VISDOM

Visdom – integrated
visualisation
The two research groups of Dr Jürgen Waser and Professor Ronald Peikert have developed a userfriendly, visually-driven simulation interface to help people make decisions in a range of contexts
to explore if this could result in a more
widespread use of simulation-based decision
making. Our results showed that industrial
prototyping, construction management and
even surgery planning could benefit from a
technique that allows the user to compare
design decisions interactively.
Following on from that, what are the
key objectives of the current Semantic
Steering project?

Why did you feel it was necessary to
develop a new visual simulation system?
What gaps had you identified prior to the
creation of Visdom?
JW: It was clear to us that the obstacles to
using any kind of simulation support often
lie in the tools provided to the end-user. An
examination of the existing tools and how
experts use them has found that a lack of
simplicity and robustness is to blame for the
low incidence of use.
To alleviate this problem we proposed an
improvement in the user interface and wanted
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JW: The key to successful decision support
is the ability to test and explore alternative
options. Existing software tools lack the
functionality to set up and compare
alternative scenarios in an intuitive way.
Users need to be able to pose ‘what if’
questions to the system and the underlying
simulation structure should then be able
to compute an answer to each of these
questions, generating a potentially large
number of solutions that we call alternative
scenarios.
Where are you hoping to see the
application of the Visdom software
framework?
JW: In the field of disaster management,
for example, we have identified several

application areas that include risk assessment
and flood mitigation planning. Currently, we
are in the process of securing two possible
projects where Visdom will be applied in realworld settings. The first project deals with
response planning in the city of Cologne in
Germany, which experienced two devastating
floods in 1995 and 1997. To test what actions
would be required if the flood defences they
now have in place were to fail, the Cologne
flood defence agency wants to employ fast
simulations without having to hire engineers.
RP: In a different application, Visdom
has been used to study indoor climate
simulations in collaboration with our industry
partner Air Flow Consulting AG in Zurich.
The goal of the study was to optimise the
configuration of a revolving door with air
curtains in order to minimise the leakage of
warm air through the door.
What benefits arise from creating
computational systems towards the
understanding of fluid dynamics?
RP: Fluid flow data is particularly hard to
visualise and the velocity field of a flow can
contain a multitude of physically-relevant
structures, such as vortices, shocks, flow
separation or recirculation. A way to visualise

VISDOM

Decisions, decisions, decisions
In a world where natural disasters are becoming more frequent, can
accessible visual simulation control lend a hand in time-critical decision
making? Two groups from VRVis Vienna and ETH Zürich have developed
visualisation software that they believe answers this question affirmatively

such structures is by abstracting them to
geometric objects like curves or surfaces.
This requires, however, that part of the data
analysis (flow structure extraction) is done
directly by the visualisation software. The
final visual analysis step is done by the user,
based on the extracted flow structures,
possibly in the context of the original
velocity, pressure or temperature data.
How has the success of Visdom been
measured thus far?
JW: User evaluation plays an important role
in the field of visualisation. A visualisation
technique can only be successful if found useful
by potential end-users. This is why we regularly
demonstrate our ideas to our partners.
Whilst the system is not yet in operational
use for disaster management, we have
still managed to show that the approach
of integrated visualisation can be
successful in practice. A consortium of
domain experts, ranging from operational
staff handling flooding hazards to flood
simulation experts, confirmed this by
positively rating the interface’s usefulness
and intuitiveness.
Lastly, what does the future hold for the
Semantic Steering project?
JW: The project will actually be coming to
an end in May 2013 and we are currently
starting a follow-up project called Scenario
Pool. This will employ three researchers and
will target a tool for simulation-based action
planning in disaster management.
The major challenge in action planning
lies in the sheer quantity of complex,
heterogeneous information the decision
maker has to account for. We now want
to take the integration to the next level
by combining web-based lookups and
multiple simulation models (eg. real-time
flood and traffic simulation) in a single
environment, while hiding the complexity
from the user.

IN 1995, HEAVY rainfall and delta
deforestation led to flooding of the Rhine River
in Germany. In the western city of Cologne,
the flood wreaked havoc and left many homes
inundated. The devastating natural disaster,
which unfortunately recurred in 1997, led
to the city taking precautionary measures
to reduce damage caused by the resultant
overflow that included miles of mobile
protection walls and the establishment of an
official flood protection agency.
Thus far, these precautions have paid off but
what would happen if such defences were to
fail? What course of action would be required
then? And how would the city be able to
prepare for this? These are questions that
Professor Ronald Peikert, from ETH Zürich in
Switzerland, and Dr Jürgen Waser, from VRVis
in Vienna, Austria, hope to answer through the
utilisation of a novel integrated visualisation
system known as Visdom.

