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ABSTRACT
Spatio-temporal data on the evolution of real-world phenomena
are normally acquired as snapshots in discrete time. The contin-
uous evolution of a phenomenon between observations can be
approximated using interpolation methods capable of generating
deformable moving regions. Several region interpolation methods
have been proposed in the spatio-temporal databases literature,
each one with its own characteristics that can be more suited to
represent the evolution of specific physical phenomena.

In this work, we present SPT Data Lab for the qualitative and
quantitative comparison of different region interpolation meth-
ods. SPT Data Lab allows users to visualize and refine 2D regions
extracted from sequences of observations, execute several region
interpolation methods and visualize and compare their results. SPT
Data Lab also provides quality metrics that are collected during
interpolation, allowing users to assess the quality of different meth-
ods.

Demonstration participants will experience the application of
methods on real-world data that exemplify the importance of using
an appropriate method for each use case.
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1 INTRODUCTION
In recent years, the volume of spatio-temporal data has grown con-
siderably, reflecting the increasing ability to acquire these data using
automated processes. Spatio-temporal data can be obtained from a
variety of sources, e.g., using drone technology, satellite imagery
and fluorescence microscopy. This allows phenomena such as the
evolution of icebergs, the propagation of forest fires, coastal erosion
and cell tracking to be monitored and studied. Spatio-temporal data
about the evolution of real-world entities are commonly acquired
as a set of observations obtained over time. Under these conditions,
if we are interested in the continuous evolution of an object, then
the evolution between the observations has to be estimated using
interpolation functions. In this work, we are mainly interested in
entities that can be represented as deformable moving regions.

The use of spatio-temporal data in scientific and engineering
applications requires that the data are realistic and valid, i.e., they
represent closely the evolution of the objects of interest, and do
not introduce unnatural behaviour. This depends on the data acqui-
sition and prepossessing methods, as well as on the interpolation
functions used to estimate the in-between observations. Several
methods have been proposed in the spatio-temporal databases liter-
ature to represent the evolution of deformable moving objects from
observations, each with its own characteristics. These methods are
commonly evaluated using synthetic data, and there are almost
no comparisons between them or tools that allow such compar-
ison to be performed. In general, the methods are not evaluated
quantitatively.

This work focuses on the creation of real-world spatio-temporal
data and on the comparison and quantitative and qualitative evalu-
ation of the interpolations estimated to represent the continuous
evolution of deformable moving regions. It presents SPT Data Lab,
a framework for visualization and refinement of 2D regions, e.g.,
extracted from a sequence of observations, and for comparing the
interpolations created using the methods proposed in the spatio-
temporal databases literature. It allows metrics about the evolution
of moving regions during interpolation to be collected, which may
be used for evaluation and comparison of different methods, and the
integration of new methods and metrics. SPT Data Lab can be used
during the process of creation and refinement of spatio-temporal
data.

2 THE REGION INTERPOLATION PROBLEM
A region is made up of line segments connecting distinct points
and forming closed loops that do not intersect themselves [6]. Such
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regions form polygons that represent the regionâĂŹs outer faces.
Also, a region may have holes, also formed by line segments in
closed loops that do not intersect themselves or the regionâĂŹs
outer faces [6]. These regions may be used to represent real-world
entities, like an oil spill, an iceberg or a forest fire. But, real-world
entities may change over time e.g., deformable moving regions
can change their position, shape and extent continuously over
time. These changes are usually captured as snapshots acquired at
discrete time instants.

Given a deformable moving region R represented by two consec-
utive observations acquired at two distinct instants t1 and t3. The
actual position and shape of R at t2 is unknown, since no observa-
tion was taken at that instant. The representation of the continuous
evolution of a phenomenon from a set of discrete observations is
nontrivial, i.e., reconstructing, recovering, and approximating the
data lost in the observation process is a complex task. interpolation
functions can be used to represent the continuous evolution of R
between t1 and t3, and to estimate its position and shape at t2. But
finding interpolation functions that properly represent continuous
real-world changes in position and shape from observations is an
open issue known as the Region Interpolation Problem.

