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How to train your robot



• Robots are expected to become mass-consumer product that will be 

part of our everyday lives 

• Two approaches in contemporary robotics:

• Imitation

•Reinforcement learning

Motivation



Imitation learning

Before 

(robot has the hand)

After

(robot doesn’t have 

the hand)

Problem: limits of the robot

Solution: Filter the movement so that it is 

within the limits and that it has minimal jerk 

=> Execution is degraded and inaccurate



Reinforcement (RL) learning
Problem 1: 

• High dimensionality of the search space

Solutions: 

• Encode the movement as a parametric 

representation of Dynamic Movement Primitives

• Simulate executable throws and extract the 

important features with a neural network

𝜏2 ሷ𝑦 = 𝛼𝑧(𝛽𝑧(𝑔 − 𝑦) − 𝜏 ሶ𝑦) + 𝑓(𝑥) 𝑥 = 𝑒−𝛼𝑥𝑡/𝜏

𝜃

𝜃𝑙
𝜃′

𝜃∗ = arg𝑚𝑖𝑛
1

𝑛


𝑖=1

𝑛

𝐿(𝜃(𝑖), 𝜃′(𝑖))

Activation function:
𝑦 = tanh(𝑊𝜃# + 𝑏)

𝜃∗ = {𝑊, 𝑏}

Neural network parameters:



Problem 2: 

• Inaccurate sensors that are hard to calibrate

Solution:

• Human intuitive reward systems

Reinforcement (RL) learning

wrong readings => confused robot => wrong action =>



For more information, please visit poster number 12



Life of chemotherapeutics in 
human organism-Ruthenium 

based speciation 

Katarina Marković



RuPthCl

New generation of chemotherapeutics

RuPthPTA

Dhar & Lippard, 2009

Can we do it 
better?

https://www.bbc.com/news/health-44348551



Analytical method development



katarina.markovic@ijs.si
Poster number: 39

Thank you for attention!



Method for Fast Estimation of the Parameters In Order 
to Detect Different Operating Conditions of 

Electrochemical Energy Devices

Gjorgji Nusev,

International Postgraduate School Jožef Stefan

Poster number: 11



Energy storage systems



Fractional-order identification approach

• Fraction of the time compared to the current EIS methods 12 seconds
vs. 5-10 minutes

• No tuning parameters

• Impedance characteristic in closed form - equation describing the 
Nyqvist curve

• DRT is just a side effect - obtained in closed form through a simple 
mathematical transformation

• Suitable for online implementation and PHM applications



Algebraic Fractional-order identification approach

Algebraic time domain identification
of fractional order systems

6-steps algorithm

𝐺 𝑠 =
𝑏0𝑠

𝛼𝑛+1 + 𝑏1𝑠
𝛼𝑛+2 +⋯+ 𝑏𝑚𝑠

𝛼𝑛+𝑚+1

𝑎0𝑠𝛼0 + 𝑎1𝑠𝛼1 +⋯+ 𝑏𝑛𝑠𝛼𝑛

𝐷𝑅𝑇 𝜏 = −
1

𝜋
ℑ 𝐺 𝑒− log 𝜏 −𝑗

𝜋
2 + ℑ 𝐺 𝑒− log 𝜏 +𝑗

𝜋
2



Algebraic Fractional-order identification approach

Original system Group by the same fractional order

In matrix form by r-time differentiation
Find determinant

r-time Integration

Least Squares solution



Writing class for the two year 
humanoid robot

Rok Pahič,

Jožef Stefan International Postgraduate School

Poster number: 38



Autonomous robots need to 
• perceive their environment and interact with the external world –

couple perception with action,

• adapt to changes in the environment and acquire new skills – they
need to learn.



