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ISOSURFACES



administrivia . . .
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-grades out for time series assignment	


!

-scalar data assignment up; new due date	


!

-what to do about last assignment?





last time . . .
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Basic Strategies

• Visualization of 1D, 2D, or 3D scalar fields
– 1D scalar field:
– 2D scalar field:
– 3D scalar field:! ! !  
→ Volume visualization!

� ⇥ R� R
� ⇥ R2 � R
� ⇥ R3 � R



Grids (Meshes)
• Meshes combine positional information (geometry) with 

topological information (connectivity).   

• Mesh type can differ substantial depending in the way mesh 
cells are formed.

From Weiskopf, Machiraju, Möller© Weiskopf/Machiraju/Möller

Data Structures

• Grid types
– Grids differ substantially in the cells (basic 

building blocks) they are constructed from and 
in the way the topological information is given

scattered          uniform          rectilinear          structured       unstructured



Interpolation

http://en.wikipedia.org/wiki/Bicubic_interpolation

Nearest Neighbor Bilinear Bicubic

http://en.wikipedia.org/wiki/Bicubic_interpolation
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Bilinear Interpolation
• In rectangle

P = (1� v)Qb(u) + vQt(u)
= (1� u)Rl(v) + uRr(v)Rl(v) Rr(v)

u

v

1-u

1-v
(u,v)

Rl(v) Rr(v)
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P

P4
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Trilinear Interpolation
• In a cuboid (axis parallel)

• general formula

• with local coordinates
�(x, y, z) = axyz + bxy + cxz + dyz + ex + fy + gz + h

P = P1
+u(P2 � P1)

+w(P5 � P1)
+uv(P1 � P2 + P3 � P4)
+uw(P1 � P2 + P6 � P5)
+vw(P1 � P4 + P8 � P5)
+uvw(P1 � P2 + P3 � P4 + P5 � P6 + P7 � P8)

+v(P4 � P1)

P2P1

P3P4

P5 P6

P7P8

P

u

w

1-w

1-u
v
1-v
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What is correct interpolation? 

Vijay Natarajan 

What is “Correct” Interpolation?



today . . .
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-overview of visualization for 2D scalar fields	



- isocurves with marching squares	



- isosurfacing with marching cubes

13
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Volume Visualization

• 2D visualization
  slice images
  (or multi-planar 
  reformating MPR)

• Indirect
  3D visualization
  isosurfaces
  (or surface-shaded
  display SSD)

• Direct  
  3D visualization
  (direct volume 
  rendering DVR)
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Techniques for 2D Scalar 
Field Vis

• Geometry-based: 

• Height fields, surface plots 

• Contours 

• Color-based 

• Transfer Function / LUT Selection 



Color Mapping

• Display scalar value through a color map, transfer 
function, color scale, or lookup table (LUT) 

• Map interval on the real line to a path through the 
color space.  



In OpenGL, the mapping of 1D texture

In Visualization, we Use the Concept of a Transfer 
Function to set Color as a Function of Scalar Value

Scalar values ->[0,1] -> Colors   240.240.   
  



Use the Right Transfer Function Color Scale
to Represent a Range of Scalar Values

• Gray scale
• Intensity Interpolation
• Saturation interpolation
• Two-color interpolation
• Rainbow scale
• Heated object interpolation
• Blue-White-Red



A Gallery of Color Scales
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Color Coding

• Example
– Special color table to visualize the brain tissue
– Special color table to visualize the bone 

structure

Original                    Brain                         Tissue



More Examples

Penny Rheingans (1999). Task-based Color Scale Design. Proceedings of 
Applied Image and Pattern Recognition '99, SPIE, pp. 35-43.

http://www.cs.umbc.edu/%7Erheingan/pubs/scales.pdf.gz


Figure 1. Grey scale. Figure 2.  Saturation scale.

Figure 6. Heated-object scale.

Figure 3.  Spectrum scale. Figure 4.  Limited spectrum scale.

