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Summary. Software of high-precision goniometric complex with artificial intelligence developed by the
authors, particularly with artificial neural networks, with advanced functionality, designed for non-contact high-
precision measurements at the previous settings of navigation sensing elements, flat angles, pyramidal prisms,
other production objects, refraction index of optical glass, etc. is presented in this paper. The proposed software
product has advanced capabilities, particularly, allows high-precision analysis of the intensities of the spectral
distribution of chemical elements in metal-containing materials. The structure of the software reproduces the
paradigm of modular construction, which determines the flexibility, extensibility and variability of software
components. As a result, neural network processing of measuring information, automatic filtering by the method
of moving average output signal noisy by errors of different nature is implemented.

Key words: software, high-precision goniometric complex, artificial neural network, measurements
running speed.
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Statement of the problem. The development of science and technology puts forward new
increased requirements for the accuracy and speed of instrumentation systems for measuring angles.
The problem of improving the accuracy and speed of measurements in mechanical engineering and
instrumentation, which can be achieved by developing new and improving existing goniometric
systems and systems and the latest software is of great importance. Such solutions can be obtained by
solving a number of problems related to the need for further development of information and
computer technologies for analysis and processing of rapidly changing, noisy by character and
manifestations errors of measurement information, including goniometric complexes and systems
operating under unfavorable and non-stationary production conditions of mechanical engineering and
instrument making. In this context, the development of the latest software (SW) for high-precision
goniometric complex with artificial intelligence (GCAI), capable to operate with rapidly changing
and measurement information noisy with errors is an important scientific and technical problem, the
solution of which significantly provides the solution of the existing problem.

Analysis of the available investigation results. Analysis of the current state of the world
market of measuring complexes and systems indicates that their list is quite significant today, they
have different ranges of measurement, accuracy, and running speed, and their software is based on
the use of various complex algorithms, mathematical models and methods of measurement data
“processing [1, 2]. So two models of Mask R-CNN are used in paper [3] as a software kernel at
computer estimation method during goniometric measurements of backbone curvature angle.
OpenDrop software with open program code is used in paper [4], but it is not indicate whether the
measurement results are evaluated for accuracy. In paper [5] goniometric measurements of the
rotation angle of the bridge support is carried out by image processing methods, implemented in the
appropriate software. However, the «opacity» of computational operations calls into question the
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objectivity and adequacy of the obtained results of measuring and evaluating the result accuracy,
determining the need of additional investigations.

There is a number of scientific papers that describe approaches to the information analysis
and processing, as well as the paradigm of software construction. In particular, in scientific papers [6,
7] aspects of the system approach and computer processing of information on increase of accuracy,
speed and quality of processing of surfaces of details of mechanical engineering are developed. In [8]
the development and implementation of information-measuring system for the presentation and
analysis of information on man-made cycles of an industrial enterprise to provide automated
measurements with high accuracy and speed. In [9] approaches to information processing are
described, as well as the paradigm of software construction of measuring system designed for rapid
spectral analysis of multicomponent processes. Despite the obvious scientific and practical
achievements and the obtained real practical results in papers [6-9], the problems of software
development for goniometric systems with their own features are not covered.

Thus, it can be argued that an important scientific and technical problem of developing
original and modern software for goniometric systems, including GCAI, capable to operate with
rapidly changing and error noisy measurement information, as well as to provide high accuracy and
running speed that corresponds to real time, where information processing is carried out at the speed
of events has not been solved.

The objective of the paper is to develop software for improvement the accuracy and running
speed of measurement and GCAI information processing.

Statement of the task. High-precision GCAI built on the basis of intelligent precision
goniometric system (IPGS) [1, 2] with artificial intelligence elements, particularly artificial neural
networks (ANN) [10] is well-known. The structural scheme of GCAI is shown in Fig. 1.
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Figure 1. Block diagram of GCAI (source [1, 2])
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IPGS particularly is developed using the latest advances in science and technology
in the fields of optics, mechanics, electronics, automation, artificial intelligence,
and combines advantages such as accuracy and measurement running speed, ease of
use, versatility, the ability of automated processing of measurement data in real time. GCAI
can be used for non-contact high-precision measurements at the previous settings
of navigation sensitive elements, flat angles, pyramidal prisms, and other production
objects, the refractive index of optical glass [1], in addition has advanced functionality in
analyzing the intensities of spectral distribution of chemical elements during the
determination of chemical composition of metal-containing materials [2, 10]. The main
basic component of GCAI is the well-known GC1L, which is developed by SE «Arsenaly»
with active participation of the Instrument — Making Department of NTUU «lgor Sikorsky
Kyiv Politechnic Institute.

GCAI is built on the principles of synergetic integration, emergence, invariance,
hierarchy, automation, aggregation, etc. It is a functional set of different technical means
with heterogeneous properties. The main new elements that have been separated and
additionally introduced are the photosensitive matrix on the complementary metal-oxide-
semiconductor structures (CMOS-matrix), ANN and filtration subsystem based on the
Kalman filter.

