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Abstract 

As volumetric datasets get larger, exploring the data sets becomes 
more difficult and tedious. Two approaches have previously been 
used to solve this problem: presentation of an abstraction of the 
data and acceleration of extraction and rendering of the data. We 
present a user centered approach which decouples the volume visu- 
alisation into two modes. Selection of the mode is done based on 
the user's actions. The first mode uses traditional isosurface render- 
ing and extraction techniques and is applied when the user knows 
the isovalue of interest. The second mode uses a novel view depen- 
dent, sampling based isosurface rendering and extraction technique, 
which allows interactive browsing of the isosurfaces. 

CR Categories. 1.3.3 [Computer Graphics]: Pictures/Image Gen- 
eration; 1.3.7 [Computer Graphics]: Three Dimensional Graphics 
and Realism 
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1 Introduction 

Volumetric data sets, which are common in many fields, are of- 
ten visualised using isosurfaces. Isosurfaces are typically gener- 
ated using a technique such as Marching Cubes [11]. The triangle 
mesh output from these techniques can be displayed using standard 
polygonal rendering. The mesh is an intermediate format, which 
can be manipulated and re-rendered from a different view with lit- 
tle cost. 

While Marching Cubes is very effective, it does, have a few prob- 
lems. Some of the problems have been resolved, for example the 
ambiguities in choosing triangles to represent voxel intersections 
[12, 18]. Other problems, such as the selection of isosurfaces, have 
yet to be solved satisfactorily. If the desired isosurface's isovalue is 
known in advance, the algorithm can be run once with an accept- 
able delay between value selection and visible output. However, 
when the isovalue is unknown and the viewer wishes to explore the 
data, this delay makes interaction difficult, especially as the volume 
grows in size. Several techniques have been proposed and reported 
in the literature to speed up isosurface extraction with varying de- 
grees of success. 

This sketch presents a user centered approach to isosurface view- 
ing. The isosurface visualisation is separated into two stages based 
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on the viewer's actions. One stage deals with the viewing of a se- 
lected isosurface, while the other the exploration of all possible 
isosurfaces from the current viewpoint. A novel view dependant, 
sampling based preprocess and isosurface extraction technique is 
presented, which allows interactive volume exploration when used 
in this setting. 

Section 2 gives a review of the relevant literature, Section 3 dis- 
cusses the decoupling scheme, Section 4 covers the real time iso- 
surface implementation. Section 5 gives some timings and results. 
And Section 6 ties up with a conclusion and possible future work. 

2 Background 

The need to support the user in exploring volumetric data has been 
recognised by [4]. They proposed an abstraction based on Hyper 
Reeb graphs. Their system uses the topological changes of the iso- 
surface within the volume to select isovalues of interest. The ab- 
straction seems very effective. However, the authors do not report 
results for volumes consisting of complex topologies, which may 
cause the abstractions usefulness to break down. 

Prior to the above abstraction, a more direct approach of accel- 
erating the extraction and rendering of isosurfaces was attempted. 
Rendering acceleration was achieved by reorganising the triangle 
mesh to form strips [7]. Further, decimation techniques where used 
to reduce the number of rendered triangles, while remaining within 
an acceptable error bound [15, 14]. 

The extraction process is accelerated by reducing visits to voxels 
not containing the rendered isosurface. As there are usually far 
more empty voxels than voxels which contribute to the isosurface, 
the speed increase is often significant. The accelerated extraction 
algorithms may be catagorised as belonging to one of two groups: 
seed based and range based. 

Seed based algorithms make use of a list of isovalues and a set 
of starting voxels. From these starting points the isosurface is con- 
structed via propagation to adjacent cells. Seed based techniques 
typically have a preprocess of O(n), where n is the number of vox- 
els [16, 1, 8]. 

