
UNIT -I                                                         INTRODUCTION                                              

Survey of computer graphics, Overview of graphics systems – Video display devices, Raster 

scan systems, Random scan systems, Graphics monitors and Workstations, Input devices, 

Hard copy Devices, Graphics Software; Output primitives – points and lines, line drawing 

algorithms, loading the frame buffer, line function; circle and ellipse generating algorithms; 

Pixel addressing and object geometry, filled area primitives. 

 
 

Introduction  
Computer contains two components.  

 Computer hardware 
 

Computer hardware contains the graphics workstations, graphic input 
devices and graphic output devices. 

 

 Computer Software 
 

Computer software contains the Operating systems which controls the 

basic operations, software packages used for geometric modeling like solid 

modeling, wire frame modeling and drafting, Application software which 

includes the program for design analysis, several application-specific software 

packages. 

 

The major use of computer graphics is in design processes like engineering and 

architectural systems. Now almost all the products are computer designed. It is generally 

referred as CAD (Computer Aided Design) . It is mainly used in the design of buildings, 

automobiles, aircraft, computers, textiles, etc. 

 

Survey of Computer Graphics:  
 Animations: 

 
o Real time animations useful for testing performance of a vehicle or 

system. Wire frame displays used to watch the inner components 

behavior during motion.   

 Simulation: 
o Operating a aircraft ,operating a tractor   

 Representation of graphics: 
o Used to produce reports.(eg ) bar chart, pie chart, line chart   

 Computer Art: 
o Used in fine art, commercial art. For this a special purpose h/w is used.  

 

 Entertainment: 
o Movies, Advertisement, cartoons, etc   

 Education and training: 
o CBT computer based training.   

 Image processing: 
o It applies the technique to modify or interpret the existing pictures.   

 Visualization: 


o Producing graphical representation for scientific, engineering, medical 
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data sets and processes is generally referred as scientific visualization.   

 GUI:  

o Graphical user Interface- Most of the s/w packages provides graphical 

interface. The major component of a graphical interface is a window 

manager.  
 
 
Important characteristic of video display devices. 
Persistence 
 

How long they continue to emit the light after the CRT beam is removed is called 

persistence. It is defined as the time it takes the emitted light from the screen to decompose to 

one-tenth of its original intensity. Lower persistence phosphors require high refresh rates to 

maintain a picture. The phosphor with Low Persistence used for animation .Normal 

persistence range is 10 to 60 micro seconds.  
Resolution 
 

The maximum No. of points that can displayed without overlap on a CRT is referred 

to as the resolution. It is defined as the number of points per centimeter that can be plotted 

horizontally and vertically  
Aspect ratio 
 
The ratio of vertical points to horizontal points necessary to produce equal length lines in 

both directions on the screen. AN aspect ratio of 4/5 means that a vertical line plotted with 

four points has the same length as a horizontal line with five points. 

b. Raster Scan Displays 
 

The most common type of graphics monitor employing a CRT is the raster scan 

display, based on television technology. In a raster scan system the electron beam is swept 

across the screen, one row at a time from top to bottom. As the electron beam is swept across 

the screen, one row at a time from top to bottom. As the electron beam moves across each 

row, the beam intensity is turned on and off to create a pattern of illuminated spots. 

 

Picture definition is stored in a memory area called the frame buffer or Refresh 

buffer . This memory area holds the set of intensity values for all the screen points. Stored 

intensity values are then retrieved from the refresh buffer and painted on the screen one row 

at a time. Each screen point is referred to as a pixel or pel (Picture element). 
 

Pixel is the smallest addressable unit in the screen.The capability of a raster scan 

system to store intensity information for each screen point makes it well suited for the 

realistic display of scenes containing suitable shading and color patterns. Home television 

sets and printers are examples of the other systems using raster scan methods. 
 

High quality system uses high number of bits per pixel whereas low quality system 
uses less number of bits per pixel. 
 
 

On a black and white system with one bit per pixel, the frame buffer is called bitmap. 

For systems with multiple bits per pixels the frame buffer is often referred to as a Pixmap. 

Refreshing on raster scan displays is carried out at the rate of 60 to 80 frames per second, 

although some systems are designed for higher refresh rates. 

 

The electron beam return to the left of the screen, after refreshing each scan line is 

called the horizontal retrace of the electron beam. At the each end of the frame, the electron 

beam returns (vertical retrace)to the top left cornet of the screen to the beginning of the next 
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frame. 

 

If the frame is displayed in single pass then that is known as non interlaced refresh 

procedures. If the frame is displayed in two passes then that is known as interlaced refresh 

procedures(In first pass all the points in the even numbered scan lines are displayed. In the 

second pass all the odd numbered scan lines are displayed).This is an effective technique for 

avoiding flicker, providing that adjacent scan lines contain similar display information. 

 
Line Drawing algorithm  
Slope-intersept equation for a straight line is 

 

Y=mx+b 
 

m- slope of the 
line. b-constant 

 
Two end points of the line segment are (x1,y1) , (x2,y2) 
Slope m = y2-y1 / x2-x1 Δy/Δx 
 
 

Δx- x interval – x2-x1 

Δy – y interval – y2-y1 

 

Δy = m. Δx 
 
 

Δx=Δy/m 
 
 
If the interval is known, we can find the next point. 

xi+1= x i+ Δx xi+ Δy/m 

 

yi+1= y i+ Δy   yi+ m. Δx 
 
we sample at unit x interval and y interval then this equation 

becomes xi+1= x i+ Δx xi+ (1/m) 

 

yi+1= y i+ Δy   yi+ m.1 

 

The above equations are for the lines which are processed from left to right. 
 
 

The equations are for the lines which are processed from right to left 
is xi+1= x i+ Δx xi- (1/m) 

 

yi+1= y i+ Δy   yi- m.1 
 
 

Since m can be any real number between 0 and 1 the y value must be rounded to the 
nearest integer. 
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DDA Algorithm (Digital differential analyzer) 

 

1. Get the two end points  
 
2. Calculate the Horizontal and vertical difference between two end points (dx,dy)  
 
3. The greatest difference value is taken as the length value.   
4. Calculate the step value dx=dx/length, dy=dy / length  
 
5. Start plotting the line from the first point.  
 
6. Repeat through 9 step up to length value times  
 
7. if dx>dy and xa<xb then increment x by 1 and increment y by m  
 
8. if dx>dy and xa>xb then decrement x by 1 and decrement y by m  
 
9. if dx<dy ya<yb then increment y by 1 and increment x by 1/m  
 
10. if dx<dy and ya>yb then decrement y by 1 and decrement x by 1/m  

 

DDA Line Algorithm  
It generates lines from their differencial equations. 

 

Advantages  
1. It is the faster method for calculating pixel positions. 
 
 
2. It is simplest algorithm.It does not require special skills for implementation. 

 

Disadvantages  
Floating point arithmetic in DDA algorithm is still time consuming  
The algorithm is orientation dependent.Hence end point accuracy is poor. 

 

Bresenham’s Line Algorithm 
 

This algorithm uses only integer addition, subtraction, and multiplication by 2. So it is 

efficient for scan converting algorithms. This algorithm increments either x or y by one unit 

depending on the slope of the line. The increment in the other variable is determined by 

examine the distance between the actual line location and the nearest pixel. This distance is 

called decision variable or the error. 
 
 

 

In matemetical terms the error or decision variable is defined as 
e = Db – Da 

 

If e>0 then the pixel above the line is closer to the true line.  
Else the pixel below the line is closer to the true line.  
Assume the current pixel is (xk,yk) 
 
 
We have to find the next pixel position either ((xk+1,yk) and (xk+1,yk+1) 

The y coordinate on the line at the pixel position xk+1 Is y = m (xk+1 ) + 

c Then the distance d1= y - yk = m (xk+1 ) + c-yk  
d2= (yk+1-y)= yk+1-m (xk+1 ) + c 

 
 

FMCET

Fatima Michael College of Engineering & Technology



d1-d2 = m (xk+1) + c-yk -yk--1-(yk+1)+m (xk+1 ) + c 
= 2m (xk+1)-2 yk +2c-1 

 

The error term is initially set as e = 2Δy-Δx where Δy=y2-y1 , Δx=x2-x1 

 

Bresenhams algorithm  
1. Get the two end points   
2. Calculate the values dx,dy,2dy and 2dy-2dx where dx=X2-X1 and dy=Y2-Y1  
 
3. Calculate the starting decision parameter d=2dy-dx  
 
4. plot the first point  
 
5. 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 the next point to plot is (Xk+1,Yk+1) Pk+1=pk+2dy-

2dx 6. Repeat step 5 for dx times. 
 
 
 
 
 
The following program is used to for generalized bresenham algorithm, which will work for 
all the four coordinates. 

 

Parallel Line algorithm 
 

We can calculate the pixel position along the path simultaneously by partitioning the 

computations among the various processors available. One approach to the partitioning 

problem is to adapt an exsisting sequential algorithm to take advantage of multiple 

processors. Alternatively, we can look for other ways to set up the processing so that pixel 

positions can be calculated efficiently in parallel. 

 
Circle Generating algorithm 
Properties of the Circle 
 
Circle is defined as a set of points that are all at a given distance r from a center position 

(Xc,Yc). This distance relationship is expressed by the Pythagorean theorem in Cartesian 

coordinates as  
(X-Xc)2 +(Y-Yc)2=r2 

 
 

Bresenham’s line algorithm for raster display is adapted to circle generation by setting 
up the decision parameters for finding the closest pixel for each sampling step. 
 
A method for direct distances comparison is to test the halfway position between two pixels, 

to determine if this midpoint is inside or outside the circle boundary. This method is more 

easy . For an integer circle radius, the midpoint approach generates the same pixel position. 

 

Midpoint Circle Algorithm 
 
1.Input radius r and circle center (xc,yc) and obtain the first point on the circumference of 
a circle centered on the origin as  

(x0,y0)=(0,r) 
 
2.Calculate the initial value of the decision parameter 
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as P0=5/4 –r  
3 At each xk position, starting at k=0,perform the following test: 
 
if Pk<0 , then next point along the circle centered on (0,0) is 
(xk+1,yk) and  

Pk+1=Pk+2xk+1 +1  
otherwise the next point along the circle is (xk+1,yk-1) and 

 

Pk+1=Pk + 2xk+1 +1 – 2yk+1  
where 2xk+1 =2xk + 2, 2yk+1=2yk-2  

4. Determine the symmetry points in the other seven octants 
 
5.Move each calculated position(x,y) onto the circular path centered 
on (xc,yc) and plot the coordinate values x=x+xc,y=y+yc 
6.Repeat steps 3 to 5 until x > = y 

 

Ellipse generating Algorithm 
Properties of the Ellipse 
 
An ellipse is a set of points such that the sum of the distances from two fixed positions (foci) 

is the same for all points.If the distances to any two foci from any point P=(x,y) on the ellipse 

are labeled d1 and d2 then the general equation of an an ellipse can be stated as d1 + d2 is 

constant. 
 
An ellipse in standard position is symmetric between quadrants. But it not symmetric 

between the two octants of the quadrant. So, we must calculate the pixel positions along the 

elliptical arc throughout one quadrant, then we obtained positions in the remaining three 

quadrants by symmetry. 

 

Midpoint Ellipse Algorithm 
 
1.Input rx,ry and ellipse center (xc,yc) and obtain the first point on 
an ellipse centered on the origin as  

(x0,y0)=(0,ry) 
 
2.Calculate the initial value of the decision parameter in region 1 

as p10 = r2y-r2xry + ¼ r2x 
 
3.At each xk position in region 1,starting at k=0,perform the following test 

if p1k<0, the next point along the ellipse centered on (0,0)is (xk+1,yk) 

otherwise the next point along the circle is (xk+1,yk-1) and  
p1k+1 = p1k + 2r2yxk+1 – 2r2yxk+1 + r2y  

with 
 

2r2yxk+1 = 2r2yxk + 2r2y 

2r2xyk-2r2xyk – 2r2x 
 
4.Calculate the initial value of the decision parameter in region 2 using 
the last point (x0,y0) calculated in region as  

p20 = r2y (x0+1/2)2 + r2x(y0-1)2-r2xr2y 
 
5.At each yk position in region2 starting at k=0 ,perform the following test 
if p2k>0 the next point along the ellipse centered on (0,0) is 
 
(xk,yk-1) and p2k+1=p2k-

2r2xyk+1 + r2x 
 
otherwise the next point along the circle is (xk+1,yk-1) and 
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p2k+1 = p2k + 2r2yxk+1 – 2r2xyk+1 +r2x 
 
using the same incremental calculations for x and y as in region1 

6.Determine symmetry points in the other three quadrants. 
 
