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III. CONCLUSIONS 

Proof of the possibility of an extended interpretation of expressions derived by P.G. Kard will enable carrying 
out detailed analytical studies of the spectral properties of arbitrary LDS with losses, as well as estimation of 
their energy coefficients of reflection, transmission and losses. These are also necessary for the formulation 
and solution of problems of analysis and synthesis of dielectric filters for various purposes. 
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I. INTRODUCTION 

Speleology is the science that studies caves. Currently, with the development and reduction of the cost of 
technology, an integral component of speleology is rapidly developing - topographic survey of caves, which 
involves determining the shape and size of the cave. The data collected in caves using various instruments 
(for example: compass, eclimeter, laser rangefinders) must be processed and visualized. This requires the 
appropriate programs. One of such programs is Topo [1]. 

Topo software allows you to process, edit and visualize the topographic data of the cave. An integral part of 
the visualization of the topographic survey of the cave is the display of its volumetric model. The volumetric 
model of a cave is needed to visualize it, to document the caves and to calculate such characteristics of the 
cave as length, surface area and volume. In addition, with the help of a volumetric model, it is possible to 
outline the most promising places for further research and search for the continuation of the cave. 

The aim of this work is to construct a three-dimensional surface of a cave in conditions of sparse data within 
the Topo program. 

II. FORMULATION OF THE PROBLEM 

The sparseness of the data means that intelligent algorithms are needed to process them and build on their 
basis the surface of the cave, which fill the "void". Without the use of such algorithms, an insufficiently visual 
representation of the cave is obtained, "twists" and sharp corners appear. The algorithm in the Topo program 
has these drawbacks. The algorithm is based on stitching polygons of adjacent pickets, which are obtained 
by traversing the shot points clockwise.  

It is necessary to create and implement an algorithm for constructing a smooth three-dimensional cave 
model in conditions of sparse data. 

III. ALGORITHM FOR CONSTRUCTING A 3D CAVE MODEL WITH SPARSE DATA 

The idea of the algorithm is as follows. First, the thread of the curve of the cave is smoothed out [2,3]. Then 
the shots are projected onto the normal plane of the resulting curve. After that, a normal vector is introduced 
on a smooth curve, which allows the connection of the coordinate systems from one section to another. 
Further, the interpolation of sections between pickets is carried out [4]. By sewing adjacent sections, the 
surface of the cave is obtained. 

IV. IMPLEMENTATION OF THE ALGORITHM WITHIN THE TOPO PROGRAM 

Within the Topo program, the algorithm was implemented as a separate software module written in the C++ 
programming language. The input to the module is picket points with coordinates of shot points to 
neighboring pickets and coordinates of shots from pickets directly to the surface of the cave. The output is an 
array of polygons, which is directly used to display the cave model. 



 

109 

V. CONCLUSIONS 

The paper presents the results of the algorithm and carries out an analysis in comparison with the algorithm 
already available in the Topo program. 
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I. INTRODUCTION 

At present, in industry the most widespread are flexible production systems, in which automated electric 
drives are the energy basis. In this case, the most common type of automated electric drive is an controlled 
electric drive (a drive closed in terms of the frequency of rotation of the shaft of the executive motor) – CED. 

A lot of companies in developed countries are engaged in the development of CEDs - INDRAMAT, Siemens 
(Germany); Fanuc (Japan); Artech (Bulgaria), Triol (Russia), etc. 

Due to the fact that the characteristics of technological machines largely depend on the quality indicators of 
electronic components, serious attention is paid to the issues of their improvement and regulation. This is 
how GOST 27803-91 “Adjustable electric drives for metalworking equipment and industrial robots. Technical 
requirements". It indicates the main technical characteristics of the CED and the ways of their determination, 
which should include the following: the speed control range, the coefficient of unevenness of the rotation 
frequency and the frequency bandwidth of the CED. 

To determine the real quality indicators of the developed and produced electronic devices, rather 
complicated and expensive stands are used [1]. Therefore, an urgent and important task is the development 
of a mathematical and software apparatus that allows analyzing the quality indicators of a CED at the stages 
of development, manufacture and operation. 

This work analyzes the quality indicators of a controlled electric drive based on an S-220-60-VD-2 servo 
amplifier and a KM-090-32-02 valve motor, built according to a typical scheme similar to EPS-B1-0D75AA 
(Germany). 

II. MATERIALS AND METHODS 

To carry out circuit simulation, a mathematical model of the CED was developed. The authors found that for 
circuitry modeling of such a CED, the most convenient is the mathematical model of a valve motor (VM), 
described by the equations presented in [2]. 

The developed mathematical model of a controlled electric drive in the form of a structural diagram can be 
represented as in Fig. 1.  

III. RESULTS 

The following designations are adopted: 

Wrs(S), Wrc(S) – transfer functions of the speed controller and currents; Кpsа, Кpsb, Кpsс – transfer ratios of 
phase current sensors; F1 - nonlinearities of the "limiting" type of the signal; F2 – non-linearities of the PWM 
"relay" type; F3 – PWM nonlinearity; F4 – nonlinearity of positive signal extraction; Кrps – transmission 
coefficient of the rotor position sensor; Кss – transmission coefficient of the speed sensor; АPWM, ТPWM – 
PWM amplitude and frequency;  Urs, Uss - signals of speed setting and from the speed sensor; Urca, Urcb, 
Uurc, Ucsa, Ucsb, Ucsc – assignment signals and from phase current sensors; Usr – signal from the speed 
regulator; Urm - torque setting signal; Ucr – signals from current regulators; Uу – control signals; Utvg – 


