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Compression avec Perte
Contrôlée par la Topologie

Topologically Controlled Lossy Compression

Maxime Soler, Mélanie Plainchault, Bruno Conche, Julien Tierny

English Abstract—This talks presents a new algorithm for the lossy compression of scalar data defined on 2D or 3D regular
grids, with topological control. Certain techniques allow users to control the pointwise error induced by the compression. However,
in many scenarios it is desirable to control in a similar way the preservation of higher-level notions, such as topological features,
in order to provide guarantees on the outcome of post-hoc data analyses. This talk presents the first compression technique for
scalar data which supports a strictly controlled loss of topological features. It provides users with specific guarantees both on the
preservation of the important features and on the size of the smaller features destroyed during compression. In particular, we
present a simple compression strategy based on a topologically adaptive quantization of the range. Our algorithm provides strong
guarantees on the bottleneck distance between persistence diagrams of the input and decompressed data, specifically those
associated with extrema. A simple extension of our strategy additionally enables a control on the pointwise error. We also show
how to combine our approach with state-of-the-art compressors, to further improve the geometrical reconstruction. Extensive
experiments, for comparable compression rates, demonstrate the superiority of our algorithm in terms of the preservation of
topological features. We show the utility of our approach by illustrating the compatibility between the output of post-hoc topological
data analysis pipelines, executed on the input and decompressed data, for simulated or acquired data sets. We also provide a
lightweight VTK-based C++ implementation of our approach for reproduction purposes.

F

1 INTRODUCTION

Data compression is an important tool for the analy-
sis and visualization of large data sets. While many
lossless compression techniques are now well estab-
lished, scientific data sets often need to be compressed
at more aggressive rates, which requires lossy tech-
niques [11] (i.e. compression which alters the data).
In the context of post-hoc analysis and visualization
of data which has been compressed with a lossy tech-
nique, it is important for users to understand to what
extent their data has been altered, to make sure that
such an alteration has no impact on the analysis. This
motivates the design of lossy compression techniques
with error guarantees.

Several lossy techniques with guarantees have been
documented, with a particular focus on pointwise
error [3], [10], [12]. However, pointwise error is a low
level measure and it can be difficult for users to appre-
hend its propagation through their analysis pipeline,
and consequently its impact on the outcome of their
analysis. Therefore, it may be desirable to design lossy
techniques with guarantees on the preservation of
higher-level notions, such as the features of interest in
the data. However, the definition of features primarily
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depends on the target application, but also on the
type of analysis pipeline under consideration. This
motivates, for each possible feature definition, the
design of a corresponding lossy compression strategy
with guarantees on the preservation of the said fea-
tures. In this work, we introduce a lossy compression
technique that guarantees the preservation of features
of interest, defined with topological notions, hence
providing users with strong guarantees when post-
analyzing their data with topological methods.

Topological data analysis techniques [13], [17], [19]
have demonstrated their ability over the last two
decades to capture in a generic, robust and efficient
manner features of interest in scalar data, for many
applications: turbulent combustion [1], computational
fluid dynamics [4], chemistry [5], astrophysics [16],
similarity estimation [9], [22], geometry processing
[18], [23], data smoothing [21], small seed set ex-
traction for fast isosurface traversal [14], [20], etc.
One reason for the success of topological methods
in applications is the possibility for domain experts
to easily translate high level notions into topological
terms. For instance, the cosmic web in astrophysics
can be extracted by querying the most persistent one-
dimensional separatrices of the Morse-Smale complex
[8] connected to maxima of matter density [16]. For
medical CT data, features of interest can be extracted
as the regions of space corresponding to the arcs of
the split tree [2], [6], [7] which are attached to local
maxima of CT intensity. In this scenario, it is impor-
tant that lossy compression alters the data in a way
that guarantees to preserve the split tree, to guarantee
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a faithful segmentation despite compression and thus,
to enable further measurement, analysis and diagnosis
even after compression. Thus, it is necessary, for all
applications involving topological methods in their
post-hoc analysis, to design lossy compression tech-
niques with topological guarantees.

This talk presents, to the best of our knowledge,
the first lossy compression technique for scalar data
with such topological guarantees. In particular, we
introduce a simple algorithm based on a topolog-
ically adaptive quantization of the data range. We
carefully study the stability of the persistence di-
agram of the decompressed data compared to the
original one. Given a target feature size to preserve,
which is expressed as a persistence threshold ε, our
algorithm exactly preserves the critical point pairs
with persistence greater than ε and destroys all pairs
with smaller persistence. We provide guarantees on
the bottleneck and Wasserstein distances between the
persistence diagrams, expressed as a function of the
input parameter ε. Simple extensions to our strategy
additionally enable to include a control on the point-
wise error and to combine our algorithm with state-
of-the-art compressors to improve the geometry of the
reconstruction, while still providing strong topologi-
cal guarantees. Extensive experiments, for comparable
compression rates, demonstrate the superiority of our
technique for the preservation of topological features.
We show the utility of our approach by illustrating
the compatibility between the output of topological
analysis pipelines, executed on the original and de-
compressed data, for simulated or acquired data. We
also provide a VTK-based C++ implementation of our
approach for reproduction purposes.

2 CONTRIBUTIONS

This talk will present the following contributions (fur-
ther described in [15]):

1) Approach: We present the first algorithm for
data compression specifically designed to en-
force topological control. We present a simple
strategy and carefully describe the stability of
the persistence diagram of the output data. In
particular, we show that, given a target feature
size (i.e. persistence) to preserve, our approach
minimizes both the bottleneck and Wasserstein
distances between the persistence diagrams of
the input and decompressed data.

2) Extensions: We show how this strategy can be
easily extended to additionally include control
on the maximum pointwise error. Further, we
show how to combine our compressor with
state-of-the-art compressors, to improve the av-
erage error.

3) Application: We present applications of our ap-
proach to post-hoc analyses of simulated and

acquired data, where users can faithfully con-
duct advanced topological data analysis on com-
pressed data, with guarantees on the maximal
size of missing features and the exact preserva-
tion of the most important ones.

4) Implementation: We provide a lightweight
VTK-based C++ implementation of our ap-
proach for reproduction purposes.
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Fig. 1. Compression of a noisy 2D data set (top:
80,642 bytes, left: 2D data, right: 3D terrain). In all
cases, our compression algorithm was configured to
maintain topological features more persistent than 20%
of the function range, as illustrated with the persistence
diagrams (second row, left: original noisy data D(f),
right: decompressed data D(g)). Our topology con-
trolled compression (third row), augmented with point-
wise error control (fourth row)), and combined with ZFP
[11] (last row, one bit per scalar) yields compression
rates of 163, 50 and 14 respectively.

Fig. 2. Comparison to the SQ compressor [10] (green:
SQ-D, blue: SQ-R, red: our approach). Left: average
normalized Wasserstein distance between the per-
sistence diagrams of the input and decompressed
data, for increasing compression rates. Right: average
compression factors for increasing target persistence
thresholds ε.

Fig. 3. Topology driven data segmentation with multi-
scale split trees, on the original data (left) and the data
compressed with our approach (right). Top to bottom:
persistence diagrams, sliced views of the data, output
segmentations. The analysis yields compatible out-
comes with and without compression, as shown with
the bottom row, which exhibits identical segmentations
(compression rate: 360).
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