7.Move each calculated pixel position (x,y) onto the elliptical path 
centered on (xc,yc) and plot the coordinate values.  

X=x+xc,y=y+yc  
8.Repeat the steps for region1 until 2r2yx > = 2r2xy 
 
 
 
Attributes 
 
Any parameter that affects the way a primitive is to be displayed referred to as an attribute 
parameter 
 
Line Attributes 

1.Line Type: 
 
possible line type attribute include solid lines, dashed 
lines, dotted lines  
2.Line Width 
 
possible line width attribute include thicker line, thinner line and standard 
line. 3. Line Color 
 
no of colors that can be provided to an output primitives depends upon the display device we 
used.  
4. Pen and brush options 
 
lines generated with pen or brush shapes can be displayed in various widths by changing the 

size of the mask. These shapes can be stored in a pixel mask that identifies the array of pixel 

positions that are to be set along the line path 
 
 
Curve Attribute  

 

Area Fill Attributes 
 
Options of filling a defined region include a choice between a solid color or a patterned fill 
and choices for the particular colors and patterns.  
Basic Fill Styles:  
Hollow fill, Solid fill , Patterned fill 

 

Character Attributes:  
Text Attributes 
 
A set of characters are affected by a particular 
attribute.(Font,size,style,color,alignment,hight,bold,italic,) 

 

Marker Attributes  
A particular character is affected by a particular attribute(marker type, marker precision).  
Antialiasing 
 
The distortion (or) deformation of information due to low frequency sampling is called 

aliasing. The aliasing effect can be reduced by adjusting intensities of pixels along the line to 

minimize the effect of alising is called antialiasing. 
 
We can improve the appearance of displayed raster lines by applying antialisaing methods 
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that compensate for the under sampling process. 

 

Methods of antialising  
1. Increasing Resolution  
 
2. Unweighted area sampling  
 
 
 
3. Weighted area sampling   
4. Thick line segments  

 

1. Increasing Resolution 
 

The alising effect can be minimized by increasing resolution of the raster display. By 

increasing resolution and making it twice the original one, the line passes through twice as 

many column of pixels and therefore has twice as many jags, but each jag is half as large in x 

and in y direction. 
 
This improvement cause increase in cost of memory, bandwidth of memory and scan-
conversion time. So it is a expensive method to reduce the aliasing method. 

 

2. Unweighted area sampling 
 

In general the line drawing algorithm select the pixels which is closer to the true line. 

In antialsing instead of picking closest pixel, both pixels are high lighted. However their 

intensity values may differ.  
In unweighted area sampling, the intensity of pixel is proportional to the amount 
 
of line area occupied by the pixel. It produces better results than does setting pixels either to 
full intensity or to zero intensity. 

 

3. Weighted area sampling  
In weighted area sampling small area closer to the pixel center has greater 

 
intensity than does one at a greater distance. Thus in weighted area sampling the intensity of 

the pixel is dependent on the line area occupied and the distance of area from the pixel’s 

center. 

 

4. Thick line segment 
 

In raster displays it is possible to draw lines with thickness greater than one pixel. To 

produce a thick line, we have to run two line drawing algorithms in parallel to find the pixels 

along the line edges, and while stepping along the line we have to turn on all the pixels which 

lie between the boundaries. 
 
 
 
 
 
 
 
 
 
 
 

FMCET

Fatima Michael College of Engineering & Technology



 
 

UNIT II                                           TWO DIMENSIONAL GRAPHICS                               

Two dimensional geometric transformations – Matrix representations and homogeneous 

coordinates, composite transformations; Two dimensional viewing – viewing pipeline, 

viewing coordinate reference frame; widow-to-viewport coordinate transformation, Two 

dimensional viewing functions; clipping operations – point, line, and polygon clipping 

algorithms. 

 

TWO DIMENSIONAL GRAPHICS TRANSFORMATIONS 

 

Geometric Transformations 
 
Changes in size, shape are accomplished with geometric transformation. It alter the 
coordinate descriptions of object. 
 
The basic transformations are Translation, Roatation, Scaling. Other transformations are 

Reflection and shear.Basic transformations used to reposition and resize the two dimentional 

objects. 
 
 
Two Dimensional 
Transformations Translation 
 
A Translation is applied to an object by repositioning it along a straight line path from one 

co-ordinate location to another. We translate a two dimensional point by adding translation 

distances tx and ty to the original position (x,y) to move the point to a new location (x’,y’)  
X’=x+tx Y’=y+ty  
triangle = { p1=(1,0), p2=(2,0), p3=(1.5,2) } 

The translation distance pair (tx,ty) is called a translation vector or shift vector.  
P= X1 P’= X1’ T= tx 

X2 X2’ ty 

P’=P+T p’ = X1+tx  

 X2+ty  
 
 

It moves objects without deformation. (ie) Every point on the objet is translated by the 
same amount. It can be applied to lines, polygons. 

Rotation 
 
A two dimensional rotation is applied to an object by repositioning it along a circular path in 

the xy plane. To generate a rotation, we specify a rotation angle theta and the position (xr,yr) 

of the rotation point ( or pivot point) about which the object is to be rotated. 
 

Positive value of the rotation angle defines counter clock wise rotation. 
Negative value of the rotation angle defines the clock wise rotation. 
 

X’=xcosθ – y sinθ 

Y’=xsinθ + y cosθ 

 

Using column vector P’=P*R R= Cosθ -Sinθ  
Sinθ  Cosθ 
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Rotation of an arbitary pivot point  
Rotation of a point about any specified rotation position (xr,yr)  

X’= Xr +(X-Xr)Cosθ –(Y-Yr)Sinθ  
Y’=Yr+(X-Xr)Sinθ +(Y-Yr)Cosθ 

 
 
It moves objects without deformations. Every point on an object is rotated through the same 
angle. 

 

Scaling 
 
A scaling transformation alters the size of an object. This operation can be carried out for 

polygon by multiplying the coordinate values (x,y) of each vertex by scaling factors sx and sy 

to produce the transformed coordinates (x’,y’).  
X’=x.sx 

 
 

Y’=y.sy  
P= X1 P’= X1’ S= sx 0  

X2 X2’     0 sy  
P’=P*S 

 

If sx=sy , then it produces the uniform scaling  
Sx<> sy , different scaling.  
If sx,sy<0, then it produces the reduced object size  

If sx,sy > 0, then it produces the enlarged size objects. 
 

By choosing the position called fixed point, we can control the location of the scaled 
object. This point is remain unchanged after the scaling transformation. 
 

X’= Xf +(X-Xf)sx => X’= X.sx +(Xf(1-sx)) 
Y’=Yf+(Y-Yf)sy => Y’= Y.sy +Yf(1-sy) 

 

Matrix representations and homogeneous coordinates 
 
Graphics applications involves sequences of geometric transformations. The basic 
transformations expressed in terms of 

 

P’=M1 *P +M2  
P, P’ --> Column vectors.  

M1 --> 2 x 2 array containing multiplicative factors  
M2 --> 2 Element column matrix containing translation terms 

 

For translation --> M1 is the identity matrix 
 

For rotation or scaling -->M2 contains transnational terms associated with the pivot 
point or scaling fixed point. 
For coordinate positions are scaled, then rotated then translated, these steps are combined 

together into one step, final coordinate positions are obtained directly from the initial 

coordinate values.  
To do this expand the 2 x 2 matrix into 3 x 3 matrix. 
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To express 2 dimensional transformation as a multiplication, we represent each cartesion 
coordinate position (x,y) with the homogeneous co ordinate triple (Xh,Yh, h) where  

X= xh/h, Y=Yh/h 
 
 

So we can write (h.x, h.y,h), set h=1. Each two dimensional position is represented 

with homogeneous coordinates(x,y,1). Coordinates are represented with three element 

column vector. Transformation operations are written as 3 by 3 matrices.  
For translation  

X’ 1 0 tx X 

Y’ 0 1 ty Y 

1 0 0 1 1 

 

P’=T(tx,ty)*P 

 

Inverse of the translation matrix is obtained by replacing tx, ty by –tx, -ty  
Similarly rotation about the origin     

X’ Cosθ  -Sinθ 0 X 

Y’ Sinθ  Cosθ 0 Y 

1 0  0 1 1 

P’= R(θ)*P      

We get the inverse rotation matrix when θ is replaced with (-θ)  

Similarly scaling about the origin     

X’ Sx 0 0 X  

Y’ 0 Sy 0 Y  

1 0 0 1 1  

P’= S(sx,sy)*P      

 

Composite transformations 
 
- sequence of transformations is called as composite transformation. It is obtained by 

forming products of transformation matrices is referred as a concatenation (or) composition 

of matrices. 

 

Tranlation : -    

Two successive translations   

1 0 tx 1 0 tx 1 0 tx1+tx2  

0 1 ty 0 1 ty 0 1 ty1+ty2  
  
  

  
 
0 0 1 0 0 1 0 0 1 

 

T(tx1,ty1) + T(tx2,ty2) = T(tx1+tx2, ty1+ty2)  
Two successive translations are additive. 
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Rotation  
Two successive rotations are additive.  
R(θ1)* R(θ2)= R(θ1+ θ2)  
P’=P. R(θ1+ θ2) 
 
 
 

Scaling        

Sx1 0 0 Sx2 0 0 Sx1.x2 0 0 

0 Sy1 0 0 Sy2 0 0 Sy1.y2 0 

0 0 1 0 0 1 0 0 1 

 

S(x1,y1).S(x2,y2) = S(sx1.sx2 , sy1.sy2)  
1. the order we perform multiple transforms can matter   
 eg. translate + scale can differ from scale + translate 


 eg. rotate + translate can differ from translate + rotate 


 eg. rotate + scale can differ from scale + rotate (when scale_x differs from scale_y) 



2. When does M1 + M2 = M2 + M1?  

 

M1 M2 
  

translate translate 
  

scale scale 
  

rotate rotate 
  

scale (sx = sy) rotate 
  

 

 

General pivot point rotation 
 
Rotation about any selected pivot point (xr,yr) by performing the following sequence of 
translate – rotate – translate operations.  
1. Translate the object so that the pivot point is at the co-ordinate origin.  
 
2. Rotate the object about the coordinate origin  
 
3. Translate the object so that the pivot point is returned to its original position  

 

1 0 xr Cosθ -Sinθ 0 1 0 -xr   

0 1 yr Sinθ Cosθ 0 0 1 -yr   

0 0 1 0 0 1 0 0 1  
  

 

 

Concatenation properties 

 

T(xr,yr).R(θ).T(-xr,-yr) = R(xr,yr, θ) 
 
Matrix multiplication is associative. Transformation products may not be 
commutative. Combination of translations, roatations, and scaling can be expressed as  
X’ rSxx rSxy trSx X 

Y’ rSyx rSyy trSy Y 

1 0 0 1 1 
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Other transformations  
Besides basic transformations other transformations are reflection and shearing 

 

Reflection : 
 
Reflection is a transformation that produces the mirror image of an object relative to an axis 

of reflection. The mirror image is generated relative to an axis of reflection by rotating the 

object by 180 degree about the axis. 
 
Reflection about the line y=0 (ie about the x axis), the x-axis is accomplished with the 
transformation matrix.  
1 0 0  
0 -1 0  
0 0 1 
 
It keeps the x values same and flips the y values of the coordinate 
positions. Reflection about the y-axis 
 
-1 0 0 

0 1 0 

0 0 1 
 
It keeps the y values same and flips the x values of the coordinate 
positions. Reflection relative to the coordinate origin. 
 