Learning perception-action couplings

Raw image

Deep encoder-decoder network

Robot motion trajectory

DMP parameters

Result



Deep encoder-decoder training

Objective function:

Calculated DMP parameters 

Desired DMP parameters 

Original trajectory
Training pairs



Deep encoder-decoder training

Objective function:

Calculated DMP parameters 

Original trajectory

Backpropagation traning requires the gradients of the error function

Calculated trajectory



Fancy math:



Non-robotic experiment

• Synthetical MNIST

• Annotated MNIST 



Robotic experiment





Thank you for your attention

• Poster 



Automated Baremetal
Provisioning for Embedded 

Devices
Ivan Boškov,

Jožev Stefan Institute,
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Poster number: 51



The Internet of Things (IoT)

• Constantly increasing number of IoT devices

• Large variety of sensors and wearable technology



First step in deploying IoT devices (1)

• Devices with input/output capability
• Display (User Interface)

• Keyboard

• Touchscreen



First step in deploying IoT devices (2)

• Devices without input/output capability
• No feedback whatsoever

• Additional equipment needed for configuration

• Potentially very small devices



Methods for configuration

• Manual configuration
• Time consuming

• Error prone

• Automated configuration
• Minimal human interaction

• Fast and reliable



Captive Portals



How it works?



DO YOU KNOW
WHAT YOU ARE 

BREATHING?

Johanna Amalia Robinson

Poster number: 23

Do you care?



WHAT ABOUT AIR QUALITY?

https://news.yahoo.com/photos/china-s-air-pollution-problem-1339437630-
slideshow/people-ride-along-street-smoggy-day-daqing-photo-051327524.html



http://www.arso.gov.si/zrak/kakovost%20zraka/podatki/dnevne_koncentracije.html https://www.ljubljana.si/sl/moja-ljubljana/varstvo-okolja/stanje-okolja/kakovost-zraka/

Do you know where to find info?



YOU CAN GET INVOLVED!



BUT THERE ARE ISSUES…



CHALLENGES EXIST BEYOND 
DATA QUALITY ISSUES

Which is why I study the user involvement



WHAT DO THEY WANT?

• User friendly

• Small: similar to sport
watches

• Multiple layers of
information for different

users

• More intelligent 
information output

…



SUMMARY

The mission:

To have user friendly
devices providing

meaningfull
information How to get there?

• Involve the people!

• User centered design



Thank you!



Ice Age VI:
Metallic Materials
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Poster number: 61



• Deep Cryogenic Treatment
• Heat Treatment

• Temperature is below -160 °C

• Aim: to improve 

• thermo-chemical

• tribological

• mechanical properties

• Different Results: 

• Problems/Reasons: 
• unsystematically developed approaches to DCT

• etc.

DCT

43



Metallic Materials

• Solutions
• Systematical Approach to DCT

• Selected Parameters
• Temperature -196 °C (LN2)

• Soaking Period 24 h

• Cooling/warming rate 0.5 and 6 °C/min

• After quenching

• Material

DCT
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Ferrous Alloys Non-ferrous Alloys

Cold work steel Aluminum alloy

Hot work steel Titanium alloy

HSS Nickel alloy

Stainless steel

Structural steel



Deep Cryogenic Treatment of Metallic Materials DCT

45
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3D printing

http://www.kidskunst.info/linked/bicon-dental-implants-research-abstracts-6269636f6e.htm

http://www.n2tank.com/uploads/180411/1-1P4111J519494.jpg

https://www.ubcryogenicsolutions.com/wp-content/uploads/2018/02/HarleyDavidsonTrans-CH-882x1024.jpg

http://ww1.prweb.com/prfiles/2013/05/13/10729320/Cryogenics_Yamaha%20Trumpet.jpg

www.industrialheating.com

investorplace.com



Deep Cryogenic Treatment of Metallic Materials

Contact:

Patricia Jovičević Klug

Institute of Metals and Technology

Department of Metallic Materials and Technology

patricia.jovicevicklug@imt.si

DCT
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For more information you are welcome to visit

me at my poster - number 61.



Gaussian Process 
Regression for Big Data

Tadej Krivec,

Jožef Stefan Institute, E2 Department

Poster number: 31



 Output and Input dependent of time.

 Input is mapped through a nonlinear mapping to 
output.

Nonlinear Identification of Dynamic 
Systems

Nonlinear 

system

Fx



Gaussian Process Regression



Scalability

Data

GP Approximations

Full GP



Sparse Approximations

Variational Free Energy

Stohastic Variational Inference

Deterministic Training Conditional

Partially Independent Training Conditional

Fully Independent Training Conditional



Local Approximations and Fast Matrix 
Multiplication

 Local Approximations: Global model composed of 
local models responsible for sub regions.

