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Control of Object with Distributed Parameters 
 

Boris Pyakillya, Vadim Zhmud 

Abstract. Objects with distributed parameters differ from dynamic objects with distributed parameters by the fact 
that their mathematical model is much more complex. These models instead differential equations are partial 
differential equations. These objects are found in a variety of processes in industry, transport, science and 
technology. Design of control systems for such objects is based on the principle of negative feedback, as well as for 
objects with distributed parameters, consist in three steps. These steps are the identification of the object, selection 
of structure of the regulator and the calculation of the parameters for it. Methods of analytical calculation of 
regulators parameters may be extremely difficult to apply due to the complexity of the object model. Recently, one 
of the widely used methods of analysis and synthesis of regulators is a numerical optimization. It is carried out in the 
mathematical modeling of the system [1]. In a series of papers [1-10] a number of measures have been developed to 
create a target (cost) function to optimize control. These measures allow an effective search for the PID coefficients. 
At that, recommendations are developed about ways how to modify the cost function to increase the stability margin 
in the system, to reduce the static error, to reduce overshoot, to eliminate or reduce the reverse overshoot and so on, 
including resource saving. All these measures have been tried for controller optimization, solving the problem of the 
control of object with distributed parameters, but the best result is characterized by overshooting about 22%, that for 
many practical problems may be too large. This paper proposes a new method of control, which is a special 
modification of a cost function. This method reduced the overshooting to a value of about 11%, which may be 
preferred for some applications, even despite the fact that the duration of the transient system increased. The 
proposed method adds an arsenal of techniques of control of complex dynamic objects. 

Key words: regulation, delay, object with distributed parameters, control, modeling, simulation 
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Control of Object with Feedback Loop Using 
Imperfect Position and Acceleration Sensors  

 

Vadim Zhmud, Vladimir Semibalamut, Oleg Yadrishnikov, Vitaly Trubin 

Abstract. The paper discusses the problem of balancing robot control loop with negative feedback. The controller 
(regulator) can be calculated by numerical optimization. Sensors of the controlled value are imperfect. Orientation 
angle sensor (gyroscope) has a limited speed, as well as binary quantization noise. An acceleration sensor 
(accelerometer) has the average drift value and Gaussian noise. None of these sensors is not sufficient to stabilize 
balancing robot effectively, but using of them both in a single control loop can achieve the required accuracy of 
control in static and dynamic. Method of sharing the two sensors to determine more accurately the single value, 
previously developed in theory, has been tested with simulation. Furthermore, the results are confirmed with their 
practical use with good effect. 

Key words: automation, control, transient process, stability, quality of control, closed-loop system, the accuracy 
of the sensors, balancing robot, gyroscope, accelerometer 

REFERENCES 

[1] Zhmud V. A. Modelirovanie, issledovanie i optimizacija zamknutyh sistem avtomaticheskogo upravlenija. Monografija. 
Novosibirsk, Izd-vo NGTU, 2012. – 335 s. (Zhmud V.A. Simulation study and optimization of locked systems of automatic 
control. Monograph. Novosibirsk, Publishing House of the NSTU, 2012. - 335 p.) 

[2] Zhmud V.A., Zavorin A.N. Struktura modeli dlja optimizacii sistemy s obratnoj svjaz'ju. Patent RF RU 2554291 C1. Opubl. 
27.06.2015. Bjull. № 18. 

[3] V. A. Zhmud. The Use of the Feedback Control Systems in Laser Physics Researching Experiments. // Proceedings of RFBR 
and DST Sponsored “The 2-nd Russian-Indian Joint Workshop on Computational Intelligence and Modern Heuristics in 
Automation and Robotics”, 10–13 September, 2011, Additional volume, pp.40–43.  

[4] Zhmud V.A., Zavorin A.N. Method of designing energy-efficient regulators for complex objects with partially unknown 
model. Proc.: The control and modeling in complex systems. Proceedings of the XVI International Conference June 30-July 
3, 2014, Samara. Russia. p. 557-567. 

[5] The modeling tests of the new PID-regulators structures. Voevoda, A.A., Zhmud, V.A., Ishimtsev, R.Y., Semibalamut, V.M. 
2009. Proceedings of the IASTED International Conference on Applied Simulation and Modelling, ASM 2009. P.165 – 168. 

[6] Modern key technologies in automatics: Structures and numerical optimization of regulators. Zhmud, V., Yadrishnikov, O., 
Poloshchuk, A., Zavorin, A.   2012. Proceedings - 2012 7th International Forum on Strategic Technology, IFOST 2012. 

