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Abstract
Feature tracking is a useful method for visualizing and analyzing time-varying scalar fields. It allows scientists to
focus on regions of interest and track their evolution and interaction over time. To allow the user to freely explore
the data set, features must be tracked in an efficient manner. In this paper, we present an efficient time-varying
isosurface tracking algorithm. Unlike the previous algorithms which compute the corresponding isosurface com-
ponents in the adjacent time steps by performing expensive computation at run time, our algorithm can rapidly
identify corresponding isosurfaces by performing simple table lookup operations. This table, called the corre-
spondence lookup table, can be computed at a preprocessing stage. The idea behind our approach is that the
correspondence relationship can only change at critical isovalues in R3 or R4 and remains unchanged between
adjacent pairs of critical isovalues. With our algorithm, isosurfaces can be tracked in an efficient manner with
minimal overhead.

Categories and Subject Descriptors (according to ACM CCS): I.3.6 [Methodology and Techniques]: Interaction
Techniques

1. Introduction

Scientists are now able to perform large scale time-varying
simulations to model phenomena that are complex and
highly unsteady. For example, meteorologists often per-
form simulations to study how storms form and evolve. In
[Koe01], scientists studied the autoignition phenomena by
tracking time-dependent features defined as high interme-
diate concentrations. To analyze data generated from those
simulations, visualization has become an essential tool. Be-
sides the basic goal of presenting an intuitive view of the
data, an important aim of visualization is to highlight salient
data features and offer unique insight into the underlying
problem. For time-varying data, an effective visualization
tool should also compute and track features over time in an
accurate and efficient manner.

† email: jig@cis.ohio-state.edu
‡ email: hwshen@cis.ohio-state.edu

Displaying isosurfaces is a common way to characterize
features in a scalar field. By displaying points of a constant
threshold value specified by the user, isosurfaces reveal the
geometric structure of the objects represented by the data
set. For time-varying data, visualization of time-varying iso-
surfaces offers insights into how the data evolves over time.
However, one major challenge to compute dynamic isosur-
faces is the enormous size of the data set. A time-varying
data set may contain hundreds, or even thousands of time
steps, and each time step can have 5123 or 10243 grid points.
It is thus prohibitively expensive to extract and track isosur-
faces from huge data sets.

Many data sets from scientific simulations contain mul-
tiple components, and scientists often want to track their
evolution individually. To provide a scientist insight into
how the features evolve, an effective time-varying isosurface
tracking algorithm with minimal computation complexity is
essential.

In this paper, we present an algorithm that facilitates effi-
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cient time-varying isosurface tracking. The primary observa-
tion is that the correspondence relationship between isosur-
face components of two consecutive time steps can change
only at critical isovalues in R3 or R4 where the number of
isosurface components in that space undergoes a change.
The correspondence between the isosurface components will
remain the same when the isovalue changes between two ad-
jacent critical isovalues. Based on this property, the corre-
spondence between the isosurface components for any pos-
sible isovalue can be precomputed and stored into a table.
When an isosurface component of an arbitrary isovalue and
time step is selected by the user, its corresponding compo-
nent(s) in the next time step can be rapidly identified by
looking them up in the correspondence table. Compared with
the existing algorithms [JSW03, SW96, SW98] which com-
pute corresponding isosurfaces in consecutive time steps at
run time, our isosurface tracking method offers much better
efficiency with minimal overhead.

The organization of the paper is as follows. We first review
the previous work in section 2, and then present our algo-
rithm to construct the correspondence lookup table in section
3. In the same section, we also provide a rigorous analysis
and justification of our approach and describe an optimized
algorithm to compute the correspondence lookup table with
better efficiency and smaller storage overhead. Our isosur-
face tracking algorithm using correspondence lookup table
is also described in section 3. Test results are presented in
section 4 and the paper is concluded with the future direc-
tion of this research.

