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Professor Dr Jos Roerdink dedicates his time to the development of tools for analysing and visualising 
complex data. Here, he talks about his work, its challenges and the rewards of nurturing PhD students

To begin, how did you come to occupy 
the positions of Group leader of Scientific 
Visualization and Computer Graphics 
(SVCG) and full Professor and Chair 
at the Johann Bernoulli Institute for 
Mathematics and Computer Science (JBI), 
University of Groningen?

I came to the University of Groningen in 
1992 as an associate professor of computer 
science with a research background in image 
processing and computer tomography. 
Subsequently, I gradually moved towards 
new areas such as computer graphics and 
visualisation, and began to teach courses 
on these topics. During this period, I also 
became involved in the activities of the 
Research School of Behavioural and Cognitive 
Neurosciences. The growing demand for 
visualisation knowledge and tools by a 
variety of departments at the University of 
Groningen led to the creation of a new Chair 
in SVCG, to which I was appointed in 2003.

Could you provide some background to 
mathematical morphology and how it 
relates to digital imaging?

Mathematical morphology originated in 
France in the 1960s at the Paris School of 
Mines as a method of describing shapes in 

digital images, such as particles and pores in 
mineralogical samples. In the simplest case, 
shapes of objects in images are detected 
by moving small test shapes – structuring 
elements – of various forms and sizes over the 
image and recording the pixel locations where 
certain logical relations between the image 
and the structuring element are satisfied. 
Later, this approach was extended to grey 
scale and colour images. The main difference 
with classical filters in digital imaging is that 
morphological image filters are nonlinear, 
which makes their mathematical analysis 
more complex.

What are hyperconnectivity and 
hyperconnected filters? Furthermore, 
how are tensor images different to 
regular images?

Connectivity allows us to group pixels 
of the same grey value into ‘connected 
components’ or ‘flat-zones’. In 
mathematical morphology, ‘connectivity-
preserving’ or, more briefly, ‘connected’ 
image filters have been developed which 
either remove or keep each connected 
component, but do not change their 
shape. However, the human observer may 
sometimes interpret a single connected 
component of an image as multiple visual 
entities, or vice versa. To deal with such 
cases, hyperconnectivity and associated 
hyperconnected filters have been proposed. 

In modern imaging devices, more and 
more information is stored per pixel. For 
example, in sensing images each pixel 
contains information for a set of different 
frequency bands. Sometimes an even more 
complex mathematical quantity is stored 
for each pixel, such as an array of columns 
and rows filled with numerical information. 
In these cases, we speak of matrix or 
tensor images.

Having extended the theoretical 
foundation of mathematical 
morphology for matrix fields and 

hyperconnectivity to tensor-valued 
data, do you foresee any challenges in 
applying this knowledge and creating 
efficient algorithms?

A major challenge that consistently 
arises is the development of algorithms 
that perform efficiently. Our first results 
indicate that the processing of tensor 
images is computationally very demanding. 
To solve this problem, we foresee the 
use of approximation techniques which 
achieve a compromise between accuracy 
and speed, and also the use of parallel 
processing and special hardware such 
as graphical processing units. Another 
challenge is to demonstrate that the new 
tensor-based algorithms bring advantages 
to the application domains where tensor 
data arise, such as neuroscience, material 
science or seismology. Finding intuitive 
ways to communicate the mathematically 
complex techniques from these domains to 
the researchers will also require creativity.

PhD students have played a significant 
role in your project. Are you actively 
involved in nurturing the next 
generation of scientific pioneers?

To me, working with PhD students is 
one of the most rewarding aspects 
of academic life. My aim is to coach 
each student towards becoming an 
independent researcher. I also leave 
room for the students to find their own 
direction within the project, depending 
on the individual level of independence 
and scientific maturity. I tend to work 
closely with my students, meeting 
them regularly to discuss their progress 
and stimulate critical thinking. In 
collaborative projects, the students 
will have a second supervisor from 
another domain such as neuroscience 
or astronomy, and this helps them to 
develop a broader understanding and 
appreciation of the complexities of 
scientific research.

Innovations 
in data 
visualisation
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Connected morphological 
operators for tensor images
Ongoing collaborative research at the University of Groningen, The Netherlands is unlocking the potential of 
big data and tensor image technology, facilitating advances in fields as diverse as neuroscience and astronomy

AS THE SIZE, high dimensionality and 
complexity of data being captured and 
manipulated in a number of scientific fields 
continue to increase, those seeking to utilise and 
visualise these data for a range of applications 
require progressively more advanced and 
powerful tools. In the areas of neuroscience 
and astronomy in particular, the use of tensor 
images comprising volumetric pixels (voxels) 
– pixels which hold a vector or matrix value – 
is now commonplace, opening the door for 
adaptive directional steering of morphological 
image operators. In order to facilitate these 
advances and support their continuation, there 
is a pressing need for solid mathematical and 
algorithmic frameworks which can provide a 
platform for connectivity-based morphological 
filtering and visualisation of tensor images.

