
"How can we reach out to the 
creative entrepreneur types  

with our statistics, mathematics 
and physics education?" 

Harald Martens, dr.techn. 

Prof. II, Dept. Engineering Cybernetics, NTNU Trondheim 

CEO IDLETechs AS 



Science’s embarassing illnesses 
«Most of published research 
findings are wrong, and 85% of 
the money to biomedical research 
is wasted, says John Ioannidis» 

Norwegian researchers are too 
bad in statistics 
«There are errors in a much 
higher fraction of scientific works 
than known earlier» 
 

Biggest science scandal  in the last 30 years? 
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Personality types and work types are 
correlated 

Math & 
statisticans? 

Bio-scientists? 

?? 
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Figure  5 

Ontology: position and intensity variation in time, space and properties 
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Figure  8 

      



Example of IDLE modelling 

Motion of babies in RGB  video:  

Early detection of cerebral palsy? 
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IDLE modelling  
Motion between frames 63 and 68 



The Beluzov-Zhabotinsky reaction as a 
reproducable metaphor of life? 

 



Medicine against Macho Math and Gucci Statistics:  
Try to model the real Belusov-Zhabotinsky reaction!  
(Anna Zhyrova & Dalibor Stys, Cz) 

Malonic acid, 
inorganic salts, 
sulfuric acid and 
Ferroin (iron-
based red/ox 
indicator) 
dissolved in 
water at low pH: 
 
In Petri-dish: 
spontaneously 
forms 
a variety of 
attractor types!  
 

We use this system do 
make generic methods & 
software for data-driven 
model development in 
complex systems 
 
Our OnTheFlyCompression 
technique for generic 
modelbased data 
compression combines soft 
and hard modelling from 
high-dimensional 
biochemometrics, dynamic 
modelling from cybernetics 
and dual-domain subspace 
modelling from IDLE gestalt 
registration. 

ENTHALPY: malonic acid -> CO2. Boring! A complex ENTROPY-driven pattern formation process. Data-driven modelling? 



NIR/vis. spectral measurements of Belusov-
Zhabotinsky reaction  

(Anna Zhyrova & Dalibor Stys, Cz/ Bjørn Alsberg & Harald Martens, NTNU)  

Raw transflectance spectra (T), linearised as absorbance (log(1/T)) at different wavelengths (nm).  

400 600 800 1000 1200 1400 1600 1800 2000 2200 2400

-0.8

-0.6

-0.4

-0.2

0

0.2

0.4

0.6

0.8

Wavelength, nm 

Light absorbance 



BZ reaction in stirred vessel, 
monitored by multichannel 
vis/NIR spectroscopy. 
“Continuous PCA”:  
Three first subspace 
dimensions= > 99% explained 
variance. File reduction: 
3:1000, i.e.  

time 



time 
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+   
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«Never-ending» processes  
generate huge amounts of data  

 

 

 

 

 



Hyperspectral NIR/vis video of Belusov-Zhabotinsky reaction  
(Anna Zhyrova & Dalibor Stys, Cz/ Lise Lyngsnes, Harald Martens, NTNU) 

• Original Data Size 44.4Mb, compressed 925kb 

• Compression ratio: ~2% of the original. 

• Loss of information: 1% 

• Compression time: ~33 seconds 
Need for model-based compression of data: 
 
Hyperspectral NEO NIR video 
1-2 GB of data/hr! 
One single image from video recording, even 
after strongly reduced image size: 44.4 Mb 
 
 
Combines soft and hard modelling from 
high-dimensional biochemometrics, 
dynamic modelling from cybernetics and 
dual-domain subspace modelling from IDLE 
gestalt registration. 
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Ongoing experiment, NTNU 
Dept. Engineering Cybernetics 

Course (MSc, PhD) on «how to discover the real world» 

1) Use e.g. microphone of students’ PCs (FFT) as high-dimensional sensors 

2) Student groups choose project for a semester 

3) Students discuss  experimental design 

4) Students perform measurements according to chosen design 

5) Students analyse data  by cross-valildated, graphically oriented  bilinear 
modelling (PCA, PLSR) in The Unscrambler (www.camo.com) 

6) Students  interpret bilinear model from physics 

7) Report=exam 

 

 
 

http://www.camo.com/


ISee: 
Students’ curiosity-driven 

discovery of real-world physics, 
math and statistics  

IDLETechs AS 

 



Purpose: 

• Excite high school  and university students’ curiosity about their own 
physical world  

• Let them feel how they can have fun being in actual control over 
physics, math and statistics, instead of just suffering to receive 
theoretical instruction from teacher. 

• Motivate for learning laws of physics, tools of statistics and methods 
of mathematics 

• Allow teacher to demonstrate physics, math and statistics in reality, 
via students’ video filming 



Basic method for students 

• The students makes  video sequences of whatever they like, e.g. via their mobile phones. 

• Each video sequence is represented by a «soft modelling»: compact, simple and data-driven model of 
motion and colour changes of each independent object in the image sequence.  

• Sound is likewise submitted to model-based compression in both the time- and frequency domains.  This 
data modelling is automatic, hidden to the students, and yields simple graphs. 

• The students can playfully modify the compact bilinear video data model via the interactive graphs, and 
thereby reconstruct video sequences of «alternative realities» 
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IDLE model: 
For each independent object in video: 
 
Intensity  = DisplacementModel(LocalIntensityModel)+Error  
 
Requires:  
Segmentation,  
Motion estimation/registration,  
IDLE modelling: Dual-domain Bilinear data -modelling 
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Classroom method for teachers 
• The soft-to-hard model conversion may be purely data-driven, but will then yield 

«Ptolomus-type » rather than «Kepler-type» mathematical models – with good ad 
hoc descriptive ability of the actual video content, but without  a simple physical 
interpretation.  