There are severalmethods proposed in the spatio-temporal databases
literature to solve the region interpolation problem, the most rep-
resentative being [3–6]. Each method has its own characteristics
and may represent the evolution of a phenomenon in a more or
less natural way. Other methods are also been investigated, e.g., [2]
investigates a method based on rigid morphing techniques [1] to
handle moving regions in spatio-temporal databases.

To the best of our knowledge, there is no single, widely accepted
metric to measure the quality of the representation of the evolution
of a phenomenon obtained by an interpolation function. Also, a
framework to compare and analyze qualitatively and quantitatively
the methods proposed in the literature to solve the region interpo-
lation problem is not available. SPT Data Lab main objective is to
contribute to the establishment of such a framework.

3 SPATIO-TEMPORAL DATA LAB

Figure 1: SPTData Lab: Editing two consecutive observations
simultaneously

SPT Data Lab allows the analysis, refinement and visualization
of spatio-temporal data created from sequences of observations
using methods proposed in the literature to solve the region in-
terpolation problem. Its main features include: (i) spatio-temporal

Figure 2: SPT Data Lab: high-level architecture

data visualization and refinement, (ii) visualization and analysis of
the continuous evolution of real-world phenomena and (iii) metrics
collection and reporting, as detailed in the following.

Spatio-temporal Data Visualization and Refinement. It is possible
to visualize and refine 2D spatial features extracted from a sequence
of observations of the evolution of real-world phenomena. This
includes editing, adding and removing points, segments and regions.
Users may visualize the source images while editing a region. The
main panel displays two consecutive observations side-by-side, and
the selection and editing actions in one panels are signaled on the
other panel. Figure 1 depicts an example with two consecutive
observations of the evolution of an iceberg, seen in the background.
The panel at the bottom displays the Well-Known Text definition
of the geometries. This panel can be used to edit the geometries
manually if needed .

Continuous Evolution of Real-World Phenomena. The framework
allows the execution of different methods proposed in the litera-
ture to solve the region interpolation problem, [1, 3, 4], and the
visualization of their results.

Metrics and Reporting. It is possible to collect metrics about the
interpolation (evolution) of moving regions. These metrics can be
used to compare different methods and they are presented using
charts and tables the analysis of the results easier. Currently, SPT
Data Lab supports four metrics: the evolution of the area, the evo-
lution of the perimeter, and the evolution of the Hausdorff distance
and the Jaccard index, during interpolation. The Hausdorff distance
and the Jaccard index are computed between an in-between obser-
vation, obtained by the interpolation function, w.r.t. a geometry
chosen by the user.
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SPT Data Lab is written in Java for portability, on top of the
OSGeo JTS Topology Suite. It uses libraries written in other lan-
guages, such as Python and C/C++, to create moving regions from
observations, and it was designed to incorporate new methods in
the future. Therefore, it may also be used as part of a benchmark
ecosystem to compare and evaluate the methods proposed in the
literature to solve the region interpolation problem.

Figure 2 shows a high-level overview of its architecture. The
Visualization and GUI handles visualization and the user interface,
respectively. This includes the visualization of geometries and the
evolution of moving regions over time. The Geometry Manager
handles geometries, including editing and input/output. For porta-
bility, the framework uses the Well-Known Text format standard
to represent and exchange spatial data. The Interpolation Manager
is responsible for creating moving regions and providing opera-
tions on moving regions, such as, estimating the evolution of a
phenomenon during a time interval or its shape at a given time.
The Interpolation Manager can provide this functionality through
the Interface Layer. The Metrics Manager is responsible for com-
puting the metrics. It uses an external library to perform the actual
work and this architecture allows it to incorporate new metrics
in the future. The Interface Layer serves as an abstraction layer
to communicate with the libraries that implement the methods to
create moving regions. This includes a JNI interface to communi-
cate with libraries implemented in C++, a python interface, and an
interface to communicate with the Secondo database to use LibRip,
a library that implements the method proposed in [3]. SPTMesh
implements the method proposed in [1] as presented in [2], PyS-
patioTemporalGeom implements the method proposed in [4], and
LibRip implements the method proposed in [3].

4 DEMONSTRATION
In order to demonstrate SPT Data Lab, we use two real-world
datasets. The first one is from a set of satellite images monitor-
ing the evolution of an iceberg in the Antarctic region, and the
second is from a sequence of videos of a controlled fire collected
by a drone.

