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Introduction

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

@ Arbetsférmedlingen — Academicum company (Korta
vagen education) — Practice and Swedish language.

@ Supervisors: Anders Robertsson and Charlotta Johnsson.
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Introduction

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

@ Arbetsférmedlingen — Academicum company (Korta
vagen education) — Practice and Swedish language.

@ Supervisors: Anders Robertsson and Charlotta Johnsson.

Zagreb University, FSB2, Automatic control 2, 2004.-2019.
@ 2003. MSc mechanical engineer, energy direction
@ 2010. PhD automation (field: control system theory)
@ 2004—-2019. Courses: electrical engineering, programming

2Faculty of mechanical engineering and naval architecture, Zagreb, Croatia
b@ Department of Robotics and Production System Automation
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Mechatronics and loT

Online experimental setups - 2018.

Learning basics of DC motor in laboratory:

Learning basics of DC motor online:
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M-system theory and M-numbers

http://m-system. fsb.hr

M-system theory.
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Further theory development :
@ Semantic of natural language?®
@ M-valued logic
@ Topology of electric circuits
@ Dynamical systems and optimization?

TInvented by Miroslav Sare: Jorbologija, Element Zagreb, 2000.
2Mario Essert, lvana Kuzmanovié, Ivan Vazler, Tihomir Zilié: Theory of
M-systems, Logic journal of the IGPL, 25(5):836-858, August 2017.
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http://m-system.fsb.hr

Distributed control

Platform for education, testing and verification of real-life implementation of
decentralized and distributed control solutions.

3M. Lobrovié, A. Joki¢, V. Milié, T. Zili¢, M. Joki¢, J. Kasa¢, Z. Domitran, M.
Crnekovi¢: A Case Study in Distributed Control: Elastically Interconnected
Seesaw-cart Systems., 25th Mediterranean Conference on Control and
Automation, 2017.
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Distributed control

Platform for education, testing and verification of real-life implementation of
decentralized and distributed control solutions.

My participation:
@ electronics
@ programming
@ micro-controllers

3M. Lobrovié, A. Joki¢, V. Milié, T. Zili¢, M. Joki¢, J. Kasa¢, Z. Domitran, M.
Crnekovi¢: A Case Study in Distributed Control: Elastically Interconnected
Seesaw-cart Systems., 25th Mediterranean Conference on Control and
Automation, 2017.

Tihomir Zilié Internal Friday Seminar



PhD research - underactuated systems

@ Underactuated nonlinear mechanical systems (UNMS)

e actuators < degrees of freedom (DOF)
e mechanical systems with input coupling
o fully actuated but with actuators’ failure — UNMS

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

walking cranes  underactuated
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PhD research - motivation

Pneumatically actuated slider-inverted pendulum

Ambient
pressure.

m
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command
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pressure

(a) Scheme (b) Laboratory setup
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PhD research - motivation

Pneumatically actuated slider-inverted pendulum

Ambient
pressure
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Control challenge

Simultaneous stabilization and trajectory of arbitrarily selected
degrees of freedom.?@

4Simultaneous 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

d0%(a,9) _ 02(a.9)

+Fdisa(q7q) = Ha(q)F

dt aqa an
d08(a,4) 98a.4) & .
dat o9, oq, | Fas(@d) =Hu(aF

q=1[d,9,". 9 €R", q, €R™, q, € R", F c R"™
Subscripts: a - actuated, u - unactuated DoF

Underactuated systems: n; < n

2. order nonholonomic systems: Hs(q) =1, H,(q) =0
UNMS with input coupling: det(Ha(q)) # 0, Hu(q) # 0.
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State space of coupled system (UNMS+actuators)

X f(x) g(x)
——

Xgat Xga2 0n.xn,

Xqut Xqu2 0y xna B
Xga2 | = |f3(Xq) + fais;(Xg) + B3(Xq)Yac(Xac; Xg) | + | Onaxna | Uac
Xqu2 f4(Xq) + fais, (Xg) + Ba(Xg)vac(Xac, Xq) 0n,xn,

Xac faC(XQ7 Xac) 0.ac(Xac)

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

Sliding surface s:

s=e+\e=0,
s=e+ e+ \e=0,
s=¢€+Xe+Xe+\e=0,

First equation: If Ay = 0, then e — 0 when t — cc.
Mark r - actuator’s relative degree regarding to y 4.

_ | Xqat _ (an1)d] e vV_vy, ea |
y [xqm]’ Ya [(qu)d ’ Y™¥a= | e, |

é— { f3(Xq) + fais, (Xq) + Ba(Xq)vVac(Xac, Xq) — ({(qan )a |
f4(Xq) + fais, (Xg) + Ba(Xg)vac(Xac; Xq) — (Xqu1)d |
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Controller

Example for UNMS+actuator(r=1)

Eqvivalent control laws: (ueq)4 - actuated, (ueq)y - unactuated
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€ {assign(s), atanh(s), asat(s),...}, a >0
Proposed control law for combined control:

U= s (Ueg)a+ @u- (Ueq)u

pa, pu € R"™*Ma gre diagonal weight matrices.
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Articles
UNMS control and modeling

[1]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 sa mycket! Hvala vam!
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Thank you! Tack sa mycket! Hvala vam!

Time for questions!
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