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UNIT2 

TwoDimensionalTransformations 

Inmanyapplications,changesinorientations,size,andshape areaccomplished 

withgeometrictransformations that alterthe coordinatedescriptionsof objects. 

Basicgeometrictransformationsare:Tran

slation 

Rotation 
Scaling 

Othertransformations: 

Reflection 

Shear 

 
BasicTransformations 

Translation 
 

We translate a 2D point by adding translation distances, tx and ty, to the original 

coordinateposition(x,y): 

x'=x +tx, y'=y+ ty 

Alternatively,translationcanalso bespecifiedbythefollowingtransformation matrix: 

 

1 0 tx 

0 1 t 
 
 

y 

    

0 0 1  

Thenwecanrewritethe formulaas: 

x'  1 0 tx x 
       

y' = 0 1 t y 
y   

1 
 

0 0 1 1 

Forexample,totranslate 
atrianglewithverticesatoriginalcoordinates(10,20),(10,10),(20,10)bytx=5, ty=10, 
wecomputeas followings: 

Translationofvertex(10,20): 

 
1   0 5 10 1*10 0*20 5*1 15 

=0 1 10 20=0 *10 1*20 10*1 =30 

 

Translationofvertex(10,

10): 

1 

=0  1 10 10=0 *10  1*10 10 *1 =20 

 
001 1 0*10 0*101*1 

x' 

y' 

x' 

y' 

1 1 

01 1 0*10 0*20 1*1 1 

 
05 

 
10 

 
1*10 

 
0*10 

 
5*1 

 
15 
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Translationofvertex(20,10): 
 

Theresultantcoordinatesofthetriangleverticesare(15,30),(15,20),and(25,20)respectively.Exercise:tr

anslateatrianglewithvertices atoriginalcoordinates (10,25),(5,10), (20,10) 

bytx=15,ty=5. Roughlyplotthe originalandresultanttriangles. 

 

 
Rotation AbouttheOrigin 

 

To rotate an object about the origin (0,0), we specify the rotation angle ?. Positive 

andnegativevaluesfortherotationangledefinecounterclockwiseandclockwiserotationsrespectively.

Thefollowings isthe computation ofthisrotation for apoint: 

x' = x cos ? - y sin 

?y'=xsin?+ycos? 

Alternatively,this rotationcan alsobe specifiedbythe followingtransformation matrix: 
cos sin 0 

 

 

 
Thenwecanrewritetheformulaas: 

 
sin cos

0

 

0 0 1 

 

x'  cos  sin  0 x 

y' = sin  cos  0 y 
      

1 
 

0 0 1 1 

Forexample,torotateatriangeabout 

theoriginwithverticesatoriginalcoordinates(10,20),(10,10),(20,10)by30 degrees, 

wecomputeasfollowings: 
 

cos  sin  0  cos 30 sin30 0  0.866 0.5 0 
            

sin  cos 0 = sin30  cos30 0 = 0.5 0.866 0 

0 
 

0 1 
 

 

 

 

0 
 

0 1 
 

0 
 

0 1 

Rotationofvertex (10,20): 
 

x'  0.866 0.5 0 10  0.866*10 (0.5)*20 0*1  1.34 

y' =  0.5 0.866 0 20 =  0.5*10 0.866*20 0*1  =  22.32  
                  

 1    0 0 1 1    0 *10 0 * 201*1    1  

                  

 

 

 

 

x'  1 0 5 20 1*20 0*10 5*1  25 

y' = 0 1 10 10  = 0 *20  1*10  10 *1 = 20 
          

1 
 

0 0 1 1  0* 200*101*1  
 

1  
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1 

Rotationofvertex (10,10): 
 

x'  0.866 0.5 0 10  0.866*10 (0.5)*10  0*1  3.66 

y' =  0.5 0.866 0 10 =  0.5*10 0.866*10 0 *1  = 13.66 
                   

 1    0 0 1 1    0 *10 0 *101*1     1  

                   

Rotationofvertex (20,10): 
 

x'  0.866 0.5 0 20  0.866*20 (0.5)*10 0*1  12.32 

y' =  0.5 0.866 0 10  =  0.5*20 0.866*10 0*1  = 18.66 
 

      
 

          

 1    0 0 1 1    0 * 20 0 *101*1    1  

                  

The resultant coordinates of the triangle vertices are (-1.34,22.32), (3.6,13.66), 

and(12.32,18.66)respectively. 