[7] The design of the feedback systems by means of the modeling and optimization in the program VisSim 5.0/6. Zhmud, V., 
Liapidevskiy, A., Prokhorenko, E.   2010. Proceedings of the IASTED International Conference on Modelling, Identification 
and Control.     PP. 27–32. 

[8] V. Zhmud, O. Yadrishnikov. Numerical optimization of PID-regulators using the improper moving detector in cost function. 
Proceedings of the 8-th International Forum on Strategic Technology 2013 (IFOST-2013), vol. II, 28 June – 1 July. 
Mongolian University of Science and Technology, Ulaanbaator, Mongolia. IEEE organized. 2013. P. 265 – 270. 
http://www.must.edu.mn/IFOST2013/ 

[9] V. Zhmud, A. Polishchuk, A. Voevoda, R. V. Rao. The Tuning of the PID-Regulator for Automatic Control System of 
Thermo Energetic Equipment // Proceedings of the Fifth International Conference on Advances in Mechanical Engineering 
(ICAME-2011), June 06-08, 2011. Surat – 395 007, Gujarat, India. pp. 254-263. 

[10] Zhmud V.A., Zavorin A.N. Metodi di ottimizzazione del controllo numerico su una modelli troncati. Italian Science 
Review. 2014; 4(13). PP. 686-689. Available at URL: http://www.ias-journal.org/archive/2014/april/Zhmud.pdf and http://www.ias-
journal.org/archives/april-2014  

 

 

 
Vadim Zhmud  
 
E-mail: oao_nips@bk.ru 



© Automatics & Software Enginery. 2015, №3(13) 
 

11 
 

 

 
 
Oleg Yadrishnikov 
 
E-mail: oleg_yadr@mail.ru 

 

 
 
Vladimir Semibalamut 
 
E-mail: wladim28@yandex.ru  

 

 
 
Vitaly Trubin 
 
E-mail: trubin@ngs.ru 



© Automatics & Software Enginery. 2015, №3(13) 
 

12 
 

 

Implementation of Software for Digital 
Holography in Software CUDA 

 
V.I. Guzhov, S.P. Ilyinikh, P.S. Ryzhov

 
Abstract: This article examines the development of software for digital holography CUDA environment 

optimized by the criterion of the execution time. 
Key words: digital holographic interferometry, GPGPU, CUDA, algorithm parallelization of digital holographic 

interferometry, digital conversion Fresnel suppression of DC component, removing speckle noise. 
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Accelerating methods of the fabric products 
assembly 

 
I.E. LANDOVSKAYA, V.D. FROLOVSKY, V.V. LANDOVSKY 

 
Abstract: Using of the parallel processing methods during the simulation of the fabric material products on the 

solid plane–bounded object’s surface to accelerate the simulation process is considered in the paper. The algorithms 
for paralleling the calculations on the central processing unit and on the graphics processor of the video display 
adapter are presented. 

Keywords: the parallel processing methods, simulation of the fabric materials, particle method, leapfrog scheme. 
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Correct Identification and Control of Object 
with Time-Delay Link 

 
Boris Pyakillya, Vadim Zhmud 

Abstract. The relevance of control of objects with delay is beyond doubt; rising number of publications proves 
this, in particular [1]. However, the theoretical calculation results are often very far from practical results obtained 
using the controller (regulator) to control these objects. We can assume that the most common reason for this is too 
fundamental simplification of the model in the result of the identification. It can be named uncorrecrt identification. 
This paper usee the example object from [1] to test its adequacy of the model and its admissibility of simplifying in 
relation to the task the control design with the helps of negative feedback loop. The correct identification mean 
usability of the result for the calculation of the regulator for the object by means of any possible method, including 
numerical optimization. The paper resolves the stated problem of the identification based in the comparison of the 
resulting transient processes from the experiment and from the simulation. In addition, it gives the results of the 
regulator calculation by means of numerical optimization on the base of the mathematical modeling (simulation) in 
program VisSim. 

Key words: regulation, time-delay, object identification, configuration of control, modeling, simulation, 
simulation correctness. 
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Unit playback of audio signals JQ6500-16P 
 

V.G .Trubin, M.V. Trubin 

Abstract: The paper deals with offline playback sounds, music, voice playback using the sounds module 
JQ6500-16P. The paper gives scheme of connectivity for stand-alone regime, and for work with computer. The 
paper resolves the problem of transfer of audio-files from computer to modules without specialized software. In 
addition, the paper discovers the way to control the module using the buttons and serial interface. It allows 
controlling the module with the helps of computer of on any microcontroller. The minimum number of external 
components is required for the operation of the module. It is the additional significant advantage. All this allows 
quickly creating of devices and systems capable of reproducing audio signals. 

