)] P

[eos0 -sinb Q

i LT |
!_5mﬂ; costh |

Teoshy, —sinby
Ri{B:)=] 3 i
(62) | sinf, cusH;.::|

R(0:)R(8)) =]

[cos(0, +8,) -sin(B, +8,)
| sin(By +8;)  cos(8; +0,)

=
|

[R(8))-R(0;)=R(8, +8,]]

P'=R[EI+Hj].P—I

Section-C

Q. 6. What are 3-D transformation? Write matrix of each transformation. Also explain mirror
reflection.

Ans. Translation : In a three dimensional homogeneous coordinate representation, a point is translated

from position P ={x.y.2) toposition P(x",¥"2") with matrix operation.
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y-axis

/ (x.y.2)
{h:ﬂi/ T{ts.t}.,l_,.;]

Z-axis X-axis
=X+,
yl=y4 t,
Z'=z+t,
An object is translated in three dimensions by transforming each of the defining points of objects.
Rotation : Rotation is 3-D is more complex than rotation in 2-0. In 2D, a rotation is described by an angle

of rotation § and a counter of rotation P. The 3D requires the pescription of an angle of rotation and an axis of

rotation. The canontcal rotation are defined when one of positive x, ¥ or z coordinate axis is chosen as axis of
rotatien,

Hotation about x-axis is,
X' =xcost - yeint
y'=xsin0+ yoost
'=z

Rotation about x-axis (x —» y —»z— x)
R8T -
y'=vecosh - zsing
z'=ysinB+ zcosd

Rotation about y axis. (x =y =z — x)
X'=zsind+ xcosh
y=y

z'=zcos0 - xsinf
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[cos —sintd 0
:5.|r:i¥ cosfl 0
R (R
i_ 0 {¥ i)
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e e ——

-

[eosd) @ sinf 0]

_ A u[
M7  Zsin® 0 cos A
N R Y B B

1 [l ] 0
it cosf -sinf G

- 0
I_l

Tl 0 sing cosB

nmon 0

L

Sealing @ The mowor expression for scaling wansfonnation ot position P u{_x.y,z} relative 1o the

coordinate origia can be wriltei as,

P_.- [5\. 00 ﬂ'q

3! | 1} 4, U U'i l\..’l:

2 o o 5, E}I zi .
) Lo o0 0 afy

[P=5.P]

Where x"=%Sx. ¥' = }'.S:,. ,2'=125,,

Q. 7. (i) Explain B-splines curves. What are the properties of B-spline curves?

Ans. B-spline Curve : B-spline has two advantages over bezier splines

(1) The degree of 3 spline polynomial can be set independently of number of control points.

(i1} B spline allows local control over the shape.

The trade-ofT is that B-splines are more complex than bezier splines.

We can write a general expression for the calenlation of coordinate positions along a B-spline curve isa
blending function formulation as

1
P(U)= 3 By 4(U)

k=0
Upin. SUSUpay - 2<d<n+1

Where, P are an input set of n+ | control points. There are several differences between this B spline
formulation and that for Bezier splines. The range of parameter u now depends on how we choose are B-spline

parameters. And the B-spline blending function By 4 are polynomials of degree d—1.

/
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Rlending functions for B-spline curves are defined by O, -de Boor recursion formulas |

I “IL‘k iu-lth‘|
L=
H“l } 0 Otherwise
U-u, ; Ly =1
By (U= 21 o {Ujs -kl I By, g-1 (U}
LII.'!IJ-I_ H* LIL-HI_ K+

Properties of B-Splines Corves
i) The polynomial curve has degree d 1 and ¢4~ continuity over the range.
(i) For n+ 1 contrel points, the curve is deseribed with n+ | blending functions

(iii1 Each hlending function By 4 is defined over d subintervals of the toral range of u. stadting at knot

valve L

(] The range of parameier u s derived inte nwd subiniervals of 4 d <1 values specified in the knot

veelor,

iv) Fuch secrion of spline curve i influenced by d comtrol point.

€. 7. (i) What de you understand by z-bufTer algorithm?

Ans, 7Z-huffer Algorithm : A commonly uscd image space approach to detecting visible surfaces in the
depth buffer method, which compare surface depth at each mixel position on the projection plare. This proce-
dure i also referred 1o as 2-bulfer mathod. since object depth i« measured from the view plane along the z-axis
of a viewing svstem. Lach surface of o scere is processed separately. Onz point at a time across the surface.
The method is applied to scenes containing only palyzon surfaces, becawse depth values can be computed
very guickly,

With object description converted 1o projection coordinates, each (%, v, 2) position on a pulygon surface
corresponds to the orthographic projection peint (X, ¥) on the view plane, Therefore, for each pixel position (x,
v1on view plane, abject depth can be compared by comparing 2 values.