-1 0 0 

0 -1 0 

0 0 1 
 
Reflection relative to the diagonal line y=x , the matrix 

is 0 1 0 1 0 0 0 0 1 

 
Reflection relative to the diagonal line y=x , the matrix 

is 0 -1 0 -1 0 0 0 0 1 
 
Shear 
 
A transformation that alter the shape of an object is called the shear 
transformation. Two shearing transformations  
1. Shift x coordinate values ( X- shear)  
 
2. Shifts y coordinate values. (Y-shear)  
 
 
In both cases only one coordinate ( x or y ) changes its coordinates and other preserves its 
values. 

 

X –Shear  
It preserves the y value and changes the x value which causes vertical lines to tilt right or left  
 1 0 0 

X-sh = shx 1 0 

 0 0 1 
 
 
X’= X+shx*y 
Y’=Y  
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Y –Shear 
 
It preserves the x value and changes the y value which causes vertical lines to tilt right or 
left 1 shy 0 
 
Y-sh = 0 1 
0 0 0 1 
 
Y’= Y+shy*X 

X’=X 

Shearing Relative to other reference line 
We can apply x and y shear transformations relative to other reference lines. In x shear 
transformation we can use y reference line and in y shear we can use x reference line.  
The transformation matrices for both are given below.  
  1 shx -shx*yref 

X shear with y reference line 0 1 0   

  0 0 1  

x’=x+shx(y-yref) , y’= y     

  1 0 0 

Y shear with x reference line  shy 1 -shy*xref 

  0 0 1 
 
which generates transformed coordinate positions. 
x’=x , y’= shy(x-xref)+y 
 
This transformation shifts a coordinate position vertically by an amount proposal to its 
distance from the reference line x=x ref.  
Transformations between coordinate systems 
 
Transformations between Cartesian coordinate systems are achieved with a sequence of 

translate-rotate transformations. One way to specify a new coordinate reference frame is to 

give the position of the new coordinate origin and the direction of the new y-axis. The 

direction of the new x-axis is then obtained by rotating the y direction vector 90 degree 

clockwise. The transformation matrix can be calculated as the concatenation of the translation 

that moves the new origin to the old co-ordinate origin and a rotation to align the two sets of 

axes. The rotation matrix is obtained from unit vectors in the x and y directions for the new 

system 

 
TWO DIMENSIONAL GRAPHICS 
TRANSFORMATIONS Composite transformations 
 
- sequence of transformations is called as composite transformation. It is obtained by forming 

products of transformation matrices is referred as a concatenation (or) composition of 

matrices. 

 

Tranlation : -   

Two successive translations  

1 0 tx 1 0 tx 1 0 tx1+tx2 

0 1 ty 0 1 ty 0 1 ty1+ty2 

0 0 1 0 0 1 0 0 1 

 

T(tx1,ty1) + T(tx2,ty2) = T(tx1+tx2, ty1+ty2)  
Two successive translations are additive. 
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Rotations  
Two successive rotations are additive. 
 
R(θ1)* R(θ2)= R(θ1+ θ2)  
P’=P. R(θ1+ θ2)  
Scaling 

 

Sx1 0 0 Sx2 0 0 Sx1.x2 0 0 

0 Sy1 0 0 Sy2 0 0 Sy1.y2 0 

0 0 1 0 0 1 0 0 1 

 

S(x1,y1).S(x2,y2) = S(sx1.sx2 , sy1.sy2) 

 

the order we perform multiple transforms can matter 
 

eg. translate + scale can differ from scale + translate eg. 

rotate + translate can differ from translate + rotate 
 

eg. rotate + scale can differ from scale + rotate (when scale_x differs from 
scale_y) 

 
When does M1 + M2 = M2 + M1? 

 

M1 M2 
  

translate translate 
  

Scale Scale 
  

Rotate Rotate 
  

Scale(sx=sy) Rotate 
  

General pivot point rotation  
Rotation about any selected pivot point (xr,yr) by performing the following sequence of 
translate – rotate – translate operations.  
1 0 xr Cosθ -Sinθ 0  1 0 -xr  
0 1 yr Sinθ Cosθ 0  0 1 -yr  

0 0 1 0 0 1 0 0 1 

 
T(xr,yr).R(θ).T(-xr,-yr) = R(xr,yr, θ) 

 

Concatenation properties  
Matrix multiplication is associative. Transformation products may not be commutative. 
Combination of translations, roatations, and scaling can be expressed as  
X’ rSxx rSxy trSx X 

Y’ rSyx rSyy trSy Y 

1 0 0 1 1 

 

Affine transformations  
Two dimensional geometric transformations are affine transformations. Ie they can be 
expressed as a linear function of co-ordinates x and y . Affine transformations transform 
the parallel lines to parallel lines and transform finite points to finite points . Geometric 
transformations that do not include scaling or shear also preserve angles and lengths. 
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Raster methods for transformations  
Moving blocks of pixels can perform fast raster transformations. This avoids calculating 

transformed coordinates for an object and applying scan conversion routines to display the 

object at the new position. Three common operations (bitBlts or pixBlts(bit block transfer)) 

are copy, read, and write. when a block of pixels are moved to a new position in the frame 

buffer(block transfer) , we can simply replace the old pixel values or we can combine the 

pixel values using Boolean or arithmetic operations. Copying a pixel block to a new location 

in the frame buffer carries out raster translations. Raster rotations in multiples of 90 degree 

are obtained by manipulating row and column positions of the pixel values in the block. 

Other rotations are performed by first mapping rotated pixel areas onto destination positions 

in the frame buffer, then calculate the overlap areas. Scaling in raster transformation is also 

accomplished by mapping transformed pixel areas to the frame buffer destination positions. 

 

Two dimensional viewing 
 
 
Two dimensional viewing The viewing pipeline A world coordinate area selected for 

display is called a window. An area on a display device to which a window is mapped is 

called a view port. The window defines what is to be viewed the view port defines where it is 

to be displayed. The mapping of a part of a world coordinate scene to device coordinate is 

referred to as viewing transformation. The two d imensional viewing transformation is 

referred to as window to view port transformation of windowing transformation. 

 

A viewing transformation using standard rectangles for the window and viewport 
 
The viewing transformation in several steps, as indicated in Fig. First, we construct the scene 
in world coordinates using the output primitives. Next to obtain a particular orientation for 
the window, we can set up a two-dimensional viewing-coordinate system in the world 

coordinate plane, and define a window in the viewing-coordinate system. ctangular windows.  
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At the final step all parts of the picture that lie outside the viewport are clipped, and the 

contents of the viewport are transferred to device coordinates. By changing the position of the 

viewport, we can view objects at different positions on the display area of an output device. 

A point at position (xw,yw) in a designated window is mapped to viewport coordinates 

(xv,yv) so that relative positions in the two areas are the same. The figure illustrates the 

window to view port mapping. A point at position (xw,yw) in the window is mapped into 

position (xv,yv) in the associated view port. To maintain the same relative placement in view 

port as in window  
The conversion is performed with the following sequence of transformations. 
 
1. Perform a scaling transformation using point position of (xw min, yw min) that scales the 
window area to the size of view port. 
2. Translate the scaled window area to the position of view port. Relative proportions of 
objects are maintained if scaling factor are the same(Sx=Sy). 
 
Otherwise world objects will be stretched or contracted in either the x or y direction when 

displayed on output device. For normalized coordinates, object descriptions are mapped to 

various display devices. Any number of output devices can be open in particular application 

and another window view port transformation can be performed for each open output device. 

This mapping called the work station transformation is accomplished by selecting a window 

area in normalized apace and a view port are in coordinates of display device. 
 
 
Window to Viewport transformation 
 
The window defined in world coordinates is first transformed into the normalized device 

coordinates. The normalized window is then transformed into the viewport coordinate. The 

window to viewport coordinate transformation is known as workstation transformation. It is 

achieved by the following steps 
 
1. The object together with its window is translated until the lower left corner of the window 
is at the orgin. 
 
2. Object and window are scaled until the window has the dimensions of the viewport  
 
3. Translate the viewport to its correct position on the screen.  
 
 
The relation of the window and viewport display is expressed 
as XV-XVmin XW-XWmin  
-------------- = ----------------  
XVmax-XVmin XWmax-XWmin 

 

YV-Yvmin YW-YWmin  
-------------- = ----------------  
YVmax-YVmin YWmax-YWmin 

 

XV=XVmin + (XW-XWwmin)Sx  
YV=YVmin + (YW-YWmin)Sy 

 

XVmax-XVmin  
Sx= --------------------  

XWmax-Xwmin 
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YVmax-YVmin  
Sy= --------------------  

YWmax-YWmin 

 

2D Clipping 
 
The procedure that identifies the portion of a picture that are either inside or outside of a 

specified regin of space is referred to as clipping. The regin against which an object is to be 

clipped is called a clip window or clipping window. 
 
The clipping algorithm determines which points, lines or portions of lines lie within the 

clipping window. These points, lines or portions of lines are retained for display. All other 

are discarded.  
Possible clipping are  
1. Point clipping  
 
2. Line clipping  
 
3. Area clipping  
 
4. Curve Clipping  
 
5. Text Clipping  
 
 
 
 

Point Clipping: 
 
The points are said to be interior to the clipping 
if XWmin <= X <=XW max  
YWmin <= Y <=YW max  
The equal sign indicates that points on the window boundary are included within the window.  
Line Clipping: 
 
- The lines are said to be interior to the clipping window, if the two end points of the lines are 
interior to the window.  
 
 
- If the lines are completely right of, completely to the left of, completely above, or 
completely below the window, then it is discarded.  
 
- Both end points of the line are exterior to the window, then the line is partially inside and 

partially outside the window.The lines which across one or more clipping boundaries requires 

calculation of multiple intersection points to decide the visible portion of them.To minimize 

the intersection calculation and increase the efficiency of the clipping algorithm, initially 

completely visible and invisible lines are identified and then intersection points are calculated 

for remaining lines.   
There are many clipping algorithms. They are   
1.Sutherland and cohen subdivision line clipping algorithm  
 
It is developed by Dan Cohen and Ivan Sutharland. To speed up the processing this algorithm 
performs initial tests that reduces the number of intersections that must be calculated.   
given a line segment, repeatedly:  
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1. check for trival acceptance   

both  
2. check for trivial rejection 
 
 
both endpoints of the same side of clip rectangle 
3. both endpoints outside clip rectangle 

 

divide segment in two where one part can be trivially rejected 
 
Clip rectangle extended into a plane divided into 9 regions . Each region is defined by a 
unique 4-bit string  

 left bit = 1: above top edge (Y > Ymax) 


 2nd bit = 1: below bottom edge (Y < Ymin) 


 3rd bit = 1: right of right edge (X > Xmax) 


 right bit = 1: left of left edge (X < Xmin) 


 left bit = sign bit of (Ymax - Y) 


 2nd bit = sign bit of (Y - Ymin) 


 3rd bit = sign bit of (Xmax - X) 


 right bit = sign bit of (X - Xmin) 
 
 
(the sign bit being the most significant bit in the binary representation of the value. This bit is 
'1' if the number is negative, and '0' if the number is positive.) 
 
The frame buffer itself, in the center, has code 0000. 
1001 | 1000 | 1010  
-------------------------  
0001 | 0000 | 0010  
------------------------- 
 
0101 | 0100 | 0110 For 
each line segment:  
1. each end point is given the 4-bit code of its region  
 
2. repeat until acceptance or rejection   
1. if both codes are 0000 -> trivial acceptance  
 
2. if logical AND of codes is not 0000 -> trivial rejection  
 
3. divide line into 2 segments using edge of clip rectangle   
1. find an endpoint with code not equal to 0000  
 
2. lines that cannot be identified as completely inside or outside are checked for the 
intersection with two boundaries.  
 
3. break the line segment into 2 line segments at the crossed edge   
4. forget about the new line segment lying completely outside the clip rectangle  
 
5. draw the line segment which lies within the boundary regin.  

 

2. Mid point subdivision algorithm 
 
If the line partially visible then it is subdivided in two equal parts. The visibility tests are then 

applied to each half. This subdivision process is repeated until we get completely visible and 
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completely invisible line segments.  
Mid point sub division algorithm  
1. Read two end points of the line P1(x1,x2), P2(x2,y2)  
 
2. Read two corners (left top and right bottom) of the window, say (Wx1,Wy1 and Wx2, 
Wy2)  
 
3. Assign region codes for two end points using following steps  
 
 
Initialize code with bits 0000 

Set Bit 1 – if ( x < Wx1 ) Set 

Bit 2 – if ( x > Wx1 ) Set Bit 

3 – if ( y < Wy1)  
Set Bit 4 – if ( y > Wy2)  
4. Check for visibility of line 
 
a. If region codes for both endpoints are zero then the line is completely visible. Hence draw 
the line and go to step 6.  

