
What was the challenge?
Where do cosmic X-rays come from? During 
my PhD in astronomy, I was involved in a 
project  from the University of Würzburg 
and Dr. Remeis Observatory Bamberg, 
which aimed at automatically classifying 
new sources (e.g., in star or galaxy) in the 
large observation database of an X-ray 
satellite. To classify an X-ray source the 
observational data is analyzed, compared 
to properties of known objects and put in 
context with our current understanding 
of how X-ray emission is produced in the 
universe. Every new unidentified X-ray 
source may thus harbor new discoveries 
and challenge our current understanding of 
physics. 
Satellites are continuously observing 
the universe and the data archives reach 
dimensions of big data with several tens of 
parameters describing more than 500,000 
X-ray observations. To automatically char-
acterize each source in such a large and 
complex data set, we astronomers used 
different machine-learning (ML) algorithms. 
However, due to the size of the data set, 
it was not possible to clearly visualize the 
resulting class distribution of the data with 
conventional scatter plots and histograms 
and evaluate the results visually. This made 
it hard to understand the relationships 
between parameter values and source 
types and the mechanism of the algorithm 
remained opaque. For my bachelor thesis 
in design, I was thus interested in the 
challenge to visualize this big data set in 
an interactive and intuitive way to facilitate 
the visual exploration of its internal struc-
tures and relationships. 
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What was the solution?
The solution is an interactive data visual-
ization in virtual reality (VR) in which the 
data define the aesthetics and atmosphere 
of the virtual world. By interacting with 
a concrete virtual environment users can 
explore the abstract and non-visual data 
space. The VR experience consists of 
two spaces („class room“, see Fig.1, and 
„parameter space“, see Fig. 2) where users 
can move continuously from one space to 
another. 

The class room visualizes the classification 
results of the X-ray sources by different ML 
algorithms as color-coded point clouds (see 
Fig. 1). This room allows users to explore 
the class probability distribution within the 
data base: How did an algorithm classify 
the unknown X-ray sources? What is the 
probability of a source of belonging to that 
source class? What could be an alternative 
classification? The data mapping follows 
the principle of similarity: Each X-ray 
source is represented by one data point per 

ML algorithm which are linked together 
(Fig. 3). The data points are located in the 
class sphere of the source’s most likely 
classification. For data points close to the 
center of a sphere there is a high prob-
ability that the source belongs to the class. 
This probability decreases within increas-
ing distance to the center. Sources with 
low probability may only differ slightly from 
sources of another class and the points are 
oriented towards spheres of their alterna-
tive classifications. Users may explore the 
relationships between data points of differ-
ent class spheres by changing the position 
of the spheres in real-time. 

For each source, users can activate its 
quantitative information on demand or 
zoom into its parameter space (Figs. 2 & 3). 
This space depicts the parameter values 
(e.g., observed X-ray intensity) of activated 
data points that were the basis for an ML 
algorithm to classify the X-ray sources in 
a given way (e.g., a certain type of galaxy, 
BL, or star, CV). The parameters values of 

Fig. 1: Class room  – overview of the class probability distribution of four ML algorithms 
for a big data set of unidentified cosmic X-ray sources. Each ML algorithm results in a 
color-coded point cloud following the principle of similarity. Objects close to the center 
of a sphere have a high probability of belonging to that class. This probability decreases 
with distance and objects are oriented towards spheres of alternative classes. 



a source are mapped onto the outline of 
(semi-) circles. During the classification 
process the ML algorithm has ranked the 
parameters according to their characteriza-
tion power. This ranking is used to define 
the order and size of each parameter 
circles. This way circles of each source 
form a characteristic path in space, like 
DNA. Similar sources occupy overlapping 
regions, while those of different classes 
are separated. By actively changing the 
parameter ranking users can define their 
own classification scheme and explore the 
results to critically evaluate the results of 
the ML algorithm. 

What was the effect? 
The visualization of this big data set in VR 
allowed us to simultaneously illustrate 
many different dimensions of the data. For 
the first time during the scientific analysis, 
we were able to clearly visualize the 
complete data set of >500,000 data points 
without compromises. The data mapping of 
the parameter space emphasized similari-
ties and differences of X-ray sources by 
following their traces in space. This repre-
sentation yielded a better understanding of 
why an ML algorithm classified a source in 
a certain way and made clear why it failed 
to characterize others sources. 

In general, the advantage of scalability in 
VR allows users to both dive into the data 
clouds to analyze details (see e.g., Figs. 
2 & 4) and get an overview of the overall 
distribution of sources. Additionally, the 
immersive data visualization is fun to work 
with. It encourages users to focus longer on 
their data and have a better feeling of what 
information is hidden in the data set. 
Overall astronomers as well as scientists of 
other fields (e.g., bio informatics) who also 
work with big data are very excited about 
this visualization and asked for further 
cooperation on upcoming projects. 

Fig. 2: Parameter space  – overview of the parameter values used by a ML algorithm 
for activated source. Each parameter is represented by a (semi-) circle, which forms a 
characteristic trace for a X-ray source. Similar objects occupy the same regions in space 
which demonstrates the sorting process of each algorithm.  

Fig. 3: Activated data points present 
detailed information of its underlying  
classification algorithm. The parameter 
ranking of the ML algorithm (see text) 
is visualized as minimalistic pie chart. 
Data points of the same X-ray source 
are linked and show how the classifica-
tions differ from one ML algorithm to 
the other. 

Fig. 4: All actions are initiated by 
the VR controllers and through direct 
interaction with the data objects. Icons 
and pointers show the possible actions 
of the user. The left hand holds the 
menu where the user can activate tools 
or zoom into the parameter space of 
selected objects. The right hand trans-
forms into the selected tool.