In response, a cutting-edge collaborative 
project has emerged between the Scientific 
Visualization and Computer Graphics (SVCG) 
and Intelligent Systems research groups within 
the Johann Bernoulli Institute for Mathematics 
and Computer Science (JBI) at the University of 
Groningen in The Netherlands. Operating in the 
diverse and complementary fields of scientific, 
information and software visualisation; 
multiscale shape analysis; illustrative computer 
graphics; and innovative interfaces using large 
displays, the researchers are making great 

strides in assisting and facilitating the work of 
scientists from an array of disciplines. One of 
the collaboration’s studies in particular, led by 
Dr Jos Roerdink – group leader of SVCG and 
full Professor and Chair at JBI – is seeking to 
extend hyperconnected adaptive and multiscale 
morphological filters to tensor images, and 
is expected to have exciting ramifications for 
medical and astronomical investigations around 
the world.

A COLLABORATIVE PLATFORM

At the heart of the work underway in Groningen 
is a healthy and dynamic partnership between 
the two research groups involved, with joint 
supervision of PhD student, Jasper van de Gronde, 
who works on the project. “This collaboration is 
mutually beneficial and arose quite naturally; the 
Intelligent Systems group, through my colleague 
Dr Michael Wilkinson, brings expertise in 
morphological processing and hyperconnectivity 
analysis for two-dimensional (2D) images, 
whilst my group, SVCG, is more involved in 
morphological filtering and visualisation of 3D 
data,” Roerdink reveals. In addition, he is heavily 
involved in a secondary appointment at the 
Neuroimaging Center in the University Medical 
Center Groningen, through which he is working 
closely with medical researchers in order to 
explore a variety of brain imaging techniques such 

as computer tomography, magnetic resonance 
imaging, positron emission tomography and 
electroencephalography. It is through this 
commitment to combining the expertise and 
skills of researchers from a variety of disciplines 
that the groundbreaking fundamental and 
applied work in progress at Groningen has been 
made possible.

MEDICAL APPLICATIONS

One of the most prominent and promising 
applications of Roerdink’s work is in the field of 
medicine, and brain imaging in particular. “Our 
neuroscientific pursuits involve analysing diffusion 
tensor imaging and related data obtained from 
our collaboration with the Neuroimaging Center; 
indeed, we have already produced results for 
illustrative visualisation and clustering of fibre 
bundles from these data,” he highlights. The 
researchers are developing innovations in both 
diffusion tensor magnetic resonance imaging 
(DT-MRI) and high angular resolution diffusion 
imaging. These techniques allow medical 
researchers and clinicians to explore the structural 
organisation of tissue – particularly of the brain – 
in vivo, a development which enables the local 
orientation of brain fibre bundles in a single voxel. 

In addition to this, DT-MRI technology will 
allow researchers to track fibre bundles from 

This picture may look like a traditional engraving. Actually, it is a computer-generated visualisation of a set of nerve fibre tracts extracted from a diffusion tensor imaging dataset of a human 
brain. It was created by researchers from the Scientific Visualization and Computer Graphics group. The visualisation of medical and biological data helps people gain insight into the structure 
of complex data. Corresponding publication and videos can be found at http://tobias.isenberg.cc/VideosAndDemos/Everts2009DDH.
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CONNECTED MORPHOLOGICAL 
OPERATORS FOR TENSOR IMAGES

OBJECTIVES

To address the development of a solid 
mathematical and algorithmic framework for 
connectivity-based morphological filtering 
and visualisation of tensor images; extending 
(hyper)connected, adaptive and multiscale 
morphological filters to tensor images.

KEY COLLABORATORS

Scientific Visualization and Computer 
Graphics (www.cs.rug.nl/svcg) and 
Intelligent Systems (www.cs.rug.nl/is), 
Johann Bernoulli Institute for Mathematics 
and Computer Science (JBI), University of 
Groningen, The Netherlands

FUNDING

Netherlands Organisation for Scientific 
Research (NWO) project no. 612.001.001

CONTACT

Professor Dr Jos Roerdink 
Chair of Scientific Visualization and 
Computer Graphics 

Johann Bernoulli Institute for Mathematics 
and Computer Science 
University of Groningen 
PO Box 407 
9700 AK Groningen  
The Netherlands

