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PREFACE 

Study of living systems and their substructures is the work of scientists from various scientific areas –
biologists, medical doctors, molecular biologists, biochemists, physical chemists, technologists, 
physical scientists, mechanical engineers, electronics engineers, mathematicians, economist... Each 
studies a biological system or its part, organization, functioning under physiological and pathological 
conditions thus obtaining valuable knowledge. Diversity of analytical approaches to studying living 
systems is necessary in order to understand the complexity of structure and functions of biological 
systems, but it is also necessary to take one more step and that step is the synthesis of all these pieces 
of knowledge obtained by experts in various fields of science. For this, it is important that experts 
who study living systems exchange their knowledge and the main precondition for this is openness to 
experience and to a way of thinking that falls out of the cliché, and for them to speak in a language 
they all can understand. Biomechanics is a large area that is still spreading and with unlimited possibilities 
for both fundamental and applied research: from molecular biomechanics, biomechanics of the DNA 
molecules, microtubules, subcellular structures, biomechanics of cells, dynamics of cellular contacts, 
interaction between cells, change of mechanical properties of cells during their growth, differentiation, 
cellular motion in fluids, (for example of white and red blood cells in blood, liquor to spermatozoa in 
seminal and ovary fluids and others), trough tissue and organ biomechanics to biomechanics of entire 
organisam iand its dynamics with other individues. Fluid biomechanics is a separate area – study of 
biomechanics of cardiovascular systems in physiological and pathological conditions that results in 
technical solutions for implants – artificial blood vessels, artificial heart components, and artificial hearts as 
a whole…. Biomechanics of locomotor systems is one of the most developed areas of biomechanics. Study 
of behavior of locomotor systems under mechanical load and under electrical stimulation has led to 
technical solutions that are applied for diagnostics and therapy of locomotor system disorders. 
Biomechanics of respiratory, urinal and reproductive systems have their contribution to constructing 
devices without that became indispensable in modern medical practice. Study of living organisms under 
physiological and pathological conditions and generation of mathematical models that can explain this 
organization is an activity of prime scientific significance. A lot of knowledge has been acquired, but the 
question is how to combine all the pieces. Living systems undergo transitory and/or permanent changes in 
the course of their ontogenesis and it is quite certain that a part of these changes is written in the structure 
and organization of both the individual and entire system. To cite Dick Swab, a famous Dutch 
neuroendocrinologist, who first founded a bank of human brains in exploratory purposes, an installation 
unique both in Europe and the world – “we are our brains”, pointing out the importance of morphogenetic 
and modifying factors for the physiology of the nervous system. 
For better understanding the complexity of living organisms and ourselves, a holistic approach is needed. 
One of the promising approaches is offered by physics with its quantum-holographic mechanisms of 
feedback control as early as morphogenesis. 
This minisymposium is an attempt to present some of the current topics in biomechanics and present 
different approaches to the understanding of living systems. 
I want to thank all the lecturers who answered this call and took part in this minisymposium. United in our 
differences, with a multidisciplinary approach the integration of knowledge, creation of new ideas and 
advancement of science as a whole become possible. 

Andjelka Hedrih 
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Erlangen, Germany, E-mail: andreas.wierschem@fau.de 

Andreas Wierschem1, Haider Mohammed Ali Dakhil.    
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Erlangen, Germany, E-mail: andreas.wierschem@fau.de 

Aleksandra Jaukovi
1
, Drenka Trivanovi , Tamara Kukolj, Diana. Bugarski. Biomechanical 

properties of mesenchymal stem cells – role in tissue regeneration.1
Laboratory for Experimental Hematology and Stem Cells, Institute for Medical Research, 

University of Belgrade, Belgrade, Serbia, E-mail:aleksandra@imi.bg.ac.rs 
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Stevo Najman
1
, Sanja Stojanovi , Jelena Živkovi , Jelena Najdanovi , Vladimir Cvetkovi , 

Marija Vukeli -Nikoli . riad in the concepts of bone tissue engineering.  1
Deparatment for Biology and Human Genetics and Department for Cell and Tissue Engineering, 
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Sanja Stojanovi 1 and Stevo Najman. Application of in vitro cell models in tissue engineering
1Department for Cell and Tissue Engineering, Faculty of Medicine, University of Niš, Niš, 
Serbia, E-mail: s.sanja88@gmail.com 
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Vladana B. Vukojevi . Mathematical modeling of testosterone-related differences in The 
hypothalamic-pituitary-adrenal axis response to ethanol 1University of Belgrade, Faculty of Physical Chemistry, Studentski trg 12-16, 11158 Belgrade,
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Mihailo P. Lazarevi . Fractional calculus approach to modeling and control of 
(bio)mechanical systems
Department of Mechanics, 1University of Belgrade, Faculty of Mechanical Engineering, 
Belgrade, 11000, Serbia, e-mail: mlazarevic@mas.bg.ac.rs, 

 . .        
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 ,   ,    16, 11 120 , e-mail:
mlazarevic@mas.bg.ac.rs,

uro Koruga1,2, Lidija Matija, Jelena Mun an, Ivana Mileusni , Biljana Lu i . Fibonacci 
signalling in biomolecular systems: synergy of structure, energy nd  information in human 
body.
1NanoLab, Biomedical Engineering, Faculty of Mechanical Engineering, University of Belgrade, 
Belgrade, Serbia, dkoruga@mas.bg.ac.rs , lmatija@mas.bg.ac.rs , jmuncan@mas.bg.ac.rs , 
imileusnic@mas.bg.ac.rs  
2BIOPTRON CENTAR, Bulevar Mihaila Pupina 117, 11070 Novi Beograd, Serbia, 
biljana.lucic@zepter.rs  
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Fifth Session. Invited Lectures 30 minutes 
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Vin a Institute of Nuclear Sciences, Atomic Physics Laboratory, University of Belgrade, 
Belgrade, Serbia, E-mail:szdjidji@vinca.rs 
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Andjelka Hedrih1, Katica (Stevanovi ) Hedrih. Biomechanical oscillatory model of mitotic 
spindle
1Department of Mechanics, Mathematical Institute of Serbian Academy of Sciences and Arts, 
Belgrade, Serbia, E-mail: handjelka@gmail.com
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CELL RHEOMETRY WITH A NARROW-GAP ROTATIONAL RHEOMETER 

Andreas Wierschem1, Haider Mohammed Ali Dakhil1,2

1Institute of Fluid Mechanics
Friedrich-Alexander-Universität Erlangen-Nürnberg (FAU) 

Erlangen, Germany 
E-mail: andreas.wierschem@fau.de, web page: www.lstm.fau.de 

2Faculty of Engineering
University of Kufa 

Najaf, Iraq 
E-mail: haider.dakhil@fau.de, web page: www.lstm.fau.de 

ABSTRACT 

We study the viscoelastic behavior of biological cells, their adhesion and load limits. To this end, we 
modified a commercial rheometer to set up a parallel-disk configuration with an accuracy of about 1 m, which 
is an improvement by a factor of 30-100 over commercial rheometers [1].