Exercise:Rotate a triange with vertices at original coordinates (10,20), 

(5,10),(20,10)by45 degrees. Roughlyplot theoriginal and resultanttriangles. 

 

 
ScalingWithRespecttotheOrigin 

We scale a 2D object with respect to the origin by setting the scaling factors sx and 

sy,whicharemultiplied totheoriginal vertex coordinate positions (x,y): 
 

x'=x *sx, y'= y* sy 

Alternatively,this scalingcan also bespecifiedbythefollowingtransformation matrix: 
 

 

 

 

Thenwecanrewritethe formulaas: 

0 0 

0 s 0 
y 

0 

0 1 

 
0 

s 
y 

 

01 

Forexample,toscale 
atriangewithrespecttotheorigin,withverticesatoriginalcoordinates(10,20), (10,10), 
(20,10)bysx=2, sy=1.5,wecomputeasfollowings: 

Scalingofvertex(10,20): 
 

2 0 

=0 1.50 

2*10 0*20 0*1 20 

= 0 *10 1.5 *20   0 *1=30 
 

0 0 1 1 0*10 0*201*1  

 

 

 
 

sx 

0 x 

y 

1 

x' 

y' 

0 10 

20 

1 

0 

x'  sx 
 

y' 
 

= 
 

0 
   

 
1 

 
0 
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1 

1 

Scalingofvertex(10,10): 

 
x' 20 0 10  2*10 0*10 0*1 20 

y' =01.5 0 10 = 0 *10  1.5 *10  0 *1= 15 

 

001 1 0*10 0*10 1*1  

Scalingofvertex(20,

10): 
 

2   0 0 20 2*20 0*10 0*1 40 

=0 1.5  0 10  =0  *20 1.5*10 0*1=15 

 

0 01 1  0*20 0 *101*1  

Theresultantcoordinates ofthetriangleverticesare(20,30),(20,15),and (40,15)respectively. 

 

Exercise:Scale a triange with vertices at original coordinates (10,25), (5,10), (20,10) 
bysx=1.5, sy=2, with respect to the origin. Roughly plot the original and 
resultanttriangles. 

 

 
ConcatenationPropertiesofCompositeMatrix 

I. Matrixmultiplicationisassociative: 
 

A·B·C=(A·B)·C=A·(B·C) 
 

Therefore,wecanevaluatematrixproductsusingtheseassociative grouping. 

Forexample,wehaveatriangle, wewanttorotate itwith thematrixB,thenwetranslateitwith 

matrixA. 

Then,foravertexofthattriangle represented asC,wecomputeitstransformationas: 
 

C'=A·(B·C) 
 

Butwecan also changethecomputation methodas: 
 

C'=(A·B)·C 
 

The advantage of computing it using C' = (A·B)·C instead of C'=A·(B·C) is that, 
forcomputingthe 3verticesofthetriangle, C1,C2, C3, thecomputation timeis shortened: 

UsingC'=A·(B·C): 
1. computeB·C1andputtheresultintoI1 
2. computeA·I1 andputtheresultintoC1

' 
3. computeB·C2andputtheresultintoI2 
4. computeA·I2 andputtheresultintoC2

' 
5. computeB·C3andputtheresultintoI3 
6. computeA·I3 andputtheresultintoC3

' 

UsingC'=(A·B)·C: 

- computeA·BandputtheresultintoM 
- computeM·C1andputtheresultintoC1

' 
- computeM·C2andputtheresultintoC2

' 
- computeM·C3andputtheresultintoC3

' 

 
 

1 

x' 

y' 

1 
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Example:Rotateatrianglewith vertices(10,20),(10,10), (20,10)abouttheorigin by30degreesand 
then translate it bytx=5, ty=10, 

Wecomputethe rotation matrix: 

 
cos30 sin30 0 0.866 0.5 0 

B=sin30 cos30 0 =0.5 0.8660 
   

0 0 1 0 01 

Andwecomputethetranslation matrix: 
 

