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CS6504 COMPUTER GRAPHICS 

UNIT I  2D INTRODUCTION 
 

1.0 Introduction to Computer Graphics 
 
Computer Graphics is the use of computers to create, display, analyze 

and manipulate the information in graphical or pictorial form, either on a 
visual-display unit or via a printer or plotter. 
History of Computer Graphics 

 pre-1950s - Crude hardplots 
 1950s - CRT displays (e.g., as seen in early RADAR 

implementations) 
 1963 - Sutherland's sketch pad 
 1960s - The rise of CAD 
 1970s - Introduction of APIs and standards 
 1980s - Rise of PCs lead to GUIs and multimedia 
 1990s - Visualisation, rise of the Internet, WWW, Java, VRML 

Applications of Computer Graphics 
Computer graphics have many applications, such as  

o Displaying information as in meteorology, medical uses and GIS;  
o Design as with CAD/CAM and VLSI 
o Simulation in the areas like virtual reality, pilot training and 

games. 
Fig.1.1 shows the various hardwares and its functionality used to display 
the information in graphical form.  

 

 Fig.1.1 Functional Block diagram 
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Various Terminologies used in Computer Graphics: 
Input devices: 
 Locator Devices:    

o to indicate a position and/or orientation  
o to select a displayed entity 
o Tablet, Mouse, Trackball, Joystick, Touch Panel, Light Pen 

 Keyboard devices:   
o to input a character string 
o Alphanumeric keyboard (coded - get single ASCII character,  

unencoded - get state of all keys - more flexible) 
 Valuator Devices:   

o to input a single value in the space of real numbers 
o Rotary dials (Bounded or Unbounded),  Linear sliders 

 Choice Devices:   
o to select from a set of possible actions or choices 
o Function keys  

Raster scan Displays: 
 Raster: A rectangular array of points or dots. 
 Pixel: One dot or picture element of the raster. Its intensity range for 

pixels depends on capability of the system. 
 Scan line: A row of pixels. 
 Picture elements are stored in a memory called frame buffer. 
 Frame must be “refreshed” to draw new images. 
 As new pixels are struck by electron beam, others are decaying. 
 Electron beam must hit all pixels frequently to eliminate flicker. 
Vector scan displays or random scan displays: 
 The electron beam is directed only to the parts of the screen where a 

picture is to be drawn. 
 Like plotters it draws a picture one line at a time. 
 Used in line drawing and wireframe displays. 
 Picture definition is stored as a set of line-drawing commands stored 

in a refresh display file. 
 Refresh rate depends on number of lines 

 Refresh cycle is 30 to 60 times each second. 
 Advantages:  

o Generates higher resolution than other systems (Raster) 
o Produces smooth line drawings  

 Disadvantage:  
o It is not used for realistic shaded scenes 

Frame buffer  
 A frame buffer may be thought of as computer memory organized as a 

two-dimensional array with each (x,y) addressable location 
corresponding to one pixel. 
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1.1 Output primitives  
 

 Basic geometric structures like points, straight lines, circles, 
polygon, character and strings is called output primitives which 
are used to describe the scene. 

 The basic building block for pictures is called as Output Primitives.  

 Basic geometric components are 
o Point 
o Lines 

 Each output primitive is specified by  

o Input coordinate 
o Information about how to display 

Points and Lines 
 A point is a basic geometric primitive and is plotted by mentioning the 

x,y pixel position on the screen as shown in Fig.1.2.  

 In a black & white screen, a point is plotted by setting the bit value 
corresponding to a specified screen position within the frame buffer to 
1.  

 In RGB(Red,Green and Blue) system, the frame buffer is loaded with 
the color codes for the intensities that are to be displayed at the 
screen pixel positions. 

 A line is a basic geometric primitive and line drawing is accomplished 
by calculating intermediate positions along the line path between two 
specified endpoint positions. 

 For the raster-graphics device-level algorithms, object positions are 
specified directly in integer device coordinates. 

 To load a specified color into the frame buffer at a position 
corresponding to column x along line y, a low-level procedure of the 
form 

setpixel(x,y) is used. 

 
Fig.1.2 Pixel position referenced by scan line number and column 
number 
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 To retrieve the current frame buffer 
intensity for the specified pixel 
position use the function  

getpixel(x,y) 

1.1.1 Line drawing 
algorithms  

 A Line is drawn as pixels. 
 In a Graphics system , to draw a line 

o First identify the endpoints in the frame buffer. 
o Find a path of pixels between the two end points 
o Plot the line on the monitor from frame buffer.  

 To draw a line, consider the Line equation(Slope-Intercept Equation) 
                     y = mx + b  --------------(1.1) 

 where, m is the slope 
 b is y-intercept  
 x and y are co-ordinates 

 Line path between endpoint positions (x0, y0 ) and (xend, yend) is 

shown in Fig.1.3 
 
 
Fig.1.3 Line path with endpoints (x0, y0 ) and (xend, yend)  
 

 
 If the two endpoints are mentioned as (x1,y1) and (x2,y2) , then the  

Slope, m= 
1x2

12

x

yy




     -------------------- (1.2) 

Intercept, 1.1 xmyb    -----------------(1.3) 

 Algorithms for displaying line depends on the above three equations. 
 For any given x interval ∆x along a line, the corresponding y interval 

∆y is calculated as 
xmy                -------------------------(1.4) 

 Similarly, the x interval ∆x can be obtained by 

m

y
x


                 ----------------------- (1.5) 

 

 
 The Three Line Drawing algorithms are 

 DDA(Digital Differential Analyzer)  Line Drawing 
algorithm 

 Bresenham Line Drawing algorithm 

 Parallel Line algorithm 

DDA Line Drawing Algorithm : 
  The digital differential analyzer (DDA) is a scan conversion line 

algorithm based on calculating either ∆y or ∆x, using Eq.1.4 or 
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Eq.1.5. We sample the line at unit intervals in one coordinate and 
determine corresponding integer values for the other coordinate. 

 There are two cases to be considered 
o If slope is positive 
           For Lines drawn left end point to right end point 

 If slope is less than or equal to 1, then consider ∆x=1 and 
successive y value is computed as 

  myy kk 1    ------------- (1.6) 

Where 1<= k <= n (endpoint) 
 
 

 If slope is greater than or equal to 1, then consider ∆y=1 
and successive x value is computed as 

  
m

xx kk

1
1       ------------- (1.7) 

For lines drawn from right end point to left end point 
 If the starting endpoint is at the right , then either we  

have 1x  and myy kk 1   ------- (1.8) 

   or 

 we have 1y  and 
m

xx kk

1
1    ------(1.9) 

o If slope is negative,use the same formula mentioned for positive 
slope. 

 For example, a straight line starting from pixel at column 10 on 
scan line 11 is shown in Fig.1.4 

 
 
 
 
 
 

Fig 1.4 A section of a display 
screen where a straight-line 

segment is to be plotted, starting 
from the pixel at column 10 on 

scan line 11 
 

 
Algorithm: 
1. Accepts two end points pixel positions 
2. Horizontal and vertical differences between the endpoint positions are 

assigned to parameters dx and dy. 
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3. Determine the steps. (steps = max(dx,dy)) 
4. Calculate xincrement and yincrement 
5. Loop the process steps times 

a. Increment x by xincrement 
b. Increment y by yincrement  
c. setpixel(x,y) 

Procedure for DDA Line Drawing Algorithm in C 
#include "device. h" 
#define ROUND(a) ((int) (a+0.5)) 
void lineDDA (int xa, int ya, int xb, int yb) 
{ 

int dx = xb - xa, dy = yb - ya, steps, k; 
float xIncrement, yIncrement, x = xa, y = ya; 
if (abs (dx) > abs (dy))  

steps = abs (dx) ; 
else  

steps = abs (dy); 
xIncrement = dx / (float) steps; 
yIncrement = dy / (float) steps 
setpixel (ROUND(x), ROUND(y)) : 
for (k=0; k<steps; k++)  
{ 

x += xIncrement; 
y += yIncrement; 
setPixel (ROUND(x), ROUND(y)); 

 } 
} 

Advantages: 

 The DDA algorithm is a faster method for calculating pixel position 
than the direct use of the formula.  
Disadvantages 

 The round off error in successive additions of the floating point 
increment can cause the calculated pixel position to drift away from 

true line path.  

 The operations are time consuming. 
 
Bresenham’s Line Algorithm: 

 It is an accurate and efficient raster line generating algorithm. 

 Uses only incremental integer calculations. 
Illustration of Bresenham’s Approach 

 For positive slope less than 1. x intervals are sampled at unit 
intervals. Assume we have determined (xk,yk). The next position for 
xk is xk+1. The possible y values are yk or yk+1.  

 The y co-ordinate for xk+1 is calculated as 
y = m(xk+1)+b                  --------------- (1.10) 
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then        kyyd 1  

         kk ybxm  )1(   

and          yyd k  )1(2  

                bxmy kk  )1(1  

The difference d1 and d2 is shown in fig1.5. 
The difference between these two separations is 

       122)1(221  byxmdd kk    ------------(1.11) 

 
Fig 1.5 Vertical distances between pixel positions and the line y 

coordinate at sampling position xk+1 
 

Substituting, 
x

y
m




  in equation 1.11,  

                   122)1(221 



 byx
x

y
dd kk  

                   )( 21 ddxpk   

                         cyxxy kk  .2.2               -------------- (1.12) 

where, parameter c is constant and has the value )12(2  bxy , 

which is independent of the pixel position and will be eliminated in 
the recursive calculations for pk.  

