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SUMMARY 

Petrivskyi V. Models and methods of programmable optimization of the structure 

of sensor networks. - Qualifying scientific work, the manuscript.  

PhD thesis in the field of knowledge 12 Information technologies in a specialty 121 

Software engineering.  Taras Shevchenko National University of Kyiv, Kyiv, 2022. 

In today's technological world, sensors and sensor networks are widely used in 

many areas of human activity. The popularity of these systems is due to a wide range of 

advantages: small size, low energy consumption, variety of measurements, etc. However, 

when using sensors and sensor networks, there are problems with energy efficiency and 

cost of the network when maximizing coverage, building optimal routes when flying 

around the territory, and survivability of sensor networks. 

The dissertation presents the developed methods and algorithms that allow to find 

sensor parameters (radius of coverage, size of intersection of coverage zones) that achieve 

maximum coverage of the territory with minimal energy consumption and network cost, 

build optimal trajectories of the territory, evaluate the survivability of the network with 

the detection of vulnerable network elements. By programmable optimization, we 

understand the possibility of changing network characteristics (radius of sensor coverage, 

cross-sectional diameter of coverage zones, topology) during network operation to 

achieve optimality according to certain criteria (energy efficiency, coverage, network 

cost). That is, at the stage of software design, we provide the possibility for the user to 

scale the structure and characteristics of the sensor network, assess survivability and 

identify vulnerable network elements at the stage of operation. 

The first chapter of the dissertation is dedicated to the review of the current state 

of issues of territory coverage, optimization of energy consumption, modelling of sensor 

movement, and assessment of survivability of sensor networks. An analysis of the latest 

scientific research on these issues was carried out and factors that were not taken into 

account in these studies were identified. The general mathematical formulation of the 

problem is presented. 

The second chapter presents the methods of finding optimal sensor parameters 

(radius of coverage, level of intersection of coverage zones), which maximize coverage 
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of the territory while minimizing energy consumption, network costs, and the number of 

sensors used. The search for optimal network parameters is formulated in the form of 

optimization problems, and the existence of solutions to these problems is proved. Also, 

the second chapter presents the methods of building flight trajectories of the territory 

taking into account the criteria of maximization of coverage, minimization of energy 

consumption, and maximization of the probable value of detected objects along the 

trajectory. 

Methods for assessing the survivability of sensor networks and identifying 

vulnerable elements of sensor networks are presented in the third section. The bandwidth 

of network elements is taken into account. An algorithm for ensuring the survivability of 

sensor networks consisting of both dynamic and static sensors and their combination is 

also presented. 

In the fourth chapter the method of programmed optimization of the structure of 

sensor networks and the developed software in which the presented method is 

implemented are presented. The functionality and architecture of the developed software 

complex is described using UML diagrams. Examples of the use of the developed 

methods on specific sensor networks and specific territories are given. The analysis of the 

obtained results confirmed the effectiveness of the methods developed and presented in 

the dissertation. 

The scientific novelty of the obtained results: 

1. For the first time, a method of programmed optimization of the structure of 

sensor networks is proposed, which allows modifying the network during industrial 

operation based on the principles of object-oriented programming; 

2. For the first time, the methods of optimizing the coverage of the territory by 

the sensor network were proposed according to the criteria of maximizing the coverage, 

minimizing the energy consumption, and the cost of the network using static and dynamic 

sensors. Unlike existing approaches, these criteria are taken into account simultaneously, 

which increases the energy efficiency and profitability of the network; 

3. For the first time, a method of detecting vulnerable elements of a sensor 

network and ensuring the survivability of the network due to combinations of static and 
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dynamic sensors is proposed. In contrast to existing approaches, the bandwidth of 

network elements is taken into account, which increases the accuracy of assessing the 

survivability of the sensor network due to the detection of additional vulnerable elements.

 

 

The practical significance of the obtained results: 

1. A cross-platform dynamically connected library has been developed, which 

provides a toolkit for maximizing the coverage of the territory by sensors with minimal 

energy consumption and network cost, building optimal trajectories of sensor movement, 

assessing and ensuring the survivability of sensor networks, the use of which does not 

depend on the user's target platform; 

2. A software complex has been created that allows for building energy-

efficient and cost-effective sensor networks while maximizing the coverage of the 

territory with static and dynamic sensors. The functionality of assessing and ensuring the 

survivability of sensor networks is also implemented in the software. The software 

product allows visual display of input data and results through a wide range of 

visualization tools and can be used to solve a wide range of problems related to the use 

of sensor networks; 

3. The results of the dissertation research were implemented in the Institute of 

Telecommunications and Global Information Space of the National Academy of Sciences 

of Ukraine (Appendix D). 

 

Keywords: programmable optimization, dynamic link library, software complex, 

energy efficiency of sensor networks, maximization of territory coverage, minimization 

of cost of sensor networks, optimal trajectory of sensor movement, survivability of sensor 

networks. 
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