 

b. If the region codes for endpoints are not zero and the logical ANDing of them is also 
nonzero then the line is completely invisible, so reject the line and go to step6  
 
c. If region codes for two end points do not satisfy the condition in 4a and 4b the line is 
partially visible.  
 
5. Divide the partially visible line segments in equal parts and repeat steps 3 through 5 for 

both subdivided line segments until you get completely visible and completely invisible line 

segments.  
 
6. Stop. 
 
 
This algorithm requires repeated subdivision of line segments and hence many times it is 

slower than using direct calculation of the intersection of the line with the clipping window 

edge.  
3. Liang-Barsky line clipping algorithm 
 
The cohen Sutherland clip algorithm requires the large no of intesection calculations.here this 

is reduced. The update parameter requires only one division and windows intersection lines 

are computed only once.  
The parameter equations are given as  
X=x1+u  x, Y=Y1 + u  y  
0<=u<=1, where   x =x2-x1 , u  y=y2-y1  
Algorithm  
1. Read the two end points of the line p1(x,y),p2(x2,y2)  
 
2. Read the corners of the window (xwmin,ywmax), (xwmax,ywmin)  
 
3. Calculate the values of the parameter p1,p2,p3,p4 and q1,q2,q3,q4m such that  
 
4. p1=   x q1=x1-xwmin  
 
 
p2= - x q2=xwmax-x1 

p3= y q3=y1-ywmin 

p4= - y q4=ywmax-y1 
 
5. If pi=0 then that line is parallel to the ith boundary. if qi<0 then the line is completely 
outside the boundary. So discard the linesegment and and goto stop. 
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Else  
{ 
 
Check whether the line is horizontal or vertical and check the line endpoint with the 

corresponding boundaries. If it is within the boundary area then use them to draw a line. 

Otherwise use boundary coordinate to draw a line. Goto stop.  
}  
6. initialize values for U1 and U2 as U1=0,U2=1  
 
7. Calculate the values forU= qi/pi for I=1,2,3,4  
 

8. Select values of qi/pi where pi<0 and assign maximum out of them as u1  

9. If (U1<U2) 

 

{ 
 
Calculate the endpoints of the clipped line as follows 
XX1=X1+u1 x  
XX2=X1+u 2   x  
YY1=Y1+u1   y  
YY2=Y1+u 2   y  
}  
10.Stop.  
4. Nicholl-lee Nicholl line clipping 
 
It Creates more regions around the clip window. It avoids multiple clipping of an individual 

line segment. Compare with the previous algorithms it perform few comparisons and 

divisions . It is applied only 2 dimensional clipping. The previous algorithms can be extended 

to 3 dimensional clipping. 
 

1. For the line with two end points p1,p2 determine the positions of a point for 9 regions. 
Only three regions need to be considered (left,within boundary, left upper corner).  

 
2. If p1 appears any other regions except this, move that point into this region using some 
reflection method.  

 
3. Now determine the position of p2 relative to p1. To do this depends on p1 creates some 
new region.   
a. If both points are inside the region save both points.  

 
b. If p1 inside , p2 outside setup 4 regions. Intersection of appropriate boundary is 
calculated depends on the position of p2.  

 
c. If p1 is left of the window, setup 4 regions . L, Lt,Lb,Lr   
1. If p2 is in region L, clip the line at the left boundary and save this intersection to p2.  

 
2. If p2 is in region Lt, save the left boundary and save the top boundary.  

 
3. If not any of the 4 regions clip the entire line.  

 
d. If p1 is left above the clip window, setup 4 regions . T, Tr,Lr,Lb 
1. If p2 inside the region save point. 

 
2. else determine a unique clip window edge for the intersection calculation. 

 
e. To determine the region of p2 compare the slope of the line to the slope of the 
boundaries of the clip regions. 
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Line clipping using non rectangular clip window 
 
Circles and other curved boundaries clipped regions are possible, but less commonly used. 
Clipping algorithm for those curve are slower. 
 
1. Lines clipped against the bounding rectangle of the curved clipping region. Lines outside 
the region is completely discarded. 

 

2. End points of the line with circle center distance is calculated . If the squre of the 2 points 

less than or equal to the radious then save the line else calculate the intersection point of the 

line. 

 

Polygon clipping  
Splitting the concave polygon 
 
It uses the vector method , that calculate the edge vector cross products in a counter clock 

wise order and note the sign of the z component of the cross products. If any z component 

turns out to be negative, the polygon is concave and we can split it along the line of the first 

edge vector in the cross product pair. 

 

Sutherland – Hodgeman polygon Clipping Algorithm  
1. Read the coordinates of all vertices of the polygon.  
 
2. Read the coordinates of the clipping window.  
 
3. Consider the left edge of the window.   
4. Compare the vertices of each edge of the polygon, Individually with the clipping plane.  
 
5. Save the resulting intersections and vertices in the new list of vertices according to four 
possible relationships between the edge and the clipping boundary discussed earlier.  
 
6. Repeats the steps 4 and 5 for remaining edges of the clipping window. Each time the 
resultant vertices is successively passed the next edge of the clipping window.  
 
7. Stop.  
 
 
The Sutherland –Hodgeman polygon clipping algorithm clips convex polygons correctly, But 

in case of concave polygons clipped polygon may be displayed with extraneous lines. It can 

be solved by separating concave polygon into two or more convex polygons and processing 

each convex polygons separately.  
The following example illustrate a simple case of polygon clipping. 
 
WEILER –Atherton Algorithm 

 

Instead of proceding around the polygon edges as vertices are processed, we sometime wants 

to follow the window boundaries.For clockwise processing of polygon vertices, we use the 

following rules.  
- For an outside to inside pair of vertices, follow the polygon boundary.  
 
- For an inside to outside pair of vertices, follow a window boundary in a clockwise direction.  

 

Curve Clipping 
 
It involves non linear equations. The boundary rectangle is used to test for overlap with a 

rectangular clipwindow. If the boundary rectangle for the object is completely inside the 

window , then save the object (or) discard the object.If it fails we can use the coordinate 

extends of individual quadrants and then octants for preliminary testing before calculating 
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curve window intersection.  
Text Clipping 
 
The simplest method for processing character strings relative to a window boundary is to use 
the all or none string clipping strategy. If all the string is inside then accept it else omit it. 
 
We discard only those character that are not completely inside the window. Here the 
boundary limits of individual characters are compared to the window.  
Exterior clipping 
 
The picture part to be saved are those that are outside the region. This is referred to as 
exterior clipping. An application of exterior clipping is in multiple window systems. 
 
Objects within a window are clipped to the interior of that window. When other higher 

priority windows overlap these objects , the ojects are also clipped to the exterior of the 

overlapping window. 
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UNIT III                                       THREE DIMENSIONAL GRAPHICS                            

Three dimensional concepts; Three dimensional object representations – Polygon surfaces- 

Polygon tables- Plane equations – Polygon meshes; Curved Lines and surfaces, Quadratic 

surfaces; Blobby objects; Spline representations – Bezier curves and surfaces -B-Spline curves 

and surfaces. TRANSFORMATION AND VIEWING: Three dimensional geometric and 

modeling transformations – Translation, Rotation, Scaling, composite transformations; Three 

dimensional viewing – viewing pipeline, viewing coordinates, Projections, Clipping; Visible 

surface detection methods. 

 

LP 1:  Three Dimensional Object Representations 
 
Representation schemes for solid objects are divided into two categories as 
follows: 1. Boundary Representation ( B-reps) 
 
It describes a three dimensional object as a set of surfaces that separate the object interior from 
the environment. Examples are polygon facets and spline patches.  
2. Space Partitioning representation 
 
It describes the interior properties, by partitioning the spatial region containing an object into a 
set of small, nonoverlapping, contiguous solids(usually cubes). Eg: Octree Representation.  
Polygon Surfaces 
 
Polygon surfaces are boundary representations for a 3D graphics object is a set of polygons that 
enclose the object interior.  
Polygon Tables 
 
The polygon surface is specified with a set of vertex coordinates and associated attribute 
parameters. 
 
For each polygon input, the data are placed into tables that are to be used in the subsequent 
processing.  

Polygon data tables can be organized into two groups: Geometric tables and attribute  
tables. 
 
Geometric Tables Contain vertex coordinates and parameters to identify the spatial orientation 
of the polygon surfaces. 
 
Attribute tables Contain attribute information for an object such as parameters specifying the 

degree of transparency of the object and its surface reflectivity and texture characteristics. A 

convenient organization for storing geometric data is to create three lists:  
1. The Vertex Table 
 
 
Coordinate values for each vertex in the object are stored in this 
table. 2. The Edge Table 
 
 
It contains pointers back into the vertex table to identify the vertices for each polygon edge. 
3. The Polygon Table 
 
 
It contains pointers back into the edge table to identify the edges for each polygon.  
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Listing the geometric data in three tables provides a convenient reference to the individual 
components (vertices, edges and polygons) of each object. 
 
The object can be displayed efficiently by using data from the edge table to draw the component 
lines. 
 
 
Extra information can be added to the data tables for faster information extraction. For instance, 

edge table can be expanded to include forward points into the polygon table so that common 

edges between polygons can be identified more rapidly.  
E1 : V1, V2, S1  
E2 : V2, V3, S1  
E3 : V3, V1, S1, S2  
E4 : V3, V4, S2  
E5 : V4, V5, S2  
E6 : V5, V1, S2 
 
 
is useful for the rendering procedure that must vary surface shading smoothly across the edges 

from one polygon to the next. Similarly, the vertex table can be expanded so that vertices are 

cross-referenced to corresponding edges. 

Additional geometric information that is stored in the data tables includes the slope for each edge 

and the coordinate extends for each polygon. As vertices are input, we can calculate edge slopes 

and we can scan the coordinate values to identify the minimum and maximum x, y and z values 

for individual polygons. 

 

The more information included in the data tables will be easier to check for 
errors. Some of the tests that could be performed by a graphics package are:  
1. That every vertex is listed as an endpoint for at least two edges.   
2. That every edge is part of at least one polygon.   
3. That every polygon is closed.   
4. That each polygon has at least one shared edge.  
 
5. That if the edge table contains pointers to polygons, every edge referenced by a polygon 
pointer has a reciprocal pointer back to the polygon.  

 

Plane Equations: 
 
To produce a display of a 3D object, we must process the input data representation for the object 
through several procedures such as,  
- Transformation of the modeling and world coordinate descriptions to viewing coordinates.   
- Then to device coordinates:   
- Identification of visible surfaces   
- The application of surface-rendering procedures.  
 
 
For these processes, we need information about the spatial orientation of the individual surface 

components of the object. This information is obtained from the vertex coordinate value and the 

equations that describe the polygon planes. 
 
The equation for a plane surface is 
Ax + By+ Cz + D = 0 ----(1) 
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Where (x, y, z) is any point on the plane, and the coefficients A,B,C and D are constants 
describing the spatial properties of the plane. 
 
We can obtain the values of A, B,C and D by solving a set of three plane equations using the 
coordinate values for three non collinear points in the plane. 
 
For that, we can select three successive polygon vertices (x1, y1, z1), (x2, y2, z2) and (x3, y3, 

z3) and solve the following set of simultaneous linear plane equations for the ratios A/D, B/D 

and C/D.  
(A/D)xk + (B/D)yk + (c/D)zk = -1, k=1,2,3 -----(2) 

 

The solution for this set of equations can be obtained in determinant form, using Cramer’s rule as  
1 y1 z1  x1 1 z1  x1 y1 1  x1 y1 z1  

A=   1 y2 z2 B= x2 1 z2 C= x2 y2 1 D= x2 y2 z2 ----(3) 

1 y3 z3  x3 1 z3  x3 y3 1  x3 y3 z3  
 
 
Expanding the determinants , we can write the calculations for the plane coefficients in the 
form: A = y1 (z2 –z3 ) + y2(z3 –z1 ) + y3 (z1 –z2 )  
B = z1 (x2 -x3 ) + z2 (x3 -x1 ) + z3 (x1 -x2 ) 
 
C = x1 (y2 –y3 ) + x2 (y3 –y1 ) + x3 (y1 -y2 )  
D = -x1 (y2 z3 -y3 z2 ) - x2 (y3 z1 -y1 z3 ) - x3 (y1 z2 -y2 z1) ------(4) 
 
 
As vertex values and other information are entered into the polygon data structure, values for A, 
B, C and D are computed for each polygon and stored with the other polygon data. 
 