2. Previous Work

Researchers have proposed various techniques to track time-
varying features. Arnaud et al.[ADM92] tracked 2D cloud
patterns and used area overlap to determine correspondence.
Banks and Singer [BS95] used a predictor-corrector method
to reconstruct and track vortex tubes from turbulent time-
dependent flows. Samtaney et al.[SSZC94] tracked features
using their centroids, masses, volumes and circulations (in
2D). Reinders et al.[RPS01] calculated a set of attributes,
such as center point position, volume, mass, and best fitting
ellipsoid for every feature in every frame and used these data
to track features through a predication/verification scheme.
Silver and Wang [Sil95, SW96, SW97, SW98] had an obser-
vation that when the temporal resolution of the underlying
data is high enough, corresponding features in adjacent time
steps usually overlap. Given that, they first extracted features
manifested as interval volumes and stored them in appropri-
ate data structures. Then, correspondences between features
in consecutive time steps were identified using a two-stage
process including an overlap and a best matching test. In
the overlap test, spatially overlapped features from consecu-
tive time steps are identified and the number of intersecting
nodes is also computed. Octree and linked list data struc-
tures are used to accelerate this process. The best matching

Figure 1: The evolutionary events that a feature may expe-
rience.

test involves inspecting the ratio of difference versus max-
imum volumes among all combinations of overlapped fea-
tures, and identifying how the feature changes its topologi-
cal structures. Based on how the topological structure of a
local feature evolves over time, one of the following events
can occur: (see figure 1)

• Continuation: an object continues with possible shape de-
formation and change of position, orientation, etc.

• Creation: a new object appears.
• Dissipation: an object disappears.
• Bifurcation: an object splits into several objects.
• Amalgamation: several objects merge into a single one.

Chen et al.[CSJ03] extended the work by Silver and
Wang [Sil95, SW96, SW97, SW98] to track features in dis-
tributed AMR (Adaptive Mesh Refinement) datasets within
a distributed computing environment. The resulting feature
tree allows a viewer to watch how a multi-level isosurface
changes over time, space and across different resolutions.

It is also worth mentioning that there is a rich
literature in computer vision on motion tracking
[Bal82, AN88, ST94, CCH92]. The main difference
between tracking 2D objects from videos and tracking
features from simulation data is that features or regions
of interest in scientific visualization applications are often
manifested as 3D objects which tend to evolve and interact,
while those 2D objects in computer vision interact less
frequently.

In this paper, we track isosurfaces with great efficiency
by using a precomputed correspondence lookup table. It is
based on the fact the correspondence relationship between
isosurfaces of two consecutive time steps can change only
at critical isovalues in R3 or R4 and remains unchanged be-
tween any two adjacent critical isovalues. Here critical iso-
values are the isovalues at which the isosurface will change
its number of components. Therefore, the correspondence
relationship between isosurfaces from any two consecutive
time steps will only change finite amount of times and thus
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the correspondence lookup table will contain finite entries
and can be precomputed. With this correspondence table,
isosurface tracking can be achieved by simple table lookup
operations. These operations virtually take no time and thus
our algorithm has minimal overhead. In the next section, we
will first explain the reason why the correspondence relation-
ship changes in this manner, and then introduce our method
to build the correspondence lookup table and the way to uti-
lize it in the isosurface tracking process.

3. Isosurface Tracking

3.1. Tracking by using higher dimensional isosurfacing

If a data set has been sampled well temporally, accord-
ing to Silver and Wang’s observation, corresponding isosur-
face features between two adjacent time steps overlap. A
straightforward way to find out how an isosurface compo-
nent evolves is first extracting all the isosurface components
in the next time step and then performing an overlap test
with each of the components. This could be very time con-
suming, since it is very likely that there exist a large number
of components in the next time step and only a very small
number of components overlap with the tracked isosurface.
In our previous work [JSW03], we tracked isosurfaces ef-
ficiently by using higher dimensional isosurfacing. The key
observation that leads to efficient tracking of isosurfaces in
R3 is that the isosurface component and the component(s)
it overlap(s) with in the next time step belong to the same
isosurface component in R4. This isosurface component in
R4 can be extracted by propagating any 4-cell that intersects
with the tracked isosurface component within these two time
steps. From this property, in order to track where an isosur-
face component in R3 evolves, our algorithm [JSW03] first
extracts the isosurface component in R4 that contains the
tracked isosurface component in R3. We then slice the gen-
erated isosurface component in R4 at the next time step to
get the corresponding isosurface component(s) in R3 which
correspond(s) to the tracked isosurface component in R3.

