Computer Graphics

2D basic primitives
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Visualization modes

Processing has several visualization modes: JAVA2D, P2D, P3D
and OPENGL

There are other possibilities using specific libraries (for
example, ray-tracing rendering)

The visualization mode has to be defined as the third
argument of the function size ().The default mode if
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The 2D coordinate
system

® Window size is defined using the
function size (), generally one of

the first actions carried out in the (0.0)
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2D basic primitives in
brocessing

® Points

® |ines

® Ellipses / Circles / Arcs




olor and options

In processing many functions provoke a state change => they set a parameter
that will remain active until we change it. Example: st roke () => changes

stroke colors and will affect any stroke until a new color is specified

® Stroke colors can be characterised using the function stroke ()
® stroke(255) =>RGB(255,255,255) one parameter means a color
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Color and options

background ()
® Erases the window with the specified color

® Examples: background (0)
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Points

point (x, )
® Draws a point at (X, y) coordinates
® Color is specified using stroke () and its thickness (size) using
strokeWeight ()
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Lines

lssnicalivnds Al S e daiv )
® Draws a line between the points (x1,yl) and (x2, y2)
® With the stroke functions we can specify its properties
® Example:

suized 0.0 a0 se

background (0) ;

stroke (255) ;
V*«sxrokeWe%ght(5)




Lines

® Line endings
® ROUND (rounded), PROJECT (projected, the line is extended
depending on the stroke thickness), SQUARE (strictly squared)
® Example:
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Ellipses and circles

ellipse(x, vy, width, height)
® Draws a ellipse in the coordinates (X, y) and with the width and height
specified

ellipseMode ()
® Changes how ellipse parameters are interpreted
L0 el.'llpseMode (CENTER == (x y) are the eII|pse center (default i
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Ellipses and circles

® Example:

size (200, 200);
background (0) ;




Arcs

arc(x, y, width, height, start, end)

® Draws an arc as an ellipse sector with the coordinates (x, y) and with the
specified width and height. This fragment or sector is defined by the angles
indicated with start and end (radians by default) and following a clockwise
direction

® Their parameters are also interpreted following e11ipseMode ()

® In procesing, filling figures is the default mode and it is applied even with non-
closed figures. Function noFi11 () has to be explicitly called if filling is not
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Rectangles

beebalswnr ainnididh. sahediohiy
® Draws a rectangle

rectMode()
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Triangles and quaderilaterals

Crolemele (i, i, X2, W2, X3, o)
® Draws a triangle following the three vertices
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® Draws a quadrilateral. The firs point is (xI, yl), the rest are the next 3
vertices specified either clockwise or counter-clockwise (one of them)




Practice 2-1

Representation of trigonometric functions

® Represent the sine and cosine functions, values from 0 to 2*pi radians

® The (0,0) of the cartesian coordinates is located at x=0 and y=width/2 in
windows coordinates (just in the left side, half the height)

® The path from 0 to 2*pi has to take the most of the width of the
window

® |mplement a function that draws the sine, another one for the cosine,
and WhICh |nput parameters are the color and thlckness of the stroke |




Bezier curves
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® They are cubic curves (allow an inflexion point)
® They were named after the mathematician Pierre Bezier
® 4 points are required to characterise them:
° The fi rst and the last pomts are the curve startlng and
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Bezier curves

void setup ()

{
size (400, 400);
background (0) ;

// We draw two Bézier curves

dibujaBezier (100,140,50,40,350,40,300,140) ;

dibujaBezier (50,290,150,190,200,390,350,290) ; Sotket
} bezier

void dibujaBezier (int x1, int yl,
int cx1, int cyl,
int cx2, int cy2,
int x2, int y2)




Catmull-Rom curves

cllisie fesalin el sdli il il e @S s s e
® Formulated by Edwin Catmull and Raphie Rom
® Useful to achieve a curve that interpolated a set of points, and
very useful for computer graphics (animation using keyframes,

for instance)
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Catmull-Rom curves

size (175, 125);

background (0) ;
noFill () ;
stroke (255) ;
catmull_rom
curve (25, 25, // Control point 1