 1 0 5 

A= 0 110 

 
0 0 1 

Then,wecomputeM=A·B 
 

 1 0 5 0.866 0.5 0 

M= 0 1 10 ·0.5 0.866 0 

 
0 0   1 0 0 1 

1*0.866 0*0.5 5*0 1*0.5 0*0.866 5*01*0 0*0 5*1 

M=0 *0.866 1*0.510*00*0.5 1*0.86610*0 0*0 1*0  10 *1 
  

 

0*0.866 0*0.5 1*0 0*  0.5 0*0.866  1* 0  0*0 0*0  1*1  
 

 0.866 0.5 5 

M= 0.5 0.866 10 
 

 
0 0 1 

Then,wecomputethetransformations ofthe3vertices: 

Transformationofvertex (10,20): 
 

x'  0.866 0.5 5 10  0.866*10 (0.5)*20 5*1  3.66 

y' =  0.5 0.866 10 20 =  0.5*10 0.866*20 10*1  = 32.32 
                 

1    0 0 1 1    0*10 0*201*1    1  

                 

Transformationofvertex(

10,10): 

x' 
 

0.866 0.5 5 10 
 

0.866*10 (0.5)*10 5*1 
 

8.66 

y' =  0.5 0.866 10 10 =  0.5*10 0.866*1010*1  = 23.66 
                 

1    0 0 1 1    0*10 0*101*1    1  
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t 

1 

Transformationofvertex (20,10): 
 

x'  0.866 0.5 5  20  0.866*20 (0.5)*10 5*1 17.32 

y' =  0.5 0.866 10 10  =  0.5*20 0.866*10 10*1  = 28.66 
                    

 1    0 0 1  1    0 * 20 0 *101*1    1  

                    

Theresultantcoordinates 

ofthetriangleverticesare(3.66,32.32),(8.66,23.66),and(17.32,28.66)respectively. 

 

 
II. Matrix multiplicationmaynotbecommutative: 

 

A·BmaynotequaltoB·A 
 

This means that if we want to translate and rotate an object, we must be careful about 

theorder in which the composite matrix is evaluated. Using the previous example, if 

youcompute C' = (A·B)·C, you are rotating the triangle with B first, then translate it with 

A,but if you compute C' = (B·A)·C, you are translating it with A first, then rotate it with 

B.Theresult is different. 

 

Exercise:Translate a triangle with vertices (10,20), (10,10), (20,10) by tx=5, ty=10 and thenrotate 

it about the origin by 30 degrees. Compare the result with the one obtainedpreviously: 

(3.66,32.32), (8.66,23.66), and (17.32,28.66) by plotting the 

originaltriangletogetherwith these2 results. 

 

 

 
CompositeTransformationMatrix 

Translations 

By common sense, if we translate a shape with 2 successive translation vectors: (tx1, ty1) 
and(tx2,ty2), it is equal to asingle translation of(tx1+tx2,ty1+t y2). 
This additivepropertycan be demonstrated bycompositetransformationmatrix: 

 

1 0tx1 10tx2 1*1 0*0 x1*01*0 0*1 x1*01*tx2 0*ty2 x1*1 

0 t
y1·0 1t 

y2
 =0*1   1*0   ty1*0 0*01*1 y1*0 

 
0*tx2   1*ty2    ty1*1 

 

0 01 0  01 0*1 0*01*0  0*0 0*1 1*0 0*tx2 0*tu2 1*1 

1 0tx1 x 2 

= 01t
y1

t
y2 

0 0 1 

 

Thisdemonstratesthat2successivetranslationsareadditive. 
 

 
 

 

 

 

 

 

 

t t t 

t 
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cos 
 
sin 

) 

sinsin coscos 

) sin( ) 

s 

Rotations 

Bycommon sense,ifwerotate ashapewith2 successiverotation angles:?anda, abouttheorigin,it is 

equal to rotatingthe shapeoncebyanangle?+aabout theorigin. 

Similarly,thisadditivepropertycanbedemonstratedbycompositetransformationmatrix: 
 

sin 0 cos sin 0 

cos 
 
0·   sin  cos 0 

 

0  0 1 0 0 1  

cos cos  (sin )*sin 0*0 cos *(sin) (sin)*cos 0*0cos *0 (sin)*0 0*1 

= sin cos cos *sin 0*0 sin *(sin) cos *cos 0*0 sin *0 cos *0 0*1 
0*cos 0*sin 1*0 0*(sin   ) 0*cos 1*0 0 * 0 0 *0 1*1 

 

(cos  sin sin cos 0 

=sin  cos cos  sin 0 

0 0 1 

 

0 

cos( ) 0 
0 0 1 

 

Thisdemonstratesthat2successiverotationsareadditive. 