3.2. Generation of the correspondence lookup table

By using higher dimensional isosurfacing, we greatly im-
proved the efficiency of tracking local isosurface compo-
nents. However, there is still a significant amount of over-
head involved. The major part of the overhead is due to
isosurfacing in higher dimensions (R4). If the isosurface
contains multiple components and only few components
are tracked, the overhead is small. However, in some cases
where the tracked isosurface components contain a large part
of the whole isosurface, the overhead of extracting the iso-
surface in R4 can make the method even slower than the
straightforward method. In this section, we will introduce
a method to build a correspondence lookup table which con-
tains the correspondence information between isosurfaces of
two consecutive time steps across the whole value range.

With this correspondence table, isosurface tracking can be
achieved by simple table lookup operations which take al-
most no time. Therefore, our isosurface tracking algorithm
has minimal overhead.

To facilitate our discussion, we define that two isosurface
components correspond to each other if and only if they be-
long to the same isosurface component in R4. Now let’s ex-
amine the correspondence between the isosurfaces of these
two time steps across the whole value range, i.e., from the
minimum data value to the maximum value of both time
steps. We will see that the isosurfaces at both time steps
change their shapes continuously, with possible topology
changes at critical isovalues. We should also observe that the
correspondence relationship between these two isosurfaces
changes in the following manner: the correspondence starts
at some configuration at the minimum value and remains the
same for some value interval. Then at some value the cor-
respondence changes and remain unchanged for another in-
terval. This procedure repeats until we reach the maximum
value, where both isosurfaces vanish.

A 2D example is illustrated in figure 2. At the mini-
mum value of both time steps, there is no isosurface com-
ponent at either time step. So the correspondence relation-
ship is empty. Just above the minimum value, a red compo-
nent appears at time step t0. The correspondence relation-
ship changes to {Cred->empty}. As the isovalue increases,
the red component changes its shape at t0 and no new com-
ponents appear at t1 and thus the correspondence relation-
ship remains unchanged. As the isovalue continues to in-
crease, a green component appears at t1. Since the red com-
ponent overlaps with the green one therefore they belong to
the same isosurface component in R4, the correspondence
relationship changes to {Cred->Cgreen}. Again, the red com-
ponent and the green one change their shapes as the isovalue
increases, but the correspondence relationship remains the
same. But when the isovalue reaches an isovalue v0, the red
component splits into a yellow component and a blue one.
The yellow component has no overlap with the green one but
the blue one does. The correspondence relationship changes
to {Cyellow->empty, Cblue->Cgreen}. This correspondence re-
lationship will remain unchanged until the green component
splits into a grey component and a black one, and both over-
lap with the blue component. Now the correspondence re-
lationship changes to {Cyellow->empty, Cblue->Cgrey, Cblue-
>Cblack}. This procedure will repeat until these two isosur-
faces vanish at the maximum value.

A natural question is which values cause the correspon-
dence relationship to change. We will assume that every
field value at the grid points of the data set is unique for
each pair of adjacent time steps. This could be easily
satisfied by a small perturbation to equivalent field values
at the grid points for any real data set. We will also assume
that the underlying data field is composed of simplicial
meshes. We know that at some isovalue, the isosurface
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Isovalue = v0 Isovalue = v1 Isovalue = v2 Isovalue = v3

Figure 2: Four snapshots to illustrate how the correspondence relationship between isosurfaces from two consecutive time
steps changes when the isovalue increases from v0 to v3 (v0 <v1<v2<v3).

