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Geometric Modeling Examples 
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Introduction to Geometric Modeling 
ÅWhat is geometric modeling and computing 
ïRepresentation of existing objects (mathematical tools to 

represent shape geometry of real-world objects, both natural 
and manufactured ones) 

ïReverse engineering (from physical prototypes to digital 
prototypes) 

ïDesign of new objects via shape editing, deformation, and 
manipulation 

ïRendering --- visual interpretation  

ÅApplication of geometric modeling 
ïGraphics, CAD, CAGD, CAE, robotics, vision, virtual reality, 

scientific visualization, animation, physical simulation, 
computer games, etc.  

 



SŢ NY BR¸ Ķ 
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Basic Elements in Geometric 
Modeling 

point line 

plane 

triangle 

polygon 

curve 

surface 

Curved 

solid 
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Polygon Meshes 
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Fundamental Shape 
Representation 

ÅVertex (vertices) 

ÅLine segments 

ÅTriangle, triangular meshes 

ÅQuadrilateral 

ÅPolygon 

ÅCurved object 

ÅTetrahedron, pyramid, hexahedron 

ÅMany moreé 
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3D Shape Representation 
ÅPoints (vertices), a set of points 

ÅLines, polylines, curve 

ÅTriangles, polygons 

ÅTriangular meshes, polygonal meshes 

ÅAnalytic (commonly-used) shape 

ÅQuadric surfaces, sphere, ellipsoid, torus 

ÅSuperquadric surfaces, superellipse, superellipsoid 

ÅBlobby models 
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Fundamental Mathematical Tools 
ÅClassification by mathematical tools 
ïExplicit, non-parametric representation based on mathematical functions 

ïParameterization-centered curve and surface modeling (piecewise, 
polynomial splines) 

ïPolygon meshes 

ïRecursive operations (Subdivision, Fractals) 

ïImplicit surfaces defined by algebraic equations 

ïPDEs (Partial Deferential Equations) for natural phenomena in computer 
animation 

ïSet operations (CSG) 

ïVolumetric and solid models 

ïProcedure-based models (sweeping, surfaces of revolution) 

ïWavelet, and  

ïMany more 
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Fundamental Mathematical Tools 

ÅThe integrated way to look at the shape 

ÅDivide-and-Conquer approaches 

ÅObject can be considered as a set of faces, each 

face can be further decomposed into a set of 

edges, each edge can be decomposed into 

vertices (in principle, we can decompose 

complicated ones into a set of simple ones) 
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Geometric Representations 

ÅRepresentation selection criteria 

ïDomain (what can it represent?) 

ïAccuracy (how accurate can it be?) 

ïManipulability (easy to change) 

ïFair (smoothness) 

ïFeatures (cusps, creases, darts) 

ïCompactness (spatial efficiency) 

ïEfficiency (time efficiency) 
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Polygonal Meshes 
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Shaded Model 
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Mechanical Part 
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Architecture 
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Polygon Meshes 

ÅAdvantages 

ïComputational efficient 

ïCheap for rendering, hidden-surface detection, ray-

tracing, collision detection, etc. 

ÅDisadvantages 

ïHuge data set for complicated, real-world model 

ïSmoothness depends on data set 

ïNo LOD (Level-of-detail) support 
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 Many real-world objects are inherently smooth, therefore need 

infinitely many points to model it. This is not feasible for a 

computer with finite storage. More often we merely approximate 

the object with pieces of planes, spheres, or other shapes that are 

easy to describe mathematically. We will introduce two most 

common representations for 3D surfaces: polygon mesh surfaces 

and parametric surfaces. We will also discuss parametric curves 

since parametric surfaces are a generalisation of the curves. 