 

ScalingsWithRespecttotheOrigin 

By common sense, if we scale a shape with 2 successive scaling factor: (sx1, sy1) and 
(sx2,sy2), with respect to the origin, it is equal to a single scaling of (sx1* sx2, sy1* sy2) 
withrespect to the origin. This multiplicative property can be demonstrated by 
compositetransformationmatrix: 

 

sx1 0   0 x2 0 0 
0   s 0 ·0 s 0 

y1 y2 

 

0 0   1 0 01 

sx1*sx 2 0*0 0*0sx1*0 0*sy2 0*0sx1*0 0*0 0*1 

= 0 *sx2 y1*0   0*0  0*0   sy1*sy2      0*0   0*0   sy1*0   0 *1 

0 * s 

x2 

0*0 1*0 0*0 0*s 

y2 

1*0 0*0   0*0   1*1 

 

sx1*sx 2 0 0 

= 0 s * s 0 
y1 y2 

0 0 1 
 

Thisdemonstratesthat2successivescalingswithrespecttotheoriginaremultiplicative. 
 

 

 

 

 
 

 

coscos sinsin 

cos( 

=sin( ) 

s 
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0 

cos 
 
sin 

y 

GeneralPivot-PointRotation 

Rotationabout anarbitrarypivot pointis notas simpleas rotation 

abouttheorigin.Theprocedureofrotation about an arbitrarypivot point is: 

- Translatetheobjectso thatthepivot-point positionismoved totheorigin. 

- Rotatethe objectabout theorigin. 

- Translatetheobject sothat thepivot pointisreturned toits originalposition. 
 
 

 

Thecorrespondingcompositetransformationmatrixis: 

 

1 0x r cos sin 0 1 0 x r 

0 1 r     sin  cos 0 0 1 y
r 

 

0 1 0 01  

xr 1 0 x r 

= cos y
r
0 1 y

r
 

 

0 0 1 0 0 1  

cos sin xr cos 
 

 
yrsin xr 

= sin  cos  xr sin  yrcos 
1 

yr 

0 0      

 

GeneralFixed-PointScaling 

Scalingwithrespectto anarbitraryfixed pointisnot assimpleas scalingwithrespecttotheorigin. 

Theprocedure of scalingwith respect to an arbitraryfixedpoint is: 

1. Translatetheobjectso thatthefixedpoint coincideswiththeorigin. 

2. Scaletheobjectwithrespecttothe origin. 

3. Usethe inversetranslation ofstep 1to returnthe objectto itsoriginal position. 

 

 

 

0 1 

sin 

0 
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Thecorrespondingcompositetransformationmatrixis: 

 

1   0   x f sx 0 0 1   0 x f  s x 0 xf (1 sx ) 
                 

0 1 y 
f 0 sy 00 1 y 

f =  0 sy yf (1  sy) 

0 0 1  0 0 1 0 0 1    0 0  1  

                 

 
GeneralScalingDirection 

 

Scaling along an arbitrary direction is not as simple as scaling along the x-y axis. 
Theprocedure of scaling along and normal to an arbitrary direction (s1 and s2), with respect 
totheorigin, is: 

1. Rotatetheobjectsothatthedirectionsfors1ands2coincidewiththexandyaxesrespectively. 
2. Scale theobject with respect to the origin using(s1, s2). 
3. Useanoppositerotationtoreturn pointstotheiroriginalorientation. 