 Fast Matrix Multiplication: Iterative approach to 
solve the linear system for prediction.



Ectodomain shedding of 
epidermal growth factor 

receptor by cysteine 
cathepsins

Marija Grozdanić,
Department of Biochemistry, Molecular and Structural Biology, IJS

Jožef Stefan International Postgraduate School

Poster number: 56



Protease
s



Cathepsins Cancer



Migration

Proliferation
Survival

?

Epidermal growth factor receptor

Cellular responese

?

EGF

EGFR

Truncated EGFR



Poster number : 56

Thank you for your attention!



How azole inhibitors affect the 
adsorption of corrosion 

relevant species
Matjaž Dlouhy,

K3 @ J. Stefan Institute 

J. Stefan Postgraduate school

Poster number: 37



1.      What are we doing?

substances with ability to reduce corrosion

periodic multi-slab model 

of Cu(111) surface

im
p

lic
it s

o
lv

e
n

t

How adsorption of inhibitors affects 
the interaction of other relevant      
species. 

Modelling corrosion inhibitors on copper surfaces using DFT.



2.      How are we doing it?

inhibitor molecule

adsorption-site region

Pauli repulsion region

Enhanced stabilization



3.      What we discovered so far?

Charge density difference



3.      What we discovered so far?

Charge density difference

Coadsorption effect enhances the 

bonding to copper suggesting the 

stabilization of protective passive 

layer. 



Virus inactivation in water by 
plasma

Arijana Filipić,

National Institute of Biology

Poster number: 9



Photo: James Gathany - CDC Public Health Image library ID 11162

By WikiPedant - Own work, CC BY-SA 4.0, https://commons.wikimedia.org/w/index.php?curid=55325847

http://phil.cdc.gov/phil/details.asp?pid=11162




Plasma





UV 
radiation

Charged 
particles

Reactive 
species

Andrea José Fuentes Bisbal, 
2013(https://www.slideshare.net/AndreaJosFuentesBisbal/oxidative-stress-
2014)

(https://www.biotek.com/resources/white-papers/an-introduction-to-
reactive-oxygen-species-measurement-of-ros-in-cells/)

Organic material



MS2 
bacteriophage

Dai et al., Nature. 2017; 541(7635): 112–116.

Potato virus Y





Towards a mechanically 
compliant exoskeleton

Miha Dežman,

Dep. for Automatics, Biocybernetics and 
Robotics, Jožef Stefan Institute

Poster number: 4



Fiction

No matter how bad
It works

No matter how good
It quickly fails

Reality



Mechanical error buffer



Mechanical error buffer

Good suspensionBad suspension



Exoskeleton control problem

Human = Car

My controller 

My exoskeleton



Exoskeleton control problem

Human = Car

My controller 

My exoskeleton



=+

Exoskeleton control problem



What do have?

Variable stiffness actuator

Spring – adaptable

Clasical motor

+ =



What do have?

Exoskeleton prototype



Future work

- Reduce exoskeleton price
- Ease high-level control design
- Increase performance

+



Join me at 
poster 4



Autonomous Learning of Assembly by 
Disassembly: (Un)screwing a lightbulb

Mihael Simonič,

Humanoid and cognitive robotics laboratory, IJS

Poster number: 14



Manual programming vs. human-like 

learning

How do children learn? How do small children try to assemble, e.g. lego blocks?



Compliant robot reacts to force by utilizing 

force sensor data 

Is it easier to move in constrained or unconstrained environment?



A compliant robot will follow the 

environmential constraints



Intelligent compliant control

Following through the corridor

and searching for possible crossways

Robot discovers a crossway



Maze solving with reinforcement learning

Unconstrained environment 

and learning statistics (number 

of steps to come from start to 

goal point) 

Constrained environment and 

learning statistics (number of 

steps to solve the labyrinth) 



Robot can autonomously learn how to

exit a maze

How to represent assembly and disassembly operations?



Learning of disassembly is similiar to the 

maze learning

Bulb and the casing Trying to remove bulb from the casing can be

represented as exiting the maze



Assembly is in the most cases just reverse 

execution of disassembly

Is it easier to assemble or disassemble? 