FLOOD PROTECTION
Fluid simulation tools have long been used
to predict how natural disasters may act and
thus influence the resultant human decisions
needed to counteract them. However, a wellestablished problem with many of these
simulation tools was the gap between designer
and end-user. One such issue that faced the
user lay in the numerical nature of the input,
which was only suited to a highly trained
engineer. This meant that these simulations
were not only costly, and therefore limited,
but were also incomprehensible to emergency
response personnel who require them in a
time-sensitive manner.
To counteract this major shortfall, Peikert
and Waser wanted to make use of alternative
techniques in their Visdom system: “We
believe that the key in providing a truly userfriendly system lies in visualisation techniques
for every single aspect of the user interface,”
asserts Waser. On top of this, they also aimed
to combine these techniques effectively with a
simulation in a single, modular environment.
This was achieved, in part, through a system
feature known as sketch-based steering (SBS).
SBS allows the user to alter the parameters
of a simulation using an input device, such

as a mouse or touchscreen. This can include
changing existing parameters of the simulation
or adding physical objects, such as sandbags.
These changes form what is known as the
‘Action Pool’ and can be split broadly into
three categories: protection (eg. mobile walls);
incidents (eg. breach); and forces.
An important aspect of SBS is the use of
feedback visualisations at every point to
ensure the process of interpretation is as
accurate as possible. This ability to create
suitable parameters for a given context is
furthered through the use of ‘handles’, which
allow the user to manipulate a single property
of an action, such as the location of a breach
or the height of sandbags, so that the impact
on the simulation can be defined for different
values of a single parameter. The visual aspect
of these processes, which is accompanied by
constant feedback, results in an interface that
is end-user friendly and more accessible to a
wider audience. Its efficacy was confirmed
by a mixed-panel evaluation carried out by
the researchers. From the evaluation, it was
concluded that this simplification of interface
did not compromise the power of resultant
simulations compared to other programs.

TRACKS AND FRAMES
The other key element to come from SBS is
the user-predicted parameter features which,
when combined with the World Lines (WL)
feature, enable the interface to evaluate
numerous alternative scenarios. The WL
feature is an interactive system put in place
to manage multiple simulation runs. In the
interface, a single run is known as a ‘track’,
whilst runs that differ in simulation states (eg.
an ensemble of different breach locations) are
known as a ‘frame’. This WL feature is then
able to synchronise with a three-dimensional
visual representation of the simulation, thus
allowing the user to navigate through these
so-called ‘parallel universes’.
Waser explains how the feature was inspired
by a scene from the 1989 hit movie Back to
the Future Part II: “Doc Brown, the inventor
of the time machine, points out how the
antagonist Biff disrupted the space-time
continuum when he stole the time machine
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To create a user-friendly system which
supports design, simulation and analysis of
flow simulations in one integrated and easyto-use framework. The tools developed will
assist in managing time-critical situations.
Important applications include disaster
management, industrial design, rapid
prototyping and education.
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to bring back the sports almanac to the year
1955, thereby creating an alternate version of
1985,” he recalls. “To illustrate his theory, Doc
Brown sketches time as a line, while he draws
a second time line that visually originates from
the first line.” In the same way, WL allows
these different time lines to branch depending
on parameters put in place by the user. This,
combined with SBS, is the aspect of Visdom
that makes it of particular suitability when
applied to a real-life scenario as it allows for
not only user-controlled parameters, but also
a dynamic approach that
takes into consideration the
unpredictable temperament
of natural disasters.

the researchers, in collaboration with Air Flow
Consulting AG of Zurich, wanted to scrutinise
these energy-saving methods even further
using their Visdom interface.

REVOLVING DOORS

THE FUTURE OF VISDOM

From trying to deal with the likely repercussions
of climate change, to trying to prevent it in the
first place, Peikert and Waser now hope that
their Visdom interface can also be used to
tackle the problem of energy efficiency in large
buildings. Minimising energy loss through air
exchange is an important consideration when
looking at climate regulation in buildings. This
has been achieved with relative success by
the age-old revolving door and air curtains,
both of which reduce the interchanging of air.
Whilst these have both been tried and tested,

With other proven uses of the novel interface
including the investigation of computational
fluid dynamics, the ever-growing list of
Visdom’s real-world applications is a testament
to its utility. For now though, the team is keen
to concentrate on its flood protection abilities
by securing it for operational use. In this sense,
the goal for Peikert and Waser’s interface lies in
providing citizens of the world with an ability
to better prepare for energy-use restrictions
that are likely to be imposed in the future as
global warming takes hold.

Peikert modelled the problem using Lagrangian
coherent structures (LCS) because they are
known to separate dynamically distinct regions
(eg. hot and cold air) in fluid systems. LCS
modelling presented quite a challenge: “The air
flow that had to be analysed and then visualised
had a complicated time-dependent structure
due to the result of both
convection currents and
the pump-like effects from
the revolving door,” Peikert
The ever-growing list
reveals. By visualising these
Visdom’s advantages have
LCS (also known as flow
of Visdom’s real-world
already been recognised
barriers), they were able to
by the flood protection applications is a testament identify sources of heat leak
agency in Cologne, as well
and propose a new layout
to its utility
as a consulting agency that
that included a revolving
is hoping to demonstrate
door with a barrier, and an
the relevance of potential
air curtain extended on the
measures to customers on site. Both
left side. When these two slight modifications
organisations are hoping to utilise the interface
were run in the simulation, the resultant LCS
once it has been fully completed and approved
showed the original heat leak, and therefore
for operational use in disaster management.
energy loss, was greatly minimised.

http://visdom.at/
www.scivis.ethz.ch
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USE OF REVOLVING DOORS HELPS TO REDUCE THE
INTERCHANGING OF AIR AND CONSEQUENT HEAT LOSS
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