While cell-to-cell variation is typically very large, making it tedious and time consuming to repeat single-cell 
studies, this setup allows determining average linear viscoelastic cell properties in single experimental runs. 
Therefore, cells in culture medium are fixed to the plates in a monolayer and the cell coverage is detected with a 
fluorescence microscope [2]. This permits quantifying the impact of drugs on the cell mechanics without the 
need of treating the samples in the rheometer and envisions the use of this method as a fast diagnostic tool. The 
method also allows for quantitatively studying of the impact of pre-stress on the storage and loss moduli of the 
cells. 

The narrow-gap rheometer also allows studying the load limit of cells with respect to shear in low viscous 
media without harking back to thickeners, which may have an impact on the cell metabolism [3]. Furthermore, it 
allows detecting adhesion limits of cells in low viscous media to substrates, which is of crucial importance for 
implants and biofilms.  

Keywords: Cell rheology, Linear viscoelasticity, Narrow-gap rheometry, Cell monolayer, Adhesion limit, Load 
limit. 

REFERENCES

[1] Dakhil, H., Wierschem, A. (2014), “Measuring low viscosities with a rotational rheometer in a thin-gap 
parallel-disk configuration,” Appl. Rheol. 24, 63795. 

[2] Dakhil, H., Gilbert, D.F., Malhotra, D., Limmer, A., Engelhardt, H., Amtmann, A., Hansmann, J., Hübner, 
H., Buchholz, R., Friedrich, O. and Wierschem, A. (2016), “Measuring average rheological quantities of cell 
monolayers in the linear viscoelastic regime,” Rheol. Acta 55, pp. 527-536.

[3] Kokkinos, D., Dakhil, H., Wierschem, A., Briesen, H. and Braun, A. (2016), “Deformation and rupture of 
Dunaliella salina at high shear rates without the use of thickeners,” Biorheol. 53, pp. 1-11.
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BIOMECHANICAL PROPERTIES OF MESENCHYMAL STEM CELLS – ROLE IN 
TISSUE REGENERATION 

A. Jaukovi 1, D. Trivanovi 1, T. Kukolj1, D. Bugarski1

1Laboratory for Experimental Hematology and Stem Cells
Institute for Medical Research 

University of Belgrade 
Belgrade, Serbia 

E-mail:aleksandra@imi.bg.ac.rs, web page: www.imi.bg.ac.rs 

ABSTRACT 

Mesenchymal stem cells (MSCs) are adult stem cells of stromal origin that play important role in tissue 
homeostasis and repair. Due to their self-renewal potential and capacity for osteogenic, adipogenic and 
chondrogenic differentiation [1], MSCs are considered as promising candidates for regenerative medicine. 
However, providing precisely directed MSCs differentiation for therapeutic use remains challenging since 
mechanism regulating MSCs fate have not been fully understood.  

Recent evidences point to critical role of mechanical signals in regulation of MSCs lineage commitment. 
Beside extrinsic mechanical cues (fluid flow, tension) shown to induce MSCs osteogenesis, differentiation of 
MSCs into distinct lineages have been found to depend on mechanical properties of extracellular matrix 
(topography, stiffness) with high stiffness favoring osteogenesis and softest substrates favoring adipogenesis [2]. 
Through adhesions formed by transmembrane proteins – integrins, which connect to cytoskeletal structures, 
MSCs sense matrix mechanical properties and generate internal actin-myosin contractile forces. These forces 
determine cell morphology and affect adhesions. Moreover, forces propagate to nucleus associated to 
cytoskeleton, influencing chromatin organization and gene transcription. Transmission of mechanical forces can 
be also influenced by viscoelastic properties of cells. Recent analyses revealed that in relation to 
adhesions/cytoskeleton alterations during MSCs osteogenesis, cells became stiffer and viscous, while they 
became softer during adipogenesis [3].

Investigations of mechanically regulated signaling pathways indicated importance of FAK/Rho/ROCK 
cascade in regulation of MSCs cytoskeleton contractility and lineage commitment. Also, mechanosensitive 
nucleocytoplasmic shuttling of YAP/TAZ transcription factors was found as essential for cytoskeleton 
modulation and MSCs differentiation. However, as mechanisms regulating MSCs mechanobiology related to 
tissue remodeling are still not well defined, multidisciplinary approach is required to analyze biochemical and 
biomechanical cues interplay in experimental models that better mimic in vivo environment.  

Keywords: Mesenchymal stem cells, Directed differentiation, Biomechanical properties, Cytoskeleton, 
Contractile forces, Signaling pathways. 

REFERENCES

[1] Trivanovi , D., Jaukovi , A., Popovi , B., Krsti , J., Mojsilovi , S., Oki -Djordjevi , I., Kukolj, T.,
Obradovi , H., Santibanez, J.F., Bugarski, D. (2015), “Mesenchymal stem cells of different origin: 
Comparative evaluation of proliferative capacity, telomere length and pluripotency marker expression,” 
Life Sci. 15, pp. 61-73. 

[2] Hao, J., Zhang, Y., Jing, D., Shen, Y., Tang, G., Huang, S., Zhao, Z. (2015), 
“Mechanobiology of mesenchymal stem cells: Perspective into mechanical induction of MSC fate,” Acta 
Biomater. 20, pp. 1-9.

[3] Chen, Y.Q., Liu, Y.S., Liu, Y.A., Wu, Y.C., Del Álamo, J.C., Chiou, A., Lee, OK. (2016) “Bio-
chemical and physical characterizations of mesenchymal stromal cells along the timecourse of directed diff
erentiation,” Sci Rep. 16, pp. 31547.
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TRIAD IN THE CONCEPTS OF BONE TISSUE ENGINEERING 

Stevo Najman1, Sanja Stojanovi 1, Jelena Živkovi 1, Jelena Najdanovi 1, Vladimir Cvetkovi 2

and Marija Vukeli -Nikoli 1

1Deparatment for Biology and Human Genetics and Department for Cell and Tissue Engineering
Faculty of Medicine, University of Niš

Niš, Serbia
stevo.najman@gmail.com, http://www.medfak.ni.ac.rs 

2Department of Biology and Ecology 
Faculty of Sciences and Mathematics, University of Niš, 

Niš, Serbia 
biovlada@yahoo.com, http://www.pmf.ni.ac.rs 

ABSTRACT 

Tissue engineering is a multidisciplinary field of engineering that deals with the creation of biological 
structures from the corresponding cells, tissue scaffold and regulatory signals to replace, establish, restore or 
improve the biological functions of tissues and organs. Tissue engineering offers numerous solutions in 
regenerative medicine for successful treatment of the patient, less trauma and easier procedure, but also offers 
models for fundamental research of the role of each of the three basic components of engineered tissue and their 
mutual interactions. In bone tissue engineering, various biomaterials of natural and artificial origin can be used 
as scaffold for cells, that should enable cells to adhere, migrate, proliferate and differentiate allowing new bone 
tissue to form or mimics the biological structure and function of the tissue. Stem cells of various origins can be 
used as a source of osteoprogenitor cells. Various growth factors are instructive signals for directing the 
differentiation of cells and determining behavior in the formation and maintenance of the structure and function 
of bone tissue. In our research we combined a variety of in vivo and in vitro models for investigating the role of 
each component of the triad in bone engineering. We used biomaterials based on calcium phosphate as bone 
substitutes and we implanted them alone or as a component of the implant to investigate their biological 
characteristics. Mesenchymal stem cells isolated from adipose tissue were induced in vitro in osteogenic cells or 
endothelial cells, or were applied as freshly isolated stromal vascular fraction of adipose tissue. Plasma enriched 
with platelets, a blood clot and macrophages may be a component of engineered implant to serve as a source of 
regulatory factors in created implant. By using different methods of analysis of engineered implants, such as 
microscopic analysis and analysis of gene expression markers, the success of their potential applications can be 
estimated as well as the role of each individual component of the implant. 