Key words: JQ6500, JQ6500-16P, MP3, play audio, RS-232, USART, UART, Terminal. 
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Comparison of the Contribution of Quantization 
Error in Level and in Time into the Result of 

Analog-to-Digital Conversion 
 

VADIM ZHMUD 
 
Abstract: Choiсe of analog-digital converters (ADC) for converting of signals is based on a compromise between 

speed and accuracy, even if the price of ADC can be not taken into consideration. Obviously, the accuracy of ADC 
is connected with the number of digits, though not only this limits it. Nyquist theorem (Nyquist-Shannon sampling 
theorem) states that at sufficiently high accuracy of samples taking it is enough to take them with a frequency of 
more than twice of the maximum frequency of the spectrum of the converted signal. This requirement sets the limits 
of applicability of digital conversion, and if, under the terms of the pure theory, the signal is infinite in time and the 
samples are taken from the zero error and the upper limit of the frequency band of signal is known. Under these 
conditions, such readings gives the opportunity to restore the original signal without loss. On this basis, many 
practitioners, engineers, teachers, and researchers believe that the accuracy of the conversion has the highest 
priority, and the frequency of conversion can be not too high, it is enough to provide the required conditions of the 
theorem. However, in practice, the signals are limited in time, the accuracy of the conversion is also limited, and the 
restoration of the original signal not uses the best algorithms for calculating it. The proof of this theorem does not 
take into account such situation. The question of the criteria for selecting the ADC is relevant, espessially if it is noe 
possible at the same time to provide a higher precision and higher performance. It is important to know, which of 
these parameters should be considered as the most important one, and what parameter you can donate. This paper 
explores this question by modeling. 

Key words: data collection and data processing, ADC, sampling, quantization of the time, quantization of the 
level 
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Reverse Overshootings Suppression in 
Aautomation Systems  

 
VADIM ZHMUD 

 
Abstract. The task of control of objects prone to oscillation is extremely difficult. Analytical methods in the case 

of a complex object models are inferior in features methods based on numerical optimization controllers. Tools of 
this method is a set of structures regulators, set of objective functions and tools for modeling and optimization. A 
number of works of the author is devoted to the author's methods of constructing of the objective functions, their 
advantages and disadvantages, as well as the rationale for the choice of program VisSim for the simulation and 
optimization [1-6]. The most commonly used control structure - is a serial PID-controller (PID-regulator, PID) 
which contains proportional, integrating and derivative links. In some cases spetial measures for the choice of the 
target (cost) functions allow to suppress oscillations in the system, however, in some cases, even these measures are 
not effective enough. This paper discusses one of the structural methods of suppression of oscillations in systems for 
control of objects prone to oscillatory instability. This method is in the use of more complicated structure than 
conventional PID-controllers, in particular, double-loop regulator. Mathematical modeling has tested the proposed 
method. Transients illustrate the paper confirming the effectiveness of this method. 

Key words: controller, regulatorl, automation, feedback, speed, accuracy, control, transients, numerical 
optimization 
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 Embedded Control Systems. The Specifics of 
Specialist Training 

 
L.V. Tyunina 

 
Abstract: Modern embedded systems include are relevant. The area of application includes: automatic control 

systems and many other areas. Design of these systems is a complex task. It requires the participation of experts 
in many fields. The task is complicated by the fact that for them, as a rule, there are strict limitations on 
computational resources, reliability, cost and development time. The article discusses ways of teaching students 
the development of such systems. 

Key words: higher education, software systems, information technology, embedded system 
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Information Approach to the Problems of 
Metrology and Physics 

 
V.A. Zhmud

 
В.А. Жмудь 

ФГБОУ ВПО НГТУ (Новосибирск, Россия) 
 

Abstract: This paper discusses the necessity of presence of sources of error in all measurements cases. On 
this basis the paper proposes measurement philosophy. Dan excursion into some fizichekoy theory [1-13] did not 
take into account the fact that any measurement error is instrumental, as well as the method of error. In the 
proposed method of philosophical error are easy to take into consideration, even in the case where they are 
unavoidable. If this approach would be considered, perhaps, these theories would have been quite different, or 
does not exist. 

Key words: measurements, physics, philosophy, the theory of relativity, computer science 
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