T +31 50 363 3931  
E j.b.t.m.roerdink@rug.nl

www.cs.rug.nl/svcg/SciVis/COMOTI

PROFESSOR DR JOS ROERDINK studied 
biology and physics at the University 
of Nijmegen, and received his PhD in 
1983 from the University of Utrecht, The 
Netherlands. After a postdoctoral period 
at the University of California, San Diego, 
Roerdink joined the Centre for Mathematics 
and Computer Science in Amsterdam, 
where he worked on image processing and 
reconstruction. In 1992, he moved to the 
University of Groningen, where he now 
holds a Chair in Scientific Visualization and 
Computer Graphics.

a selected area of the brain, opening up the 
possibility of determining and visualising the 
structural connectivity between brain regions. 
Roerdink and his colleagues intend to use this 
work as a foundation on which to build their 
novel morphological techniques: “It will be very 
interesting to explore hyperconnected and other 
types of morphological filters in this domain, an 
advance which could potentially lead to new tools 
for the analysis of brain connectivity, and for the 
diagnosis of connectivity-related brain disorders”.

EXTRACTING SKELETONS

Alongside the medical and neuroscientific 
applications of the research they are carrying 
out, Roerdink’s group is also working on novel 
techniques which can be used to process and 
visualise increasingly complex shapes. Over 
the past few years, a number of technological 
advances have enabled the gathering – through 
scanning – of more detailed and accurate data 
concerning shapes than has ever been possible. 
“Morphological shape processing targets the 
extraction of high-level information such as 
shape ‘skeletons’ from large datasets, resulting 
in the easier and better understanding of the 
structure embedded within the data,” Roerdink 
elucidates. Emerging approaches to 3D surface 
and volumetric scanning are capable of describing 
complex shapes which manifest themselves in a 
number of formats, including point clouds, range 
data and volumetric attribute fields, with the 
ultimate goal of affording researchers a deeper 
comprehension of the structure, topology and 
geometry of the 3D shapes held within the data.

The medial axes – or skeletons – which Roerdink 
and his colleagues at Groningen are exploiting as 
part of this work are powerful tools for describing 
both the structure and properties of shapes in a 
compact, multiscale fashion. In order to create 
such descriptors, the researchers have developed 
medial algorithms which facilitate the use of 
flexible graphics processing units to compute 
skeletons from both polygonal and point cloud 
representations with an impressive degree of 
accuracy, robustness and speed. The resulting 
skeletons, and other descriptive tools, can be 
used for a number of tasks, including shape 
segmentation, simplification, saliency analysis 
and matching, as well as the generation of novel 
forms of continuous information visualisation 
imagery, such as bundled graphs. “Our lead 
researcher on this work is my colleague Professor 
Dr Alex Telea, whose efforts in exploring the 
usage of shape skeletons for generating new 
types of information visualisation in order to 
simplify complex networks is currently leading 
the field,” Roerdink expounds.

BREAKING NEW GROUND

As they look to build on their successes, 
Roerdink’s team anticipates that visual analytics 
will emerge as an increasingly important and 
strategic area of research: “The methodology of 
this work will have to focus on fully integrating 
human expertise and experience within 
the human-machine dialogue, combining 
automated processing carried out by computers 
with the unique power of the human intellect,” 
Roerdink adds. This methodology will be equally 
important as researchers seek to harness the 
power and potential of big data, determining 
trends and relationships within extremely large, 
diffuse, unstructured and often noisy datasets 
gathered by a variety of technologies, including 
telescopes, high-energy particle accelerators, 
climate monitoring technologies, medical 
scanners and internet searches.

As the human-machine and big data 
paradigms establish themselves across a 
broad and diverse range of fields, Roerdink 
will continue to explore the benefits that 
these new technologies and approaches can 
offer to researchers in neuro-informatics, 
systems biology and astronomy. There is much 
optimism that, should their early success 
permeate their future work as expected, the 
research team at Groningen will continue to 
break new ground in visualisation and analysis, 
opening up exciting and novel avenues in a 
range of scientific endeavours.

Skeleton-based representation of trajectories in US migration maps after bundling. This 
method allows explicit control of the emphasis on structure of the bundled layout, ie. 
the creation of strongly branching (organic-like) or smooth bundles. Corresponding 
publication at www.computer.org/csdl/trans/tg/2011/12/ttg2011122364-abs.html.

Brain activation of a person carrying out a finger
tapping experiment in an MRI scanner. The image was 
reconstructed from anatomical and functional magnetic 
resonance imaging data and visualised in the Reality 
Cube of the University of Groningen. Data acquisition: 
Neuroimaging Center Groningen. Data visualisation:
Scientific Visualization and Computer Graphics group. 
Photography: Arnold Meijster.
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