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LINEAR APPROXIMATION OF ARTIFICIALLY COLORED SURFACES 
REFLECTION SPECTRA BY THE PRINCIPAL COMPONENT 
ANALYSIS 

S.Yu. Arapov, S.P. Arapova, I.S. Dubinin  
 
Ural Federal University,  
Institute of radio electronics and information technology-RTF  
32, Mira str., Ekaterinburg, 620078, Russia 

Abstract. The surface reflection spectrum is the necessary information for calculating col-
or coordinates in the colorimetric systems of the International Commission on Illumination 
(CIE), such as Lab or XYZ. These values determine the color sensations of the standard 
observer. Based on them, the accuracy of color reproduction is estimated, which is regu-
lated by international standards for various industries. Simple and accurate methods 
of approximation of the spectra are required in the development of effective measuring and 
control systems for technological processes for obtaining artificially colored surfaces. The 
specified color of the surface can be obtained with a previously prepared ink mixture or by 
an autotypical printing method, i.e., by controlling the area of periodic micro-dots of four 
primary colors. At present, the methods of linear approximation of spectra for mixed ink 
systems are well studied. The principal component analysis (PCA) provides good accuracy 
of approximation using only 4–6 basis functions. Information about similar studies for au-
totyping systems was not found in the literature. Therefore, a comparative analysis of the 
approximation accuracy of spectral curves using the PCA for mixed and autotype systems 
is of great interest. The paper discusses the variants of the least-squares function approxi-
mation of the 24 spectra of the standard ColorChecker scale (X-Rite) and the 1944-field 
autotype test scale printed on a digital printing machine. Comparison is made by three cri-
teria: to color, mean square and maximum deviations. For the most accurate approxima-
tion of the reflection spectra, an individual approach to each technological system is re-
quired. The spectra of mixed inks systems differ significantly from the spectra of autotype 
systems, and the last are structurally more simply and better modelled. In autotype sys-
tems, a representative set can consist of several dozen spectra. Apparently, it is impossible 
to create a universal set of basis vectors for approximating the reflection spectra of a wide 
range of industrial systems for obtaining a given color of surfaces. 

Keywords: reflection spectrum, approximation, basis, principal component method, color, 
autotype. 
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ERROR ESTIMATION OF MEASUREMENT OF POWER 
THE OPERATED GAS-DISTRIBUTING UNITS MAIN GAS PIPELINES 
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Abstract. At operation of the gas-distributing unit (GDU) existence of a reliable data 
of power of the gas-turbine drive is necessary for management of a duty of the gas trans-
mission system and timely determination of technical condition of a gas-distributing inven-
tory. In work the assessment of accuracy of determination of operational values of power 
of GDU by the techniques approved by the specifications and technical documentation 
of Gazprom in the conditions of the concrete compressor station is carried out. Taking into 
account the accepted assumptions: distribution of the making errors corresponds to the 
normal distribution law of Gauss and components of errors have no correlation communi-
cation, are considered as independent from each other, the main dependences of influence 
of biases of the GDU parameters (temperatures, pressure, rotation frequencies of rotors) 
are brought to an error of power rating of GDU. As the error of power rating depends on 
a method and conditions of measurement, quality of measuring apparatuses and other fac-
tors, power rating with a margin error 1.5%-2%, will allow to use its values in the GDU 
diagnostic models and regulation of a duty of the gas pipeline. 

Keywords: gas-distributing unit, gas-turbine engine, centrifugal supercharger, power, rel-
ative mean square bias, gaged parameter. 
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