Keywords: Bone tissue engineering, Stem cells, Biomaterials, Implant. 
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ABSTRACT 

Tissue engineering has become a very popular and rapidly developing area of research due to the need for 
tissue replacement and reparation in regenerative medicine. For creating engineered biological tissues in vitro we 
need to combine biomaterial in the form of 3D scaffold, cells and regulatory signals. The first step in tissue 
engineering is to choose an adequate material for 3D scaffold production. Material of interest has to meet certain 
requirements. The first criterion that material has to fulfill is to be biocompatible which means it must not harm 
the cells that are seeded onto it as well as the tissue in which it is implanted nor influence their basic functions in 
any way. Different assays are used to examine potential harmful effects of biomaterial such as cytotoxicity and 
genotoxicity assays. Also, very important aspect is immunocompatibility of examined material. Selection of cells 
for these assays depends on the potential application of engineered scaffold. Mostly, two-dimensional cell 
systems or monolayer cell cultures are used. When it is shown that material of interest is biocompatible, further 
examination of its characteristics and behavior in a living system is required. The second criterion that material 
of interest has to fulfill is to support different cell functions such as adhesion, migration, proliferation and 
differentiation. For these examinations, besides 2D cell systems, 3D cell culture systems are also used. When all 
of these tests are performed, tissue scaffold intended for the use in regenerative medicine could be engineered. 
As a cell component in tissue engineering, stem cells from different sources are widely used. Nowadays, the use 
of adult stem cells, such as adipose-derived stem cells, and induced pluripotent cells is very popular and 
researchers' attention has been directed toward that area.  

Keywords: Tissue engineering, Cells, Materials, Scaffolds, in vitro cell models. 
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ABSTRACT 

Different physiological signals are registered and analyzed for medical diagnostics purposes and used for 
validation of the corresponding biomechanical models. Pulse wave pressure P(t) and linear velocity V(t)  signals 
as well as oscillations of the blood vessel diameter d(t), plethysmographic and rheographic curves describing the 
blood filling are important for detailed diagnostics of the cardiovascular impairments. It was found the registered 
signals usually demonstrate a rhythmic quasi-regular dynamics, while chaotic dynamics of the measured signals 
has also been detected in the renal [1] and coronary [2] blood flow, in fingers [3] many systemic [4] and 
intraorgan [5] arteries. Though the chaotic behavior of the heart contraction (heart rate variability) was accepted 
as sign of a healthy heart, the chaotic dynamics in the blood flow may be connected with high compliance of the 
vessel wall (aneurisms, age-related variations), deep vein thrombosis and other vascular pathology [6].  

In this article a brief review of the linearized and nonlinear models of the human blood circulation system 
(BCS) are presented. Novel approaches to the multiscale modeling of BCS based on combinations of the models 
and the boundary condition problems are discussed. Importance of the nonlinear models and weakly nonlinear 
solutions for analyses of measured P(t), V(t), d(t) signals is shown on the measured data. Similar problem of the 
diagnostic analysis and biomechanical interpretation of the posturographic curves [7, 8] is also discussed. The 
models of the human body as inverted pendulum with linear/nonlinear viscoelastic springs are presented.  

Keywords: Biomechanics, Quasi-regular Dynamics, Chaotic Dynamics, Nonlinear Models. 
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ABSTRACT 

Development of mathematics during past centuries made almost all hard optimization problems solvable. 
However, one class of problems, with simple formulations and simple algorithms for solutions, remains 
intractable. Combinatorial problems like travelling salesman problem or global optimization problems with 
enormous number of local optima elude standard mathematical methods, while complete search requires 
thousands or millions of years of computation on fast computers. One way to tackle such problems is Monte-
Carlo method or random search, but it requires many objective function evaluations for modest results. Guided 
random search where previous results are used to direct future search is a more promising approach, but it is 
impossible to find heuristic that would be good for all cases. In such desperate situation researches turned to 
nonstandard method of belief that simulation of some successful processes from the nature might be a good 
guidance for search. Early attempts were made by simulating evolution process which resulted in genetic 
algorithms that proved to be very successful. After that, many other similar metaheuristics inspired by some 
processes from the nature were introduced. One significant branch of such algorithms is swarm intelligence. It is 
population based stochastic search that simulates swarms of simple agents that collectively exhibit intelligence. 
One of the earliest swarm intelligence algorithms is ant colony optimization proposed by Dorigo in the 1990’s. It 
simulates the way ants, without individual intelligence, find the shortest path by depositing a chemical called 
pheromone which evaporates and becomes strongest along the shortest path. If the environment changes the 
system quickly adjusts to the new situation and finds the new shortest path. In this lecture few our successful 
applications of the ant colony optimization to some graph problems will be presented. These papers attracted 
attention also from biologists and inspired them to try the opposite process: from our adjustments in the 
mathematical model they searched for appropriate behavior in the nature with real ants. 

Keywords: Ant Colony Optimization, Swarm Intelligence, Hard Optimization Problems, Graph Problems. 

REFERENCES

[1] Jovanovic, R., Tuba, M., Voss, S., (2016), “An ant colony optimization algorithm for partitioning graphs 
with supply and demand,” Applied Soft Computing, Vol. 41, April 2016, doi:10.1016/j.asoc.2016.01.013, 
pp. 317–330

[2] Tuba, M., and Jovanovic, R., (2013), “Improved ACO Algorithm with Pheromone Correction Strategy for 
the Traveling Salesman Problem,” International Journal of Computers, Communications & Control, ISSN 
1841-9836, Volume 8, Issue 3, June 2013, pp. 477-485

[3] Jovanovic, R., and Tuba, M., (2013), “Ant Colony Optimization Algorithm with Pheromone Correction 
Strategy for the Minimum Connected Dominating Set Problem,” Computer Science and Information Systems 
(ComSIS), Vol. 10, No. 1, January 2013, pp. 133-149, doi:10.2298/CSIS110927038J, ISSN: 1820-0214

[4] Jovanovic, R., and Tuba, M., (2011), “An ant colony optimization algorithm with improved pheromone 
correction strategy for the minimum weight vertex cover problem,” Applied Soft Computing, Vol. 11, Issue 
8, Dec. 2011, ISSN 1568-4946, pp. 5360–5366

[5] Czaczkes, T.J., (2014), "How to not get stuck—Negative feedback due to crowding maintains flexibility in 
ant foraging." Journal of theoretical biology 360, pp. 172-180.

