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Quiz

•“Each match must agree within 15 degrees 
orientation,     change in scale, and 0.2 
times maximum model size in terms of 
location. If fewer than 3 points remain after 
discarding outliers, then the match is 
rejected.” 

•Lowe, 1999, Object recognition from local 
scale-invariant features (SIFT); citations: 
10,500 (+33,200 of 2004 journal paper)
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Tuning of parameters
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Wikipedia

SIFT/Lowe

Wikipedia
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Overview
•Today: 4 case studies 

- Tuner — Image segmentation 
- FluidExplorer — Fluid animation 
- Vismon — Fisheries science 
- FeatureExplorer — Classification 

•Tomorrow: Abstraction / Theory 

- Design Studies 
- Principles of visual parameter space exploration 
- Visual Data Science — visual tools for modeling
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Tuner 
Image segmentation
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Image Segmentation
• Partitioning the image into disjoint 

regions of homogeneous properties 

• Useful for statistical analysis, diagnosis, 
and treatment evaluation

Image 
Segmentation
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Segmentation 
by 

Thresholding
•traditionally - finding edges 
•Canny edge detection ... 

needs thresholds! 
•width of Gaussian 
•low and high thresholds

8

Sigma = 1.0

courtesy of http://www.cs.washington.edu/research/imagedatabase/demo/edge/
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Segmentation 
by 

Thresholding
•traditionally - finding edges 
•Canny edge detection ... 

needs thresholds! 
•width of Gaussian 
•low and high thresholds

9
courtesy of http://www.cs.washington.edu/research/imagedatabase/demo/edge/

Sigma = 2.0
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Energy functionals
•minimize energy  

•often times: 

•where 

- I - input image 

- φ - segmentation 

- α - different weights

10

E(⇥, I) = �1E1(⇥, I) + �2E2(⇥, I) + .... + �kEk(⇥, I)

E(�, I)
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The Zen of tuning 
parameters!

•very tedious and time consuming 

•loop over 

- guess a parameter combination 

- wait for segmentation result (often 
minutes) 

- evaluate result (often visually) 

•did we reach a stable parameter region?

11
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Parameter Tuning
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Principle ideas

•Assumptions 

- ground truth is given 
- we use a quality measure (e.g. DICE-

coefficient or Precision-Recall) 

•Requirements 

- No stone unturned 
- Separate the wheat from the chaff 
- Stability

13
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Sampling high-D 
space
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Apply (black-box) 
Segmentation
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Compare to  
ground-truth

16



Geilo Winterschool, Jan 2016 Torsten Möller

Build an estimator

17
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Build an estimator
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How to explore f1 and f2?
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Case study - 
Brain dynamic PET

•46 time steps 

•very noisy 

•challenging to segment 

•8 energy model to explore

19
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Tuner



Torsten MöllerGeilo Winterschool, Jan 2016 21

Global - Pareto Front

Pareto view
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Local - HyperSlice

Response view
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Response view
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Hyperslice?

24

http://rsbweb.nih.gov/ij/plugins/volume-viewer.html

better slicer image
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Hyperslice?

25

Figure 1: The concept of HyperSlice for

The central concept, presented in section 2, is the repre-
sentation of a multi-dimensional function as a matrix of or-
thogonal two-dimensional slices. This representation lends
itself very well to a variety of interaction techniques. In
section 3 navigation, the location of extrema, and the use
of user defined paths is summarized. Next implementation
issues (section 4) are discussed and an application (section
5) is presented. Finally, in section 6 the results are dis-
cussed and suggestions for further research are done.

2 Representation

In this section we present the HyperSlice representation,
after an introduction of some basic notions and definitions.
We assume that the focus of the user is on a single
-dimensional point of interest which we call the current

point, and denote as c . The width of
the focus is a set of scalar values , with .
The range of values of interest for dimension is the inter-
val . A two-dimensional slice

, with , is a visual representation of , where
and vary and the other are equal to , or:

,
,

and .

The horizontal axis of the slice is aligned with , and the
vertical axis with . The function values are shown as a

rectangular grid of filled cells. We used grey values for the
cells, which are derived from the function value via a lin-
ear transfer function. The current point in the center of the
slice is marked with a square, and other annotation of the
axes can be displayed at request. A one-dimensional graph

is a graph of where and all other are
equal to . In this case the horizontal axis is aligned again
with , while the vertical axis is aligned with .
The next question is which slices are to be displayed.