 
Plane equations are used also to identify the position of spatial points relative to the plane 
surfaces of an object. For any point (x, y, z) hot on a plane with parameters A,B,C,D, we have  
Ax + By + Cz + D ≠ 0 
 
 
We can identify the point as either inside or outside the plane surface according o the sigh 
(negative or positive) of Ax + By + Cz + D: 
 
 
If Ax + By + Cz + D < 0, the point (x, y, z) is inside the surface. If Ax + By + Cz + D > 0, the 
point (x, y, z) is outside the surface. 
 
 
These inequality tests are valid in a right handed Cartesian system, provided the plane parmeters 

A,B,C and D were calculated using vertices selected in a counter clockwise order when viewing 

the surface in an outside-to-inside direction. 
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Polygon Meshes 
 
A single plane surface can be specified with a function such as fillArea. But when object 

surfaces are to be tiled, it is more convenient to specify the surface facets with a mesh function. 

One type of polygon mesh is the triangle strip.A triangle strip formed with 11 triangles 

connecting 13 vertices. 
 
 
 
 
 
 
 
 

 

This function produces n-2 connected triangles given the coordinates for n vertices. 
 
Another similar function in the quadrilateral mesh, which generates a mesh of (n-1) by (m-1) 

quadrilaterals, given the coordinates for an n by m array of vertices. Figure shows 20 vertices 

forming a mesh of 12 quadrilaterals. 
 
 
 
 
 
 
 
 
 
 
 
Curved Lines and Surfaces Displays of three dimensional curved lines and surface can be 

generated from an input set of mathematical functions defining the objects or from a set of user 

specified data points. When functions are specified, a package can project the defining equations 

for a curve to the display plane and plot pixel positions along the path of the projected function. 

For surfaces, a functional description in decorated to produce a polygon-mesh approximation to 

the surface. 
 
Spline Representations A Spline is a flexible strip used to produce a smooth curve through a 

designated set of points. Several small weights are distributed along the length of the strip to 

hold it in position on the drafting table as the curve is drawn. 
 
The Spline curve refers to any sections curve formed with polynomial sections satisfying 
specified continuity conditions at the boundary of the pieces. 
 
A Spline surface can be described with two sets of orthogonal spline curves. Splines are used in 

graphics applications to design curve and surface shapes, to digitize drawings for computer 

storage, and to specify animation paths for the objects or the camera in the scene. CAD 

applications for splines include the design of automobiles bodies, aircraft and spacecraft 

surfaces, and ship hulls. 
 
Interpolation and Approximation Splines Spline curve can be specified by a set of coordinate 

positions called control points which indicates the general shape of the curve. These control 

points are fitted with piecewise continuous parametric polynomial functions in one of the two 

ways. 1. When polynomial sections are fitted so that the curve passes through each control point 

the resulting curve is said to interpolate the set of control points. 
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A set of six control points interpolated with piecewise continuous polynomial sections 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
1. When the polynomials are fitted to the general control point path without necessarily passing 
through any control points, the resulting curve is said to approximate the set of control points.  
A set of six control points approximated with piecewise continuous polynomial sections 
 
 
 
 
 
 
 
 
 

 

Interpolation curves are used to digitize drawings or to specify animation paths. 

Approximation curves are used as design tools to structure object surfaces. A spline curve is 

designed , modified and manipulated with operations on the control points.The curve can be 

translated, rotated or scaled with transformation applied to the control points. The convex 

polygon boundary that encloses a set of control points is called the convex hull. The shape of the 

convex hull is to imagine a rubber band stretched around the position of the control points so that 

each control point is either on the perimeter of the hull or inside it. Convex hull shapes (dashed 

lines) for two sets of control points 

 

Parametric Continuity Conditions 
 
For a smooth transition from one section of a piecewise parametric curve to the next various 
continuity conditions are needed at the connection points. 
 
If each section of a spline in described with a set of parametric coordinate functions or the form 
x = x(u), y = y(u), z = z(u), u1<= u <= u2 -----(a) 
 
We set parametric continuity by matching the parametric derivatives of adjoining curve 
sections at their common boundary. 
 
Zero order parametric continuity referred to as C0 continuity, means that the curves meet. 

(i.e) the values of x,y, and z evaluated at u2 for the first curve section are equal. Respectively, to 

the value of x,y, and z evaluated at u1 for the next curve section. 
 
First order parametric continuity referred to as C1 continuity means that the first parametric 

derivatives of the coordinate functions in equation (a) for two successive curve sections are equal 

at their joining point. 
 
Second order parametric continuity, or C2 continuity means that both the first and second 
parametric derivatives of the two curve sections are equal at their intersection.  

FMCET

Fatima Michael College of Engineering & Technology



Higher order parametric continuity conditions are defined similarly. 
 
Piecewise construction of a curve by joining two curve segments using different orders of 
continuity  
a)Zero order continuity only 
 
 
 
 
 
 
 
 
 
 

b)First order continuity only 
 
 
 
 
 
 
 
 
c) Second order continuity only 
 
 
 
 
 
 
 
 
Geometric Continuity Conditions 
 
To specify conditions for geometric continuity is an alternate method for joining two successive 
curve sections. 
 
The parametric derivatives of the two sections should be proportional to each other at their 
common boundary instead of equal to each other. 
 
Zero order Geometric continuity referred as G0 continuity means that the two curves sections 
must have the same coordinate position at the boundary point. 
 
First order Geometric Continuity referred as G1 continuity means that the parametric first 
derivatives are proportional at the interaction of two successive sections. 
 
Second order Geometric continuity referred as G2 continuity means that both the first and second 

parametric derivatives of the two curve sections are proportional at their boundary. Here the 

curvatures of two sections will match at the joining position. 
 
Three control points fitted with two curve sections joined with 

a) parametric continuity 
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b)geometric continuity where the tangent vector of curve C3 at point p1 has a greater 
magnitude than the tangent vector of curve C1 at p1. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Spline specifications There are three methods to specify a spline representation:  
1. We can state the set of boundary conditions that are imposed on the spline; (or)   
2. We can state the matrix that characterizes the spline; (or)  
 
3. We can state the set of blending functions that determine how specified geometric constraints 
on the curve are combined to calculate positions along the curve path.  
 
To illustrate these three equivalent specifications, suppose we have the following parametric 
cubic polynomial representation for the x coordinate along the path of a spline section.  
 
 
x(u)=axu3 + axu2 + cxu + dx 0<= u <=1 ----------(1) Boundary conditions for this curve might be 

set on the endpoint coordinates x(0) and x(1) and on the parametric first derivatives at the 

endpoints x’(0) and x’(1). These boundary conditions are sufficient to determine the values of 

the four coordinates ax, bx, cx and dx. From the boundary conditions we can obtain the matrix 

that characterizes this spline curve by first rewriting eq(1) as the matrix product 
 
x(u) = [u3 u2 u1 1] ax 

bx 
 

cx -------( 2 
) dx  

= U.C 
 
where U is the row matrix of power of parameter u and C is the coefficient column matrix. Using 

equation (2) we can write the boundary conditions in matrix form and solve for the coefficient 

matrix C as 
 
C = Mspline . Mgeom -----(3) Where Mgeom in a four element column matrix containing the 

geometric constraint values on the spline and Mspline in the 4 * 4 matrix that transforms the 

geometric constraint values to the polynomial coefficients and provides a characterization for the 

spline curve. 
 
Matrix Mgeom contains control point coordinate values and other geometric constraints. 
We can substitute the matrix representation for C into equation (2) to obtain.  
x (u) = U . Mspline . Mgeom ------(4) 
 
The matrix Mspline, characterizing a spline representation, called the basis matriz is useful for 
transforming from one spline representation to another. 
 
Finally we can expand equation (4) to obtain a polynomial representation for coordinate x in 
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terms of the geometric constraint parameters. 
 
x(u) = Σ gk. BFk(u) where gk are the constraint parameters, such as the control point 

coordinates and slope of the curve at the control points and BFk(u) are the polynomial blending 

functions. 

 

LP 2:  3D Transformation 
 
3-D Coordinate Spaces 
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General 3D Rotations • Rotation about an axis that is parallel to one of the coordinate 

axes : 1. Translate the object so that the rotation axis coincides with the parallel coordinate axis 

2. Perform the specified rotation about the axis 3. Translate the object so that the rotation axis is 

moved back to its original position • Not parallel : 1. Translate the object so that the rotation 

axis passes through the coordinate origin 2. Rotate the object so that the axis of rotation 

coincides with one of the coordinate axes 3. Perform the specified rotation about the axis 4. 

Apply inverse rotations to bring the rotation axis back to its original orientation 5. Apply the 

inverse translation to bring back the rotation axis to its original position 

 

3 D Transformation functions • Functions are – translate3(translateVector, matrixTranslate) – 

rotateX(thetaX, xMatrixRotate) – rotateY(thetaY, yMatrixRotate) – rotateZ(thetaZ, 

zMatrixRotate) – scale3(scaleVector,matrixScale) • To apply transformation matrix to the 

specified points , – transformPoint3(inPoint, matrix,outPoint) • We can construct composite 

transformations with the following functions – composeMatrix3 – buildTransformationMatrix3 

– composeTransformationMatrix3 CS71_Computer Graphics_Dept of CSE 34 Reflections In 3-

D • Three Dimensional Reflections can be performed relative to a selected reflection axis or a 

selected reflection plane • Consider a reflection that converts coordinate specifications from a 

right handed system to left handed system. • This transformation changes the sign of Z 

coordinate leaving x and y coordinates 
 
 
 
 
 
 
 
 
 
 
 
Shears In 3-D 
 
 
Shearing transformations are used to distortions in the shape of an object. In 2D, shearing is 
applied to x or y axes. In 3D it can applied to z axis also 

 

The following transformation produces an Z axis shear 

 

1 0  a  0 

 

0 1  b 0  
SHz  

0 0  1 0 

 

0 0  0 1 
 
 
Parameters a and b can be assigned any real values 
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LP 3:  3D Viewing 

 

• World coordinate system(where the objects are modeled and defined)  
 
 
• Viewing coordinate system(viewing objects with respect to another user 

defined coordinate system)  
 
 
• Projection coordinate system(coordinate positions to be on the projection 

plane)  
 
 
• Device Coordinate System (pixel positions in the plane of the output 

device)  
 
 
 
 
 
 
 
 
 
 

 

steps to establish a Viewing coordinate system or view reference coordinate 
system and the view plane 

 

Transformation from world to viewing coordinates 
 
 
• Translate the view reference point to the origin of the world 

coordinate system  

 

• Apply rotations to align the axes  

 

– Three rotations of three axes  

 

– Composite transformation matrix (unit vectors u, v, n)  

 

• n= N/|N|  

 

• u = (V*N) / |V*N|  
 
 
 

• v = n * u 
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Projections 
 

Our 3-D scenes are all specified in 3-D world coordinates. To display these we need 
to generate a 2-D image - project objects onto a picture plane 

 

Picture Plane 
 
 
 

Objects in  
World Space 

 
 
 
 
 
 
 
 
 
 
 

Converting From 3-D To 2-D 
 
 

 

• Projection is just one part of the process of transforming 

3D world coordinates to a 2-D projection plane  

 

3-D         

world      Transform   

Coordina    Project onto  to  2-D 

te Clip against       device 

 view   projection  2-D device  coordinate 

Output volume       s 

    plane  coordinates   

Primitive         
         

 
 
 
 
 
 
 
 
 
 
 
 
 
LP 5:  Color Models 
 
 

Color Model is a method for explaining the properties or behavior of color within some 

particular context. No single color model can explain all aspects of color, so we make use of 

different models to help describe the different perceived characteristics of color. 
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Properties of Light 

 

Light is a narrow frequency band within the electromagnetic system. 
 