18



70 years of the Mathematical Institute of SASA, Belgrade, Serbia 
Mini-symposium “Biomechanics and Modelling of Biological Systems”

Project ON 174001 in Mathematical Institute of SANU, Belgrade, Serbia, December 7, 2016 

    
 

 

   ,   
, ,

E-mail: tuba@ieee.org, web page: http://naisbitt.edu.rs/o-univerzitetu/istaknuti-profesori/ 

               
  . ,   ,      

  ,  .      
           

           
   .          -

    ,          
.   ,         ,  

,            .    
            
         .     

             
.            
.       .     

          
.          

,       .      ,  
 ,         

      .    ,    
       .      

          .  
            :    

             
.
 :   ,  ,   

,  .  

[1] Jovanovic, R., Tuba, M., Voss, S., (2016), “An ant colony optimization algorithm for partitioning graphs 
with supply and demand,” Applied Soft Computing, Vol. 41, April 2016, doi:10.1016/j.asoc.2016.01.013, 
pp. 317–330

[2] Tuba, M., and Jovanovic, R., (2013), “Improved ACO Algorithm with Pheromone Correction Strategy for 
the Traveling Salesman Problem,” International Journal of Computers, Communications & Control, ISSN 
1841-9836, Volume 8, Issue 3, June 2013, pp. 477-485

[3] Jovanovic, R., and Tuba, M., (2013), “Ant Colony Optimization Algorithm with Pheromone Correction 
Strategy for the Minimum Connected Dominating Set Problem,” Computer Science and Information Systems 
(ComSIS), Vol. 10, No. 1, January 2013, pp. 133-149, doi:10.2298/CSIS110927038J, ISSN: 1820-0214

[4] Jovanovic, R., and Tuba, M., (2011), “An ant colony optimization algorithm with improved pheromone 
correction strategy for the minimum weight vertex cover problem,” Applied Soft Computing, Vol. 11, Issue 
8, Dec. 2011, ISSN 1568-4946, pp. 5360–5366

[5] Czaczkes, T.J., (2014), "How to not get stuck—Negative feedback due to crowding maintains flexibility in 
ant foraging." Journal of theoretical biology 360, pp. 172-180.

19



70 years of the Mathematical Institute of SASA, Belgrade, Serbia 
Mini-symposium “Biomechanics and Modelling of Biological Systems”

Project ON 174001 in Mathematical Institute of SANU, Belgrade, Serbia, December 7, 2016 

SOLVING THE AIRCRAFT LANDING PROBLEM BY THE BEE COLONY 
OPTIMIZATION (BCO) METAHEURISTIC 

Miloš Lj. Nikoli 1, Jasenka Rakas2 and Dušan B. Teodorovi 3

1Faculty of Transport and Traffic Engineering
University of Belgrade 

Belgrade, Serbia 
E-mail: m.nikolic@sf.bg.ac, web page: www.sf.bg.ac.rs 

2Department of Civil and Environmental Engineering 
University of California at Berkeley 

Berkeley, California, United State of America 
E-mail: jrakas@berkeley.edu, web page: www.berkeley.edu 

3Faculty of Transport and Traffic Engineering
University of Belgrade 

Belgrade, Serbia 
E-mail: duteodor@gmail.com, web page: www.sf.bg.ac.rs 

ABSTRACT 

The Bee Colony Optimization (BCO) metaheuristic is a naturally inspired Swarm Intelligence technique 
which can be applied to solve hard combinatorial optimization problems. The BCO algorithm is based on 
artificial bees whose investigate solution space in order to find optimal solution of the considered problem.
Artificial bees investigate solution space in the similar way how honeybees looking for food (nectar). This 
simple metaheuristic algorithm has been successfully applied on many combinatorial optimization problems. 
We try to solve the Aircraft Landing Problem (ALP) by the BCO. In the Aircraft Landing Problem each aircraft 
must land on one of the given runways taking into consideration the minimal prescribed separation time between 
all pairs of aircraft. The objective function in this problem is to minimize the total deviation of all aircraft from 
their target landing times. We test the BCO algorithm on the benchmark instances from the literature. Proposed 
algorithm easily found optimal solutions for the instances with 10 to 50 aircrafts and up to 4 runways. On the 
instances with 100 to 500 aircrafts and up to five runways, BCO outperformed some of the best-known solutions. 

Keywords: The Bee Colony Optimization (BCO) metaheuristic, Aircraft Landing Problem. 
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ABSTRACT

The concept of Genetic Algorithm (GA) was introduced by Holland in its book dating from 1975, dealing with 
the adaptation of natural and artificial systems [4]. Holland was studying the evolution process with an aim to 
develop an artificial system with a similar adaptation mechanism as in the nature. Although there exists some 
earlier studies exploiting similar ideas, Holland is considered as a founder of Genetic Algorithm, and the 
concepts from his earliest works on GAs still hold. 
The basic idea behind GA is to simulate the process of natural evolution of a population of individuals by 
applying genetic operators [1,5]. Each individual in the population is represented by a genetic code and it 
corresponds to a solution the search space. Fitness function value is assigned to each individual in order to 
measure its quality and therefore, the quality of corresponding solution. According to the classical approach, the 
goal of GA is to improve the fitness of each individual, as well as the average fitness of the whole population, 
from generation to generation. This is achieved through iterative application of genetic operators: selection, 
crossover and mutation, until a stopping criterion is satisfied. 
Through the past four decades, the GA has become a popular metaheuristic approach for solving various 
problems from different areas [2, 3]. In the literature, GA showed to be successful when solving both discrete 
and continuous NP-hard optimization problems, especially in the cases of large scale problem dimensions that 
remain out of reach of exact methods. Nowadays, there re a huge number of papers and books on GA theory 
and applications, as well as scientific conferences specialized for GAs. 
This lecture deals with the basic and advanced GA concepts, with the focus on the role and types of genetic 
operators, and other important GA aspects, such as: solution encoding, fitness function, generation replacement 
policy, etc. The examples of GA applications on several NP-hard discrete location problems will be provided. 
These problems are important for optimization of transportation systems, telecommunication networks, 
emergency services, supply networks, satellite and computer systems, etc. In practice, such networks assume 
huge number of nodes, and therefore, exact methods often fail to provide optimal solutions for large problem 
dimensions in reasonable running time. In many cases, exact methods are unable to give even a feasible solution, 
due to memory or time limits. For this reason, the development of GAs adapted to the considered problem that 
are able to provide optimal or high-quality solutions in an efficient manner is of great practical importance. 

