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Reading Assignment #4 (until Feb 21)

Read (required):
• Real-Time Volume Graphics book, Chapter 5 until 5.4 inclusive

(Terminology, Types of Light Sources, Gradient-Based Illumination,
Local Illumination Models)

• Paper:
Marching Cubes: A high resolution 3D surface construction algorithm,
Bill Lorensen and Harvey Cline, ACM SIGGRAPH 1987
[> 17,700 citations and counting...]

https://dl.acm.org/doi/10.1145/37402.37422

Read (optional):
• Paper:

Flying Edges, William Schroeder et al., IEEE LDAV 2015

https://ieeexplore.ieee.org/document/7348069
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Quiz #1: Feb 21

Organization
• First 30 min of lecture

• No material (book, notes, ...) allowed

Content of questions
• Lectures (both actual lectures and slides)

• Reading assignments (except optional ones)

• Programming assignments (algorithms, methods)

• Solve short practical examples
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Orientability (1-manifold embedded in 2D)

Orientability of 1-manifold:
Possible to assign consistent left/right orientation

Iso-contours

• Consistent side for scalar values…
• greater than iso-value (e.g, left side)

• less than iso-value (e.g., right side)

• Use consistent ordering of vertices
(e.g., larger vertex index is “tip” of arrow;

if (0,1) points “up”, “left” is left, …)
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Moebius strip
(only one side!)

not orientable



Orientability (2-manifold embedded in 3D)

Orientability of 2-manifold:
Possible to assign consistent normal vector orientation

Triangle meshes

• Edges
• Consistent ordering of vertices: CCW (counter-clockwise) or CW (clockwise)

(e.g., (3,1,2) on one side of edge, (1,3,4) on the other side)

• Triangles
• Consistent front side vs. back side

• Normal vector; or ordering of vertices (CCW/CW)

• See also: “right-hand rule”

Markus Hadwiger, KAUST 16

Moebius strip
(only one side!)

not orientable

1

2

3

4
GL_CCW



(except where the 
boundary is hit)





Bi-Linear Interpolation: Critical Points

Critical points are where the gradient vanishes (i.e., is the zero vector)

“Asymptotic decider”: resolve ambiguous configurations (6 and 9) by
comparing specific iso-value with critical value (scalar value at critical point)

critical point
(saddle point)

here, the critical
value is 2/3=0.666…



Linear Interpolation / Convex Combinations

Linear interpolation in 1D:

Line embedded in 2D (linear interpolation of vertex coordinates/attributes):

Line segment:                                   (→ convex combination)

Compare to line parameterization
with parameter t:
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wikipedia

piecewise linear



Linear Interpolation / Convex Combinations 

Linear combination (   -dim. space):

Affine combination: Restrict to              dim. subspace:

Convex combination:

(restrict to simplex in subspace)
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The weights      are the    normalized barycentric coordinates

→ linear attribute interpolation in simplex

Linear Interpolation / Convex Combinations 
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wikipedia

attribute interpolation

spatial position 
interpolation



Linear Interpolation / Convex Combinations 

Can re-parameterize to get             affine coordinates:
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From 2D to 3D (Domain)
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3D - Marching Cubes Algorithm:

1. Locate the surface corresponding to a user-specified iso value
2. Create triangles
3. Calculate normals to the surface at each vertex
4. Draw shaded triangles

2D - Marching Squares Algorithm:

1. Locate the contour corresponding to a user-specified iso value
2. Create lines



Marching Cubes
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• For each cell, we have 8 vertices with 2 
possible states each (inside or outside).

• This gives us 28 possible patterns = 256 
cases.

• Enumerate cases to create a LUT
• Use symmetries to reduce problem 

from 256 to 15 cases.

Explanations
• Data Visualization book, 5.3.2
• Marching Cubes: A high resolution 3D 

surface construction algorithm,
Lorensen & Cline, ACM SIGGRAPH 1987















Thank you.

Thanks for material
• Helwig Hauser

• Eduard Gröller

• Daniel Weiskopf

• Torsten Möller

• Ronny Peikert

• Philipp Muigg

• Christof Rezk-Salama


