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Everything is made of atoms

triangles





Everything made of triangles

Pen and ink drawing of a wireframe chalice 

("Perspective Study of a Chalice"), done by 

Paolo Uccelloin 1430-1440, Florence, Italy.









OpenGL Primitives











Testing 

convexity

Reasons triangles are better

• Definitely planar

• Definitely convex

• Definitely not self intersecting

• Exactly 3 vertices always



(image courtesy of Wikipedia)



Q: What will render a square?

(A)

glBegin(GL_TRIANGLES)

glVertex3f(0,0,0);

glVertex3f(1,1,0);

glVertex3f(1,0,0);

glVertex3f(0,0,0);

glVertex3f(0,1,0);

glVertex3f(1,1,0);

glEnd();

(B)

glBegin(GL_QUADS)

glVertex3f(0,0,0);

glVertex3f(0,1,0);

glVertex3f(1,0,0);

glVertex3f(1,1,0);

glEnd();    

(C)

glBegin(GL_TRIANGLES)

glVertex3f(0,0,0);

glVertex3f(1,1,0);

glVertex3f(1,0,0);

glVertex3f(0,0,0);

glVertex3f(1,1,0);

glVertex3f(0,1,0);

glEnd();    

(D)

glBegin(GL_QUADS)

glVertex3f(0,0,0);

glVertex3f(0,1,0);

glVertex3f(1,1,0);

glVertex3f(1,0,0);

glEnd();    

(E) I just really don’t know



How is this stored in buffers



[V0.x, V0.y, V1.x, V1.y, V2.x, V2.y, V3.x, V3.y, V4.x, V4.y, V5.x, V5.y, V6.x, V6.y, …]

Point 0 Point 1 Point 2

Attribute Vec2 a_Position;

drawArrays(gl.POINTS, 0, n);



[V0.x, V0.y, V1.x, V1.y, V2.x, V2.y, V3.x, V3.y, V4.x, V4.y, V5.x, V5.y, V6.x, V6.y, …]

Line 0 Line 1 Line 2

Attribute Vec2 a_Position;

drawArrays(gl.LINES, 0, n/2);



[V0.x, V0.y, V1.x, V1.y, V2.x, V2.y, V3.x, V3.y, V4.x, V4.y, V5.x, V5.y, V6.x, V6.y, …]

Triangle 0 Triangle 1

Attribute Vec2 a_Position;

drawArrays(gl.TRIANGLES, 0, n/3);



Vertex shader runs for each item in the buffer



[V0.x, V0.y, V1.x, V1.y, V2.x, V2.y, V3.x, V3.y, V4.x, V4.y, V5.x, V5.y, V6.x, V6.y, …]

Triangle 0 Triangle 1

Attribute Vec2 a_Position;

drawArrays(gl.TRIANGLES, 0, n/3);



[V0.x, V0.y, V1.x, V1.y, V2.x, V2.y, V3.x, V3.y, V4.x, V4.y, V5.x, V5.y, V6.x, V6.y, …]

Triangle 0 Triangle 1

Attribute Vec2 a_Position;

drawArrays(gl.TRIANGLES, 0, n/3);



[V0.x, V0.y, V1.x, V1.y, V2.x, V2.y, V3.x, V3.y, V4.x, V4.y, V5.x, V5.y, V6.x, V6.y, …]

Triangle 0 Triangle 1

Attribute Vec2 a_Position;

drawArrays(gl.TRIANGLES, 0, n/3);



 List of faces defined by vertex indices

(image courtesy of Wikipedia)

drawArrays(gl.TRIANGLES, 0, n/3);

drawElements(…);



 Wavefront OBJ (.obj)

 3DS Max (.3ds)

 Geomview OFF (Object File Format) (.off)

 PLY (.ply) for scanned data

 … and more

http://en.wikipedia.org/wiki/Obj
http://en.wikipedia.org/wiki/.3ds
http://shape.cs.princeton.edu/benchmark/documentation/off_format.html
http://en.wikipedia.org/wiki/PLY_(file_format)
http://en.wikipedia.org/wiki/List_of_file_formats#3D_graphics


Example data in a 3D file (.ply)



Rasterization



Rasterization = Turn on all pixels inside the triangle



[V0.x, V0.y, V1.x, V1.y, V2.x, V2.y, V3.x, V3.y, V4.x, V4.y, V5.x, V5.y, V6.x, V6.y, …]

Triangle 0 Triangle 1

Attribute Vec2 a_Position;

drawArrays(gl.TRIANGLES, 0, n/3);









[Rasterization Rules (Direct3D 10) – MSDN]

Top-Left Rasterization Rule





Normals





How can a vertex have a normal?