Teapot Modeling (For Example)  
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Representing Polygon Meshes 

ÅExplicit representation  

ÅBy a list of vertex coordinates  
 

 

ÅPointers to a vertex list  

ÅPointers to an edge list  
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Polygon Meshes  

VERTEX TABLE  

V1:   x1, y1, z1 

V2:   x2, y2, z2 

V3:   x3, y3, z3 

V4:   x4, y4, z4 

V5:   x5, y5, z5 

EDGE TABLE  

E1:     V1, V2 

E2:      V2, V3 

E3:     V3, V1 

E4:      V3, V4 

E5:      V4, V5 

E6:      V5, V1 

POLYGON TABLE  

P1:     V1, V2 , V3 

P2:      V1 , V3 , V4 , V5 

POLYGON TABLE  

P1:     E1, E2 , E3 

P2:      E3 , E4 , E5 , E6 

or 

E1 

E2 

E3 

E5 
E4 

E6 

V2 

V3 

V4 

V5 

V1 

P1 P2 
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STATE UNIVERSITY OF NEW YORK 

Department of Computer Science 

Center for Visual Computing 

SPRING, 2009 CSE530, SUNYSB-CS 

Pointers to a Vertex List 
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SŢ NY BR¸ Ķ 
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Pointers to an Edge List 
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Å The geometry can be stored as three tables: a vertex table, an edge table, and a 

polygon table. Each entry in the vertex table is a list of coordinates defining 

that point. Each entry in the edge table consists of a pointer to each endpoint of 

that edge. And the entries in the polygon table define a polygon by providing 

pointers to the edges that make up the polygon. 

 

Å We can eliminate the edge table by letting the polygon table reference the 

vertices directly, but we can run into problems, such as drawing some edges 

twice, because we don't realise that we have visited the same set of points 

before, in a different polygon. We could go even further and eliminate the 

vertex table by listing all the coordinates explicitly in the polygon table, but this 

wastes space because the same points appear in the polygon table several times. 

 

Polygonal Meshes  
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Representing Polygonal Meshes  

 1). The explicit way: just list 3D vertices of each polygon in a certain 

 order. The problems are, firstly it represents same vertex many 

 times and secondly, no explicit representation of shared edges  and 

vertices 

 

 2). Pointer to a vertex list: store all vertices once into a numbered  list, and 

represent each polygon by its vertices. It saves space (vertex only listed once) 

but still has no explicit representation of  shared edges and vertices 

 

  

 3). Explicit edges: list all edges that belong to a polygon, and for  each 

edge list the vertices that define it along with the polygons of which it is a 

member. 
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Planes 
ÅThree points, p0, p1, and p2, define a plane 

ÅThe normal vector to the plane, n, is defined as 

 

 

 

ÅThe implicit equation for a plane is 

 

 

 

Åa, b, and c are the elements of n 
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Plane Equation 

Å Ax+By+Cz+D=0 

ïAnd (A, B, C) means the normal vector 

ïso, given points P1, P2, and P3 on the plane 

ï(A, B, C) =P1P2 ³ P1P3 

ïWhat happened if (A, B, C) =(0, 0, 0)? 

ïThe distance from a vertex (x, y, z) to the plane is 
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Some Non-Polygonal Modeling 
Tools 

Extrusion 

Spline Surfaces/Patches 

Surface of Revolution 

Quadrics and other 

implicit polynomials 
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Analytic Shapes 
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NURBS model 

PDE models 

Subdivision model 

Implicit model 
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Limitations of Polygonal Meshes 
ÅPlanar facets 

ÅFixed resolution 

ÅDeformation is difficult  

ÅNo natural parameterization 
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Can We Disguise the Facets? 
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SŢ NY BR¸ Ķ 
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Gouraud Shading 

ÅInstead of shading with the normal of the 

triangle, shade the vertices with the average 

normal and interpolate the color across each face 

Illusion of a smooth 

surface with smoothly 

varying normals 
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Phong Normal Interpolation 
 

ÅInstead of using the normal of 

the triangle, interpolate an 

averaged normal at each vertex 

across the face 

ÅMust be renormalized 
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10K 

facets 

1K 

facets 

1K 

smooth 

10K 

smooth 