 If the pixel at yk is closer to the line path than the pixel at yk+1(that 
is d1<d2) , then the decision parameter is negative. In that case, 
choose the lower pixel; otherwise choose the upper pixel. 

 Coordinate changes along the line occur in unit steps in either the 
x or y directions. Therefore, the successive decision parameters are 
obtained using incremental integer calculations, as 

cyxxyp kkk   111 .2.2  

           Subtracting, equation 1.12 from the preceding equation, we have 

   )(2)(2 111 kkkkkk yyxxxypp    

   But, xk+1 =xk+1, so that 
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  )(22 11 kkkk yyxypp                    ----------------------- 

(1.13) 
 where, yk+1-yk is either 0 or 1, depending on the sign of parameter 
pk. 

 The first parameter p0,at the starting pixel position (x0,y0) amd m 

evaluated as 
x

y




: 

xyp  20                      -----------------------  (1.14) 

Algorithm: 
1.   Input the two line endpoints and store the left endpoint in (x0, y0)  

2.   Load (x0, y0) into the frame buffer; that is, plot the first point.  
3.   Calculate constants ∆x, ∆y, 2∆y, and 2∆y -2∆x, and obtain the 
starting value for the decision parameter as  

p0 = 2∆y - ∆x  
4.   At each xk along the line, starting at k = 0, perform the following test:  

If pk < 0, the next point to plot is (xk+1,yk)  and  

ypp kk  21  

Otherwise, the next point to plot is (xk+1, yk+1) and  

            xypp kk  221  

5. Repeat step 4 ∆x times.  
Example: 
Consider the line with endpoints (20, 10) and (30, 18). This line has a 
slope of 0.8, with 

∆x =10, ∆y=8 
The initial decision parameter has the value: 
                 p0 = 2∆y - ∆x = 6 
and the increments for calculating successive decision parameters are 

2∆y = 16,   2∆y−2x = −4 
We plot the initial point (x0,y0) = (20,10) , and determine successive pixel 
positions along the line path as shown in Fig1.6 from the decision 
parameter as: 
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Fig.1.6 Pixel positions along the line path between endpoints (20, 10) and 

(30, 18), plotted with Bresenham’s line algorithm 
 
Procedure for Bresenham’s Line Drawing Algorithm in C 
   #include <stdlib.h> 
   #include <math.h> 
   /*  Bresenham line-drawing procedure for |m| < 1.0.  */ 
   void lineBres (int x0, int y0, int xEnd, int yEnd) 
   { 
      int dx = abs (xEnd - x0),  dy = abs(yEnd - y0); 
      int p = 2 * dy - dx; 
      int twoDy = 2 * dy,  twoDyMinusDx = 2 * (dy - dx); 
      int x, y; 
      /* Determine which endpoint to use as start position.  */ 
      if (x0 > xEnd) { 
         x = xEnd; 
         y = yEnd; 
         xEnd = x0; 
      } 
      else { 
         x = x0; 
         y = y0; 
      } 
      setPixel (x, y); 
      while (x < xEnd) { 
         x++; 
         if (p < 0) 
            p += twoDy; 
         else { 
            y++; 
            p += twoDyMinusDx; 
         } 
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         setPixel (x, y); 
      } 
   } 
 
Parallel Line Algorithms: 
 The algorithms discussed so far, finds the pixel position sequentially. 

 With a parallel computer, we can calculate pixel position along a line 
path simultaneously by partitioning the computations among the 
various processors available. 

 Given n, processors, we can set up a parallel Bresenham line 
algorithm by subdividing the line path into np partitions and 

simultaneously generating line segments in each of the subintervals. 

 For a line with slope 0<m<1 and left endpoint coordinate position 
(x0,yo), we partition the line along the positive x direction.  

 The distance between beginning x positions of adjacent partitions can 
be calculated as 

p

p

p
n

nx
x

1
  

 Where ∆x is the width of the line, and the value for partition width ∆xp 
is computed using integer division. 

 The change ∆yp in the y direction over each partition is calculated 
from the line slope m and partition width ∆xp. 

∆yp = m∆xp 

 At the kth
  partition, the starting y coordinate is then  
yk = y0 + round (k∆yp) 

 The initial decision parameter at the start of the kth subinterval is 

xyxypkroundyxkp pk  2)2)(()2)((  

 Each processor then calculates pixel positions over its assigned 
subinterval using the starting decision parameter value for that 
subinterval and the starting coordinates (xk,yk). 

 

1.1.2 Circle drawing algorithms 
Properties of circles: 
   Circle is defined as the set of points that are all at a 
given distance r from the centre (xc,yc) as shown in Fig.1.7 . This distance 
relationship is expressed by the Pythagorean theorem in Cartesian 
coordinates as 

          222 )()( ryyxx cc                    --------------------(1.15) 
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Fig.1.7Circle with center coordinates (xc,yc) and radius r 
 
 One way to compute is to increment the x values from xc-r to xc+r 
and calculate the y values like(See Fig.1.8), 

   22 )( xxryy cc                      ---------------------- 

(1.16) 
 One disadvantage of this approach is that it involves more 
computation and the spacing between plotted pixel positions is not 
uniform. 

 
Fig.1.8 Upper half of a circle plotted with Eq.1.16 and with (xc , yc) = 

(0, 0). 
 

 One way to eliminate the unequal spacing is to interchange the x 
and y values, whenever the slope of the circle is greater than 1. But this 
again increases the computation and processing required. 
 Another way to eliminate the unequal spacing is to calculate points 
along the circular boundary using polar coordinates r and θ. The circle 
equation in parametric polar form is 

  cosrxx c   

   sinryy c                                              -----------------------

- (1.17) 

www.rejinpaul.comwww.rejinpaul.com

Download Useful Materials from Rejinpaul.com



Page 12 of 57 

  Where, θ is the step size and the value depends on the application 
and the display device. 
  Computation can be reduced by considering the symmetry of the 
circle, ie., the shape of the circle is similar in each quadrant. The circle in 
the second quadrant is symmetric with respect to y axis. The third and 
fourth quadrant can be obtained from sections in the first and second 
quadrants by considering symmetry about the x axis.  
  Another property is that, the circle is also symmetry between 
octants as shown in Fig.1.9. A point (x,y) on a one-eighth circle sector is 
mapped into the seven circle points in the other octants of the xy plane. 
It is enough to calculate the points within the sector from x=0 to x=y. 
Using this value the points on other octants can be calculated. 

       
Fig.1.9 Symmetry of a circle. Calculation of a circle point (x, y) in one 

octant yields the circle points shown for the other seven octants. 
 
 More efficient circle algorithm is based on incremental calculation of 
the decision parameter as in Bresenham’s line algorithm. The square 
root calculations can be avoided by comparing the squares of the pixel 
separation distances.  
 
Midpoint Circle Algorithm 

 Sample at unit intervals and determine the closest pixel position to 
the specified circle path at each step.  

 For a given radius r and screen center position (xc,yc). set up the 
algorithm to calculate pixel positions around a circle path centered at 
the coordinate origin(0,0). 

 Then, each calculated position (x,y) is moved to its proper screen 
position by adding xc to x and yc to y.  

 Along the circle section from x = 0 to x = y in the first quadrant, the 
slope of the curve varies from 0 to −1.  

 Therefore, take unit steps in the positive x direction over this octant 
and use a decision parameter to determine which of the two possible 
pixel positions in any column is vertically closer to the circle path. 
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 Positions in the other seven octants are then obtained by symmetry. 

  To apply the midpoint circle method, we define a circle function 
Fcircle(x,y) = x2 + y2 – r2         ------------------- (1.18) 

 Any point (x,y) on the boundary of the circle with radius r satisfies the 
equation fcircle(x.y)=0. If the point is in the interior of the circle, the 
circle function is negative, otherwise the circle function is positive.  

 

 Assume the pixel(xk,yk) have been plotted, next determine whether the 
pixel at position(xk+1,yk)  or the one at position (xk+1,yk-1) is closer to 
the circle.  

 The decision parameter is evaluated at the midpoint between these 
two pixels: 

)
2

1
,1(  kkcirclek yxfp  

   222 )
2

1
()1( ryx kk            ----------- (1.19) 

 If   pk < 0, the midpoint is inside the circle and the pixel on scan line 
yk is closer to the circle boundary. Otherwise, the midposition is 
outside or on the circle boundary, and selects the pixel on scan line 
yk−1. 

 Successive decision parameters are obtained using incremental 
calculations. The next decision parameter is evaluated sampling 
position xk+1+1 = xk+2: 

         )
2

1
,1( 111   kkcirclek yxfp  

             22

1

2 )
2

1
(]1)1[( ryx kk    

   Or 
 1)()()1(2 1

22

11   kkkkkkk yyyyxpp    -----(1.20) 

   Where, yk+1 is either yk or yk-1, depending on the sign of pk. 

 Increments for obtaining pk+1 are either 2xk+1+1(if pk is negative), or 
2xk+1+1-2yk+1.  