in R3 would change its number of components, i.e., a
component may merge with another component, or it may
split into several components. A new component may
appear, or a component disappears. We name these events
critical events and these isovalues critical isovalues in R3

[WSHH02, GP00, KOB∗97, TV98, PCM02, CSA03, CS03].
This also happens to isosurface in R4, that is, when the
isosurface in R4 changes its number of components at some
isovalues, we call these isovalues critical isovalues in R4

(Please note that within this paper, the isosurface in R4 is
only extracted within two consecutive time steps). A key
property that leads to our efficient isosurface tracking is that
the correspondence change can only occur at the critical
isovalues in R3 or R4. That is to say, the correspondence
change can only occur when the number of components of
the isosurface in R3 or R4 changes. To show this is true, we
show the following observation.

Observation: Assume an isosurface component in R3 is
generated by slicing an isosurface component in R4. When
the isovalue changes and no critical event happens in R3 or
R4, the isosurface component in R4 changes into another new
isosurface component in R4. Likewise the isosurface compo-
nent in R3 changes into a new isosurface component in R3.
The new isosurface component in R3 can still be generated
by slicing the new isosurface component in R4.

Let’s say an isosurface component Ci at t0 and another
isosurface component C j at t1 correspond to each other, i.e.,
they belong to the same isosurface component Ck in R4. If no
critical event happens in R3 or R4 when the isovalue changes,
based on our observation, Ci, C j and Ck all change but after
the change of isovalue, Ci and C j can still be generated by
slicing Ck, i.e., they belong to the same isosurface compo-
nent in R4. Therefore, they still have correspondence. We
can see that when isovalue changes and if no critical event
occurs in R3 or R4, two previously corresponding compo-

Isovalue = v0 Isovalue = v1

Figure 3: Two previously corresponding components do not
correspond to each other any more and the number of com-
ponents in R3 remains the same when the isovalue changes.

nents will still correspond to each other. Therefore, the cor-
respondence relationship between isosurface components of
two adjacent time steps can only change at critical isovalues
in R3 or R4. There appears to be several counter cases to this
argument. We will disprove some of the counter cases in the
following.

Case 1: In figure 3 (Figure 3, 4 and 5 are 2D examples),
the isosurfaces at both time steps contain only one compo-
nent. Initially they correspond to each other. However, when
the isovalue changes, all of a sudden they have no correspon-
dence any more. The number of components in R3 remains
the same and we will show that the number of components
in R4 must change, i.e., this case can not happen without
change of number of isosurface components in R4.

These two components in figure 3 originally correspond
to each other, so they belong to the same isosurface com-
ponent in R4. After the isovalue is changed, the component

c© The Eurographics Association 2004.



Ji and Shen / Isosurface Tracking

Isovalue = v0 Isovalue = v1

Figure 4: A plausible case where two pairs of components
switch their correspondence without the change of number
of isosurface components in R3 and R4 when the isovalue
changes.

Isovalue = v0 Isovalue = v1

Figure 5: Another seemingly reasonable case: one compo-
nent at each time step changes its correspondence when the
isovalue changes but without the change of number of iso-
surface components in R3 and R4.

at t0 corresponds to an empty component at t1 and an empty
component at t0 corresponds to the component at t1. It means
that these two components belong to two different isosur-
face components in R4. Therefore, there must be a split of
the original isosurface component in R4 which leads to the
change of number of components in R4, i.e., this case can not
happen without change of number of isosurface components
in R4.

Case 2: In figure 4, the isosurfaces at both time steps con-
sist of two components. At some isovalue, the circle com-
ponent at t0 corresponds to another circle component at t1
and the diamond component at t0 corresponds to another dia-
mond component at t1. However, when the isovalue changes,
suddenly the correspondence switches. This seems to be a
reasonable case where the correspondence changes but the
number of components in R3 and R4 remains the same.