Figure 5. Redundant hue/lightness scale.
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Height Fields

• We use height in 1D plots, let’s use it in 2D plots 

• Direct intuition of the topography 

• Let the geometry convey the data





Contour Lines
• Draw lines of constant value. 

• These bound regions of contiguous hues 

• Loops or lines through end of the dataset 

• Usually best to use multiple contours 

• Why?





Compare
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http://www.lib.berkeley.edu/EART/digital/topo.html

Mount Kilimanjaro, Tanzania
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Other examples
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Other Examples
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Colored Isosurfaces



ISOCONTOURS in 2D

38
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properties
-concepts generalize to any dimension	



-closed, except at boundaries	



-nested isocontours that don’t cross	


- can consider the zero-set case (generalizes)	


- f(x,y) = v             f(x,y) - v = 0	



-normals given by gradient vector of f()
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Where are the data values?

Two solutions:
• Interpolate to get the “right” answer

• Subsampling or raycasting
• Dividing Cubes

• Approximate to get a “good” answer
• Geometric primitives
• Go cell by cell

Data value f defined on grid points only

f(x,y,z)

Sv
But we want a continuous,
closed surface



Approach to Contouring in 2D
• Idea: Assign geometric primitives to individual cells  

• Will use line segments  

• Method: Consider the “sign” of the values at vertices 
relative to if they are above or below the isovalue 

• Intersections MUST occur on edges with sign 
change  

• Determine exact position of intersection by interpolate 
along grid edges 



Approach to Contouring in 2D
• Contour must cross every grid line connecting two 

grid points of opposite sign 

CS530 - Introduction to Scientific Visualization Oct 7, 2014,

• Idea: primitives must cross every grid line 
connecting two grid points of opposite sign

Interpolate 
along grid lines

Contours in 2D

+ -

x

x
Get cell Identify grid 

lines w/cross
Find crossings

Primitives naturally chain together



Cases

No Crossings

Case Polarity Rotation Total

x2 2

Singlet x2 8x4

Double adjacent x2 4x2 (4)

Double Opposite x2 2x1 (2)

(x2 for 
polarity)

16 = 24

+ -



Ambiguities
• How to form lines?

CS530 - Introduction to Scientific Visualization Oct 7, 2014,

Ambiguities
• How to form the lines?

x

x

x

x



Ambiguities
• Right or Wrong?

CS530 - Introduction to Scientific Visualization Oct 7, 2014,

Ambiguities
• Right or wrong?

x

x

x

x

x

x

x

x

x

x

x

x





A Case Table Can Be Used 
To Implement The Algorithm



013 2 315 0 0 3 3 8 6 3 2 0 2 611012 31

5x5 grid
what is the isocontour 

for isovalue = 4?
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ISOSURFACES in 3D

51
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Isosurfacing

• You’re given a big 3D block of numbers

• Make a picture

• Slicing shows data, but not its 3D shape

• Isosurfacing is one of the simplest ways
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A little math

• Dataset: v = f(x,y,z)
• f: R3 |–> R
• Want to find Sv = {(x,y,z) | f(x,y,z) = v}
• All the locations where the value of f is v
• Sv : isosurface of f at v

• In 2D: isocontours (some path)
• In 3D: isosurface

• Why is this useful?
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10,887 citations on Google Scholar
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Marching Cubes

• “The” isosurface algorithm
• Lorensen + Cline (’87), Wyvill et al. (’86)
• Approximate, Efficient
• Involves many pre-computed tables
• Easy to understand, mostly easy to implement
• The foundation of how most people do

isosurfacing
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Marching Cubes

• The core MC algorithm
– Cell consists of 4(8) pixel (voxel) values:

(i+[01], j+[01], k+[01])

1. Consider a cell
2. Classify each vertex as inside or outside
3. Build an index
4. Get edge list from table[index]
5. Interpolate the edge location
6. Compute gradients
7. Consider ambiguous cases
8. Go to next cell
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Marching Cubes

• Step 1: Consider a cell defined by eight data 
values

(i,j,k) (i+1,j,k)

(i,j+1,k)