Range based methods can be considered part of the space par- 
tition group of algorithms. The first reported technique was based 
on octrees [19]. Later techniques more suited to unstructured grids 
where developed [5]. These techniques group the voxel data into 
buckets. A similar approach [6] sorted the buckets on the maximum 
and minimum isovalues and took advantage of isosurface coherence 
to accelerate the rendering of isosurfaces whose isovalues where 
close. These algorithms where reported to have a run time of O(n) 
and require a preprocess of similar order. More recently [10, 2] kd- 
trees were used to reduce the complexity to O(x,/-~ + k). k is the 
number of contributing voxets. 

Adaptive reconstruction of isosurfaces using a modified octree 
structure (average pyramids) was used in [17] to provide real time 
exploration. The typical cracking and sampling problems associ- 
ated with adaptive reconstruction were resolved, providing a view 
independent solution. The algorithm described provides real time 
exploration by trading off quality for speed and requires the user to 
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specify a point of interest, around which higher detail rendering is 
done. 

Recent developments in high end consumer hardware, specifi- 
cally Nvidia's GeForce family of graphics cards, has renewed in- 
terest in accelerating isosurface rendering. Using clever techniques 
and the new features on these graphics cards has allowed interactive 
rendering of isosurface and direct volume rendering [13, 3]. These 
techniques are firmly tied to the underlying hardware and architec- 
ture. 

Rather than relying heavily on hardware, we have adopted a de- 
coupling approach. The idea of decoupling a problem can be found 
in volume rendering literature [9]. In his thesis work Lacroute sug- 
gested the use of two different data structures for volume rendering. 
Each data structure being optimal for the different task - -  classifi- 
cation and rendering of the voxels. 

3 The decoupl ing scheme 

The proposed decoupling follows a natural separation of user ac- 
tions when exploring volumetric data. Two distinct modes of op- 
eration become clear when observing a subject using standard iso- 
surface rendering techniques. Generally a subject will start with an 
arbitrary isovalue. If the generated isosurface is of interest they will 
examine it from several different views, otherwise another isovalue 
is selected based on the observed isosurface. This process continues 
until an interesting isosurface is found. 

The decoupling allows two separate algorithms to be used. Fig- 
ure 1 illustrates the decoupling and how user actions change the 
modes and associated algorithms. The mode switching occurs as 
transparently as possible.The switching occurs based on what ac- 
tions the user applies to the interface - -  dragging the trackbar ver- 
sus trying to rotate the object. 
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Figure l: Isosurface rendering is decoupled into two states. User 
actions control which state system is in and thus which algorithm is 
run .  

The current system uses an implementation of the marching 
cubes algorithm for displaying a selected isosurface from an ar- 
bitrary view point (View Mode in Figure 1). Note that any of the 
acceleration techniques mentioned in the Background section can 
be applied. For isosurface browsing (Browse Mode in Figure 1), a 
modified ray casting algorithm is used. This technique is presented 
in the next section. 

every time the user selects a new isovalue and is responsible for 
generating the mesh which approximates the isosurface. A more 
detailed description of the stages follows. 

4.1 Stage 1: Preprocessing 

Isosurface construction techniques assume volumetric data is a 
sampled representation of a continuous field. Calculating the first 
occurrence of an isovalue along a ray can be described more accu- 
rately as finding the first interval in which the isovalue lies. Each 
interval is described as a pair of samples in the data. 

The preprocess samples the volume by firing a set of rays from 
the viewpoint. As a ray is fired into the volume it is intersected with 
the volume slices in the x,y and z planes. A sample is extracted for 
each intersection. Every pair of samples in the volume form an 
interval. As the ray moves away from the eye, there is greater and 
greater chance that a new interval contains no new iosvalues and 
can thus be discarded. The discarding of the redundant information 
reduces the amount of data considerably. 