 

Thecorrespondingcompositetransformationmatrixis: 
 

cos( sin( 0 s1 0 0 cos sin 0 

s0 

 

 

 

 
 

OtherTransformationsReflec

tion 

Reflectionaboutthexaxis: 
x'  1 0 0 x 

y' = 0 10 y 
     

1  0 0 1 1 

ie.x'=x; y'=-y 
 

Reflectionabouttheyaxis: 

x'  10  0 x 

y' = 0 1 0 y 
     

1  0 0 1 1 

ie.x'=-x; y'=y 
 

 

 

 

) ) 

sin(  ) cos( ) 0 0 2 sin cos 0 

0 0 1 0 0 1  0 0 1 
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Flippingbothxandycoordinates ofapointrelativeto theorigin: 
x'  1   0  0 x 

y' = 0 10 y 
     

1  0 0 1 1 

ie.x'=-x; y'=-y 

 
Reflectionaboutthediagonalliney=x: 

x'  0 1 0 x 

y' = 1 0 0 y 
     

1  0 0 1 1 

ie.x'=y;y'=x 

Reflectionabout thediagonal line y=-x: 
x'  0 1 0 x 

y' = 10  0 y 
     

1  0 0 1 1 

 

Shear 

ie.x'=-y;y'=-x  

 

X- direction shear, with a shearing parameter 

shx,relative to the x-axis: 
 

x'  1 shx 0 x 

y' = 0 1 0 y 
     

1  0 0 1 1 

ie.x'=x+y*shx;y'=-x 

 
Exercise:Thinkofay-direction shear,withashearingparametershy,relative tothe y-axis. 

 

TransformationBetween2CartesianSystems 

For modelling and design applications, individual objects may be defined in their own 

localCartesian References. The local coordinates must then be transformed to position the 

objectswithinthe overall scenecoordinate system. 

Supposewewanttotransformobject descriptionsfromthexysystem tothex'y'system: 
 

Thecompositetransformationis: 
 

cos( ) sin( ) x r 1 0 x0  
        

sin(   )  cos( ) y 0 
r 1 y 

0 

 0 0 1 0 0 1  
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2-Dimensionalviewing 
 

 

ImagesontheScreen 
 

All objects in the real world have size. We use a unit of measure to describe both the size of 

anobject as well as the location of the object in the real world. For example, meters can be used 

tospecify both size and distance. When showing an image of an object on the screen, we use ascreen 

coordinatesystemthatdefinesthelocationoftheobjectinthesame relativepositionasinthe real world. 

After we select the screen coordinate system, we change the picture to displayinteriorscreen that 

means changeit intoscreen coordinatesystem. 

 

WindowsandClipping 
 

The world coordinate system is used to define the position of objects in the natural world. 

Thissystem does not depend on the screen coordinate system , so the interval of number can 

beanything(positive, negative or decimal). Sometimes the complete picture of object in the 

worldcoordinatesystemistoolargeandcomplicatetoclearlyshowonthescreen,andweneedtoshow only 

some part of the object. The capability that show some part of object internal a specifywindow is 

called windowing and a rectangular region in a world coordinate system is calledwindow. Before 

going into clipping, you should understand the differences between window andaviewport. 

 

A Window is a rectangular region in the world coordinate system. This is the 

coordinatesystemusedtolocateanobjectinthenaturalworld.Theworldcoordinate 

systemdoesnotdepend on a display device, so the units of measure can be positive, negative or 

decimalnumbers. 
 

 

 

 

A Viewport is the section of the screen where the images encompassed by the window on 

theworld coordinate system will be drawn. A coordinate transformation is required to display 

theimage, encompassed by the window, in the viewport. The viewport uses the screen 

coordiantesystem so this transformation is from the world coordinate system to the screen 

coordinatesystem. 
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When a window is "placed" on the world, only certain objects and parts of objects can be 

seen.Points and lines which are outside the window are "cut off" from view. This process of 

"cuttingoff" parts of the image of the world is called Clipping. In clipping, we examine each line 

todetermine whether or not it is completely inside the window, completely outside the window, 

orcrosses a window boundary. If inside the window, the line is displayed. If outside 

thewindow,thelinesandpointsarenotdisplayed.Ifa linecrossestheboundary,wemustdeterminethepoint 

of intersection and displayonlythe part which lies insidethe window. 

 

 

Cohen-SutherlandLineClipping 
 

The Cohen-Sutherland line clipping algorithm quickly detects and dispenses with two 

commonandtrivial cases.Toclipaline, weneed toconsider onlyits endpoints.Ifboth endpointsof 

alinelie inside the window, the entire line lies inside the window. It is trivially accepted and needs 

noclipping. On the other hand, if both endpoints of a line lie entirely to one side of the window, 

theline must lie entirely outside of the window. It is trivially and needs to be neither clipped 

nordisplayed. 