Originally the two diamond components belong to the
same isosurface component in R4 and the two circle com-

ponents belong to another component in R4. When the iso-
value changes, the diamond components changes into new
diamond components and the circle components into new
circle components. Since the two diamond components be-
longed to the same component in R4 before the change of
isovalue and assuming no change of number of components
in R3 or R4 therefore no critical event occurs, according to
the observation, the two new diamond components will still
belong to the same isosurface component in R4, i.e., the two
diamond components still correspond to each other. So do
the two circle components. Therefore, the case in figure 4
cannot happen without change of number of components in
R3 or R4.

Case 3: In figure 5, the isosurface at both time steps are
composed of three components. Two components at t0 merge
into one component at t1 and the other component at t0 splits
into two at t1. When the isovalue is changed, the correspon-
dence changes as illustrated in figure 5. Intuitively, this could
also happen and the correspondence changes without change
of number of components in R3 or R4.

Originally the square and circle components at t0 and the
square component at t1 belong to an isosurface component
in R4. The diamond component at t0 and the square and cir-
cle components at t1 belong to another component in R4.
After the isovalue changes, the circle component at either
time step belongs to a different isosurface component in R4,
which implies at least two critical events happen simulta-
neously. In contradiction, we have assumed that every field
value at the grid points of the data set is unique for each pair
of adjacent time steps and the underlying data field is com-
posed of simplicial meshes. Since critical events can only
happen at vertices of simplices, we get a conclusion that at
any isovalue, critical events can only happen at most in one
time step in R3, or at most between one time interval in R4.
Therefore it is true that at most one critical events can hap-
pen among all the time steps. There is a contradiction here.
So the case in figure 5 cannot happen.

Based on our analysis above, the change of correspon-
dence relationship can only occur at the critical isovalues
in R3 or R4. Since there are finite critical isovalues in R3 and
R4, the correspondence relationship will only change finite
amount of times across the whole value range. Thus the cor-
respondence table will have a finite amount of entries and
can be precomputed. Between two adjacent critical isoval-
ues, the correspondence relationship will remain the same.
Therefore, a representative value within the interval can be
used to calculate its correspondence relationship. The cor-
respondence table can then be used in isosurface tracking.
When an isosurface component is selected by the user, we
can query which component(s) it corresponds to by simply
looking them up in the correspondence table using the iso-
value and the ID of the selected component as the index. The
tracking overhead is minimized because only a simple table
lookup is involved.
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Putting it into another perspective, we know that contour
trees [KOB∗97, TV98, PCM02, CSA03, CS03] describe the
topology of a scalar field. A contour tree is composed of su-
pernodes and superarcs. Supernodes are vertices of the scalar
field where the number of isosurface components changes.
The values of supernodes are critical isovalues. Superarcs
connect two supernodes and within a superarc the associated
isosurface component will not change its number of compo-
nents. The correspondence relationship between two isosur-
faces of any two consecutive time steps across the whole
value range can be represented by connecting the contour
trees of these two scalar fields. The correspondence can only
change at either the supernodes of two contour trees in R3 or
the supernodes of the contour tree of the 4D field, which is
the composition of these two 3D fields. Actually a good way
to store the correspondence relationship between isosurfaces
of two consecutive time steps within two adjacent critical
isovalues is to store the superarc correspondence, since there
is a one-to-one correspondence between superarcs and iso-
surface components. An advantage of this scheme is that the
superarc provides a good way to enumerate the isosurface
component and it can also be utilized to generate the seed
from which the isosurface component can be propagated.

3.3. Optimization in generation of the correspondence
table

Based on the fact that the correspondence can change only at
critical isovalues in R3 or R4 and remains constant between
two consecutive critical isovalues, the correspondence rela-
tionship will only change finite amount of times and thus the
correspondence table will only have finite entries and can
be precomputed. A brute force method to generate the table
can work as follows: First find all the critical isovalues in
R3 and R4 and sort them by field values. Within every two
adjacent critical isovalues, the correspondence relationship
remains constant. Therefore, a representative value such as
the midvalue can be used to retrieve the correspondence re-
lationship. Many methods can be used to find the correspon-
dence between isosurface components of two adjacent time
steps at a given isovalue [JSW03, SW96, SW98]. The cor-
respondence relationship from all adjacent critical isovalue
intervals forms the correspondence table.