As new intervals are constructed they are added into a list by 
insert sorting, based on the first unique isovalue they contain 
see Figure 2. As the list reorders the samples, the distance from the 
viewpoint is calculated and stored. However to avoid the expense of 
calculating the full distance, only the squared distance is calculated. 
Once the final, reduced set of intervals has been found, the true 
distance is calculated along with an approximation of the normal at 
the sample points. 
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Figure 2: During the preprocess stage, rays are fired into the vol- 
ume. The first occurrence of the isovalues and their distances are 
calculated. The table to the right indicates the sample at each grid- 
ray intersection, along with the associated distance (dO and isoval- 
ues, the final sample interval set is shown beneath. Each block rep- 
resents the sample interval, with the top, left value representing the 
unique, sorted isovalue and the the right value the sample partner. 

4 Isosurface browsing 

Rapid isosurface extraction allows the viewer to find isosurfaces of 
interest interactively. The rapid extraction is achieved by reducing 
the amount of data and reordering it with respect to the isovalues. 

The algorithm is based on ray casting and runs in two stages. 
The first stage runs as a preprocess for a selected view. It involves 
calculating and storing the first occurrence of an isovalue and its 
distance along a ray from the viewpoint. The second stage is run 

4,2 Stage 2: Extracting and rendering isosurfaces 

With the set of sorted sample intervals associated with each ray 
fired into the volume, extracting an isosurface becomes a problem 
of searching the set of intervals. Once the interval which contains 
the user specified isovalue is found, the distance and normal are 
calculated using linear interpolation. 

Triangle meshes are constructed from the information extracted 
from each ray. The approximated, triangle mesh isosurface is then 
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rendered using OpenGL. The left image in Figure 3 show the ex- 
tracted points used to construct a triangle mesh. 

5 Results 

Some initial timings for the algorithms running on a Pentium II, 
400Mhz with 256Mb of memory and a Riva TNT2 video card are 
given in Figure 4. 

Volume size 128x128x93 
Marching Cubes 3,515 ms 
Mesh Rendering 4,907 ms 

Preprocess 22,111 ms 
Extraction 290 ms 

Mesh Rendering 350 ms 

Figure 4: The average number of clock ticks spent running march- 
ing cubes, the preprocess and the extraction stages and the time to 
render the constructed mesh. 

The short extraction time indicates that real time browsing of the 
volume is possible. For the 128x128x93 volume 3.4 extractions 
per second are possible and we can construct the mesh at rate of 
2.8 per second. This means that on average 1.5 new isosurface can 
be displayed per seconds. If one tried to use marching cubes for 
real time isosurface browsing, you would be able to display 0.11 
isosurfaces per second, in other words it takes 9 seconds to generate 
1 isosurface. 

The reduced rendering times associated with the isosurface 
browsing technique can be attributed to the reduced number of tri- 
angles and vertices rendered, a side effect of the hidden face re- 
moval. 

6 Conclusions and possible future work 

We have presented an altemative technique to support a user ex- 
ploring volumetric data. The visualisation process is split into two 
modes, based on observed user actions - -  a browsing mode and a 
viewing mode. In the viewing mode traditional isosurface extrac- 
tion and rendering techniques are used, while in browsing mode a 
new techniques, which was presented, offers interactive isosurface 
extraction and display rates of 1.5 isosurfaces per second. These 
rates make it possible for the user to browse the data interactively. 

While the initial results indicate that rapid browsing is possible, 
the time spent in the current preprocess is significant. Future work 
will be to reduce the run time of the preprocess. Two avenues of 
work exist: 

1. Implementation of an alternate ray casting engine, which 
makes greater use of occlusion information to prevent expen- 
sive calculations, and 

2. A reduction in the number of rays fired. Currently the system 
samples the volume with rays at half the size of the projected 
voxel size. However in large volumes this is often unneces- 
sary as the volume is either too large to be viewed entirely or 
is too distant to discern the samples. In such situations screen 
space sampling would be very effective. 

Further, to improve user interaction, modifications to support a 
progressive ray casting algorithm and extraction step would allow 
the user to interact with coarsely sampled data, while the in between 
samples are being completed. 

The isosurface browsing algorithm is limited to the current view- 
point, and the preprocess needs to be rerun when a new viewpoint is 
selected. When used in the decoupled scheme presented, the effects 
of this limitation are reduced. 
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