Synergetic integration of new elements in GSAI composition makes it possible
to apply new methods of measurement data processing, for which the need of
program implementation in relevant software to ensure GSAI functioning is obvious.
Moreover, one of the main requirements for GSAIl software should be its
performance on personal computers (PCs) with different resources under conditions
of limited RAM and low computing power. Despite the achievements and practical
results, it is necessary to implement the possibilities of information processing by
neural network methods and the output signal filtering from noise caused by
different in nature and manifestation errors of measurement information; to provide
flexibility, extensibility and variability of software components, which is the task of this
paper.

Description of high-precision GCAI software. Taking into account the
problems, objectives and set tasks for software development, it is necessary to use
the principle of modular construction, which meets the above mentioned requirements.
The software structure is based on the multilevel organization of computational
processes (Fig. 2).

In general, the software is implemented on modular basis and is a set of applications
combining a number of software modules developed by the authors in MATLAB
programming language, which is an add-on of the eponymous mathematical modeling
environment, as well as a set of ready-made applications providing ANN operation for rapid
and accurate data processing. In particular, the capabilities of the analytical package Deductor
Professional which contains neuromodulator Neural Analyzer, designed to operate with ANN
and MS Excel spreadsheet are used.

The above mentioned makes it possible to make the software functionally flexible, to
control the process of measurement, data entry and visualization of results in graphical and
tabular form.

The graphical interface of the user software enables to work in two modes: the mode
of angles measuring and the mode of spectral analysis. The measurement process is controlled
both manually and automatically. In particular, in manual mode, the operator sets such
parameters as accuracy of statistical sample and value of the confidence probability. The
required number of measurements can be set both manually and calculated automatically by
Fisher's test.
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Figure 2. Block diagram of GCAI software operation (source — author's development)

Graphical intuitive interface of the developed software, which windows indicate its
functionality is shown if Fig. 3.
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Figure 3. Dialogue box of GMeasuring module of the developed software
for GCAIl functioning (source — author's development)

After setting the measurement parameters, activation of GCAI hardware and data
transmission channels by pressing button «<START» by the operator, the measurement time is
fixed and continuous data analysis is in the on-line mode. The obtained measurement results
are automatically entered in the table «Angle values» in the following format: angular degrees,
minutes, seconds and deviations in angular seconds. Visualization of changes in measurement

results is carried out in graphical form (Fig. 4).
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Figure 4. Visualization of measurement results while measuring
the angle of 10° (source — author's development)

Graphs in Fig. 4 show the process of changing the measurement results in time (Raw
data), the result of filtering error noisy measurement data in the first (First Moving Average)
and second (Second Moving Average) stages by Kalman filter implemented by its individual
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case by the moving average method.

The results are stored when the operator presses «Save to file» button. In particular, a
dialogue window appears, making it possible to save the results. If you need to exchange data
with other software applications of the operating system, the obtained results can be saved
in .xls and .xIsx format by pressing «Export to Excel» button.

If it is necessary to analyze the intensities of the spectral distribution of chemical
elements, the mode «Spectral analysis» is selected. This launches the GChemAnalisis module.
In this case, the signals from CMOS-matrix are fed to ANN, which performs automatic spectral
analysis of the radiation of chemical elements of metal-containing materials in the cantilever
mode and displays the composition of the analyzed material.

The software maintains its performance on PCs with low hardware requirements,
limited RAM and low computing power, such as PCs with the architecture compatible with
Intel x86 / 64. In addition, the software can run under control of various operating systems,
including MS Windows 9x / NT / 2000 / XP family and more modern, UNIX-like operating
systems, including Linux, Solaris, etc., and Mac OS. This emphasizes the flexibility of the
developed software. The possibility of extensibility and variability of software components is
also provided. The proposed software can be used as an additional toolkit completed with
MATLAB or installed separately without this environment.

Experimental investigations of the proposed software during the measurement of the
angle of 24-faceted prism for regulating and setting of angular instruments and measuring of
industrial products angles confirmed its efficiency and made it possible to perform multiple
measurements with high real-time speed and high accuracy at which the measurement error did
not exceed 0.08".

Conclusions. In the framework of improving the accuracy and speed of instrumental
systems for measuring angles, the problem of GCAI software development is set up. The latest
software has been developed. It automates operation of GCAI, functioning under adverse and
non-stationary production conditions. The software provides goniometric measurements with
high accuracy and speed, and also supports the implementation of advanced functionality in
terms of spectral analysis of the intensities of the spectral distribution of chemical elements
while determining the chemical composition of metal-containing materials.

The algorithms and methods of measurement data processing used in software ensure
the speed of goniometric measurements in real time, and high accuracy, particularly the error
of the final results obtained by multiple measurements does not exceed 0.08", which meets the
world accuracy requirements for modern production.