“Cutting the entropy crisis” using 
environmental friendly corrosion 

inhibitors on aluminum substrates

Dževad Kozlica,
1Jožef Stefan Institute, Department of Physical and Organic Chemistry, Jamova c. 39, 1000 Ljubljana

2Jožef Stefan International Postgraduate School, Jamova c. 39, 1000 Ljubljana

Poster number: 59



能源危機



Energy vs. Entropy

Energy cannot be created nor destroyed!

Entropy of the Universe always increases!

We are moving towards 
the

Energy is always conserved!
Low energy quality!

Entropy = dispersion (dissipation) of energy



Corrosion process

Corrosion
(metal disease)

Total entropy is 
increased

Al 
Protection

(corrosion inhibitors)

Reduction in entropy

Saving €€€

Waste of €€€

Al 

E° = -1.66 V

1)

Very reactive

2)

Inert to corrosion

3) Highly aggresive



Increasing the quality of life

Environmental friendly
corrosion inhibitors

10
-9

10
-8

10
-7

10
-6

10
-5

10
-4

10
-3

10
-2

10
-1

-0.9

-0.8

-0.7

-0.6

-0.5

-0.4

 

 

E
 (

V
) 

v
s
. 
A

g
/A

g
C

l

j (A cm
-2
)

  bare Al (0.5M NaCl)

 Al (0.5M NaCl + 1mM MBIH)

 Al (0.5M NaCl + 1mM OPA)

10
-10

10
-9

10
-8

10
-7

10
-6

10
-5

10
-4

10
-3

10
-2

-1.0

-0.9

-0.8

-0.7

-0.6

-0.5

-0.4

-0.3

-0.2

-0.1

 

 

E
 (

V
) 

v
s
. 
A

g
/A

g
C

l

j (A cm
-2
)

 etched bare Al 

 0.5M NaCl +1mM OPA

 0.5M NaCl +1mM MBIH

Results Conclusion

Poster No.

59

Entropy is directly proportional 
to the dispersion of money
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Thank you for Your attention 
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John Doe and the Car



Iaroslav Rybkin
1. Jozef Stefan Institute, Department of Environmental Sciences, Slovenia

2. Jozef Stefan Institute, International Postgraduate School, Ljubljana, Slovenia

3. Saratov State University, Remote Controlled Theranostic Systems Lab, Russian Federation

Poster number: 20



Current challenges
Invasive plants

Salt pollution

Use of bacteria



How does it work?



Proof of concept



Single-type aggregates

Interspecies aggregates
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Dangerous seafood?
Not anymore!
Timotej Turk Dermastia,

National Institute of Biology, Marine Biology Station Piran

Jožef Stefan International Postgraduate School

Poster number: 29



HARMFUL ALGAL BLOOMS 
(HABs): What are they?

Photo: Timotej Turk Dermastia, Janja Francé

Pseudo-nitzschia multistriata and Dinophysis caudata



FAO, 2018





Monitoring issues – What is 
what?



Genetic tools come 
handy



Solution – genosensor for rapid
and highthroughput detection



Find me at poster 29 
to see how the sensor
works and how it can
be improved
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Characterization of plasma by 
optical emission spectroscopy

Nastja Mahne1, 2,
1Department of Thin Films and Surfaces, Jožef Stefan Institute, Ljubljana, Slovenia 

2Jožef Stefan International Postgraduate School, Ljubljana, Slovenia
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Thin film applications

Plasma in nature

microelectronics optical coatings photovoltaics

Artificially produced plasma

protective coatings



coil

titanium 

target

Ar

electron 

source

thermionic

plasma

high voltage 

power supply

pumping 

system
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+

+

+

grounded 

anode
optical fiber

Triode sputtering

optical emission 

spector detector



¸

magnetron

Ar

high voltage 

power supply

pumping 

system

grounded 

anode
optical fiber

Magnetron sputtering

plasma

optical emission 

spector detector

+

+

+

+

+

𝐯𝐄×𝐁 =
𝐄 × 𝐁

𝐵2

–



300 350 400 450 500 550 600 650 700 750 800 850

Ar ITi IAr IITi II

wavelength (nm)

Optical emission spectroscopy

OES database 
(source: NIST)

triode sputtering

magnetron sputtering
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VWR Quiz
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