FRACTAL GEOMETRY METHODS

· Euclidean geometry can not be effectively used to model natural objects like clouds, mountains etc.

· For Euclidean Geom. - zooming into the object smoothens it.

· For Fractals - it does not.

· 2 basic characteristics - 

· infinite detail at every point.

· Self Similarity

· Use Fractal Geometry methods -- procedures rather than equations.

· Define a (recursive) procedure that creates a sub-part.

· Fractal / Fractional Dimension -- describes the amount of variation

FRACTAL GENERATION

P0 = (x0 y0 z0)

P1 = F(P0)

P2 = F(P1)

And so on

· The transformation function can be applied to a point set or to a primitive like a line.

· Transformation can be deterministic or random

· Transformations can be Geometric / Non-linear procedures

· Example - Koch curve – given initiator / generator (Fig 10-68 - 10-72)

· Self -similar fractals

Notion of fractal dimension

· Subdivide object with a scale factor of s

· Number of objects created is N

· NsD=1 -------- D=ln(N)/ln(1/s)

· For D = 1 – lines, D = 2 – areas and D= 3 – volumes.

· Fractional values of D!!

· In general D is difficult to determine

· For a fractal curve - fractal dimension > Euclidean Dimension

· D = 1 – Smooth curve

· D = 2 – Peano Curve – fills the complete region

· D > 2 --- Self intersecting curves

· Space curves – 1 < D < 3; Self intersecting space curve D > 3

· Surfaces with 2 < D < 3

· For Koch curve - D = ln (N) / ln(1/s) = ln(4) / ln(3) = 1.26

SELF SIMILAR FRACTALS

· Self similar - parts are scaled down versions of the entire object. (eg Koch curve)

· Statistically self similar - …. Randomly scaled down ….

· Introduce some randomness

· Choose generator randomly from a set of predefined shapes??

· Choose coordinate displacements randomly??

· Use random transformations - scaling, twisting etc.

· Shapes of Real / Physical objects are obtained by controlling the generation procedures.

(Statistically) Affine Fractal construction methods

· Different scale factors in different directions

· Brownian motion / Random Walk / Zigzag movement

· Take step in a random direction - of random length.

· Repeat from there.

· To control the fractal dimension - control the statistical parameters.

· Use a 2D-array to model elevations above the ground.

· Join elevations by polygon patches.

· Used to model mountains, valleys etc.

· Color coding to make it realistic.

· D = 2.15  --- gives realistic mountains.

· Different affine fractal procedures for different objects like craters, rivers, clouds etc.

Random Mid-point Displacement method

· Given 2 points, find a third by doing random midpoint displacement

· ymid = (y1 + y2) /2 + r

· On a plane ABCD, find random midpoints of edges - EFGH and random midpoint of ABCD.

· r - gausian with mean = 0; var ( (grid-separation)2H where H = 3-D

· control terrain topography

Self Squaring Fractals

· Take a point in complex space

· Repeatedly apply transformation f(z)

· Point can diverge / converge / form the boundary of an object.

· f(z)=z2--- points inside the unit circle -- converge to origin.

· For other functions like z' = f(z) = (z(1-z), the boundary curve is a fractal.

· Locate point on curve and iterate to plot the curve

· OR write z = f-1(z'); 

· Compute inverse function repeatedly.

· After some iterations all points are on the curve.

Mandelbrot Set

· zo = z

· zk = zk-12 + zo
· Set of points which do not diverge - Fractal curve.

· Set color of pixel to number of iterations needed to converge.

SUMMARY (CHAPTER 10 - so far)

· REPRESENTATION OF POLYGON SURFACES

· PARAMETRIC FORM OF CURVES AND SURFACES

QUADRICS / SUPERQUADRICS

· SPLINES

· TYPES OF CONTINUITIES

· CUBIC SPLINES (HERMITE)

· ALGEBRAIC FORM

· GEOMETRIC FORM

· BLENDING FUNCTIONSCURVE GIVEN 4 POINTS

· NATURAL CUBIC / CARDINAL / KOCHANEL BARTEL SPLINES - DEFINITION AND PROPERTIES

· RATIONAL & BETA SPLINES - DEFINITIONS AND THEIR PROPERTIES

· CONVERSION BETWEEN DIFF TYPES OF SPLINES

· REPARAMETRIZATION

· DISPLAYING CURVES

· HORNERS RULE

· FORWRAD DIFFERENCE

· SUB-DIVISION ----------- later

· BICUBIC SURFACES

· ALGEBRAIC DEFINITION

· STANDARD GEOMETRIC INPUT

· DEGREES OF FREEDOM

· TWIST VECTORS

· BOUNDARY AND AUXILIARY CURVES

· COMPOSITE SURFACES AND CONTINUITY

· BEZIER SURFACES - DEFINITION

· EXTENSION OF CURVES

· NET OF CURVES

· PROPERTIES

· BSPLINE SURFACES

· DEFINITION

· EXTENSION OF CURVES

· NET OF CURVES

· PROPERTIES

· FRACTALS

· GENERAL CONCEPTS - DEFINITION  AND NOTION OF FRACTAL DIMENSION

· CONSTRUCTION OF 

· SELF SIMILAR (KOCH CURVE), STATISTICALLY SELF SIMILAR, 

· (STATISTICALY) SELF AFFINE (BROWNIAN MOTION / MIDPOINT DISPLACEMENT) AND 

· INVARIANT FRACTALS (SELF SQUARING)

ADDITIONAL REFERNCE - MORTENSON (FOR SPLINES AND SURFGACES)

SUB-DIVISION FOR DISPLAYING CURVES

Given: P(u) --- 0 < u < 1

Step 1: Subdivide curve at u = 0.5

Step 2: Re-parameterize both sides of the curve.

Step 3: Find control points for either side.

Repeat steps 1-3 till curves are small enough / straight enough.
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