4.1 Iceberg Evolution
The first dataset is composed by images of two fragments from
Iceberg B-15, obtained at https://visibleearth.nasa.gov/. This dataset
is interesting because icebergs are inherently deformable moving
regions, due to natural movements of translation, rotation and
deformation. For instance, the predominant spatial transformations
of B-15a are deformation and translation, while the main spatial
transformations of B-15j are deformation and rotation. In this case
we consider only simple regions, i.e., regions with only one face
and no holes.

Figure 3 presents the results obtained when using two interpo-
lation methods, i.e., PySpatioTemporalGeom [4] and SPTMesh [2],
to estimate the evolution of the B-15j iceberg. By visual analysis,
it is possible to note that the first method leads to an unnatural
deformation of the moving region’s shape, especially at instants
t2 and t4, which are less likely to represent the movement of a
real iceberg than the ones generated by the second method, which
seems to preserve the rigidity of the object.

Figure 3: Estimatedmovement of iceberg B-15j using two dif-
ferent methods, [4] and [2], respectively

Figure 4: Evolution of the Hausdorff Distance and the evolu-
tion of the Jaccard Index when using [4]

It is also possible to analyze the evolution of several metrics
for the same interpolation. Figure 4 shows the evolution of the
Hausdorff Distance and the Jaccard Index during interpolation
when using the first method. These metrics measure the similarity
of the in-between observations w.r.t. to the source observation (in
this example we use the source observation as a reference). The
HausdorffDistance tends to increase as the in-between observations
get further away from the initial observation and drops rapidly as
it approaches the final observation. The Jaccard Index evolves in
an ’inverse’ way. This information can be more or less significant,
but it provides information that cannot be observed visually.

4.2 Forest Fire Evolution
The second dataset was obtained from a video recording the evolu-
tion of a controlled fire in a region of about 40ha (figure 5) intended
to prevent future wildfires from spreading on the next dry season.
The controlled fire took place at Pinhão Cel, Portugal on 2019-03-06.
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Figure 5: Area burnt on Pinhão Cel fire

In this case, we are interested in representing the evolution of
the burned area at different times. The spatial transformation of
this phenomenon is quite different from the previous case study, as
the fire-front is highly dynamic and the other parts of the burned
area do not change significantly. This is a special case because the
area of the moving region increases at all times. Figure 6 presents
a sample of data acquired during the period in which the fire was
active with the corresponding region superimposed on top of the
image.

Figure 6: Fire spreading

Figure 7 represents the propagation of the fire between two
observations (the ’second snapshot’ represents the fire shown in
figure 6) and the four regions in the middle were estimated using
the same region interpolation methods considered to represent the
evolution of the iceberg. In this case the method proposed in [4]
PySpatioTemporalGeom provides a more natural representation of
the evolution of the fire than the method presented in [2] SPTMesh,
that provides an evolution that looks more rigid and mechanic
taking into consideration that a fire evolves in a more dynamic way.
This is based on visual analysis only.

Hence, with the analysis of each of the studied real cases, we can
observe that SPTMesh represented better the evolution of the ice-
berg than the method proposed in PySpatioTemporalGeom, while
the method in PySpatioTemporalGeom represented the propagation
of the fire in a more natural way. This shows the importance of a
framework that allows the comparison and evaluation of different
methods to handle different use cases.

5 SUMMARY
We believe that this work is a contribution for the creation, visu-
alization and analysis of spatio-temporal data about the evolution
of real-world phenomena. Furthermore, it is possible to visualize
and compare the results of different methods to solve the region
interpolation problem, which have only been evaluated individu-
ally. Visual analysis can be combined with the analysis of metrics
generated during interpolation. This functionality may be useful in

Figure 7: Estimated fire movement

the study of new methods and metrics for creating and evaluating
moving regions. This work also contributes towards the creation of
a benchmark for the representation of deformable moving objects
in spatio-temporal databases.

In the future, we want to improve the extensibility mechanism
to allow an easier integration with other methods and metrics. We
also plan to improve the framework to handle complex regions, and
enhance the framework with more functionality.
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