The correspondence table contains all of the correspon-
dence relationships between isosurfaces of two consecutive
time steps across the whole value range. Within every two
adjacent isovalues, the correspondence relationship remains
constant. At either end of the interval, due to the existence of
a critical point in R3 or R4, the correspondence may change.
If a critical event in R3 happens, it means that a component
at either t0 or t1 appears, disappears, merges with another
component or splits into several components. Other compo-
nents at this time step retain their topology. Since no critical
event occurs to these components, they will correspond to
the same components as in the previous critical isovalue in-

tervals in the correspondence table. Therefore, there is no
need to recompute their correspondences and only compo-
nents whose topology changes need to recompute their cor-
respondence. If a critical event in R4 happens, a component
in R4 changes its topology. Recomputation of correspon-
dence only needs to be performed for those components in
R3 which belong to the affected component in R4. Therefore,
by utilizing the value coherence, the correspondence rela-
tionship can be updated with respect to the previous critical
isovalue interval in the correspondence table. This difference
updating method has two advantages. First, the computation
time can be reduced significantly, since no computation is
wasted on components whose correspondence remains the
same. Second, since two adjacent critical isovalue intervals
share most of the correspondence, only the correspondence
relationship for components whose correspondence changes
needs to be stored. This information is very small compared
with the correspondence relationship of all components. By
utilizing the value coherence, the computation time and stor-
age overhead of the correspondence table can be signifi-
cantly reduced.

3.4. Isosurface tracking using correspondence lookup
table

The correspondence lookup table records all the correspon-
dence information between isosurfaces of two adjacent time
steps across the whole value range. After it is built, it can be
used in the isosurface tracking process. We know that each
isosurface component corresponds to exactly one superarc in
the contour tree. An isosurface component can be generated
by propagating a seed cell which is found by using the seed
information associated with the superarc. Therefore, when
an isosurface component is selected, its corresponding su-
perarc can be found immediately. Recall that the correspon-
dence table stores the isosurface component correspondence
information as superarc correspondence. So we can query
the correspondence table with the current isovalue and the
superarc the selected component belongs to and the result
is the superarc(s) the current superarc corresponds to. The
corresponding isosurface component(s) can then be gener-
ated by propagating seed cell(s) found by using seed infor-
mation associated with the superarc(s). Compared with our
previous work [JSW03] where the corresponding isosurface
components are identified by isosurfacing in R4, our current
method only needs simple table lookup operations to find
the corresponding isosurface components. Note in both al-
gorithms, isosurfacing in R3 is needed to extract the corre-
sponding components.

Notice that the corresponding isosurface components gen-
erated in this way do not distinguish the degree of overlap.
A verification stage [JSW03] can be performed to guarantee
that the overlap between the tracked isosurface component
and the corresponding isosurface component is significant
enough to be considered as correspondence.
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t=5 t=6 t=7 t=8

t=9 t=10 t=11 t=12

Figure 6: All isosurface components are tracked and the tracking information determines the coloring of the components. 8 out
of 99 time steps are shown.

4. Results

We have tested our algorithm using a 128*128*128 vorticity
magnitude data set with 99 time steps. The machine we used
was a Pentium IV 1.4GHz PC with 768MB memory.

Figure 6 shows an example of tracking a whole isosurface
that consists of multiple components. The time-varying iso-
surface was extracted with isovalue 6.3. The correspondence
tables between isosurfaces of every two consecutive time
steps are precomputed. At run time, these tables are used
to determine the correspondence among isosurface compo-
nents. In figure 6, a component is colored in such a way that
it has the same color as the components it would evolve into.
When a component is created, a new color is assigned to
it. When two or more components merge into a component,
the component would get the color of the previous dominant
component. The dominance could be determined by proper-
ties such as volume, mass or local extremal value. In our re-
sults, we used volume as the criterion to determine the dom-
inance, i.e., the current component would follow the color of
the previous largest component.