 The terms 2xk+1 and 2yk+1 can be incrementally evaluated as 
o 2xk+1 = 2xk+2 
o 2yk+1 = 2yk-2 

 At the start position (0,r), these two terms have the values 0 and 2r, 
respectively. Each successive value is obtained by adding 2 to the 
previous value of 2x and subtracting 2 from the previous value of 2y. 
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 The initial decision parameter is obtained by evaluating the circle 
function at the start position (x0,y0)=(0,r), 

 )
2

1
,1(0  rfp circle  

       22)
2

1
(1 rr   

 p0 = 5/4 –r 

 If the radius specified as an integer, we can simply round p0 to  
 p0 = 1-r , since all increments are integers. 

Midpoint Circle Algorithm 
 1. Input radius r and circle center (xc,yc), then set the coordinates for 

the first point on the circumference of a circle centered on t he origin as  
    (x0,y0)=(0,r) 
      2. Calculate the initial value of the decision parameter as 

      p0 = 5/4 –r 
      3. At each xk position, starting at k=0, perform the following test. If 
pk<0, the next point along the circle centered on (0,0) is (xk+1,yk) and  

    12 11   kkk xpp  
  Otherwise, the next point along the circle is (xk+1,yk-1) and 

    111 212   kkkk yxpp
 

  Where 2xk+1=2xk+2 and 2yk+1=2yk-2 
 4. Determine symmetry points in the other seven octants. 
 5. Move each calculated pixel 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 through 5 until x>=y. 
Example: 
 The circle radius is r = 10. Using the midpoint circle algorithm, 
determine positions along the circle octant in the first quadrant from x = 
0 to x = y. The initial value of the decision parameter is  
    p0 =1-r = -9 
 For the circle centered on the coordinate origin, the initial point is 
(x0,y0)=(0,10), and initial increment terms for calculating the decision 
parameters are  
    2x0=0,  2y0=20 
 Successive decision parameter values and positions along the circle 
path are calculated and plotted using the midpoint method as shown in 
Fig.1.10 

www.rejinpaul.comwww.rejinpaul.com

Download Useful Materials from Rejinpaul.com



Page 15 of 57 

    

 
Fig.1.10 Pixel positions along a circle path with radius r=10 
centered on the origin, using the midpoint circle algorithm. Open 
circles show the symmetry positions in the first quadrant. 
 
Coding for Midpoint circle algorithm: 
#include “device.h” 
   void circleMidpoint (int xCenter,int yCenter, int radius) 
   { 
      int x=0; 
 int y=radius; 
 int p=1-radius; 
 
      void circlePlotPoints(int,int,int,int); 
       /*plot first set of point */ 
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      circlePlotPoints(xCenter,yCenter,x,y); 
      while (x < y) { 
         x++; 
         if (p < 0) 
            p += 2 * x + 1; 
         else { 
            y--; 
            p += 2 * (x - y) + 1; 
         } 
         circlePlotPoints (xCenter,yCenter,x,y); 
      } 
   } 
 
   void circlePlotPoints (int xCenter,int yCenter,int x,int y) 
   { 
      setPixel (xCenter +x, yCenter + y); 
      setPixel (xCenter - x, yCenter + y);  
      setPixel (xCenter +x, yCenter - y);  
 setPixel (xCenter - x, yCenter - y); 
 setPixel (xCenter +y, yCenter + x); 
      setPixel (xCenter - y, yCenter + x);  
      setPixel (xCenter +y, yCenter - x);  
 setPixel (xCenter - y, yCenter - x); 
 
   } 
 

1.1.3 Ellipse drawing algorithms 
   An Ellipse is an elongated circle, so the elliptical curve can 
be drawn by modifying circle-drawing procedures. 
Properties of Ellipses 
 An ellipse is defined as the 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 the two foci from any point P = (x, y) on the ellipse are 

labeled d1 and d2, then the general equation of an ellipse can be stated as 
    d1+d2=constant 
 Expressing distances d1 and d2 in terms of the focal coordinates 
F1=(x1,y1) and F2=(x2,y2), 

   tconsyyxxyyxx tan)()()()( 2

2

2

2

2

1

2

1    ----- (1.21) 

 Ellipse equation can be simplified if the major and minor axes 
oriented to align with the coordinate axes. Consider the figure shown 
below, 
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Fig.1.11 Ellipse centered at (xc,yc) with semimajor axis rx and 
semiminor axis ry 

  The major and minor axes are oriented parallel to the x and y axes. 
Parameter rx, labels the semi-major axis, and parameter ry, labels the 
semi-minor axis. The equation of the ellipse(see Fig.1.11) in terms of the 
ellipse center coordinates and parameters rx and ry  

   1)()( 22 





y

c

x

c

r

yy

r

xx
   ---------------- 

(1.22) 
  Using the polar coordinates r and θ, the equation of ellipse is  
   cosxc rxx   

   sinyc ryy      ----------------  (1.23) 

Symmetry considerations can be used to further reduce computations. 
An ellipse is symmetric between quadrants but not symmetric between 
two octants. Thus, must calculate pixel positions along the elliptical arc 
throughout one quadrant, and then obtain positions in the remaining 
three quadrants by symmetry. 
 
Midpoint Ellipse Algorithm 

 Given parameters rx,ry, and (xc,yc), determine points (x,y) for an 
ellipse in standard postion centered on the origin, and then we 
shift the points so the ellipse is centered at (xc,yc). 

 The midpoint ellipse method is applied throughout the first 
quadrant in two parts, region 1 and region 2 as in Fig.1.12.  

 
 
 
 
 
 
Fig.1.12 Symmetry of a Ellipse 
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 The first quadrant is divided according to the slope of the ellipse 

with rx<ry. Take unit steps in x direction where the slope of the 
curve is less than 1 and unit steps in y direction where the slope is 
greater than 1. 

 Start at position (0,ry) and step clockwise along the elliptical path 
in the first quadrant. Take unit steps for x in slope less than 1 and 
shift to unit steps in y for slope greater than 1.  

 If we start at position (rx,0), then step counter clockwise along the 
elliptical path in the first quadrant. For this take unit steps in y for 
slope greater than 1 and shift to unit steps in x for slope less than 
1. 

 Let us start at position (0,ry). The elliptical function with 
(xc,yc)=(0,0) is 

   222222),( yxxyellipse rryrxryxf                   ----------------- 

(1.24) 
 which has the following properties: 

 
         --------------  
(1.25) 
 The slope of the curve need to be checked each time to decide 

whether to increment x or increment y. The slope is calculated as 

   
yr

xr

dx

dy

x

y

2

2

2

2
                                                    ------------- 

(1.26) 
 At boundary between region 1 and region 2, dy/dx=-1, ie  

    xry
22  = yrx

22   

 Therefore, we move out of region 1 whenever, 

    xry
22  >= yrx

22    ---------------- 

(1.27) 

 Assuming position(xk,yk) has been selected at the previous step, 
the next position is evaluated with the decision parameter, 

    





 

2

1
,11 kkellipsek yxfp  

      22

2

222

2

1
1 yxkxky rryrxr 






        ------------------

(1.28) 
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 If p1k<0, the midpoint is inside the ellipse, otherwise the 
midposition is outside or on the ellipse.  

 At the next sampling postion(xk+1+1 = xk+2), the decision parameter 
for region 1 is evaluated as 
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      (OR) 
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)1(211 kkxykykk yyrrxrpp    ------------- 

(1.29) 
Where yk+1 is either yk or yk-1, depending on sign of p1k. 

 Decision parameters are incremented by  

 
 

 The decision parameters can be calculated using addition and 
subtraction. At the initial position (0,ry), the two terms evaluated 
are  

   02 2 ky xr     ------------- (1.30) 

        yxx rryr 22 22      ------------- (1.31) 

 As x and y are incremented, updated values are obtained by 

adding 22 yr  to Eq1.30 and subtracting 22 xr  from Eq.1.31. The 

updated values are compared at each step. 

 In region 1, the initial value of the decision parameter is obtained 
by evaluating the ellipse at start position (x0,y0)=(0,ry): 

   222

0
4

1
1 xyxy rrrrp     -------------- (1.32) 

 Over Region 2, we sample at unit steps in the negative y direction. 
For this the decision parameter is evaluated as, 

   





  1,

2

1
2 kkellipsek yxfp  

  2222

2

2 1
2

1
yxkxky rryrxr 






     -----------(1.33) 

 If p2k>0, the midpoint is outside the ellipse and select the pixel at 
xk, otherwise the midposition is inside or on the ellipse and select 
the pixel position xk+1. 
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 To successive decision parameter is evaluated by taking yk+1-1 = 
yk-2, as 
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2 111 kkellipsek yxfp  
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     ------------(1.34) 

  (OR) 
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1222 kkyxkxkk xxrryrpp   --------(1.35) 

 With xk+1 set either to xk or to xk+1, depending on sign of p2k. 