• Hard models with simpler and more meaningful interpretation may be obtained for  
well recognized objects in the video sequence, e.g. hard objects with affine 
transformation, human faces talking and showing emotions, flowing water etc. The 
soft-to-hard conversion is aided by multivariate metamodels of causal-cohesive 
mechanistic models, while the purely data-driven model development is only used 
for quantifying unexpected phenomena in the video sequence. 

• The teacher can thus demonstrate to the students that the laws of physics actually 
control the students’ daily activities, and show that mathematics is useful, 
intuitively understandable and something that they can learn to control. 

 



University level students’ use 

• Used at university level, this  combination of «soft», «semi-soft» and 
«hard» modelling can show the students that while ambitious, 
mechanistic models of known phenomena are very useful in science, 
they need to be supplemented by more humble, data-driven models 
of unexpected phenomena.  

• Thus, while our scientific understanding of reality  is always imperfect, 
there is no need for mystification of new phenomena, as long as they 
are observed  in a statistically valid way. 

• The system will also at university level be useful for reducing math 
anxiety and enhancing students’ personal interest in science. 
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Very preliminary example  
(my Matlab software is just a rudimentary demo) 

 

My pocket watch may be a perfect pendulum. 

 

But my i-phone video of it is not perfect, because my camera was 
moving and so was my hand holding the watch. 

 



Frame # 33 is almost identical to the frame chosen to be reference, # 7 

In  for n=33
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Frame # 41 is quite different from the reference, # 7: the watch 
pendulum has moved – and so has the camera  

In  for n=41
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Camera motion corrected and 
object motion corrected 



Motion of pixels from reference frame  # 7 to frame # 41, 
determined by optical flow estimation 
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At this first estimation stage, the motion of  the thin chain of the watch is not correctly 
estimated. That is corrected at a later stage of the automatic estimation process. 



Automatic model-based compression of motion information: 

0 1 2 3 4 5 6 7 8 9 10
0

0.5

1

1.5

2

2.5

3

3.5

4

4.5
x 10

7 CumSum S2 DV(b), DH(r) and DV&DH(g)

0 1 2 3 4 5 6 7 8 9 10
0

0.2

0.4

0.6

0.8

1
RelCumSvh2 S2 DV(b), DH(r) and DV&DH(g)

-1000 -800 -600 -400 -200 0
-400

-300

-200

-100

0

100

200

300

400

Scores, PC 1

S
c
o
re

s
, 

P
C

 2

Scores for PCA of DV and DH jointly

-0.16 -0.14 -0.12 -0.1 -0.08 -0.06 -0.04 -0.02 0

-0.2

-0.18

-0.16

-0.14

-0.12

-0.1

-0.08

-0.06

-0.04

-0.02

Scores, PC1 h 1
S

c
o
re

s
, 

P
C

1
 v

 2

Scores for PCA of DV and DH disjointlyMotion summaries:  blue=HORIZONTAL PC1, green = VERTICAL PC1 

Principal Component Analysis shows 
that  the horizontal and vertical 
motions are sufficiently approximated 
by their  first bilinear Principal 
Component (PC1) : 
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Horizontal motion fields is automatically approximated by its first PC (its first latent 
state varible). Plots of this state variable vs its time derivative and accellerations 
shows the laws of nature that govern this video sequence : 
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Y(N x 3)  

= [dxj N x 1) /dt, j=1,2,3] 

Xnominal ( N x 60)  

= [Xj, j=1,2,3], where 
Xj =[Xj(k), k=1,2,…,20] 

Dark=0 

Light=1 

B( 60 x 3)  

Non-linear data-driven ODE development, e.g.  in 
bilinear Scores 

Developing nonlinear ODE models from state variable time series data by nominal-level dynamic PLSR.  

The Estimated Jacobian B 
of a dynamic system, 
changing over the state 
space: 
Low-rank regression 
coefficients from PLSR of 
rates Y vs states X (20   
nominal 0/1 state 
variables for each of 3 
quantitative state 
variables). 
 
Martens, H, Tøndel K, Tafintseva V, Kohler A, Plahte E,  
Vik JO, . Gjuvsland AB, . Omholt  SW (2013) PLS-Based 
Multivariate Metamodeling of Dynamic Systems. New 
Perspectives in Partial Least Squares and Related 
Methods . Springer Proceedings in Mathematics & 
Statistics 56, pp 3-30. DOI 10.1007/978-1-4614-8283-3_1  

 

http://link.springer.com/search?facet-author="Harald+Martens"
http://link.springer.com/search?facet-author="Kristin+T%C3%B8ndel"
http://link.springer.com/search?facet-author="Valeriya+Tafintseva"
http://link.springer.com/search?facet-author="Achim+Kohler"
http://link.springer.com/search?facet-author="Erik+Plahte"
http://link.springer.com/search?facet-author="Jon+Olav+Vik"
http://link.springer.com/search?facet-author="Jon+Olav+Vik"
http://link.springer.com/search?facet-author="Arne+B.+Gjuvsland"
http://link.springer.com/search?facet-author="Arne+B.+Gjuvsland"
http://link.springer.com/search?facet-author="Stig+W.+Omholt"
http://link.springer.com/book/10.1007/978-1-4614-8283-3
http://link.springer.com/book/10.1007/978-1-4614-8283-3
http://link.springer.com/book/10.1007/978-1-4614-8283-3
http://link.springer.com/bookseries/10533
http://link.springer.com/bookseries/10533
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THANK YOU! 