 

Other frequency bands within this spectrum are called radio waves, micro waves, 

infrared waves and x-rays. The below fig shows the frequency ranges for some of the 

electromagnetic bands. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

Each frequency value within the visible band corresponds to a distinct color. 

 

At the low frequency end is a red color (4.3*10
4
 Hz) and the highest frequency is a violet color 

(7.5 *10 
14

Hz) 

 

Spectral colors range from the reds through orange and yellow at the low frequency end to 
greens, blues and violet at the high end. 
 
 
Since light is an electro magnetic wave, the various colors are described in terms of either the 
frequency for the wave length λ of the wave. 
 
 
The wave length ad frequency of the monochromatic wave are inversely proportional to each 
other, with the proportionality constants as the speed of light  
C where C = λ f 
 
 

 

 

A light source such as the sun or a light bulb emits all frequencies within the visible range to 

produce white light. When white light is incident upon an object, some frequencies are reflected 

and some are absorbed by the object. The combination of frequencies present in the reflected 

light determines what we perceive as the color of the object. 

 

If low frequencies are predominant in the reflected light, the object is described as red. In this 

case, the perceived light has the dominant frequency at the red end of the spectrum. The 

dominant frequency is also called the hue, or simply the color of the light. 
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Brightness is another property, which in the perceived intensity of the light. 
 
 
Intensity in the radiant energy emitted per limit time, per unit solid angle, and per unit projected 
area of the source. 

 

Radiant energy is related to the luminance of the source. 

 

The next property in the purity or saturation of the light. 

 

o  Purity describes how washed out or how pure the color of the light appears. 

 

o  Pastels and Pale colors are described as less pure. 
 
 

The term chromaticity is used to refer collectively to the two properties, purity and 
dominant frequency. 

 
 

Two different color light sources with suitably chosen intensities can be used to produce 
a range of other colors. 

 
 

If the 2 color sources combine to produce white light, they are called complementary 
colors. E.g., Red and Cyan, green and magenta, and blue and yellow. 

 
 

Color models that are used to describe combinations of light in terms of dominant 
frequency use 3 colors to obtain a wide range of colors, called the color gamut. 

 

The 2 or 3 colors used to produce other colors in a color model are called primary colors.  
Standard Primaries 

 

XYZ Color 

 

The set of primaries is generally referred to as the XYZ or (X,Y,Z) color model 
 
 

 
where X,Y and Z represent vectors in a 3D, additive color space. 

 

Any color Cλ is expressed as 

 

Cλ = XX + YY + ZZ------------- (1) 

 

Where X,Y and Z designates the amounts of the standard primaries needed  
to match Cλ. 

x = X/(X+Y+Z), y = Y/(X+Y+Z), z = Z/(X+Y+Z) 

 

with x + y + z = 1 
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Any color can be represented with just the x and y amounts. The parameters x and y 
are called the chromaticity values because they depend only on hue and purity. 

 
If we specify colors only with x and y, we cannot obtain the amounts X, Y and Z. so, 
a complete description of a color in given with the 3 values x, y and Y. 

 

X = (x/y)Y, Z = (z/y)Y 

 

Where z = 1-x-y. 

 

Intuitive Color Concepts 
 
 

Color paintings can be created by mixing color pigments with white and black 
pigments to form the various shades, tints and tones. 

 
 

Starting with the pigment for a „pure color‟ the color is added to black pigment 
to produce different shades. The more black pigment produces darker shades. 

 
 

Different tints of the color are obtained by adding a white pigment to the original color, 
making it lighter as more white is added. 

 

Tones of the color are produced by adding both black and white pigments. 
 
RGB Color Model 
 

Based on the tristimulus theory of version, our eyes perceive color through the 
stimulation of three visual pigments in the cones on the retina. 

 
 

These visual pigments have a peak sensitivity at wavelengths of about 630 nm (red), 530 
nm (green) and 450 nm (blue). 

 

By comparing intensities in a light source, we perceive the color of the light. 
 
 

This is the basis for displaying color output on a video monitor using the 3 color primaries, 

red, green, and blue referred to as the RGB color model. It is represented in the below 

figure 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Vertices of the cube on the axes represent the primary colors, the remaining vertices 
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represents the complementary color for each of the primary colors. 
 
 

The RGB color scheme is an additive model. (i.e.,) Intensities of the primary colors 
are added to produce other colors. 

 
 

Each color point within the bounds of the cube can be represented as the triple 
(R,G,B) where values for R, G and B are assigned in the range from 0 to1. 

 

The color Cλ is expressed in RGB component as 

 

Cλ = RR + GG + BB 
 
 

The magenta vertex is obtained by adding red and blue to produce the triple (1,0,1) and 
white at (1,1,1) in the sum of the red, green and blue vertices. 

 
Shades of gray are represented along the main diagonal of the cube from the origin (black) 
to the white vertex. 

 

YIQ Color Model 
 
 

The National Television System Committee (NTSC) color model for forming the 
composite video signal in the YIQ model. 

 
 

In the YIQ color model, luminance (brightness) information in contained in the Y 

parameter, chromaticity information (hue and purity) is contained into the I and Q 

parameters. 
 
 

A combination of red, green and blue intensities are chosen for the Y parameter to yield 
the standard luminosity curve. 

 
 

Since Y contains the luminance information, black and white TV monitors use only the Y 
signal. 

 
 

Parameter I contain orange-cyan hue information that provides the flash-tone shading and 
occupies a bandwidth of 1.5 MHz.  
Parameter Q carries green-magenta hue information in a bandwidth of about 0.6MHz. 

 

CMY Color Model 
 
 

A color model defined with the primary colors cyan, magenta, and yellow (CMY) in 
useful for describing color output to hard copy devices. 

 
 

It is a subtractive color model (i.e.,) cyan can be formed by adding green and blue light. 

When white light is reflected from cyan-colored ink, the reflected light must have no red 

component. i.e., red light is absorbed or subtracted by the link. 
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Magenta ink subtracts the green component from incident light and yellow subtracts the 
blue component. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  

In CMY model, point (1,1,1) represents black because all components of the incident light are 

subtracted.  
The origin represents white light. 
 
 

Equal amounts of each of the primary colors produce grays along the main diagonal of 
the cube. 

 
 

A combination of cyan and magenta ink produces blue light because the red and green 
components of the incident light are absorbed. 

 
 

The printing process often used with the CMY model generates a color point with a 

collection of 4 ink dots; one dot is used for each of the primary colors (cyan, magenta and 

yellow) and one dot in black. 
 
 

The conversion from an RGB representation to a CMY representation is expressed as 
[ ] [ ] [ ] 

 
 
 
Where the white is represented in the RGB system as the unit column vector. 
 
 

Similarly the conversion of CMY to RGB representation is expressed as 
[ ] [ ] [ ] 

 
 
 

Where black is represented in the CMY system as the unit column vector. 
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HSV Color Model 

 

The HSV model uses color descriptions that have a more interactive appeal to a user. 
 
 

Color parameters in this model are hue (H), saturation (S), and value (V). The 3D 

representation of the HSV model is derived from the RGB cube. The outline of 

the cube has the hexagon shape. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

The boundary of the hexagon represents the various hues, and it is used as 
the top of the HSV hexcone. 

 
 

In the hexcone, saturation is measured along a horizontal axis, and value is along 
a vertical axis through the center of the hexcone. 

 

Hue is represented as an angle about the vertical axis, ranging from 0
0
 at red 

through 360
0
. Vertices of the hexagon are separated by 60

0
 intervals. Yellow is 

at 60
0
, green at 120

0
 and cyan opposite red at H = 180

0
. Complementary colors 

are 180
0
 apart. 

 

Saturation S varies from 0 to 1. the maximum purity at S = 1, at S = 
0.25, the hue is said to be one quarter pure, at S = 0, we have the gray scale.  
Value V varies from 0 at the apex to 1 at the top. 

 

the apex representation black. 

 

At the top of the hexcone, colors have their maximum intensity.  
When V = 1 and S = 1 we have the „pure‟ hues. 

 

White is the point at V = 1 and S = 0. 
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HLS Color Model  

HLS model is based on intuitive color parameters used by Tektronix. 
 

It has the double cone representation shown in the below figure. The 3 parameters in this 
model are called Hue (H), lightness (L) and saturation (s).  
Hue specifies an angle about the vertical axis that locates a chosen hue. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

  

In this model H = θ
0
 corresponds to Blue. 

 

The remaining colors are specified around the perimeter of the cone in the same order as 
in the HSV model. 

 

Magenta is at 60
0
, Red in at 120

0
, and cyan in at H = 180

0
. 

 

The vertical axis is called lightness (L). At L = 0, we have black, and white is at  L 

 

= 1 Gray scale in along the L axis and the “purehues” on the L = 0.5 plane. 
 
 

Saturation parameter S specifies relative purity of a color. S varies from 0 to 1 pure hues 
are those for which S = 1 and L = 0. 

 

As S decreases, the hues are said to be less pure.  

 

At S= 0, it is said to be gray scale.  

 

LP 7: Animation 

 

Computer animation refers to any time sequence of visual changes in a scene. 
 
 

Computer animations can also be generated by changing camera parameters such as 
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position, orientation and focal length. 
 
 

Applications of computer-generated animation are entertainment, 
advertising, training and education. 

 

Example : Advertising animations often transition one object shape into another. 

 

Frame-by-Frame animation 
 
 

Each frame of the scene is separately generated and stored. Later, the frames can be recoded 
on film or they can be consecutively displayed in "real-time playback" mode 

 

Design of Animation Sequences 
 

An animation sequence in designed with the following 
steps: o Story board layout  
o  Object definitions  
o  Key-frame specifications 

Story Board: 

 

Generation of in-between frames. 

 

The story board is an outline of the action. 

 

It defines the motion sequences as a set of basic events that are to take place. 
 
 

Depending on the type of animation to be produced, the story board could 
consist of a set of rough sketches or a list of the basic ideas for the motion. 

 

Object Definition 

 

An object definition is given for each participant in the action. 

 

Objects can be defined in terms of basic shapes such as polygons or splines. 

 

The associated movements of each object are specified along with the shape. 

 

Key frame 
 
 

A key frame is detailed drawing of the scene at a certain time in the 
animation sequence. 

 

Within each key frame, each object is positioned according to the time for that frame. 
 
 

Some key frames are chosen at extreme positions in the action; others are spaced so that 
the time interval between key frames is not too much. 
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In-betweens 

 

In betweens are the intermediate frames between the key frames. 
 
 

The number of in between needed is determined by the media to be used to 
display the animation. 

 
 

Film requires 24 frames per second and graphics terminals are refreshed at the rate of 
30 to 60 frames per seconds. 

 

Time intervals for the motion are setup so there are from 3 to 5 in-between for each 
 

pair of key frames. 
 
 

Depending on the speed of the motion, some key frames can be duplicated. 

For a 1 min film sequence with no duplication, 1440 frames are needed. 

 
Other required tasks are 

 

Motion verification  

 

Editing  

 

Production and synchronization of a sound track.  

 

General Computer Animation Functions 

 

Steps in the development of an animation sequence are, 

 

Object manipulation and rendering  

 

Camera motion  

 

Generation of in-betweens  
 
 

Animation packages such as wave front provide special functions for designing the 
animation and processing individuals objects. 

 

Animation packages facilitate to store and manage the object database. 

 

Object shapes and associated parameter are stored and updated in the database. 
 
 

Motion can be generated according to specified constraints using 2D and 
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3D transformations. 
 
 

Standard functions can be applied to identify visible surfaces and apply 
the rendering algorithms. 

 
 

Camera movement functions such as zooming, panning and tilting are used for 
motion simulation. 
Given the specification for the key frames, the in-betweens can be automatically 
generated. 

 

Raster Animations 
 
 

On raster systems, real-time animation in limited applications can be generated using 
raster operations. 

 
 

Sequence of raster operations can be executed to produce real time animation of either 
2D or 3D objects. 