 When we enter region 2 the initial position (x0,y0) is taken as the 
last position in region 1 and the initial decision parameter is region 
2 is then, 







  1,

2

1
2 000 yxfp ellipse  

  222

0

2

2

0

2 1
2

1
yxxy rryrxr 






                    --------------

(1.36) 

 
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 

222

0
4

1
1 xyxy rrrrp   

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) and  
2

1

2

1 211 ykykk rxrpp    

 Otherwise, the next point along the circle is (xk+1,yk-1) and 

  2

1

2

1

2

1 2211 ykxkykk ryrxrpp    

 with 

  22

1

2 222 ykyky rxrxr    , 22

1

2 222 xkxkx ryryr   

 and continue until xry
22  >= yrx

22  

4. Calculate the initial value of the decision parameter in region 2 using 
the last point (x0,y0) calculated in region 1 as  
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  222

0

2

2

0

2

0 1
2

1
2 yxxy rryrxrp 






   

5. At each yk position in region 2, 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  

2

1

2

1 222 xkxkk ryrpp    

 Otherwise, the next point along the circle is (xk+1,yk-1) and 

  2

1

2

1

2

1 2222 xkxkykk ryrxrpp    

 Using the same incremental calculations for x and y as in region 1. 
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 region 1 until xry
22  >= yrx

22  

 
Example: 
 Given input ellipse parameters rx=8 and ry=6. Initial values and 
increments for the decision parameter calculations are 

  02 2 ky xr      

        yxx rryr 22 22    

 For region 1: The initial point for the ellipse centered on the origin 
is (x0,y0)=(0,6) and the initial decision parameter value is 

  222

0
4

1
1 xyxy rrrrp  = -332 

 Successive decision parameter values and positions along the 
ellipse path are calculated using the midpoint method as shown in the 
below table. 

  
 We now move out of region 1, since xry

22  >= yrx
22  

 For region 2, the initial point is (x0,y0) =(7,3) and the initial 
decision parameter is 
  P20= f(7+1/2 , 2) =-151 
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 The remaining positions along the ellipse path in the first quadrant 
are then calculated as shown in table below. The points are plotted as 
shown in Fig.1.13. 

   
 

 
 
 
 
 
Fig.1.13 The plot of the 
selected positions around the 
ellipse boundary within the 
first quadrant 

 
 
Coding for Midpoint Ellipse Algorithm: 
#include “device.h” 
#define ROUND(a) ((int(a+0.5)) 
 void ellipseMidpoint (int xCenter,int yCenter, int Rx, int Ry) 
{ 
    int Rx2 = Rx * Rx; 
    int Ry2 = Ry * Ry; 
    int twoRx2 = 2 * Rx2; 
    int twoRy2 = 2 * Ry2; 
    int p; 
    int x = 0; 
    int y = Ry; 
    int px = 0; 
    int py = twoRx2 * y; 
  
    /* Plot the initial point in each quadrant. */ 
    ellipsePlotPoints (xCenter,yCenter, x, y); 
  
    /* Region 1 */ 
    p = ROUND(Ry2 - (Rx2 * Ry) + (0.25 * Rx2)); 
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    while (px < py) { 
        x++; 
        px += twoRy2; 
        if (p < 0) 
        p += Ry2 + px; 
        else { 
        y--; 
        py -= twoRx2; 
        p += Ry2 + px - py; 
        } 
        ellipsePlotPoints (xCenter,yCenter, x, y); 
    } 
  
    /* Region 2 */ 
    p = ROUND(Ry2 * (x+0.5) * (x+0.5) + Rx2 * (y-1) * (y-1) - Rx2 * Ry2); 
    while (y > 0) { 
        y--; 
        py -= twoRx2; 
        if (p > 0) 
        p += Rx2 - py; 
        else { 
        x++; 
        px += twoRy2; 
        p += Rx2 - py + px; 
        } 
        ellipsePlotPoints (ellipCtr, x, y); 
    } 
} 
void ellipsePlotPoints (xCenter,yCenter, int x, int y) 
{ 
    setPixel (xCenter+ x, yCenter + y); 
    setPixel (xCenter - x, yCenter + y); 
    setPixel (xCenter + x, yCenter - y); 

    setPixel (xCenter - x, yCenter - y); 
} 
 

1.2 Attributes of output primitives  
Line Attributes 

Any Parameter that affects the way a primitive is to be displayed is 
called as an attribute parameter. 
Basic Attributes of a line are: 
1. Line type: 

 Different line types are: 
o Solid lines 
o Dashed lines 
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o Dotted lines  
o Dashed dotted lines 

 To set line type attribute use the following function 
setLineType(lt) where lt – positive integer which specifies the line 
type. The possible values for lt are 

 1 - solid 
 2 - Dashed 
 3 - Dotted 
 4 - dash-dotted 

 To draw dashed, dotted and dot dashed pattern, use pixel mask to 
specify the pixel count for span length and interspan spacing. Pixel 
mask is a string containing the digits 1 and 0 to indicate which 
positions to plot in the line path, where 0 specifies interdash space 
and 1 specifies dashed line. 

 For example, the mask 1111100 used to display a dashed line with 
a dash length of 5 pixels and an interdash spacing of 2 pixels. 

2. Line Width 

 Thickness of the line can be specified by using the following 
function 
setLinewidthScaleFactor(lw) where  lw- positive integer to indicate 
the relative width of the line to be displayed. If 
lw= 1 specifies standard width line that means one pixel at each 

position.  
lw>1 produce lines thicker than the standard line width. 

 Standard lines are drawn using Bresenham’s line drawing 
algorithm. Other width lines are drawn by plotting additional pixels 
along adjacent parallel line paths. 
For lines, if  

o |m|<1 plot a vertical span of pixels at each x position along 
the line(i.e)generating a parallel line above the original line 
path.  

o For example, Line with |m|<1 and line width lw=2 plotted 
with vertical pixel spans is shown in Fig.1.14 

 
  
 
 

 
        \  Fig.1.14 

 Fig.1.14 Additional pixels are plotted with vertical pixel 
spans 
 

o |m| >1 plot thick lines with horizontal spans, alternately 
picking up pixels to the right and left of the line path.  

Additional Pixels 
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o For example, Line with slope|m|>1 and line width lw=4 
plotted with horizontal pixel spans as shown in Fig.1.15 

 
  

Fig.1.15 Additional pixels are plotted with horizontal pixel 
spans 

 Line caps can be used to adjust the shape of the line ends to give a 
better 

appearance. Different types of line caps are 
a) Butt cap – Thick line is displayed with square ends that are 

perpendicular to the line path. If the specified line has slope 
m, the square end of the thick line has slope -1/m.(See 
Fig.1.16(a)) 

b) Round cap – filled semi circle is added to each butt cap.(See 
Fig.1.16(b)) 

c) Projecting square cap –which has one half of the line width 
beyond the specified end points (extending the butt cap) 
.(See Fig.1.16(c)) 

 

 
Fig.1.16 Various Line Caps (a) Butt Cap , (b) Round Cap, (c) 
Projecting Square Cap 

 Different ways to join two line segments are: 
a) Miter join is generated by extending the outer boundaries of 

each of the two lines until they meet . (see Fig.1.17(a)) 
b) Round join is accomplished by capping the connection 

between the two segments with a circular boundary whose 
diameter is equal to the line width. .(See Fig.1.17(b)) 

c) Bevel join is generated by displaying the line segments with 
butt caps and filling in the triangular gap where the 
segments meet. .(See Fig.1.17(b)) 

www.rejinpaul.comwww.rejinpaul.com

Download Useful Materials from Rejinpaul.com



Page 26 of 57 

  
Fig.1.17 Different ways to join Line Segments (a) Miter Join, (b) 
Round Join, (c) Bevel Join 
3. Pen and brush options  

 Lines can be displayed with pen or brush selections. Different 
options are available for pen/brush are shape, size and pattern. 
Different types of brushes are shown in Fig.1.18 

 
   Fig.1.18 Various types of Brush shapes 

 Pen or brush shapes can be stored in a pixel mask.It identifies the 
array of pixel positions that are to be set along the line path. 

 For example, consider a sample pixel for a rectangular pen as 
represented in Fig.1.19(a). Fig.1.19(b) shows how that mask works 
on a specified line path. 

 

 
Fig.1.19 (a) pixel mask for 
rectangular pen. (b) Display of 
mask over the specified line 
path (pixel) 

 

 Fig.1.20 shows the different types of brush shapes like square, 
round, diagonal line, dot pattern and faded air brush. 
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   Fig.1.20 Different types of brushes 

4. Line Color 
 The number of color depends on the number of bits available per 
pixel in the frame buffer. To set the line color use  
setPolyLineColourIndex(lc) where lc - non negative integer values, 
used to specify the allowed color choices. 

Curve Attributes 
 Parameters for curve attributes are the same as that of line segments. 

 Curves can be displayed by varying colors, width, dot-dash patterns. 

 Pixel masks are also used in curve algorithms to generate dashes and 
dotted patterns. 

 For example, the mask 11100 produces the dashed circle as in 
Fig.1.21 

 
 
 
Fig.1.21 A dashed circle  is drawn with 
3 pixel dash and 2 pixel interdash span 

 

 To draw various width curves use any one of the following methods: 
Method 1: 
o If magnitude of the curve slope is less than 1, plot vertical 

spans else if magnitude is greater than 1, plot horizontal spans. 
An example is shown in Fig.1.22 

 
 
 
 
 
Fig.1.22 A circular arc of width 4 
is plotted using spans 
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Method 2: 
o Fill the area between two parallel curve paths, whose separation 

distance is equal to the specified width. An example is shown in 
Fig.1.23 

 
 
 
Fig.1.23 A circular arc of width 
4 is plotted by filling the region 
between two concentric arcs 

 

 Pen or brush displays of curves are generated using the same 
technique of line segments 

 
Color and grayscale levels 

 Colors and intensity level options are available, based on the 
capabilities and design objectives of a particular system. 