We require that all dimensions are treated identically, so
we display the value of the function for all pairs of vari-
ables. This leads us to the HyperSlice representation. A
HyperSlice is a matrix of panels with .
Ranges are enumerated along the horizontal and verti-
cal axes. Panels on the diagonal contain graphs , panels
at off-diagonal positions contain slices . As an exam-
ple, figure 1 shows the concept for . Displayed on
the left is the current point as a small sphere, whereas the
matrix on the right displays the corresponding HyperSlice.
Colors are used to annotate the three principle axes (red,
yellow, blue) and slices (cyan, orange, green). The gener-
alization of the HyperSlice representation to higher is
straightforward.
Several relations exist between the panels:

all off-diagonal slices are the same as slices ,
rotated over 90 degrees;

the function value displayed in the center of a
panel is the same for all panels;

van Wijk and van Liere 1993
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Objective 1
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Objective 2
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FluidExplorer 
Fluid animation

39
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Special effects

41

•Fluid simulation is 
heavily used in the 
motion picture industry 

•Most common 
animation packages 
include solvers or offer 
add-ons 

•Problem: Difficult to 
control for visual effects 
artists
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Special effects (2)

42

Autodesk Maya 2010

•Tens of parameters
•Hard to predict results
•Time-consuming trial & error

Tuner  FluidExplorer  Vismon                 Abstraction                  Challenges
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Overview 
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Visualization 
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Video
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Vismon 
Fisheries science
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The Arctic-Yukon-Kuskokwim (AYK) region

Bering Sea
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Scientists Managers

Roles - old days

49

Objec&ves

Recommenda&ons
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Scientists Managers

Goal

50

Simula&on	
  worksheet

Data-­‐driven	
  
decision	
  making

Goal: 
move data-driven decision making from scientists 
to managers
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Scientists

Managers

Stakeholders

51

Interests

Sim
ula
&o
n	
  d
ata

Data-­‐driven	
  
decision	
  making

Goal: 
move data-driven  
decision making  

from scientists to 
managers
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Alaskan Salmon Model

52

Stochastic

Harvest Rate

Spawners

Computer  
Simulation

Bill$Reid,$Haida$Dog$Salmon$1$Skaagi,$1974.$©$Bill$Reid$Estate$

$
Food

Escapement
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Scenario: 2 input values

53

Escapement (in 1000’s)

Harvest rate

0 200 400 600 800 1000

0.0

0.2

0.4

0.6

0.8

1.0

+ + + + + + + + + + +

+ + + + + + + + + + +

+ + + + + + + + + + +

+ + + + + + + + + + +

+ + + + + + + + + + +

+ + + + + + + + + + +

+ + + + + + + + + + +

+ + + + + + + + + + +

+ + + + + + + + + + +

+ + + + + + + + + + +

+ + + + + + + + + + +

Statistical 
summary of the 

simulation output
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Output summarized ...

•Average 

•Median 

•Coefficient of variation 

•% of years something bad happens

54

Statistical 
summary of the 

simulation output



Torsten MöllerGeilo Winterschool, Jan 2016

Scenario: 2 input values
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Escapement (in 1000’s)

Harvest rate
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Statistical 
summary of the 

simulation output

Tuner  FluidExplorer  Vismon                 Abstraction                  Challenges
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Scenario: 2 input values

56
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12 Outputs / Indicators

57

Spawners 
(Escapement)

$
(commercial)

Food 
(subsistence)

Avg Median CV %
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Vismon
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Vismon
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Constraint Pane
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Vismon
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Trade-offs Pane
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Summarization
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Constraining
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Constraining
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Constraining
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Constraining

66



Torsten MöllerGeilo Winterschool, Jan 2016

Constraining
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Constraining
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Constraining
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Constraining
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Constraining
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Constraining
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Selection
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Selection
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Selection
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Selection
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Selection
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Trade-off quantification
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FeatureFinder — 
Classification
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Classification

•a form of supervised “learning”, i.e. 

•Given: a set of labeled data items 

•Problem: find the right label for new data 
items
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Classification — 
Example

•Patients with and without cancer 

•What features will help me predict whether 
a person has cancer, given a set of people 
that do and don’t have cancer!? 

•Features — can be age, income, address, 
but surely also anatomical features, etc. 

•potentially LOTS of features — which to 
pick?
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Principle idea
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FeatureFinder
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Filter on Input & Output 
parameters
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Set constraints on 
features to use
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Overview over all 
models

90



Torsten MöllerGeilo Winterschool, Jan 2016

Summary of feature 
performance
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Performance

•Matthews correlation 
coefficient (MCC)  

• -1 — bad 

•+1 — good
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Overview
•Today: 4 case studies 

- Tuner — Image segmentation 
- FluidExplorer — Fluid animation 
- Vismon — Fisheries science 
- FeatureExplorer — Classification 

•Tomorrow: Abstraction / Theory 

- Design Studies 
- Principles of visual parameter space exploration 
- Visual Data Science — visual tools for modeling
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Questions?

•http://vda.cs.univie.ac.at 

•torsten.moeller@univie.ac.at

95