 
 

We can animate objects along 2D motion paths using the color-table 
transformations. 

 
 

Predefine the object as successive positions along the motion path, set the 
successive blocks of pixel values to color table entries.  

 
 

Set the pixels at the first position of the object to „on‟ values, and set the pixels at 
the other object positions to the background color.  

 
 

The animation is accomplished by changing the color table values so that the 

object is „on‟ at successive positions along the animation path as the preceding 

position is set to the background intensity.  
 
 
 
 
 
 
 
 
 
 
 
 
 

 

Computer Animation Languages 
 
 

Animation functions include a graphics editor, a key frame generator and standard 
graphics routines. 

 
 

The graphics editor allows designing and modifying object shapes, using spline surfaces, 
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constructive solid geometry methods or other representation schemes.Scene description 
includes the positioning of objects and light sources defining the photometric parameters 
and setting the camera parameters. 

 

Action specification involves the layout of motion paths for the objects and camera. 
 
 

Keyframe systems are specialized animation languages designed dimply to generate the 
in-betweens from the user specified keyframes. 

 
 

Parameterized systems allow object motion characteristics to be specified as part of the 

object definitions. The adjustable parameters control such object characteristics as 

degrees of freedom motion limitations and allowable shape changes. 
 
 

Scripting systems allow object specifications and animation sequences to be defined with 

a user input script. From the script, a library of various objects and motions can be 

constructed. 

 

Keyframe Systems 

 

Each set of in-betweens are generated from the specification of two keyframes. 
 
 

For complex scenes, we can separate the frames into individual components or objects 
called cells, an acronym from cartoon animation. 

Morphing 

 

Transformation of object shapes from one form to another is called Morphing. 
 
 

Morphing methods can be applied to any motion or transition involving a change in 
shape. The example is shown in the below figure. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

FMCET

Fatima Michael College of Engineering & Technology



 

Suppose we equalize the edge count and parameters Lk and Lk+1 denote 

the number of line segments in two consecutive frames. We define, 

 

Lmax = max (Lk, Lk+1) 

Lmin = min(Lk , Lk+1)  
Ne = Lmax mod Lmin 

Ns = int (Lmax/Lmin) 

 

The preprocessing is accomplished by 
 

 Dividing Ne edges of keyframemin into Ns+1 section. 




 Dividing the remaining lines of keyframemin into Ns sections. 


 

For example, if Lk = 15 and Lk+1 = 11, we divide 4 lines of keyframek+1 into 

2 sections each. The remaining lines of keyframek+1 are left infact. 

 

If the vector counts in equalized parameters Vk and Vk+1 are used to denote 

the number of vertices in the two consecutive frames. In this case we define 

Vmax = max(Vk,Vk+1), Vmin = min( Vk,Vk+1) and 

 

Nls = (Vmax -1) mod (Vmin – 1) 

 

Np  = int ((Vmax – 1)/(Vmin – 1 )) 

 

Preprocessing using vertex count is performed by 
 

 Adding Np points to Nls line section of keyframemin. 




 Adding Np-1 points to the remaining edges of keyframemin. 


 

Simulating Accelerations 
 
 
Curve-fitting techniques are often used to specify the animation paths between key frames. 

Given the vertex positions at the key frames, we can fit the positions with linear or nonlinear 

paths. Figure illustrates a nonlinear fit of key-frame positions. This determines the trajectories 

for the in-betweens. To simulate accelerations, we can adjust the time spacing for the in-

betweens. 

 

For constant speed (zero acceleration), we use equal-interval time spacing for the 
in-betweens. Suppose we want n in-betweens for key frames at times t1 and t2. 
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The time interval between key frames is then divided into n + 1 subintervals, yielding an in-
between spacing of 

 

∆= t2-t1/n+1 

 

we can calculate the time for any in-between as 

 

tBj = t1+j ∆t, j = 1,2, . . . . . . n 

 

Motion Specification 
 
 

These are several ways in which the motions of objects can be specified in an 
animation system. 

 

Direct Motion Specification 

 

Here the rotation angles and translation vectors are explicitly given. 
 
 

Then the geometric transformation matrices are applied to transform 
coordinate positions. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

We can approximate the path of a bouncing ball with a damped, rectified, sine curve 

 

y (x) = A / sin(ωx + θ0) /e
-kx

 

 

where A is the initial amplitude, ω is the angular frequency, θ0 is the phase angle and k is 

the damping constant. 
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UNIT IV                                   ILLUMINATION AND COLOUR MODELS                         

Light sources – basic illumination models – halftone patterns and dithering techniques; 

Properties of light – Standard primaries and chromaticity diagram; Intuitive colour concepts – 

RGB colour model – YIQ colour model – CMY colour model – HSV colour model – HLS 

colour model; Colour selection. 

 

Color Models 
 
 

Color Model is a method for explaining the properties or behavior of color within some 

particular context. No single color model can explain all aspects of color, so we make use of 

different models to help describe the different perceived characteristics of color. 

 

Properties of Light 

 

Light is a narrow frequency band within the electromagnetic system. 
 
 

Other frequency bands within this spectrum are called radio waves, micro waves, 

infrared waves and x-rays. The below fig shows the frequency ranges for some of the 

electromagnetic bands. 
 
 

 

Each frequency value within the visible band corresponds to a distinct color. 

 

At the low frequency end is a red color (4.3*10
4
 Hz) and the highest frequency is a violet color 

(7.5 *10 
14

Hz) 

 

Spectral colors range from the reds through orange and yellow at the low frequency end to 
greens, blues and violet at the high end. 
 
 
Since light is an electro magnetic wave, the various colors are described in terms of either the 
frequency for the wave length λ of the wave. 
 
 
The wave length ad frequency of the monochromatic wave are inversely proportional to each 
other, with the proportionality constants as the speed of light  
C where C = λ f 

A light source such as the sun or a light bulb emits all frequencies within the visible range to 

produce white light. When white light is incident upon an object, some frequencies are reflected 

and some are absorbed by the object. The combination of frequencies present in the reflected 

light determines what we perceive as the color of the object. 

 

If low frequencies are predominant in the reflected light, the object is described as red. In this 

case, the perceived light has the dominant frequency at the red end of the spectrum. The 

dominant frequency is also called the hue, or simply the color of the light. 
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Brightness is another property, which in the perceived intensity of the light. 
 
 
Intensity in the radiant energy emitted per limit time, per unit solid angle, and per unit projected 
area of the source. 

 

Radiant energy is related to the luminance of the source. 

 

The next property in the purity or saturation of the light. 

 

o  Purity describes how washed out or how pure the color of the light appears. 

 

o  Pastels and Pale colors are described as less pure. 
 
 

The term chromaticity is used to refer collectively to the two properties, purity and 
dominant frequency. 

 
 

Two different color light sources with suitably chosen intensities can be used to produce 
a range of other colors. 

 
 

If the 2 color sources combine to produce white light, they are called complementary 
colors. E.g., Red and Cyan, green and magenta, and blue and yellow. 

 
 

Color models that are used to describe combinations of light in terms of dominant 
frequency use 3 colors to obtain a wide range of colors, called the color gamut. 

 

The 2 or 3 colors used to produce other colors in a color model are called primary colors.  
Standard Primaries 

 

XYZ Color 

 

The set of primaries is generally referred to as the XYZ or (X,Y,Z) color model 
 
 

where X,Y and Z represent vectors in a 3D, additive color space. 

 

Any color Cλ is expressed as 

 

Cλ = XX + YY + ZZ------------- (1) 

 

Where X,Y and Z designates the amounts of the standard primaries needed  
to match Cλ. 
 
 

It is convenient to normalize the amount in equation (1) against 
luminance (X+ Y+ Z). Normalized amounts are calculated as, 

 

x = X/(X+Y+Z), y = Y/(X+Y+Z), z = Z/(X+Y+Z) 
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with x + y + z = 1 
 
 

Any color can be represented with just the x and y amounts. The parameters x and y 
are called the chromaticity values because they depend only on hue and purity. 

 
If we specify colors only with x and y, we cannot obtain the amounts X, Y and Z. so, 
a complete description of a color in given with the 3 values x, y and Y. 

 

X = (x/y)Y, Z = (z/y)Y 

 

Where z = 1-x-y. 

 

Intuitive Color Concepts 
 
 

Color paintings can be created by mixing color pigments with white and black 
pigments to form the various shades, tints and tones. 

 
 

Starting with the pigment for a „pure color‟ the color is added to black pigment 
to produce different shades. The more black pigment produces darker shades. 

 
 

Different tints of the color are obtained by adding a white pigment to the original color, 
making it lighter as more white is added. 

 

Tones of the color are produced by adding both black and white pigments. 

RGB Color Model 
 
 

Based on the tristimulus theory of version, our eyes perceive color through the 
stimulation of three visual pigments in the cones on the retina. 

 
 

These visual pigments have a peak sensitivity at wavelengths of about 630 nm (red), 530 
nm (green) and 450 nm (blue). 
By comparing intensities in a light source, we perceive the color of the light. 

 
 

This is the basis for displaying color output on a video monitor using the 3 color primaries, 

red, green, and blue referred to as the RGB color model.  

 
Vertices of the cube on the axes represent the primary colors, the remaining vertices 
represents the complementary color for each of the primary colors. 

 
 

The RGB color scheme is an additive model. (i.e.,) Intensities of the primary colors 
are added to produce other colors. 

 
 

Each color point within the bounds of the cube can be represented as the triple 
(R,G,B) where values for R, G and B are assigned in the range from 0 to1. 
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The color Cλ is expressed in RGB component as 

 

Cλ = RR + GG + BB 
 
 

The magenta vertex is obtained by adding red and blue to produce the triple (1,0,1) and 
white at (1,1,1) in the sum of the red, green and blue vertices. 

 
Shades of gray are represented along the main diagonal of the cube from the origin (black) 
to the white vertex. 

YIQ Color Model 
 
 

The National Television System Committee (NTSC) color model for forming the 
composite video signal in the YIQ model. 

 
 

In the YIQ color model, luminance (brightness) information in contained in the Y 

parameter, chromaticity information (hue and purity) is contained into the I and Q 

parameters. 
 
 

A combination of red, green and blue intensities are chosen for the Y parameter to yield 
the standard luminosity curve. 

 
 

Since Y contains the luminance information, black and white TV monitors use only the Y 
signal. 

 
 

Parameter I contain orange-cyan hue information that provides the flash-tone shading and 
occupies a bandwidth of 1.5 MHz.  
Parameter Q carries green-magenta hue information in a bandwidth of about 0.6MHz. 

 

CMY Color Model 
 
 

A color model defined with the primary colors cyan, magenta, and yellow (CMY) in 
useful for describing color output to hard copy devices. 

 
 

It is a subtractive color model (i.e.,) cyan can be formed by adding green and blue light. 

When white light is reflected from cyan-colored ink, the reflected light must have no red 

component. i.e., red light is absorbed or subtracted by the link. 
 
 

Magenta ink subtracts the green component from incident light and yellow subtracts the 
blue component.  

 

In CMY model, point (1,1,1) represents black because all components of the incident 
light are subtracted.  

The origin represents white light. 
 
 

Equal amounts of each of the primary colors produce grays along the main diagonal of 
the cube. 
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A combination of cyan and magenta ink produces blue light because the red and green 
components of the incident light are absorbed. 

 
 

The printing process often used with the CMY model generates a color point with a 

collection of 4 ink dots; one dot is used for each of the primary colors (cyan, magenta and 

yellow) and one dot in black. 
 
 

The conversion from an RGB representation to a CMY representation is expressed as 
[ ] [ ] [ ] 

 
 
 
Where the white is represented in the RGB system as the unit column vector. 
 
 

Similarly the conversion of CMY to RGB representation is expressed 
as [ ] [ ] [ ] 

 
 
 

Where black is represented in the CMY system as the unit column vector. 

 

HSV Color Model 

 

The HSV model uses color descriptions that have a more interactive appeal to a user. 
 
 

Color parameters in this model are hue (H), saturation (S), and value (V). The 3D 

representation of the HSV model is derived from the RGB cube. The outline of 

the cube has the hexagon shape.  

The boundary of the hexagon represents the various hues, and it is used as 
the top of the HSV hexcone. 