125, 25, // (x1, y1)

125, 75, // (x2, y1)
| // Control
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Shapes

® shapes in processing allow to draw free and complex forms by
enumerating their vertices

® The main primitive is vertex (x, V), that defines one of
the vertices of the shape

® TJo begin a shape, the function beginShape () has to be
invoked . Afterwards, their vertices can be defined using
vertex 1 The shape can be f‘nlshed by mvokmg
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Shapes

® When beginShape () has no arguments, it allows to define polylines
® |[f the parameter CLOSE is specified inside endShape (), the polyline will be

automatically closed by joining the last vertex with the first
® Example:

size (200, 200) ;
background (0) ;

// Shapes can also be characterised by
// using the functions fill and stroke.

//.Qy -efath sﬁ,pes a. q filled, and
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Shapes

With CLOSE, shape will be closed:

// Polyline
beginShape () ;

// Now we can define the vertices ..

vertex (25, 25);
vertex (175, 25);
yentexlis vl lals
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Shapes

® There is also the possibility of specifying an argument to the
beginShape () function and allow another interpretation
for the vertices:
® POINTS.The vertices draw a set of points.

° LINES The vertlces in palrs draw I|nes
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Shapes

// Points ) € Shapes
beginShape (POINTS) ;

// Now we define the vertices
vertex (25, 25);

vertex (175, 25);

vertex (175, 175);

vertex (25, 175);

// End of shape ] .
- endShape(); "
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Shapes

// Triangles beginShape (QUADS) ;
beginShape (TRIANGLES) ;
// Now we can define the vertices
// Now we can define the vertices ... vertex (25, 25);
vertex (25, 25); vertex (50, 175);
vertex (50, 175); vertex (125, 150);
vertex (125, 40); vertex (115, 40);

vertex (125, 150);

vertex (120, 60); vertex (130, 60);

vertex (180, 190); vertex (190, 70);
vertex (195, 150);
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Shapes

® |n addition to specify the vertices with vertex (), processing
allows the use of the functions curveVertex () and
bezierVertex (), generating curves instead of straight
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Shapes

S VEVSITESX (5K, /)

® With curveVertex () a Catmull-Rom curve can be

generated able to interpolate any set of points
o AThe f'rst and Iast defned pomts W|th curveVertex ( ) will
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Shapes

size (400, 400);
background (0) ;
noFill () ;
stroke (255) ;

// Polyline
beginShape () ;
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Shapes

ezt Vertex (Exl v, ©X2, @V2, X V)

® |n a chain of bézier curves, the first point of the curve must be
specified using vertex ()

® Fach bezierVertex () executed after this first vertex will
- _speufy two new control pomts and a destlny pomt
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Shapes

size (300, 200);
background (0) ;
noFill () ;
stroke (255) ;

// Polyline
beginShape () ;

vertex(10,100); // First point of the curve
bezierVertex (70, 140, 160, 140, 150, 100);
bezierVertex (140, 60, 210, 60, 290, 100);

Shapes

shape
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~// End of




// Complex shapes creation
// by combining linear and
// curve vertices.

size (400, 300);
background (0) ;

stroke (255) ;

noFill () ;

Shapes




Practice 2-2

® Rewrite the practice |-1 code in order to use a
shape to draw the n-sided polygon




Practice 2-3

® |n a statistical application it is necessary to represent a
pie chart for a set of percentage values
® The elements are in an array and their sum is equal to

100%

® Example:
Bl ®adllsdnrarliyerme=nade 20 us O tid B O3t by i@ s cir]noie s (0 il i) =

lm Iement f nctlon tQ draw thIS nformatlon ln a pie
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Practice 2-4

® Develop an analogous function of practice
2-3 but now with the objective of drawing a

2D bar chart
® Take the most of the available window sizes

and draw the coordinates axes
Choose the bar width in function of the
.}.total number of values and the total wmdow
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