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ABSTRACT

Thispaper presents affine transfor mations of objectsin Java programming
language in a conventional coordinate system. Affine transformation
preservesthe original shape of an object; thereforeit isa very important
aspect in computer graphics. This paper presents a technique, how to
apply affine transformation in a mathematical Cartesian coordinates for
Java students.

Keywords: Affine transformation, Distortion, Java programming
language

INTRODUCTION

Incomputer science, theofficia language of graphicsisOpenGL (Open Graphics
Library). Itisacomponent of C++ programming languagefor graphics. For the
last 10 years, Javahasreplaced C++ asthe dominant languagefor teaching computer
programmingin most universitiesand collegesin the United Statesand acrossthe
world. How can astudent without background in C++ learn computer graphics?
Therearetwotypesof transformationsof objects(Digtortion and Affine). Distortion
can be achieved by moving the anchor points and control points, distortion
transformationswill changethe original shapeof objects. Affinetransformationis
gppliedto preservethefundamenta or origina shapeof objects. Themaost important
of affinetransformationsare: trandation, scaling, rotation about apoint, reflection
about alineand shearing (distortion of anangle). Thispaper will present amethod
on how to apply affinetransformationsin amathematical Cartesian coordinatesfor
Javastudents. The Javacoordinate system placestheorigin (0, 0) at the upper left
corner, stretches out to the right asx-coordinate and downward asthey-coordinate.
Thepoints(pixels) resideinsidethe quadrant (screen), al have positive coordinates
(Figurel). Inaconventiona coordinate system, theorigin (O, 0) should be at the
center of the display areaand thetwo axes (x-coordinate, y-coordinate) dividethe
display areainto four quadrants(Figure 1).
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Figurel: Javaand conventiona (Cartesian) coordinate systems(Liang, 2009)

Conver sion of Java coor dinate system to conventional coor dinate system
Theorigin of theconventiona systemisset at the center of thedisplay area. For an
example, thedisplay areaistypically 640 x 480 pixels.

JFrameframe=new JFrame(* TRANSLATION"); //Createframe

frame.getContentPane().add(new Tranglation());
frame.setSize(640, 480); /[Set framesize

frame.setVisible(true);
Therefore, theorigin of the conventiona coordinate system should have coordinates:
soresnWidth =2
X =——7 =75 =320
y zsca'aanf-fa:'gh:' - ":ff-‘ = 240 (1)

We now havetheorigin of the conventional coordinate syslemwhichissetat O
(320, 240).

Conversion of pointsinto conventional coor dinate system
First, wehavedivided thex and y axes of the conventional coordinate systeminto
halves, thereforethex and y-coordinates of the pointsset onthe Javadisplay area
should also bedivided by 2 tofit onthe new system. For example, point P(x,, )
will havecoordinates(* /., /,) ontheconventional coordinate system. Second, al
points on the original Java display area have positive values for both x and y
coordinates and they should appear on the first quadrant of the conventional
coordinate system. We have to reset the pointswith respect to the new origin O
(320, 240) of the new coordinate system.
[llustration
First, we select four pointson the original screen (display area) then draw the
pyramid with thebaseasatriangle (Figure 2).
Point p1 = new Point (100, 100); //100 100
Point p2 = new Point (260, 200); //260 200
Point p3 = new Point (220, 300); //220 300
Point p4 = new Point (60, 260); //60 260
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Figure2: Origina shape on screen (Javacoordinate system)

Next step:
Wefindtheoriginfor theconventional coordinate system (1), draw two axesfor x
and y-coordinates.
Let P’ bethenew pointsof P,(1<=i <=4)inthenew conventional coordinate
system. Since, we divided the x and y-coordinates of the screen by 2, the
coordinates of the new points P would be halves of theoriginal coordinates.

P.x=Px/2 and P.y=P.y/2 ()]
Andall the pointsshould be on thefirst quadrant with respect to conventiond origin
O(x,y) (bothx, y>0), we have:

P'.x =P .x/2+O.x

P.y =P.y[2+Q.y 3
Thex-coordinatesP .xisin correct positions, to get they-coordinates P’ .yinthe
first quadrant, we need to reflect them through the x-axis of the conventional
coordinate system (x = Q.y), therefore:

(3) ==>P'.x = P.x/2+ 0.

Py =0y —P.x/2 4
Thefour new pointswill have coordinatesin the conventiona systemas:

Point p’,(370, 190)

Point p’ (450, 140)
Point p’ (430, 90)
Point p’ (350, 110)

Then draw the new pyramid on the conventional coordinate system (Figure3).
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Figure3: New shape on conventiona system

Affinetransfor mations: Affinetransformation preservesoriginal shapeof objects,
itisanimportant part in computer graphicsand hasmany applicationsin movie
industry, animation, CAD/CAAD, smulation, etc. Affinetransformationsarelinear
transformationswhichincludetrandation, scaling, rotation, reflection, and shearing
(Renka, 2013). This paper uses trand ation transformation with respect to the
conventiona coordinate systemtoillustratean example.

Trandation

Trandation isthesimplest operation of transformation. Trandation will movethe
object toanew position aong thex-axis(x pixels) and y-axis(y-pixels). For example,
supposed we want to translate the shape in figure 2 with respect to the origin
0O(320, 240) of the conventional coordinate system adistance 100 pixelsaongthe
x-axisand 70 pixelsaong they-axis. Thetrandation matrix would be:

1 0 100
o 1 70O
0 0 1

The point matrix of the shapewould be:

370 450 430 350
190 140 950 110
1 1 1 1

Theresult matrix (new point matrix) would be:

480 550 430 450
260 210 160 180
1 1 1 1

After performing thetrandation, draw new picturethat containsboth origina and
new shapes (Figure4).
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Figure4: Trandation
CONCLUSION

Thispaper can be used asaguidefor graphics programming in Java. Ascan be
seen through the example above, the translation process for an object in a
conventional coordinate system can be used in Java. However, to make this
happened, wefirst need to convert the Java coordinate system to conventional
system and al so the coordinates of points of the original object to their relative
coordinatesin the new conventiona system before gpplying thetrandation process.
Other transformations such asscaing, rotation, refection, and shearing can bedone
inthesameway.
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