 Random scan monitors provide only few colors while raster scan 
systems provide wide range of colors. 

 Color values are specified in positive numbers start from 0. 

 In color raster system, the number of color choices available depends 
on the amount of storage provided per pixel in the frame buffer. 

 Color information can be stored in the frame buffer in two ways: 
1. Direct Storage scheme: 
o Store color codes directly in the frame buffer. 
o Whenever a particular color is specified, the corresponding binary 

value is placed in the frame buffer for each pixel. 
o A minimum number of colors can be provided in this scheme with 

3 bits of storage per pixel as shown in the table below.  

 

 
 

2. Another approach using color tables: 
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o Color values are stored in a table called as color lookup table or 
video lookup table. 

o Frame buffer values are now used as indices into the color table.  
o For example, a color lookup table with 24 bits entry accessed from 

a frame buffer with 8 bits per pixel. A value of 196 stored at pixel 
position(x,y) reference the location in color lookup table containing 
the value 2081. Each 8 bit segment of this entry controls the 
intensity level of one of the three electron guns in an RGB monitor. 
This is illustrated in the Fig.1.24 

 

 
 Fig.1.24 Mapping of Frame buffer with Color lookup table 
o A user can set color table entries using the function - 

setColourRepresentation(ws,ci,colorptr) where  
ws – workstation output device 
ci  - color index which color table position number 
colorptr -  points  to RGB color values 

Advantages: 
o Use of a color table can provide a reasonable number of 

simultaneous colors without requirement of large frame buffers. 
o Table entries can be changed by the user. 
o In visualization and image processing applications, color table are 

convenient for setting color thresholds. 

 Gray scale 
o Monitors that have no color capability, color functions can be 

used to set the shades of gray or gray scale to display the 
output primitives. 

o To specify grayscale levels, use numeric values that are range 
from 0 to 1. 

 

Area fill attributes 
The defined region can be filled using a solid color or a pattern of 

our choice. In addition, use various brush styles, colors and 
transparency parameters. 
Fill styles 
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 Areas are filled with three basic fill styles 
o Hollow with a color border.(see Fig.1.25(a)) 
o Filled with solid color .(see Fig.1.25(b)) 
o Filled with specified pattern or design.(see Fig.1.25(c)) 

 
Fig.1.25 Different Fill Styles 

 A basic fill style is selected by 
setInteriorStyle(fs) where fs – fill style  parameter which might be 
hollow, solid and pattern 

 Another fill style is hatch, which is used to fill an area with selected 
hatch patterns (Diagonal lines or Diagonal crosshatch lines) is shown 
in Fig.1.26 
 

Fig.1.26 Areas 
filled with hatch 
patterns 

 

 Hollow areas are displayed only with outline, and its interior color is 
same as that of background color.A solid fill is displayed in a single 
color up to and including the borders of the region. 

 The color for a solid fill or hollow area outline is chosen by 
setInteriorColourIndex(fc) where fc is desired color code. 

Pattern Fill 

 Selection of fill pattern is carried by using the following function 
setInteriorStyleIndex(pi) where pi is pattern index parameter 
which specifies a table position 

 For fill style pattern, a table has to be created for each output device 
using the function 

setPatternRepresentation(ws,pi,nx,ny,cp) where 
ws – workstation 
pi –  pattern index specifies the table position ,  
To create a pattern we need number of rows, columns and 
pattern values 
nx – number of rows 
ny – number of columns  
cp – two dimensional array of color codes 

 The size of the area to fill the pattern is specified by  
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setPatternSize(dx,dy) where dx, dy width and height of the array 
mapping 

 The starting position to fill a pattern is assigned using 
setPatternReferencePoint(position) where position is a pointer to 
coordinates  (xp,yp) that fix the lower left corner of the 
rectangular pattern 

 The process of filling an area with a rectangular pattern is called tiling 
and rectangular fill pattern is referred as tiling patterns. 

 Combining the fill pattern with a background color can be done in 
different ways. An example is shown in Fig.1.27 

 
Fig.1.27 Combining a fill 
pattern with a background 
pattern using Boolean 
operations for 2x2 fill 
pattern 

 
 

Soft fill 

 When the modified boundary-fill and flood-fill procedures are applied 
to repaint areas, the fill color is combined with background colors. 

This is referred as soft-fill or tint-fill algorithms. 

 Uses: 

 It is used to soften the fill colors at object borders.   

 It allows repainting of a color area that was already filled with 
semitransparent background colors, where the current color is 
mixture of the brush color and the background colors behind 
the area. 

 

 The linear soft –fill algorithm repaints an area that was originally 
painted by merging a foreground color F with a single background 
color B, where F!=B. 
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 The current RGB color P of each pixel within the area to be refilled is 
specified by P=tF+(1-t)B where t – transparency factor, value between 
0 and 1 for each pixel. 

 
UNIT 2 TWO DIMENSIONAL GRAPHICS 

 

Two dimensional Geometric transformation  
Changes in orientation, size, and shape are accomplished with 

geometric transformations that alter the coordinate descriptions of 
objects. The basic geometric transformations are translation, rotation, 
and scaling. Other transformations that are often applied to objects 
include reflection and shear. 
BASIC TRANSFORMATION 

The Basic transformations are translation, rotation, and scaling 
TRANSLATION: 

A translation is applied to an object by repositioning it along a 
straight-line path  

from one coordinate location to another. Two-dimensional translation is 
achieved by adding translation distances, tx, and ty, to the original 
coordinate position (x, y) to move the point to a new position (x',y'). 
 x' = x+tx 

y' = y+ty    ------------------------------------------
(1.37) 

The translation distance pair (tx,ty) is called a translation vector or 
shift vector. This can be expressed as a single matrix equation by 
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T    ------------ (1.38) 

The two dimensional equation in matrix form is 
  P’ = P + T      -------------(1.39) 
Translation is a rigid-body transformation that moves objects without 

deformationas shown in fig.1.35.. That is, every point on the object is 
translated by the same amount. A straight Line segment is translated by 
applying the transformation equation to each of the line endpoints and 
redrawing the line between the new endpoint positions. Polygons are 
translated by adding the translation vector to the coordinate position of 
each vertex and regenerating the polygon using the new set of vertex. 
Similar methods are used to translate curved objects. 

www.rejinpaul.comwww.rejinpaul.com

Download Useful Materials from Rejinpaul.com



Page 33 of 57 

  
  Fig1.35 Moving a polygon from position (a) to position (b) 

 
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, specify a 
rotation angle θ and the position (xr,yr) of the rotation point (or pivot 
point) about which the object is to be rotated. Positive values for the 
rotation angle define counterclockwise rotations about the pivot point, 
and negative values rotate objects in the clockwise direction. This 
transformation can also be described as a rotation about a rotation axis 
that is perpendicular to the xy plane and passes through the pivot point. 
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Fig.1.36 Rotation of a point from position (x,y) to position 
(x’,y’) through an angle θ relative to the coordinate origin. The 
original angular displacement of the point from the x axis is φ 
 
 
 The transformed coordinates in terms of angles θ and φ (see 
Fig1.36)are 

    sinsincoscos)cos(' rrrx   

    cossinsincos)sin(' rrry    -----------(1.40) 

 
 The original coordinate of the point in polar coordinates are 
                 cosrx  , sinry     -----------(1.41) 

 
 Substituting expressions 1.41 into 1.40, the transformation 
equations for rotating a point at position(x,y) through an angle θ about 
the origin is 
 

  sincos' yxx   

  cos)sin' yxy       --------------------(1.42) 

 
 The rotation equations in the matrix form is 
  P’ = R.P     -------------------(1.43) 
Where the rotation matrix is 

      -----------------
(1.44) 
 
 Translation and rotations are rigid body transformations that move 
objects without deformations.  
 
Scaling: 
 A scaling transformation alters the size of an object. This operation 
is done 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    ---------------
--(1.45) 
 The transformation equations in matrix form  

      ----------------
(1.46) 
   (OR) 
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  P’=S.P      ----------------
(1.47) 
 Any positive numeric values can be assigned to the scaling factors 
sx and syy. Values less than 1 reduce the size of objects; values greater 
than 1 produce an enlargement. Specifying a value of 1 for both sx and sy 
leaves the size of objects unchanged. When sx and sy are assigned the 
same value, a uniform scaling is produced that maintains relative object 
proportions(see Fig.1.37). Unusual values for sx, and sy result in a 
differential scaling. Objects transformed using eq.1,46 are both scaled 
and repositioned. If just scaling is to be done, then mention the fixed 
coordinates (xf,yf) as one of the vertices or object centroid. For a vertex 
with coordinates (x,y), the scaled coordinates (x’,y’) are calculated as 

 xff sxxxx )('   

 yff syyyy )('        ----------------

(1.48) 

   
Fig.1.37 A line scaled using sx=sy=0.5is reduced in size and 

moved closer to the coordinate origin 
 
Matrix Representation and Homogeneous Coordinates: 

 The three basic transformations can be expressed in general 
matrix form  

    P’=M1.P+M2    ------------------
(1.49) 

 with P and P’ represented as column vectors. Matrix M1 is a 2x2 
array containing multiplicative factors, and M2 is a two element column 

matrix containing translational terms. For translation, M1 is the identity 
matrix. For rotation or scaling, M2 contains the translational terms 
associated with the pivot point or scaling fixed point. 