Figure 7 shows the tracking of two isosurface compo-
nents. These two time varying components were extracted
with isovalue 6.2. Snapshots from six time steps are shown.
Again the precomputed correspondence tables are used to
determine which components the current one would evolve
into. In figure 7, these two component merges into one
component at t=4 and it then bifurcates into two at t=15.
The larger component bifurcates again at t=21. At t=22,
the smallest component dissipates. Figure 8 also shows the

Time step 5 6 7 8 9

Total time 0.401 0.42 0.421 0.431 0.431

Correspondence
determination

time 0.00 0.00 0.00 0.00 0.00

Component
extraction time 0.341 0.35 0.351 0.361 0.361

Verification
time 0.06 0.07 0.07 0.07 0.07

Overhead 0.06 0.07 0.07 0.07 0.07

Size of tracked
component(s) 148K 148K 152K 154K 155K

Size of
corresponding
component(s) 148K 152K 154K 155K 155K

Table 1: The time to track the whole isosurface illustrated
in figure 6 (in seconds). Timing from 5 time steps are shown
due to space limitation.

tracking of another two isosurface components. The isovalue
of the isosurface was 6.9.

The total tracking time and how the time breaks down are
also shown in table 1 for the case in figure 6, table 2 for the
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t=3 t=4 t=9 t=15 t=21 t=22

Figure 7: Two isosurface components are tracked. These two components merge into a component at t=4 and it then bifurcates
into two at t=15. The larger component bifurcates again at t=21. At t=22, the smallest component dissipates.

t=1 t=2 t=6 t=7 t=14 t=15

Figure 8: Two isosurface components are tracked. Amalgamation occurs at t=2; bifurcation occurs at t=7 and dissipation at
t=15.

Time step 4 9 15 21

Total time 0.04 0.05 0.05 0.03

Correspondence
determination

time 0.00 0.00 0.00 0.00

Component
extraction time 0.03 0.04 0.04 0.03

Verification
time 0.01 0.01 0.01 0.00

Overhead 0.01 0.01 0.01 0.00

Size of tracked
component(s) 13.6K 17.5K 18.5K 13.2K

Size of
corresponding
component(s) 15.1K 18.0K 17.8K 10.7K

Table 2: The time to track two isosurface components illus-
trated in figure 7 (in seconds). Timing from time step 4, 9,
15 and 21 are shown due to space limitation.

case in figure 7 and table 3 for the case in figure 8. The to-
tal tracking time includes the correspondence determination
time, isosurface component extraction time and the verifi-
cation time. The correspondence determination time is used
to determine which components correspond to the current

Time step 1 2 6 7 14

Total time 0.01 0.02 0.02 0.02 0.02

Correspondence
determination

time 0.00 0.00 0.00 0.00 0.00

Component
extraction time 0.01 0.01 0.02 0.02 0.02

Verification
time 0.00 0.01 0.00 0.00 0.00

Overhead 0.00 0.01 0.00 0.00 0.00

Size of tracked
component(s) 3.5K 4.3K 6.3K 7.0K 8.1K

Size of
corresponding
component(s) 4.3K 5.0K 7.0K 7.4K 7.7K

Table 3: The time to track two isosurface components illus-
trated in figure 8 (in seconds). Timing from time step 1, 2, 6,
7 and 14 are shown due to space limitation.

component. Since only very simple table lookup operations
are performed, the time is minimized and our result shows 0
all the time, i.e., it is too small to be measured by the sys-
tem clock. Isosurface component extraction time is the time
to extract the corresponding isosurface component, which

c© The Eurographics Association 2004.
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Time interval 0-1 1-2 2-3 3-4 4-5