Keywords: Optimization problems, Discrete Location problems, Evolution process, Genetic algorithms, 
Population-based metaheuristics. 
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ABSTRACT 

During the past twenty years it has been more clearly defined conditions desirable to be provided during 
fractures healing and regeneration of soft tissue. However optimal biological and biomechanical conditions are 
still not accurately defined. 
The goal of this work is to present result and achievements in domestic and international laboratories and clinics 
in the field of bone union and regeneration of bone tissue. Special attention is paid in defining of biomechanical 
characteristics of devices construction in regard to natural biomechanics of natural bones. 
As material, series of experimental animals were used, standard and new developed implants and series of
patients. Animals have been operated in Niš and Novi Sad. Biomechanical investigations of animal's spacemen's 
were performed in the laboratories of the Mechanical Faculty University of Niš and in AO Institute in Davos 
(Switzerland). Series of patients were from Orthopaedic and traumatology clinic of Clinical center Niš and five 
more Orthopaedic centers. 
In the results it has been shown that preservation of blood supply plays very important role in bone union. 
Biomechanical characteristics of devices with balanced 3D stability provide much better conditions for bone 
union. It has been also shown that additional features of implants and devices as axial dynamisation is very 
important in increasing rate of bone union. It has also been confirmed that balanced 3D stability leads to better 
bone regeneration during the bone lengthening. 
Preservation of blood circulation and balanced 3D biomechanical stability including axial dynamisation leads to 
better bone union and regeneration. 

Key words: External fixation, Internal fixation, Implants, Bone union, Limb lengthening 
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ABSTRACT 

The subject of this presentation is quantum-informational Hopfield-like holographic framework for integrative 
psychosomatics. This is of special importance because of wider application of integrative medicine in developed 
countries, as contemporary research of psychosomatic diseases indicates the necessity of application of holistic 
methods, oriented to the healing of man as a whole and not diseases as symptoms of disorders of this wholeness, 
implying their macroscopic quantum origin. In the focus of these holistic methods are body's acupuncture system and 
consciousness – which as macroscopic quantum biosystems have (fundamental!) quantum-informational structure of 
quantum-holographic Hopfield-like associative neural network, within the Feynman propagator version of quantum 
mechanics. Within this quantum-informational framework, it is plausible to consider healthy psychosomatic state (of the 
acupuncture system / consciousness), as the simplest informational state of the lowest quantum entropy (with single 
memory attractor), and disordered psychosomatic states as more complex states of the higher quantum entropy (with 
additional side memory attractors). Then, in the context of holistic acupuncture-based and consciousness-based 
approaches and techniques [1-3], their goal would be bioresonant excitation of the target palpatory-painful / 
psychologically-traumatic attractors of the acupuncture system / (individual) consciousness; that enables disordered 
initial attractors to be one by one resonantly excited (similar to annealing procedure in artificial neural networks), by 
becoming shallower and wider (and finally removed) on the account of deepening of (energy-dominating) attractor of 
the healthy quantum state (acupuncture palpatory painless or psychologically non-traumatic). So, application of 
psychosomatic therapies naturally decreases entropy (degradation) i.e. increases information (organization) of the 
psychosomatic system, which might be then altogether quantum-holographically projected on the lower quantum-
holographic cellular level, thus changing the expression of genes in morphogenesis (so called downward causation). 
Therefore, all holistic acupuncture-based and consciousness-based approaches and techniques could be treated as 
quantum-informational therapies, by imposing new healing boundary conditions in the energy-state space of the 
acupuncture system / consciousness. The outlined macroscopic quantum-informational Hopfield-like holographic 
framework for psychosomatics might have significant holistic implications for better understanding of quantum-
holographic feedback control mechanisms of morphogenesis, and applications of healing boundary conditions in 
acupuncture-based and consciousness-based psychosomatics – shedding new light on the long standing open problems 
of the acupuncture system and consciousness as well.  

Keywords: Psychosomatics, Integrative medicine, Hopfield-like quantum-holographic neural networks, Acupuncture 
system, Consciousness, Downward causation. 
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ABSTRACT 

Functional electrical stimulation (FES) applied via surface or implanted electrodes uses bursts of short current 
pulses to evoke the contractions of paralyzed innervated muscles [1]. FES can assist individuals with upper 
motor neuron lesion caused by stroke, spinal cord injury, or other diseases and injuries; moreover, FES can 
restore some functional activities, such as grasping or standing. Clinical studies documented therapeutic effects 
[2, 3, 4] of exercise; therefore rowing, cycling [5], standing, and ambulation assisted by FES have been 
introduced in the rehabilitation. A major limitation of the use of FES required for said exercises is the rapid 
onset of muscle fatigue [6, 7] and insufficient selectivity of stimulation with conventional surface electrodes. The 
solution can be found in the application of smart multi-pad electrodes with many small conductive surfaces 
(array electrodes) that can be sequentially activated to excite the underlying neuromuscular tissues [8]. Recent 
technological advances led to the miniaturization of the electronic components and development of the advanced 
materials that can be used to build a miniature, wearable, yet potent stimulator and electrodes for non-invasive 
application on the skin surface [9, 10]. The other important task for the useful exercise is the timed activation 
that is optimal for control of an adapted bicycle (tricycle). Precisely, the timing of several muscles controlling 
legs needs to correspond to the rotation of pedals (bicycle). This calls for the biomechanical analysis of various 
muscles flexing the hips and knees and dynamics of the bicycle. Recent advances in this domain are most likely 
the reason for selecting it as one of six disciplines on the first cybernetic Olympic Games held in Zurich 
(Cybatlon), October 7-8, 2016.  

Keywords: Functional electrical stimulation, Spinal Cord Injury, Cycling. 

REFERENCES
[1] Kralj, A., Bajd, T., (1989), Functional electrical stimulation: standing and walking after spinal cord injury, Boca Raton, 

FL: CRC Press. 
[2] Baldi, J. C., Jackson, R., Moraille, R. ,Mysiw, W. J. (1998), "Muscle atrophy is prevented in patients with acute spinal 

cord injury using functional electrical stimulation," Spinal Cord 36 (7). 
[3] Nash, M. et all. (1997), "Evaluation of a training program for persons with SCI paraplegia using the Parastep® 1 

ambulation system: Part 5. Lower extremity blood flow and hyperemic responses to occlusion are augmented by 
ambulation training," Archives of physical medicine and rehabilitation 78 (8), 808-814

[4] Frotzler, A., et al. (2008) "High-volume FES-cycling partially reverses bone loss in people with chronic spinal cord 
injury," Bone 43.1: 169-176.

[5] Petrofsky, JS, Heaton H III, Phillips CA. (1983), "Outdoor bicycle for exercise in paraplegics and quadriplegics," J
Biomed Eng, Vol 5, pp. 292–296.