 

Inside-OutsideWindowCodes 

 

To determine whether endpoints are inside or outside a window, the algorithm sets up a half-

space code for each endpoint. Each edge of the window defines an infinite line that divides 

thewhole space into two half-spaces, the inside half-space and the outside half-space, as 

shownbelow. 
 

 
 

http://www.cs.helsinki.fi/group/goa/viewing/leikkaus/trivial.html
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As you proceed around the window, extending each edge and defining an inside half-space andan 

outside half-space, nine regions are created - the eight "outside" regions and the one "inside"region. 

Each of the nine regions associated with the window is assigned a 4-bit code to identifythe region. 

Each bit in the code is set to either a 1(true) or a 0(false). If the region is to the left ofthewindow, 

thefirstbit of thecodeis set to 1.If theregionis to thetopofthe window, 

thesecondbitof thecodeisset to1.Ifto theright, thethird bit isset, andiftothe bottom, 

thefourth bit is set.The4 bits inthecodethen identifyeach of thenineregions as shown below. 
 

 

For any endpoint ( x , y ) of a line, the code can be determined that identifies which region 

theendpointlies. Thecode'sbits areset accordingto thefollowingconditions: 
 
 

 
 

Thesequenceforreadingthecodes'bitsisLRBT(Left,Right,Bottom,Top). 

 

Once the codes for each endpoint of a line are determined, the logical AND operation of thecodes 

determines if the line is completely outside of the window. If the logical AND of theendpoint 

codes is not zero, the line can be trivially rejected. For example, if an endpoint had acode of 1001 

while the other endpoint had a code of 1010, the logical AND would be 1000which indicates the 

line segment lies outside of the window. On the other hand, if the endpointshad codes of 1001 and 

0110, the logical AND would be 0000, and the line could not be triviallyrejected. 

 

The logical OR of the endpoint codes determines if the line is completely inside the window. Ifthe 

logical OR is zero, the line can be trivially accepted. For example, if the endpoint codes are0000 

and 0000, the logical OR is 0000 - the line can be trivially accepted. If the endpoint codesare0000 

and0110, the logicalOR is 0110 and theline cannot betriviallyaccepted. 

 

 
 

Algorithm 

 

The Cohen-Sutherland algorithm uses a divide-and-conquer strategy. The line segment'sendpoints 

are tested to see if the line can be trivially accepted or rejected. If the line cannot 

betrivallyacceptedorrejected, anintersectionofthe linewith 

awindowedgeisdeterminedandthetrivialreject/accept testis repeated.This processis continueduntil 

thelineisaccepted. 
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To perform the trivial acceptance and rejection tests, we extend the edges of the window 

todividethe planeof thewindow intothenineregions. Eachend pointof thelinesegmentis 

thenassignedthecodeof theregion in which it lies. 

 

1. Givenalinesegment withendpoint and  
2. Computethe4-bitcodes foreachendpoint. 

 

If both codes are 0000,(bitwise OR of the codes yields 0000 ) line 

liescompletelyinside thewindow: passtheendpoints tothedrawroutine. 

 

If both codes have a 1 in the same bit position (bitwise AND of the codes is not 

0000),theline liesoutside the window.Itcan betriviallyrejected. 

 
3. If a line cannot be trivially accepted or rejected, at least one of the two endpoints must 

lieoutsidethe window andthe line segmentcrosses awindow edge.This linemust 

beclippedat thewindow edgebeforebeingpassed tothedrawingroutine. 

4. Examineoneoftheendpoints, say .Read 's 4-bitcodein order: Left-to-

Right,Bottom-to-Top. 
5. When a set bit (1) is found, compute the intersection I of the corresponding window 

edgewiththelinefrom to .Replace withI and repeatthealgorithm. 

 

 

 

 
Liang-BarskyLineClipping 

 

The ideas for clipping line of Liang-Barsky and Cyrus-Beck are the same. The only difference 

isLiang-Barsky algorithm has been optimized for an upright rectangular clip window. So we 

willstudyonlythe ideaof Liang-Barsky. 

 

Liang and Barsky have created an algorithm that uses floating-point arithmetic but finds 

theappropriate end points with at most four computations. This algorithm uses the 

parametricequationsforaline and solvesfour inequalitiestofindthe 

rangeoftheparameterforwhichthelineis in the viewport. 