 It is possible to combine the multiplicative and translational terms 
for two dimensional geometric transformations into a single matrix 
representation by expanding the 2x2 matrix into 3x3 matrix. To express 
any two dimensional transformation as a matrix multiplication, each 
Cartesian coordinate position (x,y) is represented with the homogeneous 
coordinate triple(xh,yh,h), where 

 
h

x
x h                  

h

y
y h     ------------------

(1.50) 
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Expressing positions in homogeneous coordinates allows us to 
represent all geometric transformation equations as matrix 
multiplications. Coordinates are represented as three-element column 
vectors, and transformation operations are written as 3x3 matrices. For 
translation, we have 

     ------------------
(1.51) 

This can be written as 

  PttTP yx ).,('     ------------------

(1.52) 
with T(tx,ty) as the 3x3 translation matrix. 
 For rotation the transformation equation about the coordinate 

origin is   

    ------------------
(1.53) 

   (OR)  
  PRP ).('       ------------------

(1.54) 
 For scaling the transformation equation relative to the coordinate 

origin are 

     -------------------
(1.55) 

   (OR) 

  PssSP yx ).,('       ------------------ 

(1.56) 
COMPOSITE TRANSFORMATIONS  

Any sequence of transformations is referred as composite 
transformations. It is represented as a matrix by calculating the matrix 
product of the individual transformations.  
Translations  

If two successive translation vectors (tx1, ty1) and (tx2,ty2) are applied to 
a coordinate position P, the final transformed location P' is calculated as  

  }).,().{,( 1122

' PttTttTP yxyx  

        PttTttT yxyx )}.,().,({ 1122     ---------------(1.57) 
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where P and P’ are represented as homogeneous-coordinate column 
vectors. The composite transformation matrix for this sequence of 
translation is 
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(1.58) 
   (OR) 

  ),,(),().,( 21211122 yyxxyxyx ttttTttTttT    --------------- 

(1.59) 
Rotations: 
 Two successive rotations applied to point P produce the 
transformed position 

  }).().{( 12

' PRRP   

       PRR )}.().({ 12      -------------- (1.60) 

 By multiplying the two rotation matrices, the two successive 
rotations are additive. 

  )()().( 2112   RRR     ---------------- 

(1.61) 
 So that the final rotation coordinates can be calculated with the 
composite rotation matrix as 

  PRP ).( 21

'       ---------------- 

(1.62) 
 
Scaling: 
 Concatenating transformation matrices for two successive scaling 
operations produces the following composite scaling matrix: 
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(1.63) 
    (OR)  

 ).,.(),().,( 21211122 yyxxyxyx ssssSssSssS     ----------------- 

(1.64)  
General Pivot-Point Rotation: 
 If the graphics package provides rotation about the coordinate 
origin, and to generate rotations about any selected pivot point(xr,yr), 
then perform the following operations 
1 Translate the object so that the pivot-point position us moved to the 

coordinate origin.(See Fig1.38(b)) 
2 Rotate the object about the coordinate origin.(See Fig1.38(c)) 
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3 Translate the object so that the pivot point is returned to its original 
position.(See Fig1.38(d)) 

 This transformation sequence is illustrated in Fig.1.38 
 
 

            
Fig1.38 Composite Transformation for Pivot-Point Rotation  
The composite transformation matrix for this sequence is obtained with 
the concatenation, 
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        -------------(1.65) 
General Fixed –Point Scaling 
 The transformation sequence to produce scaling with respect to a 
selected fixed position(xf,yf) using a scaling function that can only scale 
relative to the coordinate origin is 
1. Translate object so that the fixed point coincides with the coordinate 
origin.(See Fig1.39(b))  
2. Scale the object with respect to the coordinate origin.(See Fig1.39(c))  
3. Use the inverse translation of step 1 to return the object to its original 
position. (See Fig1.39(d))  
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Fig1.39 Composite Transformation for fixed Point Scaling 
Concatenation of matrices for these three operations produces the 
required scaling matrix  
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       --------------------(1.66) 
General Scaling Directions: 
 If we want to apply scaling factors with the values s1 and s2 in the 
specified direction, then first perform a rotation, so that the directions for 
s1 and s2 coincide with the x and y axes respectively. Then the scaling 
transformation is applied, followed by an opposite rotation to return 
points to their original orientations. 
OTHER TRANSFORMATIONS: 
 The most commonly used other transformations are (1) Reflection 
and (2) Shear. 
Reflection: 
 A Reflection is a transformation that produces the mirror image of 
an object. The mirror image for a two dimensional reflection is generated 
by rotating the object 180o about the reflection axis.  
 If the reflection axis is a line in the xy plane, the rotation path is in 
a plane perpendicular to the xy plane. For reflection axes that are 
perpendicular to the xy  
plane, the rotation path is in the xy plane.   

Reflection about the line y = 0, the x axis, is accomplished with the 
transformation matrix 
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100

010

001

      --------------- 

(1.67) 
This transformation keeps x values the same, but inverts the y values 

of coordinate positions. The resulting orientation of an object after it has 
been reflected about the x axis is shown in fig.1.40 

  
Fig.1.40 Reflection of an object about the x axis 

A reflection about the y axis flips x coordinates while keeping y 
coordinates the same as shown in fig.1.41.The matrix for this 
transformation is 

  

















100

010

001

      ------------------ 

(1.68) 
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 Fig.1.41. Reflection of an Object about the y axis 

To flip both the x and y coordinates of a point by reflecting relative to 
an axis that is perpendicular to the xy plane and that passes through the 
coordinate origin(see Fig.1.42). The matrix representation: 
 




















100

010

001

     ------------------- 

(1.69) 

 
Fig.1.42 Reflection of an object relative to an axis perpendicular to 

the ry plane and passing through the coordinate origin 
If the reflection axis is the diagonal line y = x (see Fig1.43), the 

reflection matrix is  
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100

001

010

     -------------(1.70) 

 
Fig.1.43 Reflection of an object with respect to the line y = x 

 
 Steps to perform reflection about the diagonal line y=x is 

1. First perform a clockwise rotation through a 45o angle, which 
rotates the line y=x onto the x axis. (see Fig.1.44(a)) 

2. Perform a reflection with respect to the x axis.(see Fig.1.44(b)) . 
3. Then rotate the line y = x back to its original position with a 

counter- clockwise rotation through 45o. (see fig.1.44(c)) 
 
 

  
    (a)    (b) 
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(c) 

Fig.1.44 Sequence of transformations to produce reflection about 
the line y=x; (a) clockwise rotation of 45o (b) Reflection about x 

axis; and (c) Counterclockwise rotation by 45o 
4. An equivalent sequence of transformations is first to reflect the 

object about the x axis, and then to rotate counterclockwise 
90o. 

To obtain a transformation matrix for reflection about the diagonal 
y = -x, 

1. Clockwise rotation by 45' 
2. Reflection about the y axis 
3. Counter clockwise rotation by 45".  

The resulting transformation matrix is 




















100

001

010

     ------------------ 

(1.71) 
 
SHEAR: 

A transformation that distorts the shape of an object such that the 
transformed shape appears as if the object were composed of internal 
layers that had been caused to slide over each other is called a shear. 
Two common shearing transformations are those that shift coordinate x 
values and those that shift y values.  

An x-direction shear relative to the x axis is produced with the 
transformation matrix 

 

















100

010

01 xsh

      -------------------- (1.72) 

 
which transforms coordinate positions as 

yshxx x    , yy '    -------------------- (1.73)  

Any real number can be assigned to the shear parameter shx. Setting 
shx=2, changes the square into a parallelogram like in Fig.1.45.  
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Fig.1.45 A unit square (a) is converted to a parallelogram (b) using 

the x- 
direction shear matrix with shx = 2 

The matrix for x-direction shears relative to other reference lines is  















 

100

010

1 refxx yshsh

 

with coordinate position transformed as 

 
refx yyshxx '   , yy '   ------------------ (1.74) 

An example for this shearing transformation for a shear parameter 
value ½ relative to the line yref =-1 is shown in Fig.1.46  

  
Fig.1.46 A unit square (a) is transformed to a shifted parallelogram 

(b)  
with shx = 1/2 and yref =-1 

A y-direction shear relative to the line x=xref  is generated with 
the transformation matrix 

 


















100

.1

001

refyy xshsh     ---------------- (1.75) 

which generates transformed coordinate positions  

 xx '    ,    yxxshy refy '  -----------------(1.76) 

This transformation shifts a coordinate position vertically by an 
amount proportional to its distance from the reference line x=xref. For 
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shy=1/2 and xref =-1 , the transformation from a square to parallelogram 
is shown in Fig.1.47 

  
Fig.1.47 A unit square (a) is turned into a shifted parallelogram (b) 

with parameter values shy =1/2 and xref = - 1 in the y-direction 
 

Two dimensional viewing  
Introduction: 
 Window:  

o A world coordinate area selected for display or an area of 
picture selected for viewing. 

o Defines what area is to be viewed. 