[6] Malesevic, N., Popovi , L., Schwirtlich, L., and Popovic, D.B., (2010), "Distributed low-frequency functional electrical 
stimulation delays muscle fatigue compared to conventional stimulation," Muscle and Nerve, Vol. 42(4), pp.556-562

[7] Popovi -Maneski, L., Maleševi , N., Savi , A., Keller, T, Popovi , DB., (2013), "Surface distributed low-frequency 
asynchronous stimulation (sDLFAS) delays fatigue of stimulated muscles," Muscle & nerve, Vol 48(6), pp.930-937

[8] Popovi -Maneski, L., Kosti , M., Bijeli , G., Keller, T., Mitrovi , S., Konstantinovi , Lj., Popovi , DB., (2013), "Multi-
pad electrode for effective grasping: design," IEEE Trans Neur Syst & Rehab Eng, Vol 21(4), pp. 648-654

[9] Malesevic, N., Popovic-Maneski, L., Ilic, V., Jorgovanovic, N., Bijelic, G., Keller, T., Popovic, DB., (2012), "A Multi-
Pad Electrode based Functional Electrical Stimulation System for Restoration of Grasp," J Neuroeng & Rehab, Vol 
9(66) 

[10] Popovic-Maneski, L., (2016), "Surface array electrodes for interfacing motor systems: A review and new solutions", 
Proc. IcETRAN, June 12-16, Zlatibor, Serbia. 

28



70 years of the Mathematical Institute of SASA, Belgrade, Serbia 
Mini-symposium “Biomechanics and Modelling of Biological Systems”

Project ON 174001 in Mathematical Institute of SANU, Belgrade, Serbia, December 7, 2016 

      

Lana Popovi -Maneski1, Vance Bergeron2, Amine Metani2 and Sebastian Mateo2,3,4

1 - ,   35/IV, ,   
E-mail: lanapm13@gmail.com, web page: http://www.itn.sanu.ac.rs 

2Univ Lyon, ENS de Lyon, Univ Claude Bernard, CNRS, Laboratoire de Physique, F-69342 Lyon, France 
3Université de Lyon, Université Lyon 1, INSERM U1028; CNRS UMR5292; Lyon Neuroscience Research 

Center, ImpAct Team, F-69676 Lyon, France. 
4Hospices Civils de Lyon, Hôpital Henry Gabrielle, Plate-forme Mouvement et Handicap, F-69000 Lyon, 

France. 

   ( )       
             

 (     ) [1].         
    .     ,     
    ,           

  .           [2, 3, 4],   
 ,         .   

     ,       [6, 7],   
     .      

              
       [8].        

             
             [9, 10].      

       (    )   
            .     

           (    )  
  .     ,      ,  
                

    , 7.-8.  2016. . 
 :   , ,  . 

[1] Kralj, A., Bajd, T., (1989), Functional electrical stimulation: standing and walking after spinal cord injury, Boca Raton, 
FL: CRC Press. 

[2]  Baldi, J. C., Jackson, R., Moraille, R. ,Mysiw, W. J. (1998), "Muscle atrophy is prevented in patients with acute spinal 
cord injury using functional electrical stimulation," Spinal Cord 36 (7). 

[3]  Nash, M. et all. (1997), "Evaluation of a training program for persons with SCI paraplegia using the Parastep® 1 
ambulation system: Part 5. Lower extremity blood flow and hyperemic responses to occlusion are augmented by 
ambulation training," Archives of physical medicine and rehabilitation 78 (8), 808-814

[4]  Frotzler, A., et al. (2008) "High-volume FES-cycling partially reverses bone loss in people with chronic spinal cord 
injury," Bone 43.1: 169-176.

[5]  Petrofsky, JS, Heaton H III, Phillips CA. (1983), "Outdoor bicycle for exercise in paraplegics and quadriplegics," J
Biomed Eng, Vol 5, pp. 292–296.

[6] Malesevic, N., Popovi , L., Schwirtlich, L., and Popovic, D.B., (2010), "Distributed low-frequency functional electrical 
stimulation delays muscle fatigue compared to conventional stimulation," Muscle and Nerve, Vol. 42(4), pp.556-562

[7] Popovi -Maneski, L., Maleševi , N., Savi , A., Keller, T, Popovi , DB., (2013), "Surface distributed low-frequency 
asynchronous stimulation (sDLFAS) delays fatigue of stimulated muscles," Muscle & nerve, Vol 48(6), pp.930-937

[8] Popovi -Maneski, L., Kosti , M., Bijeli , G., Keller, T., Mitrovi , S., Konstantinovi , Lj., Popovi , DB., (2013), "Multi-
pad electrode for effective grasping: design," IEEE Trans Neur Syst & Rehab Eng, Vol 21(4), pp. 648-654

[9] Malesevic, N., Popovic-Maneski, L., Ilic, V., Jorgovanovic, N., Bijelic, G., Keller, T., Popovic, DB., (2012), "A Multi-
Pad Electrode based Functional Electrical Stimulation System for Restoration of Grasp," J Neuroeng & Rehab, Vol 
9(66) 

[10] Popovic-Maneski, L., (2016), "Surface array electrodes for interfacing motor systems: A review and new 
solutions", Proc. IcETRAN, June 12-16, Zlatibor, Serbia. 

29



70 years of the Mathematical Institute of SASA, Belgrade, Serbia 
Mini-symposium “Biomechanics and Modelling of Biological Systems”

Project ON 174001 in Mathematical Institute of SANU, Belgrade, Serbia, December 7, 2016 

EFFECTS OF CONSTANT AND ALTERNATING MAGNETIC FIELDS ON 
INSECTS AS MODEL ORGANISMS IN BIOLOGICAL REASEARCHES 

Dejan Mir i

Department of biomedical sciences, State University of Novi Pazar, Vuka Karadži a bb, 
Novi Pazar, Serbia 

E-mail: dmircic@np.ac.rs

ABSTRACT 

Widely increased technological development and greater presence of artificial magnetic radiation in the 
environment have over the last couple of decades heightened the scientific interest for studying the effects of 
magnetic fields on biological systems. Magnetic field influences growth and development, metabolic pathways, 
orientation, structure and function of the proteins, lipids and membranes, as well as the genetic material. The 
effects in all organisms and in insects, however, are most commonly evident through the changes in endocrine 
system functioning and increased production of free radicals.  
Our research deals with the effects of acute and chronic influence of the constant (50 mT, 235 mT and 2.4 T) 
and alternating (6 mT, 2mT) magnetic field on different insect species through the usage of 
immunohistochemical, histological, biochemical and other methods. Precisely speaking, the effects of magnetic 
radiation on the components of antioxidative defence (superoxide dismutase, catalase, total glutathione), fitness 
components (egg mortality, development dynamics, nymph mass, duration of the larval postembryonic 
development and individuals’ variability) as well as the size of neurosecretory neurons and their nuclei 
(protocerebral dorsomedial A1, medial A2 and protocerebral dorsolateral L2 neurons) have all been examined in 
this research in several insect species: Baculum extradentatum, Drosophilia subobscura and Lymantria dispar.
Results have demonstrated that the presence of constant and alternating magnetic fields in the environment, 
regardless of the intensity, will lead to a decrease of individuals’ variability and shortening of development 
period in Drosophilia subobscura and Baculum extradentatum. Size of the neurosecretory A1 and A2 neurons 
and their nuclei recorded a significant increase in Lymantria dispar, while the size of L2 neurons and their nuclei 
is decreasing. The activity of catalase, superoxide dismutase and total glutathione amount displayed significant 
changes in stressful conditions caused by the presence of artificially generated magnetic field.  
These findings unequivocally demonstrate that insects are widely suitable model organisms for examination of 
the effects of electromagnetic pollution in biological systems, most of all due to their hypersensitivity to the 
slightest of changes of magnetic field impact, but also due to the fact effects can be detected on all levels of 
biological organization – starting from the biochemical to population.  