(i,j,k+1)

(i,j+1,k+1) (i+1,j+1,k+1)

(i+1,j+1,k)

(i+1,j,k+1)
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Marching Cubes

• Step 2: Classify each voxel according to 
whether it lies
– Outside the surface (value > isosurface value)
– Inside the surface (value <= isosurface value)

8
Iso=7

8

8

55

1010

10

Iso=9

=inside
=outside
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Marching Cubes

• Step 3: Use the binary labeling of each 
voxel to create an index

v1 v2

v6

v3v4

v7v8

v5

inside =1
outside=0

11110100

00110000

Index:
v1 v2 v3 v4 v5 v6 v7 v8
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Marching Cubes

• Step 4: For a given index, access an array 
storing a list of edges
– All 256 cases can be derived from 1+14=15 

base cases due to symmetries



Case 
Table 



8 Above 
0 Below 

 
1 case 



7 Above 
1 Below 

 
1 case 



6 Above 
2 Below 

 
3 cases 



5 Above 
3 Below 

 
3 cases 



4 Above 
4 Below 

 
7 cases 
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Marching Cubes

• Step 4 cont.: Get edge list from table
– Example for

Index = 10110001
triangle 1 = e4,e7,e11
triangle 2 = e1, e7, e4
triangle 3 = e1, e6, e7
triangle 4 = e1, e10, e6 e1

e10

e6

e7
e11

e4
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Marching Cubes

• Step 5: For each triangle edge, find the 
vertex location along the edge using linear 
interpolation of the voxel values

=10
=0

T=8T=5

i i+1x
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Marching Cubes

• Step 6: Calculate the normal at each cube 
vertex (central differences)
– Gx = Vx+1,y,z - Vx-1,y,z

Gy = Vx,y+1,z - Vx,y-1,z

Gz = Vx,y,z+1 - Vx,y,z-1

– Use linear interpolation to 
compute the polygon vertex 
normal (of the isosurface)
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Marching Cubes

• Step 7: Consider ambiguous cases
– Ambiguous cases: 

3, 6, 7, 10, 12, 13
– Adjacent vertices: 

different states
– Diagonal vertices: 

same state
– Resolution: choose 

one case
(the right one!)

or

or
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Marching Cubes

• Summary
– 256 Cases
– Reduce to 15 cases by symmetry
– Ambiguity in cases 

3, 6, 7, 10, 12, 13
– Causes holes if arbitrary choices 

are made

• Up to 5 triangles per cube
• Several isosurfaces

– Run MC several times
– Semi-transparency requires spatial sorting
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Marching Cubes

• Examples
1 Isosurface

2 Isosurfaces

3 Isosurfaces
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-ambiguities	



- looking at every voxel	



-what is a good isovalue?	



-poorly shaped, nonadaptive triangles

challenges
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Dynamic Particles for 
Adaptive Sampling of 

Implicit Surfaces



dynamic particle system
Robust Particle Systems for Curvature Dependent Sampling of Implicit Surfaces	



M. Meyer, P. Georgel, R. Whitaker, SMI 2005.
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dynamic particle system
Robust Particle Systems for Curvature Dependent Sampling of Implicit Surfaces	



M. Meyer, P. Georgel, R. Whitaker, SMI 2005.
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11k particles	


2.3 minutes

42k particles	


6.2 minutes

44k particles	


13.5 minutes
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5k particles	


0.5 minutes

13k particles	


3.4 minutes

28k particles	


15 minutes

59k particles	


39 minutes

Particle Systems for Efficient and Accurate High-Order Finite Element Visualization	



M. Meyer et al., TVCG 2006.79



182k triangles	


41 minutes	


0.18 min rr	


0.94 avg rr

Topology, Accuracy, and Quality of Isosurface 
Meshes Using Dynamic Particles.	



M. Meyer et al., Vis 2007. 80
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Particle-based Sampling and Meshing of Multimaterial Volumes.	


M. Meyer et al., Vis 2008.82
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L18: 3D Graphics
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REQUIRED READING
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tbd