 Viewport:  
o An area on a display device to which a window is mapped 
o It defines where the area is to be displayed. 

 Viewing transformation:  
o The mapping of a world coordinate scene to device coordinates. 
o 2D (two dimensional) viewing transformation is simply referred 

as the window-to-viewport transformation or the windowing 
transformation. 

o Mapping a window onto a viewport involves converting from one 
coordinate system to another. 

o If the window and viewport are in standard position, this just 
involves translation and scaling. 

o If the window and/or viewport are not in standard, then extra 
transformation which is rotation is required.  

Clipping 
 Clipping Algorithm (clipping): A procedure that identifies the portions 

of a picture that are either inside or outside of a specified region. 

 Clip window: The region against which an object is to be clipped  

 The clipping algorithm that deletes all parts that are outside 
boundaries of clip window is called interior clipping 

 Application of clipping include: 

 Extracting part of defined scene for viewing. 

 Identifying visible surfaces in three-dimensional views. 

 Anti-aliasing line segments or object boundaries. 

 Creating objects using solid-modeling procedures. 
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 Displaying a multiwindow environment. 

 Drawing and painting operations that allow parts of picture to 
be selected for copying, moving, erasing, or duplication. 

 Algorithms have been developed for clipping for the following 
primitives types: 

  1. Point Clipping 
  2. Line clipping (straight-line segments) 
  3. Area clipping (polygons) 
  4. Curve Clipping 
  5. Text Clipping.  
Point Clipping:  

 Clipping of points against clip window. 

 Clip window is a rectangle whose edges are ),,,( maxminmaxmin ywywxwxw . 

 A Point P(x,y) can be displayed, if it satisfies the following rules, 

 
maxmin

maxmin

ywyyw

xwxxw




 

 Otherwise the point is clipped. 

 
Line clipping algorithms 

Line clipping:  

 Clipping of lines against clip window (normally rectangular region) 

 A line clipping procedure involves: (see fig1.48) 

Case A: both endpoints are inside the screen, no clipping needed.  
Case B: one endpoint outside the screen, that one had to be clipped  
Case C: both endpoints are outside the screen. No part of the line is 
visible, don't draw it at all.  
Case D: both endpoints are outside the screen, and a part of the line is 
visible. clip both endpoints and draw it.  

 

Fig.1.48 Line clipping  

Cohen-Sutherland line clipping 
Every line-endpoint in a picture is assigned a four-digit binary code, 
called a region code. This identifies the location of the point relative to 
the boundaries of the clipping rectangle. 
The line that forms the clipping window divides the area into nine 
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regions. Each bit position in the region code is used to indicate one of 
four relative co-ordinates position of point with respect to clip window. 
Numbering the bit position in the region code as 1 through 4 from left to 
right 

 Bit 1 : left 
       Bit 2 : right 
       Bit 3 : bottom 
       Bit 4 : top 
Bit 1 represents left and 0001 is set if x< xwmin    
Bit 2 represents right and 0010 is set if x> xwmax   

Bit 3 represents bottom and 0100 is set if y< ywmin    

Bit 4 represents top and 1000is set if  if y> ywmax   

 If a point is with in the clipping rectangle, then the region code for 
that point is 0000. 

 For Example, Region code 0101 indicates the point in the test is 
below and  to the left of window boundary 

 
. 

 
 
 
 
 

  

Fig.1.49 Region Codes 

 Region code bit values can be determined with two steps: 
1. calculate difference between line endpoint and clipping window 

boundaries 
2. use resultant sign bit to set the corresponding value in the region 

code 

 Value of  bit 1 is the sign bit of  x -  xwmin    

 Value of  bit 2 is the sign bit of  xwmax -  x   

 Value of  bit 3 is the sign bit of  y -  ywmin    

 Value of  bit 4 is the sign bit of ywmax -  y 

 Once the region code for all lines end point are determined we can 
find out which lines are completely inside and which line are 
completely outside, and which line are crosses window boundaries 
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Case 1:  
If the region code for both of the endpoints of the line is 0000 

 Perform bitwise logical OR operation on region code of both 
endpoints 

    If the resultant is 0000 then the line completely lies inside the 
clipping window and the line is saved for display.  

Case 2:  
If the region code for any one or both of the endpoints of the line is 
not equal to 0000 

 Perform logical AND operation with both end points.  

 If the result of logical AND is non-zero then the line lies 
completely outside of clipping window. So we discard the 
entire line 

Case 3: 
If the result of logical AND is zero, then the line is crossing window 
boundaries, so we have to find out intersection point of the line 
against window boundary 

 

 These three cases to be tested for line against all side of the clipping 
window. Intersection of line with window boundary is evaluated in the 

order of left, right, bottom, and top. 
 To illustrate the specific steps in the clipping lines against rectangular 

boundaries using the Cohen - Sutherland 
algorithm, we show how line the figure(see 
Fig.1.50) could be processed.  

 Against left window boundary the intersection 
happened at P2', so after left boundary clip 

the saved line P1P2' is passed to right side 

window boundary clipping routine. On the 
right side there is no intersection occurs. So 
line P1P2' is passed to bottom side window 

clipping procedure 

 Against bottom window boundary the 
intersection happened at P1', so after bottom boundary clip the saved 

line is P1'P2', which is passed to top side window boundary clipping 

procedure.    Fig.1.50 for Case 3 

 intersection happened at P2'' at top boundary, so after top boundary 

clip the saved line is P1'P2'', which is displayed  

 After finding intersection of line with all window boundary, the line 
segment which lies inside window are saved, line segment which lies 
outside of window are discarded 

 Intersection point for the clipping boundary can be calculated using 
the slope intercept form of the line equation. For a line with end point 
coordinates (x1, y1) and (x2, y2),  the y-coordinate of vertical 
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boundary can be obtained with the calculation 
                                 
                                                                    y = y1 + m (x – x1) 

 Where the x value is set to either to xwmin or xwmax  and  m = 

12

22

xx

yy




  

 Similarly, if we are looking for the intersection with a horizontal 
boundary, the x coordinate can be calculated as  

                                                                  x  =  x1 + 
m

yy 1

 
 Where the y value is set to either to ywmin or ywmax  

Disadvantages: 

 The disadvantage of Cohen–Sutherland algorithm is, we need to 
carryout more region test and do multiple number of clipping against 
individual line segment before to accept or reject the line 

Advantages: 

 This algorithm can be extended to three dimensional scene clipping 
also 

Liang – Barsky Line Clipping 
 A Faster line clipping algorithm can be developed using parametric 

equation of line segment, which can be write in the form 

,1

1

yuyy

xuxx




       0  ≤ u  ≤ 1    --------------------------------------

(1.77) 

where 1212 yyyandxxx   

 Using this parametric equations, Cyrus and Beck developed an 
algorithm, that is generally more efficient than the cohen – sutherland 
algorithm 

 To clip a line Liang – Barsky uses point clipping inequalities in the 
parametric form. The point clipping inequalities are 

xwmin ≤  x ≤  xwmax 
ywmin ≤  y ≤  ywmax          ---------------------------------
---(1.78)

 

 
 

 Substituting equation ( 1.77 ) in equation ( 1.78 ), we get 

   
max1min

max1min

ywyuyyw

xwxuxxw




  ----------------------------------------

(1.79) 

 Each of the above 4 inequalities can be written in general as  

  kk qup         k= 1,2,3,4 

 where parameter p & q are defined as  
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               ,1 xp      
min11 xwxq   

 

   1max2 xxwq   

 

               ,3 yp      min13 ywyq   

 

              ,4 yp        1max4 yywq   

 

 K = 1, 2, 3, 4 corresponds to left, right, bottom and top. That is p1 & 
q1 for left, p2 & q2  for right,  p3 & q3 for bottom, and p4 & q4 for 

top 
 
Steps to clip line segments 
 

1. First find p1 to p4 and q1 to q4 values for the line segment.  
2. Initialize u1 = 0 and u2 = 1  

3. After finding the values for p1 to p4 and q1 to q4 apply the 

following cases for each pk and  qk values (k=1, 2, 3, 4) 
Case 1 

 If  pk  = 0  &   qk < 0 then, the line lies completely 

outside the window boundary and is parallel to one of the 
clipping boundary, so the whole line should be rejected 

 
Case 2 

 If  pk  = 0  &   qk ≥ 0 then, thé line lies inside the 

clipping window and is parallel to the any one of the 
clipping  window boundary, then  save the line. but test 
the line against other boundary to find any intersection 
occurred 

 

Case 3 

 If  pk  <  0  then, the line proceeds from outside to the 

inside of clipping window boundary, for this calculate u1 
using  

u1= max(previous value of u1, rk) 

rk =
pk

qk
 

Case 4 

 If  pk  >  0  then, the line proceeds from inside to 

outside  of clipping window boundary, for this calculate u2 
using  

u2 = min(previous value of u2, rk) 

,2 xp 

www.rejinpaul.comwww.rejinpaul.com

Download Useful Materials from Rejinpaul.com



Page 51 of 57 

rk =
pk

qk
 

4. If u1 > u2, the line is completely outside the clipping window, so 
reject the whole line 

5. otherwise you have to calculate intersection point based on the 
values of u1 and u2 

i. if u1 > 0.0 then calculate intersection point for (x1, y1) 
                           x1' = x1 + u1. ∆x 
                           y1' = y1 + u1. ∆y 

ii. if u2 < 1.0 then calculate intersection point for (x2, y2) 
                           x2' = x1 + u2. ∆x 
                           y2' = y1 + u2. ∆y 

Algorithm 
1. Read (x1, y1) & (x2, y2) 

2. Read xwmin, xwmax, ywmin, xwmax 
3. Initialize  u1= 0, u2=1 

4. Calculate   

 ,1 xp      min11 xwxq   

 

   1max2 xxwq   

 

               ,3 yp      min13 ywyq   

 

              ,4 yp        1max4 yywq   

 

 
5. if If  pk  = 0  &   qk < 0 , the line lies completely outside the 
window boundary. 
6. If  pk  = 0  &   qk ≥ 0  thé line lies inside the clipping window 
and save the line. 