The proposed software meets the requirements of performance on PCs with different
resources, under the conditions of limited RAM and low computing power. So the minimum
hardware requirements of PC for comfortable software is the processor — Intel Core2Duo 6300
1.86 GHz, RAM — 2048 Mb, at least 2 Gb of free space on HDD, CD-ROM.

The processing of information by neural network methods and output signal filtering of
the from noise caused by errors of various nature and manifestations is implemented.

The chosen paradigm of modular software construction for GCAI provides flexibility,
extensibility and variability of software components, which favorably distinguishes the
developed software from those known and used today.
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Pe3ztome. Buxiadeno po3pobrene agmopamu npozpamue 3a0e3neuents UCOKOMOUHO20 20HIOMEMPULHO2O0
KOMNJIEKCY 31 WMYYHUM [HMENeKMOM, 30KpeMd WMYYHUMU HEUPOHHUMU MepedCcamu, 3 pO3UlUpeHuMu
DYHKYIOHATLHUMU MONCIUBOCIAMY, AKULL NPUSHAYEHUU 0151 OE3KOHMAKMHUX UCOKOMOYHUX BUMIDIOB8AHb NpU
NONEPeOHbO BUCMABNICHUX HABIAYIUHUX YYMIUBUX eNleMeHMI8, NIOCKUX KYmie, nipamioaibHOCmi NPU3M, THUIUX
00 ’exmi6 upoOHUYMBA, NOKAZHUKA 3ATOMAEHHS ONMUYHO20 CKAA MOWO. 3anponoHO8aHUL NPOSPAMHUL NPOOYKM
80100i€  POZULUPEHUMU MONCTUBOCMAMU, 30KpeMa O0036018€ 3 BUCOKOK MOYHICIIO NPOBOOUMU AHANI3
inmencugHocmeli CHEKMPAILHO20 PO3NOOLTY XIMIYHUX elleMeHmie y mMemanosmicnux mamepianrax. Cmpykmypa
npocpammHoco 3abe3neyents GiOMeoproc napaouemy MoOyabHOI noOY008U, WO 3YMOGIIOE CHYUKICMb,
PO3UWUPIOBAHICMb MA 3MIHIOBAHICb NPOSPAMHUX KOMNOHeHMis. V pe3ynbmami peanizo8ano Heupomepedtcesy
00pOOKY 6UMIPIOBALHOT THpOpMayii, aemomamuuny Gitempayiio 3a MEmoooM KOG3HO20 CEPEOHbO20 UXIOHO20
CUSHATLY 3AULYMILEHO20 NOXUOKAMU Pi3HOT npupodu. Aneopummu ma memoou 06pooKu sUMipiosanvHol ingopmayii
PO3POONEH020 NPOSPAMHO20 NPOOYKMY  3ab6e3neuyioms npogedeHHs Oe3KOHMAKMHUX — 20HIOMempPUYHUX
BUMIDIOBAHbL BUCOKOMOYHUM 20HIOMEMPUYHUM KOMNJIEKCOM 31 WMYYHUM IHMEIeKMOoM Yy Macumadi peaibHo2o
uacy 3 noxXubKolw KiHyegux pe3yibmamis npu bazamopasosux eumipiosannsx, saxa ne nepesuwye 0,08” Huska
NPOSPAMHUX MOOYIII8 NPOSPAMHO20 3abe3neyenHs po3pobiena mogow npozpamyeanns MATLAB, wo do3zeonse
BUKOPUCIMOBYBAMU 11020 8 AKOCMI 000AMKO0B020 IHCIMPYMEHMAPI0 8 KOMIIEKMI 3 00HOUMEHHUM cepedosuiem
MAmMemMamuyHo2o0 MoOeno8ants, abo iHcmanosamu oxpemo 0Oe3 Hvo2o. Ilpoepammuuil npodykm eghexmusHo
NPAYrO€ HA NEPCOHANILHUX KOMN TOMEPAX 3 PISHUMU Pecypcami, 8 YMOBAX 00MedlceHol onepamugnoi nam ’smi ma
manoi obuucnosanrvroi nomyosicnocmi. Obpana napaduema 11020 MoOyIbHOI NOOYO08U 3abe3neuye eHyUKiCmb,
POUWUPIOBAHICIb A 3MIHIOBAHICNb NPOSPAMHUX KOMINOHEHMIB, WO 8ULIOHO GIOPI3HAEC pO3pobieHe npocpamHe
3a6e3neuenus 6i0 gi0OMUX MA BUKOPUCHIOBYBAHUX HUHI.

Kniouogi cnoea:npoepamne 3a6e3neyenis, 6UCOKOMOYHUL 20HIOMEMPUUHUN KOMIIEKC, WMYUHA HelPOHHA
Mepedica, ueUOKoOisl GUMIPIOBAHD.
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