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Introduction

Sweden
Lund University, LTH, Automatic control, 01\10 \2021.

Arbetsförmedlingen→ Academicum company (Korta
vägen education)→ Practice and Swedish language.
Supervisors: Anders Robertsson and Charlotta Johnsson.

Croatia

Zagreb University, FSBa, Automatic control b, 2004.-2019.
2003. MSc mechanical engineer, energy direction
2010. PhD automation (field: control system theory)
2004–2019. Courses: electrical engineering, programming

aFaculty of mechanical engineering and naval architecture, Zagreb, Croatia
b@ Department of Robotics and Production System Automation
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Mechatronics and IoT
Online experimental setups - 2018.

Learning basics of DC motor in laboratory:

Learning basics of DC motor online:

Router

Microcomputer
 (Raspberry PI)

microcontroller, 
el.current sensor, 

H-bridge

DC motor
power source PCB

DC motor

Camera
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M-system theory and M-numbers
http://m-system.fsb.hr

M-system theory1.

Further theory development :
Semantic of natural language2

M-valued logic
Topology of electric circuits
Dynamical systems and optimization?

1Invented by Miroslav Šare: Jorbologija, Element Zagreb, 2000.
2Mario Essert, Ivana Kuzmanović, Ivan Vazler, Tihomir Žilić: Theory of

M-systems, Logic journal of the IGPL, 25(5):836-858, August 2017.
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Distributed control
Platform for education, testing and verification of real-life implementation of
decentralized and distributed control solutions.

Three spring connected seesaw-cart subsystems3.

My participation:
electronics
programming
micro-controllers

3M. Lobrović, A. Jokić, V. Milić, T. Žilić, M. Jokić, J. Kasać, Z. Domitran, M.
Crneković: A Case Study in Distributed Control: Elastically Interconnected
Seesaw-cart Systems., 25th Mediterranean Conference on Control and
Automation, 2017.
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PhD research - underactuated systems

Underactuated nonlinear mechanical systems (UNMS)
actuators < degrees of freedom (DOF)
mechanical systems with input coupling
fully actuated but with actuators’ failure→ UNMS

Included actuators dynamics. Actuators of higher orders,
nonlinearities, discontinuous friction.

Controller 

UNMS Actuator 

–
 

+
 

d dy = qeu

u F

Process 

y

walking 
robots 

cranes  underactuated 
manipulators

airplanes, 
satellites

ships

magnetic levitation 

pneumatic 

electrical 

hydraulic 
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PhD research - motivation
Pneumatically actuated slider-inverted pendulum

(a) Scheme (b) Laboratory setup

Control challenge

Simultaneous stabilization and trajectory of arbitrarily selected
degrees of freedom.a

a
Simultaneous stabilization and trajectory tracking refers to a closed control loop where some DOF folow

desired trajectories while simultaneously other DOF are stabilized.
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Euler-Lagrange equations of UNMS

d
dt

∂L(q, q̇)
∂q̇a

− ∂L(q, q̇)
∂qa

+ Fdisa(q, q̇) = Ha(q)F

d
dt

∂L(q, q̇)
∂q̇u

− ∂L(q, q̇)
∂qu

+ Fdisu(q, q̇) = Hu(q)F

q = [qa,qu]
T , q ∈ Rn, qa ∈ Rna , qu ∈ Rnu , F ∈ Rna

Subscripts: a - actuated, u - unactuated DoF

Underactuated systems: na < n

2. order nonholonomic systems: Ha(q) = I, Hu(q) = 0
UNMS with input coupling: det(Ha(q)) 6= 0, Hu(q) 6≡ 0.
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State space of coupled system (UNMS+actuators)

ẋ = f(x) + g(x)u
y = γ(x)

ẋ︷ ︸︸ ︷
ẋqa1
ẋqu1
ẋqa2
ẋqu2
ẋac

 =

f(x)︷ ︸︸ ︷
xqa2
xqu2

f3(xq) + fdis3(xq) + B3(xq)γac(xac ,xq)
f4(xq) + fdis4(xq) + B4(xq)γac(xac ,xq)

fac(xq,xac)

+

g(x)︷ ︸︸ ︷
0na×na

0nu×na

0na×na

0nu×na

gac(xac)


u︷︸︸︷

uac

y = γ(x)
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Controller
Based on sliding surface control methodology

Sliding surface s:

s = ė + λ1e = 0, UNMS+actuator(r=0)
s = ë + λ2ė + λ1e = 0, UNMS+actuator(r=1)

s =
...
e + λ3ë + λ2ė + λ1e = 0, UNMS+actuator(r=2)

. . .

First equation: If λ1 � 0, then e→ 0 when t →∞.
Mark r - actuator’s relative degree regarding to yac .

y =

[
xqa1
xqu1

]
, yd =

[
(xqa1)d
(xqu1)d

]
, e = y− yd =

[
ea
eu

]

ë =

[
f3(xq) + fdis3(xq) + B3(xq)γac(xac ,xq)− (ẍqa1)d
f4(xq) + fdis4(xq) + B4(xq)γac(xac ,xq)− (ẍqu1)d

]
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Controller
Example for UNMS+actuator(r=1)

Eqvivalent control laws: (ueq)a - actuated, (ueq)u - unactuated

[
(ueq)a
(ueq)u

]
=

 −
[

B3(xq)
∂γac (xac ,xq )

∂xac
gac (xac )

]−1 {
Z3 + B3(xq)

∂γac (xac ,xq )

∂x f(x) + χa(sa)

}
−
[

B4(xq)
∂γac (xac ,xq )

∂xac
gac (xac )

]+ {
Z4 + B4(xq)

∂γac (xac ,xq )

∂x f(x) + χu(su)

}


χ(s) ∈ {α sign(s),α tanh(s),αsat(s), . . .}, α > 0

Proposed control law for combined control:

u = ϕa · (ueq)a +ϕu · (ueq)u

ϕa, ϕu ∈ Rna×na are diagonal weight matrices.
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Articles
UNMS control and modeling

[1] T. Zilic, J. Kasac, Z. Situm, and M. Essert. Simultaneous
stabilization and trajectory tracking of underactuated mechanical
systems with included actuators dynamics.
Multibody System Dynamics, vol. 29, no. 1, pp. 1–19, 2013.

[2] T. Zilic, J. Kasac, Z. Situm, and M. Essert. Application of SSTT
control algorithm for underactuated: surface vessel, PPR manipulator
and pneumatically actuated slider-inverted pendulum.
Advanced Robotics, vol. 28, no. 8, pp. 545–556, 2014.

[3] T. Zilic, D. Pavkovic, and D. Zorc. Modeling and control of a
pneumatically actuated inverted pendulum.
ISA Transactions, vol. 48, no. 3, pp. 327–335, 2009.
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Thank you! Tack så mycket! Hvala vam!

inspCoffe
Time for questions!
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Thank you! Tack så mycket! Hvala vam!

inspCoffe
Time for questions!
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