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We present Moliverse, an integration of the molecular visualization framework VIAMD
into the astronomical visualization software OpenSpace, allowing us to bridge the two

extreme ends of the scale spectrum to show, for example, the gas composition in a

planet’s atmosphere or molecular structures in comet trails and can empower the creation

of educational exhibitions. For that purpose we do not use a linear scale traversal but
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break the scale continuity and show molecular simulations as focus in the context of

celestial bodies. We demonstrate the application of our concept in two storytelling
scenarios and envision the application both for science presentations to lay audiences
and for dedicated exploration, potentially also in a molecule-only environment.

© 2025 Elsevier B.V. All rights reserved.

1. Introduction

Simulations of molecular dynamics have made great strides
forwards in recent years with ever increasing physical accuracy.
It is now possible to interactively examine complicated structures
and simulate complex processes for proteins and molecules alike.
For theoretical chemists a wide array of tools such as VMD [18]],
Avogadro [Illl, Mercury [27]], VIAMD [39], and SAMSON [34]
exist, but these tools are designed for expert use to support
investigation of individual molecules or simulations. While the
analysis methods these tools provide are essential to the domain
expert, they lack functionality when attempting to show multiple
processes simultaneously in the same context.

In recent years, the trend towards confluence of visual explo-
ration and explanation denoted Exploranation [46l has gained
wide attraction [4} (19} 29, 41]]. Exploranation is founded on the
synergistic coevolution of tools for exploratory analysis and tools
for explanatory analysis. This emerging paradigm shift is built
on the realization that the same tools and algorithms that domain
experts use to analyze datasets can also be used by the general
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public to understand the same datasets. Expanding the use-cases
of these tools lead to a technological cross-fertilization between
domain specific use and science communication, which in turn
causes an increased usability that is extremely useful in public
outreach activities inside informal science institutions [45]]. The
use of Exploranation in immersive display environments, for ex-
ample power walls, planetariums, or head-mounted displays, has
large potential as they increase the notion of scientific context to
the presented datasets. Furthermore, immersive environments
also provide the necessary scaffolding of knowledge to the gen-
eral public, and serve to accelerate scientific discoveries for the
domain scientists themselves [[10].

So far, the domain expert tools used to analyze molecular
dynamics lack many of the features to make them capable of
supporting exploranation. The work presented here aims to
reduce this gap, not by making the domain science tool more
explanation-capable or the contextualization tool more explo-
ration-capable, but rather by embedding the capabilities of one
into the other, thus combining the strengths of each tool. In
this work, we utilize the VIAMD software [39]], a feature-rich
molecular dynamics analysis tool as the domain expert tool. It
is designed to operate on a single screen, but lacks the capa-
bility to render in immersive environments on its own. For the
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or models that domain experts use. To facilitate the understand-
ing of these complex datasets by a lay audience, the interactive
exploration is augmented by annotations, gures, and general
explanations. For this synergy between exploratory systems,
usually used by experts, and explanatory visualization that usu-
ally guide readers, Ynnerman et dl9[|46] have coined the term
“exploranation.” Exploranative systems provide a meaningful
pedagogical opportunity when accessing and interacting with
challenging scienti ¢ concepts that are beyond the comprehen-
sion of a non-expert public. Indeed, as they directly explore
visualizations of real scienti ¢ data, the tailored additional ex-
planations given to them facilitate self-generation and discovery
of the communicated concepts. A good illustration of the ex-
ploranation concept lies in th@penSpacaystem [B], which
is used by experts and laypeople alike to explore astronomical
Fig. 1: Moliverse used in an immersive stereoscopic planetarium. The datgatasets. Today, the system is versatile enough to allow visitors
displayed and being analyzed is a amyloid bril protein aggregates. to explore, alone or guided live by a facilitator such as in a dome-
theater, ne-grained and precise images of planetary bodies or
o N ) data from far-away stars. Beyond the in nitely large, the concept
contextualization framework we utiliZ@penSpacg8], which  f exploranation has also been used to explore nano-technology,
is designed for displaying a variety of datasets in immersivgis pene ts, and potential pitfalls. For example, tNanoSim
environmenFs', covering vast scales throughout the universe, b§§/stem [1,[19, 137] relies on Virtual Reality and exploranative
lacks the ability to render molecular datasets. concepts to address misconceptions in nano physics. With our
Speci cally, ourMoliversesystem allows us to show molecu- gy system, we aim to reuse the versabigenSpacsystem to

lar data in the context of astronomical science shows to audiencggsalize molecular datasets and convey molecular concepts to a
in dome theaters worldwide. Our goal with this approach is tqay aydience via the exploranative concépi [25, 42].

make the vast amounts of molecular simulations accessible to the e visualization of molecular structures has long been a
public in their accurate scienti ¢ context while simultaneously toc s of the visualization communit@, and many di erent
opening up the bene ts of immersive display environments toapproaches have been developed to d@8e24]. Today, we
domain scientists. We present two use cases that highlight thise apie to visualize even complex structures in real t&e [
acquired functionality: (a) a molecular composition of planetaryzg zq] and are able to produce illustration-quality interactive
atmospheres at derent altitudes, complementing the alreadyenyironments that also bridge the scale-boundary to meso-scale
physically-based rendering insi@penSpacg8] and highlight-  enyironments22,[33). The focus in our own work, however, is

ing the change in composition and density and (b) a series Qfst 1o make advances on the front of molecular visualization but

proteins highlighting the variety of conformations and sizes ifstead to integrate it in much larger-scale environments.
the context of a scale ladder of other objects. This last use case

is a modern reimagination of a portion of the seminal “Powers of o . o : :
Ten” video by Eames and Eam@&B2]. The remaining aspects 2.2. Navigation and visualization of dérent scales in context
of this video are already present in tbpenSpacsoftware. While merging tiny molecular concepts within the immense
In summaryMoliverseprovides us with the capability to: scales usually displayed penSpaceromises to allow us
" render molecular simulations in the context of space, illusto provide necessary astronomical or astrophysical context to
trated with the visualization of atmospheric composition of molecular concepts to a general audience, our prototype faces

di erent planets and Titan, the challenge of having to be able to visualize and navigate
" utilize several display modalities, such as laptops, touchlata at scales covering more than 20 orders of magnitude (see an
table, planetaria, and head-mounted displays, and overview of the scale range[in Figurie 2). This issue is particularly

facilitate the analysis of domain scientists to present theiwell illustrated and solved in Eames and Eames' “Powers of Ten”
results in an immersive environment.

2. Related Work

Our work addresses and joins three research topics—interactive
visualization for science communication, molecular visualiza-
tion, and navigation across dirent scales—as we describe next.

2.1. Exploranation

The large availability of scienti ¢ datasets and performant com-
puting materials have led some science centers to explore tif@. 2: A scale axis of reference objects presenting the vast scadeetices
possibility of providing visitors with the same visualized datasetgPetween the molecular world and the observable universe.
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