 
 

In the hexcone, saturation is measured along a horizontal axis, and value is along 
a vertical axis through the center of the hexcone. 

 

Hue is represented as an angle about the vertical axis, ranging from 0
0
 at red 

through 360
0
. Vertices of the hexagon are separated by 60

0
 intervals. Yellow is 

at 60
0
, green at 120

0
 and cyan opposite red at H = 180

0
. Complementary colors 

are 180
0
 apart. 

 

Saturation S varies from 0 to 1. the maximum purity at S = 1, at S = 
0.25, the hue is said to be one quarter pure, at S = 0, we have the gray scale.  
Value V varies from 0 at the apex to 1 at the top. 

 

the apex representation black. 

 

At the top of the hexcone, colors have their maximum intensity.  
When V = 1 and S = 1 we have the „pure‟ hues. 
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White is the point at V = 1 and S = 0.  
HLS Color Model  

HLS model is based on intuitive color parameters used by Tektronix. 
 

It has the double cone representation shown in the below figure. The 3 parameters in 
this model are called Hue (H), lightness (L) and saturation (s).  
Hue specifies an angle about the vertical axis that locates a chosen hue.  

In this model H = θ
0
 corresponds to Blue. 

 

The remaining colors are specified around the perimeter of the cone in the same order as 
in the HSV model. 

 

Magenta is at 60
0
, Red in at 120

0
, and cyan in at H = 180

0
. 

 

The vertical axis is called lightness (L). At L = 0, we have black, and white is at  L 

 

= 1 Gray scale in along the L axis and the “purehues” on the L = 0.5 plane. 
 
 

Saturation parameter S specifies relative purity of a color. S varies from 0 to 1 pure hues 
are those for which S = 1 and L = 0. 

 

As S decreases, the hues are said to be less pure.  

 

At S= 0, it is said to be gray scale.  

 

LP 7: Animation 

 

Computer animation refers to any time sequence of visual changes in a scene. 
 
 

Computer animations can also be generated by changing camera parameters such as 
position, orientation and focal length. 

 
 

Applications of computer-generated animation are entertainment, 
advertising, training and education. 

 

Example : Advertising animations often transition one object shape into another. 

 

Frame-by-Frame animation 
 
 

Each frame of the scene is separately generated and stored. Later, the frames can be recoded 
on film or they can be consecutively displayed in "real-time playback" mode 
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Design of Animation Sequences 

 
An animation sequence in designed with the following 

steps: o Story board layout  
o  Object definitions  
 Key-frame specifications 

Story Board: 

 

Generation of in-between frames. 

 

The story board is an outline of the action. 

 

It defines the motion sequences as a set of basic events that are to take place. 
 
 

Depending on the type of animation to be produced, the story board could 
consist of a set of rough sketches or a list of the basic ideas for the motion. 

 

Object Definition 

 

An object definition is given for each participant in the action. 

 

Objects can be defined in terms of basic shapes such as polygons or splines. 

 

The associated movements of each object are specified along with the shape. 

 

Key frame 
 
 

A key frame is detailed drawing of the scene at a certain time in the 
animation sequence. 

 

Within each key frame, each object is positioned according to the time for that frame. 
 
 

Some key frames are chosen at extreme positions in the action; others are spaced so that 
the time interval between key frames is not too much. 

 

In-betweens 

 

In betweens are the intermediate frames between the key frames. 
 
 

The number of in between needed is determined by the media to be used to 
display the animation. 

 
 

Film requires 24 frames per second and graphics terminals are refreshed at the rate of 
30 to 60 frames per seconds. 
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Time intervals for the motion are setup so there are from 3 to 5 in-between for each 
 

pair of key frames. 
 
 

Depending on the speed of the motion, some key frames can be duplicated. 

For a 1 min film sequence with no duplication, 1440 frames are needed. 

 
Other required tasks are 

 

Motion verification  

 

Editing  

 

Production and synchronization of a sound track.  

 

General Computer Animation Functions 

 

Steps in the development of an animation sequence are, 

 

Object manipulation and rendering  

 

Camera motion  

 

Generation of in-betweens  
 
 

Animation packages such as wave front provide special functions for designing the 
animation and processing individuals objects. 

 

Animation packages facilitate to store and manage the object database. 

 

Object shapes and associated parameter are stored and updated in the database. 
 
 

Motion can be generated according to specified constraints using 2D and 
3D transformations. 

 
 

Standard functions can be applied to identify visible surfaces and apply 
the rendering algorithms. 

 
 

Camera movement functions such as zooming, panning and tilting are used for 
motion simulation. 

 
 

Given the specification for the key frames, the in-betweens can be automatically 
generated. 
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Raster Animations 
 
 

On raster systems, real-time animation in limited applications can be generated using 
raster operations. 

 
 

Sequence of raster operations can be executed to produce real time animation of either 
2D or 3D objects. 

 
 

We can animate objects along 2D motion paths using the color-table 
transformations. 

 
 

Predefine the object as successive positions along the motion path, set the 
successive blocks of pixel values to color table entries.  

 
 

Set the pixels at the first position of the object to „on‟ values, and set the pixels at 
the other object positions to the background color.  

 
 

The animation is accomplished by changing the color table values so that the 

object is „on‟ at successive positions along the animation path as the preceding 

position is set to the background intensity.  

 

Computer Animation Languages 
 
 

Animation functions include a graphics editor, a key frame generator and standard 
graphics routines. 

 
 

The graphics editor allows designing and modifying object shapes, using spline surfaces, 
constructive solid geometry methods or other representation schemes. 

 
 

 

 

Scene description includes the positioning of objects and light sources defining the 
photometric parameters and setting the camera parameters. 

 

Action specification involves the layout of motion paths for the objects and camera. 
 
 

Keyframe systems are specialized animation languages designed dimply to generate the 
in-betweens from the user specified keyframes. 

 
 

Parameterized systems allow object motion characteristics to be specified as part of the 

object definitions. The adjustable parameters control such object characteristics as 

degrees of freedom motion limitations and allowable shape changes. 
 
 

Scripting systems allow object specifications and animation sequences to be defined with 
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a user input script. From the script, a library of various objects and motions can be 

constructed. 

 

Keyframe Systems 

 

Each set of in-betweens are generated from the specification of two keyframes. 
 
 

For complex scenes, we can separate the frames into individual components or objects 
called cells, an acronym from cartoon animation. 

 

Morphing 

 

Transformation of object shapes from one form to another is called Morphing. 
 
 

Morphing methods can be applied to any motion or transition involving a change 
in shape. The example is shown in the below figure.  

 

Suppose we equalize the edge count and parameters Lk and Lk+1 denote 

the number of line segments in two consecutive frames. We define, 

 

Lmax = max (Lk, Lk+1) 

Lmin = min(Lk , Lk+1)  
Ne = Lmax mod Lmin 

Ns = int (Lmax/Lmin) 

 

The preprocessing is accomplished by 
 

 Dividing Ne edges of keyframemin into Ns+1 section. 




 Dividing the remaining lines of keyframemin into Ns sections. 


 

For example, if Lk = 15 and Lk+1 = 11, we divide 4 lines of keyframek+1 into 

2 sections each. The remaining lines of keyframek+1 are left infact. 

 

If the vector counts in equalized parameters Vk and Vk+1 are used to denote 

the number of vertices in the two consecutive frames. In this case we define 

Vmax = max(Vk,Vk+1), Vmin = min( Vk,Vk+1) and 

 

Nls = (Vmax -1) mod (Vmin – 1) 

 

Np  = int ((Vmax – 1)/(Vmin – 1 )) 

 

Preprocessing using vertex count is performed by 
 

 Adding Np points to Nls line section of keyframemin. 




 Adding Np-1 points to the remaining edges of keyframemin. 
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Simulating Accelerations 
 
 
Curve-fitting techniques are often used to specify the animation paths between key frames. 

Given the vertex positions at the key frames, we can fit the positions with linear or nonlinear 

paths. Figure illustrates a nonlinear fit of key-frame positions. This determines the trajectories 

for the in-betweens. To simulate accelerations, we can adjust the time spacing for the in-

betweens. 

 

For constant speed (zero acceleration), we use equal-interval time spacing for the 
in-betweens. Suppose we want n in-betweens for key frames at times t1 and t2. 
 
 

 

  
The time interval between key frames is then divided into n + 1 subintervals, yielding an in-
between spacing of 

 

∆= t2-t1/n+1 

 

we can calculate the time for any in-between as 

 

tBj = t1+j ∆t, j = 1,2, . . . . . . n 

 

Motion Specification 
 
 

These are several ways in which the motions of objects can be specified in an 
animation system. 

 

Direct Motion Specification 

 

Here the rotation angles and translation vectors are explicitly given. 
 
 

Then the geometric transformation matrices are applied to transform 
coordinate positions. 

We can approximate the path of a bouncing ball with a damped, rectified, sine curve 

 

y (x) = A / sin(ωx + θ0) /e
-kx

 

 

where A is the initial amplitude, ω is the angular frequency, θ0 is the phase angle and k is 

the damping constant. 
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UNIT V                                                  ANIMATIONS & REALISM                  

ANIMATION GRAPHICS: Design of Animation sequences – animation function – raster 

animation – key frame systems – motion specification –morphing – tweening. COMPUTER 

GRAPHICS REALISM: Tiling the plane – Recursively defined curves – Koch curves – C curves 

– Dragons – space filling curves – fractals – Grammar based models – fractals – turtle graphics – 

ray tracing. 

ANIMATION GRAPHICS: 

Computer animation, or CGI animation, is the process used for generating animated images by 

using computer graphics. The more general term computer-generated imagery encompasses both 

static scenes and dynamic images while computer animation only refers to moving 

images.Modern computer animation usually uses 3D computer graphics, although 2D computer 

graphics are still used for stylistic, low bandwidth, and faster real-time renderings. Sometimes, 

the target of the animation is the computer itself, but sometimes the target is another medium, 

such as film. 

Computer animation is essentially a digital successor to the stop motion techniques used in 

traditional animation with 3D models and frame-by-frame animation of 2D illustrations. 

Computer-generated animations are more controllable than other more physically based 

processes, such as constructing miniatures for effects shots or hiring extras for crowd scenes, and 

because it allows the creation of images that would not be feasible using any other technology. It 

can also allow a single graphic artist to produce such content without the use of actors, expensive 

set pieces, or props. 

To create the illusion of movement, an image is displayed on the computer monitor and 

repeatedly replaced by a new image that is similar to it, but advanced slightly in time (usually at 

a rate of 24 or 30 frames/second). This technique is identical to how the illusion of movement is 

achieved with television and motion pictures. 

 For 3D animations, objects (models) are built on the computer monitor (modeled) and 3D 

figures are rigged with a virtual skeleton. For 2D figure animations, separate objects 

(illustrations) and separate transparent layers are used with or without a virtual skeleton. Then 

the limbs, eyes, mouth, clothes, etc. of the figure are moved by the animator on key frames. The 

differences in appearance between key frames are automatically calculated by the computer in a 

process known as tweening or morphing. Finally, the animation is rendered. 

For 3D animations, all frames must be rendered after the modeling is complete. For 2D vector 

animations, the rendering process is the key frame illustration process, while tweened frames are 

rendered as needed. For pre-recorded presentations, the rendered frames are transferred to a 

different format or medium, such as film or digital video. The frames may also be rendered in 

real time as they are presented to the end-user audience. Low bandwidth animations transmitted 

via the internet (e.g. 2D Flash, X3D) often use software on the end-users computer to render in 

real time as an alternative to streaming or pre-loaded high bandwidth animations. 
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Realism in the future of computer animation 

Realism in computer animation can mean making each frame look photorealistic, in the sense 

that the scene is rendered to resemble a photograph, or to making the animation of characters 

believable and lifelike. Computer animation can also be realistic with or without the 

photorealistic rendering. 

One of the greatest challenges in computer animation has been creating human characters that 

look and move with the highest degree of realism. Many animated films instead feature 

characters who are anthropomorphic animals  Also, some materials that commonly appear in a 

scene such as cloth, foliage, fluids, and hair have proven more difficult to faithfully recreate and 

animate than others. Consequently, special software and techniques have been developed to 

better simulate these specific elements. 
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