 

 

LetP(x1,y1) , Q(x2,y2)be the line which we want to study. The parametric equation of theline 

segment from gives x-values and y-values for every point in terms of a parameter 

thatrangesfrom 0 to 1. Theequations are 

http://www.cs.helsinki.fi/group/goa/viewing/leikkaus/interse.html
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and 
 

We can see that when t = 0, the point computed is P(x1,y1); and when t = 1, the point 

computedisQ(x2,y2). 

 

 
 

Algorithm 

 
1. Set and 

2. Calculatethevaluesof tL,tR,tT, andtB(tvalues). 

o if or ignoreitandgotothenext edge 
o otherwise classify the tvalue as entering or exiting value (using inner product 

toclassify) 

o iftis enteringvalue set ;iftis exitingvalue set 

3. If thendraw alinefrom(x1+dx*tmin,y1 +dy*tmin)to(x1+dx*tmax,y1 

+dy*tmax) 

4. If thelinecrossesoverthewindow,youwillsee(x1+dx*tmin,y1+dy*tmin)and(x1 +dx*tmax,y1 

+dy*tmax) areintersection betweenlineand edge. 

 

 

 
 

Sutherland-HodgmanPolygonClipping 
 

The Sutherland - Hodgman algorithm performs a clipping of a polygon against each 

windowedge in turn. It accepts an ordered sequence of verices v1, v2, v3, ..., vn and puts out a 

set ofverticesdefiningtheclipped polygon. 

 

 

 

 

 

 

 

 

 

Thisfigurerepresentsapolygon(thelarge,solid, 

upwardpointingarrow)beforeclippinghas occurred. 

 

Thefollowingfiguresshowhowthisalgorithm worksateachedge,clippingthepolygon. 
 
 

http://www.cs.helsinki.fi/group/goa/viewing/leikkaus/tvalue.html
http://www.cs.helsinki.fi/group/goa/viewing/leikkaus/enter.html
http://www.cs.helsinki.fi/group/goa/viewing/leikkaus/intersec.html
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a. Clippingagainst theleft side ofthe clipwindow. 

b. Clippingagainst thetop sideoftheclipwindow. 

c. Clippingagainstthe rightsideof theclipwindow. 

d. Clippingagainst thebottom sideoftheclip window. 

 

 
 

FourTypesof Edges 

 

Asthealgorithmgoesaround the edgesofthe window,clippingthepolygon,itencountersfourtypes of 

edges. All four edge types are illustrated by the polygon in the following figure. Foreach edge 

type, zero, one, or two vertices are added to the output list of vertices that define 

theclippedpolygon. 
 

 

 
Thefourtypesofedgesare: 

 

1. Edgesthataretotallyinsidetheclipwindow.-addthesecondinside vertexpoint 

2. Edgesthat areleavingtheclip window. -add theintersection point asa vertex 

3. Edgesthat areentirelyoutsidethe clipwindow.-addnothingto thevertexoutput list 

4. Edges that are entering the clip window. - save the intersection and inside points 

asvertices 

 

 
 

How ToCalculateIntersections 

 

Assume that we're clipping a polgon's edge with vertices at (x1,y1) and (x2,y2) against a 

clipwindowwith vertices at (xmin,ymin)and(xmax,ymax). 

 

Thelocation(IX,IY)oftheintersection ofthe edgewiththeleft sideofthe windowis: 

 

i. IX =xmin 

ii. IY =slope*(xmin-x1)+y1, wherethe slope=(y2-y1)/(x2-x1) 

 

Thelocation ofthe intersection ofthe edgewith therightsideof thewindow is: 

 

i. IX =xmax 

ii. IY = slope*(xmax-x1) + y1, where the slope = (y2-y1)/(x2-

x1)Theintersection ofthepolygon's edgewiththetop sideofthe windowis: 

i. IX =x1+(ymax-y1)/slope 
ii. IY= ymax 

 

Finally,theintersectionoftheedgewiththebottom sideof thewindow is: 
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i. IX=x1+(ymin-y1)/slope 

ii. IY= ymin 

 

 
 

SomeProblemsWithThisAlgorithm 

 

1. Thisalgorithm doesnotworkif theclipwindow isnot convex. 

2. If the polygonis notalso convex,theremaybesomedanglingedges. 
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