Key words: Magnetic field, Insects, Electromagnetic pollution. 
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ABSTRACT 

Polycystic ovary syndrome (PCOS) is a multisystem hormonal disorder and is one of the most common 
causes of oligo and anovulation, and therefore one of the most common causes of infertility. The heterogeneity 
of this syndrome makes the therapeutic approaches difficult and complex. 
In this paper, the therapeutic protocols and contemporary recomondations in the induction of ovulation in 
infertile PCOS patients will be discussed. Induction of ovulation involves two main therapeutic approaches: 
medical and/or surgical. Initial treatment is diet, reduction of body weight in obese patients and increased 
physical activity. First line therapy is the induction of ovulation, with the antiestrogen clomiphene citrate. Some 
authors suggest adjuvant therapy with clomiphene citrate and amost often recommended are: pretreatment with 
combined contraceptive pills and GnRH analogues, dexamethasone, bromocriptine and most widely used 
metformin. Aromatase inhibitors (AI) are suggested as an alternative therapy with clomiphene citrate and are 
particularly important in the treatment of patients with malignant disease and preservation of fertility. Induction 
of ovulation with gonadotropins (FSH alone or in combination with LH) is a second-line treatment but carries 
the risk of ovarian hyperstimulation. The paper particularly emphasized the advantages and disadvantages of 
each recommended treatment, protocols and recommended doses. It is recommended that gonadotropin should 
be administered in low doses without increasing the dose during 14 days in the first cycle of stimulation. The 
most commonly applied is step up or step down protocol. 
Most frequently used surgical methods of induction of ovulation in patients with PCOS are laparoscopic ovarian 
driling (LOD) and in extremely obese patients barijatric surgery. 
We conclude that treatment of infertile patients with PCOS should be individual and adjusted to each patient in 
relation to its individual characteristics, noting that the diet, the initial step in all patients. 

Key words: Infertility, Polycystic ovaries, Therapy 

REFERENCES

[1] Conway, G., Dewailly, D., Diamanti-Kandarakis, E., Escobar-Morreale, H.F., Franks, S., Gambineri, L., et 
al. (2014), “The polycystic ovary syndrome: a position statement from the European Society of 
Endocrinology”. European Journal of Endocrinology 171, P1–P29. 

[2] Jovanovi -Mitrovic, A., (2016), Reproductive therapies in PCOS. International symposium in advance in 
PCOS, Beograd 

[3] Jovanovi -Mitrovic, A., (2014) “Therapy choice-therapy possibility in PCOS infertility patients”. Arad, 
[4] Legro, R.S., Barnhart, H.X., Schlaff, WD., Carr, BR., Diamond, MP., Carson, SA. et al. (2007), 

“Clomiphene, metformin, or both for infertility in the polycystic ovary syndrome”. New England Journal of 
Medicine 356, pp. 551–566.

[5] Farquhar, C., Lilford, RJ., Marjoribanks, J. Vandekerckhove, P. (2007), “Laparoscopic ‘drilling’ by 
diathermy or laser for ovulation induction in anovulatory polycystic ovary syndrome”. Cochrane Database 
of Systematic Reviews, CD001122. 

32



70 years of the Mathematical Institute of SASA, Belgrade, Serbia 
Mini-symposium “Biomechanics and Modelling of Biological Systems”

Project ON 174001 in Mathematical Institute of SANU, Belgrade, Serbia, December 7, 2016 

     
   

 - 1

1  ,  , ,
E-mail: anamitrovicjov@gmail.com

   ( )     
     ,        . 

          .
           

  .       : 
 /  .      ,  

        .     
    .    .  

        :    
    , ,     

.   ( )       ,  
           .

   (      )    
       .        

   ,    .     
           14     . 

   step up  step down .
            

   ( )       
.  

            
        ,    

        .

 : ,  , . 

[1] Conway, G., Dewailly, D., Diamanti-Kandarakis, E., Escobar-Morreale, H.F., Franks, S., Gambineri, L., et 
al. (2014), “The polycystic ovary syndrome: a position statement from the European Society of 
Endocrinology”. European Journal of Endocrinology 171, P1–P29. 

[2] Jovanovi -Mitrovic, A., (2016), Reproductive therapies in PCOS. International symposium in advance in 
PCOS, Beograd 

[3] Jovanovi -Mitrovic, A., (2014) “Therapy choice-therapy possibility in PCOS infertility patients”. Arad, 
[4] Legro, R.S., Barnhart, H.X., Schlaff, WD., Carr, BR., Diamond, MP., Carson, SA. et al. (2007), 

“Clomiphene, metformin, or both for infertility in the polycystic ovary syndrome”. New England Journal of 
Medicine 356, pp. 551–566.

[5] Farquhar, C., Lilford, RJ., Marjoribanks, J. Vandekerckhove, P., (2007), “Laparoscopic ‘drilling’ by 
diathermy or laser for ovulation induction in anovulatory polycystic ovary syndrome”. Cochrane Database 
of Systematic Reviews, CD001122. 

33



70 years of the Mathematical Institute of SASA, Belgrade, Serbia 
Mini-symposium “Biomechanics and Modelling of Biological Systems”

Project ON 174001 in Mathematical Institute of SANU, Belgrade, Serbia, December 7, 2016 

MATHEMATICAL MODELING OF TESTOSTERONE-RELATED DIFFERENCES 
IN THE HYPOTHALAMIC-PITUITARY-ADRENAL AXIS RESPONSE TO 

ETHANOL

Ana D. Stanojevi 1, Vladimir M. Markovi 1, Željko D. upi 2, Ljiljana Z. Kolar-Ani 1, 2 and
Vladana B. Vukojevi 3

1University of Belgrade, Faculty of Physical Chemistry, Studentski trg 12-16, 11158 Belgrade, Serbia
E-mails: ana.stanojevic@ffh.bg.ac.rs; vmarkovic@ffh.bg.ac.rs; lkolar@ffh.bg.ac.rs 

2University of Belgrade, Institute of Chemistry, Technology and Metallurgy, Department of Catalysis
and Chemical Engineering, Njegoševa 12, 11000 Belgrade, Serbia. E-mail: zcupic@ihtm.bg.ac.rs 

3Karolinska Institutet, Department of Clinical Neuroscience, Center for Molecular Medicine CMM
L8:01, 17176 Stockholm, Sweden. E-mail: vladana.vukojevic@ki.se

ABSTRACT 

The hypothalamic-pituitary-adrenal (HPA) axis is a vital self-regulatory neuroendocrine system that 
dynamically controls the secretion of glucocorticoid hormones from the adrenal glands [1]. The role of gender in 
modulating HPA axis responses is only partially understood at the molecular level and inconsistent results may 
be found in the literature [2], [3]. Understanding gender differences in HPA axis activity is however of utmost 
importance for the development of sex-specific pharmacological treatments for common neuropsychiatric 
diseases.  