Running time
speedup 16.9 18.8 16.3 15.3 16.0

Output file size
reduction rate 5.1 5.5 5.4 5.0 4.1

Table 4: The comparison between two methods to generate
the correspondence lookup table.

involves operations such as finding a seed associated with
a superarc and propagating the seed to get the component.
Verification time is used to verify if the current component
has significant overlap with the generated component. If the
overlap is significant, the correspondence holds; otherwise
there will be no correspondence. Overhead shown in each
table is the sum of correspondence determination time and
verification time and it indicates the cost of tracking. The
running time of our tracking algorithm is proportional to the
size of the corresponding isosurface components. The size
information is also shown in each table. The complexity of
our tracking algorithm is dependent on the feature size rather
than the size of the data. Furthermore, compared with our
previous work [JSW03] in which the corresponding isosur-
faces are identified by isosurfacing in R4, our current work
minimizes the correspondence determination time to almost
0. Other overhead is also highly reduced. For the cases in
figure 7 and figure 8 where two isosurface components are
tracked, the overhead is reduced by at least 5 times compared
with our previous work. The overhead reduction rate will be
even larger when more components are tracked.

The precomputed correspondence lookup tables are used
in all of our examples for the correspondence query. We have
two methods to generate the lookup table, the brute force
method and the optimized difference updating method. In
table 4, we show the comparison of these two methods in
terms of running time and output file size. In this test, we
only generate the correspondence table between the maxi-
mum value and 6.0 for every two consecutive time steps.
The reason is simply that it takes too long for the brute force
method to finish the computation of the correspondence re-
lationship across the whole value range. For the optimized
difference updating method, the average output file size is
8K and the average running time is 17 seconds, with ap-
proximately 2 percent of the total critical isovalue intervals
processed when the correspondence tables between the max-
imum value and 6.0 are generated. We can see from table 4
that the optimized method performs much better in terms of
both running time and generated file size. Actually if the cor-
respondence tables for the whole value range was generated,
the performance difference would be bigger. The reason is
as follows. Recall that the brute force method extracts the
correspondence relationship between all isosurface compo-

nents from two adjacent time steps within each critical iso-
value interval and stores it to disk. Conversely the optimized
method will only extract the correspondence difference with
the previous interval and only the difference is stored into
disk. Furthermore, for the vorticity data set, the complex-
ity of the isosurface increases as the isovalue decreases. For
example, at time step 0, the isosurface at isovalue 8.0 only
contains 10 components and 30K triangles. But the isosur-
face at isovalue 4.0 contains 43 components and 600K tri-
angles. So the brute force method will become slower and
generate a larger size of correspondence relationship as the
isovalue decreases. In contrast, the optimized method only
deals with the difference with respect to the previous value
interval, which contains a very small number of components
(usually 1 or 2). Its running time remains almost constant
across different intervals and the same is true for the size of
generated correspondence relationship. Therefore, with the
whole value interval computed, we should see a much bigger
performance difference. An estimation of the performance
difference between these two would be at least 30 times in
running time and 10 times in generated file size.

5. Conclusions and Future Work

In this paper, we introduce an efficient algorithm to track iso-
surfaces. A precomputed correspondence lookup table en-
ables us to find out how an isosurface component evolves
by simply table lookup operations with the isovalue as the
index. The rationale behind our approach is that the corre-
spondence relationship between isosurfaces of two adjacent
time steps can change only at critical isovalues in R3 or R4

and remains unchanged between adjacent critical isovalues.
The computation of the correspondence lookup table is also
optimized with better efficiency and less storage overhead.
By using this correspondence lookup table, isosurface track-
ing is performed in an extremely efficient manner with min-
imal overhead.

Our current work is based on the assumption that the data
set has enough temporal samples so that corresponding iso-
surface components will overlap. But in practice, this may
not be always guaranteed, especially for small or fast mov-
ing isosurface components. In our future work, we will in-
vestigate an efficient tracking technique for small and fast
moving isosurface components when the temporal sampling
rate of the data is insufficient.
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