=
S- i . ey 53 Y

-
-

Step 12 Initialize the depth buffer and refresh buffer so that for all buffer positions (x, y).
Depth(x, y) = 0 refresh (X, ¥} = Thackground

Step 2 : For each position on each polvgon surface, compare depth values to previously stored values in
depth buifer ta determine visibiling
i1 Calculate the depth z for cach (x, v} position on polvgon,

(1) Iz =depth(x. v)then sef depth (x, v) = z refresh (v, ) = Imr{x,y} ;


http://studentsuvidha.in/

www.studentsuvidha.in

Where Mpoground 15 the value for the background intensity and iﬁu,f{x,}'} is the projected intensity
value for the surface at pixel position (x, v). After all surface have been processed, the depth buffer contain
depth values for visible surfaces and the refresh buffer contains the corresponding intensity values for those
s faces.

Section-D

(). 8. (i) What do understand by interpolation.

Ans. Control Points : We specify a spline curve by giving a set of coordinate positions, called conirol
points. which mdicates the general shape of the curve, These-control points are then fitted with piecewise
continuous parametric polynomial functions in on of the two way :

{i) Interpolate : When polynomial section are finted so that the curve passes through each control point,
the resulting curve is said to interpolate the set of control points.

o

{ii} Approximate : When the polynomials are fitted to the general control point without necessary passing
through any contrcl point the resulting curve is said to approzimate the set of control points.

Interpolation curves are said to digitize drawing or to specify animation paths. Approximation curves are
commonly used as design tools 1o structure object surfaces.

Convex null : A convex polygon boundary that encloses a set of control points is called the convex null.

Q. 8. {ii) Explain Bezier curves and properties of Bezier curves,

Ans. Bezier Curves : A bezier curve section can be filled to any number of control points, Bezier splines
are widely available in various CAD systems. The number of control points to be approximated and their
relative position determine the degree of Bezier polynomial, As with interpolation splines, a bezier curve can be
specified with boundary conditions with a characterizing matrix or with blending functions. For general bezier
curves, the blending function specification is most convenieat,

Suppose we are given net control points position, P, =(Xy,¥x,2; ) with k varying from 0 to n. These
coordinate point can be blended to produce the following position vector P{u), which describes the path of an
approximation. Bezier polynomial function between P, and Py, .

n i
{F{”}=EJP&BEZM'{“}} 0<U <] A1)
The Bezier functions BEZ, (u) are Barstein polvnomials.

[EEEM (u) = €(n,k)U¥ .[;_u].“'“] -A2)

Where C (n, k) are binomial coefficients,

{El"‘h}ulk 'r'lﬂk}

[ 8
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Above equation (1) represents a set of 3 parameter equations for individual coordinates.

X(u) = Y. Xy BEZ, o (u)
=i

Y(u)= ﬁ‘ﬁ\*k BEZ, , (u)

Z(u)= 3 2, BEZ; , ()
1=

At
i %
P 5
# \
/ d "'t
P : 5
)
fal (b
I ]} PZ
> 1 Py 0 ?““-..
F b i h\,_
¢ \\ JI ke ) ! Mg
! . p° Ps
b9
By "! PZ I
foh fd)

Examnles of Bezier Curves
Properties of Bezier Curves :
(1) A very useful property of Bezier curve is that it always passes through the first and last control points.
That is boundary condition at the two end of the curve are :

Pt“]‘ =Py

P(1) =Py

{11} The sum of all bezier blending function is equal to 1.

.
> BEZ, ,(u)=1
k=11

{iii) The convex null property for a bezier curve ensures that the polvnomial only follows the control
points without erratic escillations.

(v} Another proparty of Bezier curve is that it lives within the convex null (convex polvgon boundary) of
the control points.
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2. %, Construct enough points on the bezier curve whose control points are Py [4, 2} Py {E, Z.II and

P, l[:lﬁ. -I-} to draw an accurate sketch.

tiy What i the degree of eurve,
(i1} What are coordinates nfa = 0.5,
Zre.order=2

Aus, (i Heren
Decree=order — | =21 =1

(i) Blending function of curve,

By ()= € ul(1-u)*"

3

=l1-u)
2 ! 2=
By s{u)= € u'(1-u)
=2u{l =u}
HZ.Z = EE:U!{I—U}:I. 3

E
=1

Then bezier curve for ziven control points,
Clu) = PyB 3 (u)+ PRy 3 {u)« PyB, 5 (u)

Dissolving the curve x and v coordinate,
u)= By (u)+ 5By (u)+ xBy 5 (u)

y(u) = xgBy 2 (u)+¥By 5 (u)+ 385 2 (u)

ful o =4 vy =2
‘.*'.l = :-'I =8
¥, =16 ¥ = i6

x(u)= u{i—uj3 +8x24(1—u) +16u”

=4u° —fu +4

Atu=0.5 xfuj=1
ylup=2{1 —u]z + 8% 2ufl —u:|'+clu2
= 100" +12u+2
Alu=1(L3 yi{uy=53
Ans,

Coordinatesatu = 0.5 = (1,5.5)
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