The focus of our attention here are gender-related differences in HPA axis response to alcohol. In recent 
experimental studies, female rats showed greater levels of HPA-linked hormonal and neuronal activation by 
alcohol compared to males [4, 5]. To address these questions by mathematical modelling, we have constructed a
stoichiometric network model to succinctly describe biochemical transformations underlying the HPA axis and 
employed numerical simulations to model ethanol effects on complex daily changes of blood levels of 
cholesterol, and key peptide and steroid hormones that constitute the HPA axis [6]. Gender differences were 
represented by differences in testosterone levels. Mathematical modelling reveals that there are testosterone-
related differences in the amplitude of ultradian oscillations of glucocorticoid hormones. Our results support the 
experimental findings that sex-related differences modulate the HPA axis response to both stress and ethanol 
challenges.  

Keywords: Hypothalamic-pituitary-adrenal (HPA) axis, Testosterone, Stress, Alcohol. 
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ABSTRACT 

Recently, an increasing attention has been paid to fractional calculus (FC) and its application in control and 
modeling of fractional order (bio)mechanical system. Fractional derivatives and integrals may have a wide 
application in describing complex properties of materials including long-term memory, non-locality of power-
law type and fractality [1]. In this presentation we applied the concept of fractional order for biomehanical 
modeling of human arm dynamics as well as soft tissues, specially human skin as well as human blood. Besides, 
it is also presented the connection between fractional order differintegral operators and behavior of the mem-
systems which can be used for modeling dynamics of (bio)mechanical systems. Further, we present robust 
feedback-(feedforward) loop fractional-order iterative learning control [2] for regular and singular fractional 
order system. Particularly, a feedback-(feedforward) / PI DPD  type iterative learning control (ILC) of 
fractional order system- (regular and degenerate type) which includes time delay are considered [3]. Sufficient 
conditions for the convergence of a proposed PD alpha type of learning control algorithm for a class of 
fractional state space time delay system are given in time domain. Finally, a simulation results show the 
feasibility and effectiveness of the suggested approach. 

Keywords: Fractional Derivative; Biomechanical system, Iterative Learning Control, Singular System. 
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ABSTRACT 

The main motto of the engineers of biomedical engineering is that "Engineering without medicine is blind, 
medicine without engineering is feeble". In order to be as powerful medicine in diagnosis and therapy, 
biomedical devices should be as compatible as possible with biological structures in terms of its energy and 
information. The goals of this research are: (1) to come up with the most important biological structures 
responsible for energy and information processes (transfer of chemical and physical signals) on the biomolecular 
and cellular level, (2) to identify their symmetry, because symmetry of structure (and / or processes) determine 
its the electronic, vibrational and rotational modes, and (3) that in accordance with the electronic, vibrational and 
rotational modes of biomolecules  structure defines the light whose photons (orbital angular momentum) will 
have the same symmetry of   order as biomolecules. We studied the structure responsible for the transmission of 
neurotransmitters in the brain and it was discovered that clathrin is one of the most responsible for bringing and 
release neurotransmitters at synapses. For the transport of materials in the cell microtubules are most
responsible, but they are also responsible for cell division, as included in the spindle. Microtubules are part of 
the centrioles, which are microtubule organizational center and form a "Northern" and "Southern" the cell’s
poles in its division. Modeling and reinvestigation water role in bioinformation signalling show that water is not 
only the environment in which ensures the functioning of biomolecules and tissues, but is an active factor in 
information processing. The results of the research show that clathrin, microtubules, centrioles, water, collagen 
and other biomolecules are Fibonacci structures [1], because they have icosahedral symmetry. Pursuant to this 
knowledge was designed, built and tested a device that generates light whose photons are structurally (orbital 
angular momentum) arranged by icosahedral symmetry of mentioned biomolecules [2]. Preliminary results in 
cases of acne, wound healing, asthma, psoriasis and others show satisfactory results. On the basis of icosahedral 
symmetry structure, energy and information in biological systems is made, using nanotechnology [3], compatible 
and complementary light order of photons that interact with biological molecules and tissues performs its 
prevention, preservation and repair [4]. 

Keywords: Fibonacci biostructure, Energy, Information, Light, Synergy 
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ABSTRACT 

DNA is doubtlessly the most sophisticated molecule in Nature. It is a double helix, which means that it 
consists of two complementary polymeric chains twisted around each other [1]. In this paper we assume that the 
elementary mass unit is a nucleotide. The nucleotides belonging to a single strand are connected by strong 
covalent bonds, while the strands are coupled to each other through weak hydrogen bonds. We rely on a 
helicoidal Peyrard-Bishop (HPB) model [2], which is an extended version of a former PB model. The strong and 
the weak interactions are modelled by harmonic and enharmonic potentials, respectively. Within the model we 
apply semi discrete approximation and obtain a well-known integrable nonlinear Schrödinger equation [3]. 
According to the used procedure localized modulated solitary waves, or solitons, propagate along the chain. This 
kind of solitons is usually called as breather. The HPB model can explain local opening of the DNA chain [4]. 
This happens at segments where DNA-RNA transcription occurs. Viscosity effects can be introduced in the 
theory and numerical work shows that viscosity destroys modulation, which is of big biological importance [5]. 
Finally, we have suggested a couple of experiments that should prove or disprove theoretical predictions [6, 7]. 
These experiments should, at least, check if the waves are really solitons and measure their velocity.  

Keywords: DNA, Nonlinear model, Partial differential equation, Semi-discrete approximation, Soliton. 
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ABSTRACT 

Mitotic spindle is complex molecular machinery which plays an important role in distribution of genetic material 
during mitosis [1]. Centrosome positioning and orientation of mitotic spindle affects polarity and function of 
new cell [2, 3, 4]. There are different models that describes dynamics of chromosomes in mitotic spindle: Hill 
sleeve model, force-balance models for spindle length control, slide and cluster model [5].  
In this biomechanical oscillatory model of mitotic spindle is proposed. In this model chromosomes are presented 
as material particles of certain, different masses arrange in equatorial plane. Each chromosome/material particle 
is connected with fluctuating support (centrosome) on the pole of the cell via standard light fractional order 
element that has visco-elastic properties. Each of standard light fractional order element forms different angle 
with direction center of the chromosome- fluctuating support. System has one plain of symmetry (like object and 
its mirror image).  
Differential equation of oscillatory motions and of chromosomes/material particles oscillations as well as 
equations of force balance in the system are presented. 
Oscillatory behavior of system is discussed for the case that at east only one standard light fractional order 
element change its mechanical properties. The results are discussed in context of disorders of mitotic spindle that 
causes numerical chromosomal aberration. 
Analysis of mechanical energy of the system as well as dissipation of generalized fractional order energy 
function in the system is done. 

Keywords: Mitotic spindle, Biomechanical oscillatory model, Viscoelasticity, Springs, Standard light fractional 
order element, Fractional calculus 
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