Interpolating 

color

Interpolating 

normals



Per face vs per vertex normals



Q about Normals

What is the per-polygon normal shown?

(A) 1,1,1

(B) 0,0,1

(C)1,0,0

(D)0,1,0

(E) Don’t know



Q about Normals

What is the per-vertex normal at point A?

(A) 1,1,1

(B) 1,1,-1

(C)1/sqrt(3), 1/sqrt(3), 1/sqrt(3)

(D) -1/sqrt(3), 1/sqrt(3),1/sqrt(3)

(E) Don’t know



http://tiny.cc/160108



Interpolation







Linear interpolation



Bi-linear interpolation



Bi-linear interpolation



MIT EECS 6.837, Durand and Cutler

Suppose you start with the smallest image and need a big one? 

Interpolation is not just about surfaces, used heavily in images





MIT EECS 6.837, Durand and Cutler

Nearest, bilinear, b-spline interpolation















Bilinear interpolation



MIT EECS 6.837, Durand and Cutler

Q about bi-linear interpolation

What is the value at point A?

(A) 1

(B) 2

(C)3

(D)4

(E) Don’t know



Umm.. So how do I use this on triangles?

Bilinear interpolation













Non triangle modeling







MIT EECS 6.837, Durand and Cutler

Some Non-Polygonal Modeling Tools

Extrusion

Spline Surfaces/Patches

Surface of Revolution

Quadrics and other 

implicit polynomials



Splines and patches



MIT EECS 6.837, Durand and Cutler

BSpline 

(approximation)

Definition:  What's a Spline?

• Smooth curve defined by some control points

• Moving the control points changes the curve

Interpolation Bézier (approximation)



MIT EECS 6.837, Durand and Cutler

Interpolation Curves / Splines

www.abm.org



MIT EECS 6.837, Durand and Cutler

Linear Interpolation

• Simplest "curve" between two points

Q(t) = Spline Basis 

Functions

a.k.a. Blending 

Functions



MIT EECS 6.837, Durand and Cutler

Cubic Bézier Curve

• 4 control points

• Curve passes through first & last control point

• Curve is tangent at P0 to (P0-P1) and at P4 to (P4-P3)

A Bézier curve is 

bounded by the convex 

hull of its control points. 



MIT EECS 6.837, Durand and Cutler

Cubic Bézier Curve

Bernstein 

Polynomials



MIT EECS 6.837, Durand and Cutler

Cubic BSplines

• ≥ 4 control points

• Locally cubic

• Curve is not constrained to pass through any 

control points

A BSpline curve is also 

bounded by the convex 

hull of its control points. 



MIT EECS 6.837, Durand and Cutler

Cubic BSplines



MIT EECS 6.837, Durand and Cutler

Bézier is not the same as BSpline

Bézier BSpline



MIT EECS 6.837, Durand and Cutler

Bézier is not the same as BSpline

• Relationship to the control points is different

Bézier

BSpline



MIT EECS 6.837, Durand and Cutler

NURBS (generalized BSplines)

• BSpline:  uniform cubic BSpline

• NURBS:  Non-Uniform Rational BSpline

– non-uniform = different spacing between the 

blending functions, a.k.a. knots

– rational = ratio of polynomials (instead of cubic)



MIT EECS 6.837, Durand and Cutler

Bicubic Bezier Patch



MIT EECS 6.837, Durand and Cutler

Editing Bicubic Bezier Patches

Curve Basis Functions

Surface Basis Functions



MIT EECS 6.837, Durand and Cutler

Modeling with Bicubic Bezier Patches

• Original Teapot specified with Bezier Patches



Administrative



Due Dates

• Due Monday

– HW 1

– Lab Assignment 0

• Tuesday: NO ZOOM (watch videos)

• Due Wed

– Quiz 1 (open until Wed)

• Due the following Monday

– Assignment 1 (Paint Program)



Assignment 1 (watch videos)



Check Piazza for Announcements





Stuff missing



Q&A



End