7. If  pk  <  0   and u1=0 u1= max(previous value of u1, rk),  rk 

=
pk

qk
Otherwise u2=1 calculate u2= max(previous value of u2, rk),  rk 

=
pk

qk
 

8. If u1 > u2 then the line lies outside and no intersection 
9. if u1 < u2 then there is intersection 

If u1> 0.0 xuxx  11

1

1  and yuyy  11

1

1   

If u2> 0.0 xuxx  21

1

2  and yuyy  21

1

2   

Advantages 

 This algorithm is the simplest one to implement, because it uses point 
clipping technique 

,2 xp 
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 It clip the line exactly once, but not multiple intersection calculated 
like Cohen – Sutherland algorithm 

 This algorithm can be extended to three dimensional scene clipping 
also 

 

Nicholl – Lee – Nicholl line clipping algorithm (NLN) 
 NLN algorithm avoids multiple clipping of individual line segment, by 

creating more regions around clip window 

 But the drawback is that the NLM algorithm can only be applied to 
two-dimensional clipping, but cannot be extended to three 
dimensional scenes 

 For line endpoints P1 and P2, we first determine the position of P1 for 
nine possible regions relative  to the clipping rectangle 

 But only the three regions shown in fig.1.51 need to be considered for  
P1 

 
Fig.1.51  Line Endpoint P1 in different regions 

 If  P1 lies in any other six regions, then move it to any one of the three 

region using symmetry transformation. For example the region 
directly above the clip window can be transformed to the region left of 

clip window using reflection about line y = - x or  use 90◦ counter 
clockwise rotation 

 Now P2 position is determined based on the position of P1. To do this, 

we create some new region in the plane depending on the location of 
P1. Boundaries of new regions are half-infinite line segments that 

state at the position  P1 and pass through the window corners 

Case 1:  P1 is inside the window (see Fig.1.52) 

 
 
 
 
 
Fig.1.52 P1 is inside the window 
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 If P1 is inside the clip window and P2 is outside, then we setup the 

following four region 

 the intersection of appropriate window boundary is then carried out, 
depending on which one of four regions      ( L,T, R, or B) contains P2  

 of course if P1 and P2 are inside the clipping rectangle, we save the 

entire line segment 
 
Case 2:  P1 is left side of the window(see Fig.1.53) 

 If P1 is left side of clip window, the new 

four region L, LT, LR, LB are set 

 Based on region where P2 lies, determine 

intersection point of line P1P2 

 For instance if P2 is in region L, clip the 

line at left boundary and save line 
segment from this intersection point to 
P2.  

 If P2 is in region LT, we save the line 

segment from left window boundary to 
top window boundary, because 
intersection happened at left as well as 

top window boundary 
 
Fig.1.53 P1 is left side of the window 

 If P2 is not in any of four region, the whole line is discarded 

 
Case 3:  P1 is in left top of the window 

 In this case we have two possibilities  
i. P1 is nearer to the top-left boundary (see Fig.1.54(a)) 

ii. P1 is farther from top-left boundary (see Fig.1.54(b) 

 
Fig.1.54 P1 is in the left top of the window 

 The new region created for case (3) are  L, T, TR, LR, LB. Based on 
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region where P2 lies, we determine intersection point of line P1P2 

 For instance if P2 is in region L, we clip line at left boundary and save 

line segment from this intersection point to P2.  If P2 is not in any of 

four region, the whole line is discarded 

 To determine the region in which P2 is located, we compare the slope 

of line with slopes of those line passing through  the window 
boundaries from point P1.  

 For example, if P1 is left of the clipping rectangle(see Fig.1.53), then 

p2 is in  region LT if  

     Slope P1PTR  <  Slope P1P2 < Slope P1PTL 

 
or 

              (YT -  Y1)/(XR – X1)) < (Y2  - Y1)/(X2 – X1) < (YT – Y1)/(XL – X1) 

 We clip the entire line if 
                                                (yT - y1) (x2 – x1) < (xL – x1) (y2 - y1) 

  

 To calculate intersection point we use parametric equations 
x = x1 + (x2 - x1) u ------------------------------
-(1.80) 
y = y1 + (y2 - y1) u  ------------------------------

-(1.81) 

 An x- intersection position on the left window boundary is x = xL, with                        

u = (xL – x1) / (x2 – x1) (from equation (1.80) ), so that the y – 

intercept position is 

                                                  y = y1 + 
12

12

xx

yy




 (xL – x1)  

 and an intersection position on the top boundary has  y = yT,  with                                        

u = (yT – y1) / (y2 – y1)(from equation 1.81),so x value is  

                                                 x = x1 + 
12

12

yy

xx




 (yT – y1)  

1.2.1 Polygon clipping algorithms 
 To clip a polygon, we need to modify the line clipping algorithm. If the 

same line clipping algorithm is used to clip polygon than, it display 
unwanted series of unconnected line segment as shown in the 
fig.1.55. 
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Fig.1.55 Polygon Clipping 
 

 What we really want is to display bounded area after clipping as 
shown in the figure. For polygon clipping, we require an algorithm 
that will generate one or more closed areas that are then scan 
converted for the appropriate area fill. The output of a polygon clipper 
should be a sequence of vertices that defines the  clipped polygon 
boundaries 

SUTHERLAND-HODGEMAN POLYGON CLIPPING 

 This polygon clipping algorithm process the polygon boundary as a 
whole against each window edge. This could be accomplished by 
processing all polygon vertices against each clip window boundary 

 Beginning with initial set of polygon vertices, we could first clip the 
polygon against the left boundary to produce new sequence of 
vertices. 

 
 Fig.1.56 Sutherland-hodgeman Polygon Clipping 

 The new set of vertices is then  passed to the right boundary clipper, 
bottom boundary clipper, and a top boundary clipper  as shown in the 
fig.1.56. 

 There are four possible cases when processing vertices in sequence 
around the perimeter of a polygon 

 As each pair of adjacent polygon vertices is passed to a window 
boundary clipper, we make the following tests: 

 
Fig.1.57 Test for polygon clipping 
1. OUT – IN : if the first vertex is outside the window boundary and the 
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second vertex is inside then, both the intersection point and the 
second vertex are added to the output vertex list 

2. IN – IN : if both the vertices of the edge is inside the window boundary 
then only second vertex is added to the output vertex list 

3. IN – OUT : if the first vertex is inside the window boundary and the 
second vertex is outside then only intersection point is added to the 
output vertex list 

4. OUT – OUT : if both of the vertices of the edge are outside of  the 
window boundary  then nothing  is added to the output vertex list 

 
Drawback  

 This algorithm will clip convex polygon correctly, but concave polygon 
may not be clipped properly  

 
EXAMPLE 

 The following fig.1.58 shows a polygon and its intersection points with 
a clip window.  We also illustrate the progression of the polygon 
vertices in the figure through a pipeline of boundary clippers 

 
Fig.1.58 Polygon and its intersection points with a clip window 
 
WEILER – ATHERTON POLYGON CLIPPING 

 Drawback of Sutherland – Hodgeman algorithm is it may not clip 
concave polygon properly. Clipping of concave polygon with 
Sutherland – Hodgeman algorithm will display irrelevant extra line 
after clipping as shown in fig.1.59.  
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 Weiler – Atherton polygon clipping algorithm will clip convex as well 
as  concave polygon properly 

 
 
 
 
 
 
 
 
 
 
 
Fig.1.59 Weiler-atherton polygon clipping 

 This clipping procedure was developed as a method for identifying 
visible surfaces, and so it can be applied with arbitrary polygon 
clipping region. The basic idea of this algorithm is that instead of 
always proceeding around the polygon edge as vertices are processed, 
we sometimes want to follows the window boundaries. Which path we 
follow depends on the polygon processing direction. That is clockwise 
or counter- clockwise and whether  the pair of polygon vertices 
currently being processed represents an outside-to-inside pair or 
inside-to-outside pair 

For clockwise processing of polygon vertices, we use the following 
rule: 

 For an outside-to-inside pair of vertices, follows the polygon 

boundary 

 For an inside-to-outside pair of vertices, follows the window 

boundary in a clockwise direction 
 
 
 
 

 
 
 
 
 
 
Fig1.60 Processing of clipping (a) processing direction for clipping 
(b) Clipped polygon 
 

 In the fig.1.60, the processing direction and the resulting clipped 
polygon is shown for a rectangular clipping window 
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