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Summary

Advanced quality systems are based on the united information technology, built on harmonized
methods for data acquisition and processing in information flows. The mathematical background
of united information technology is an applied random function theory and statistics for time
series, implemented as the on-line computer-based information technology for quality
monitoring in manufacturing. Quality monitoring is supported by stochastic methodology of
sample function analysis (SFA), which could be considered as improved traditional statistical
process control (SPC) methods or, more widely, as a result of reengineering of statistical
methodology for quality analysis.

Statistical process control deals with stability of manufacturing processes and product sequences.
The determination of action criteria in SPC methodology depends on process stability (stable or
nonstable). It is simple and convenient in quality systems in which computers are not used.

In effective computer-aided systems quality monitoring makes it possible to get much more
statistically correct estimates of performance and prediction. At the same time there are no
problems associated either with calculations, visualization, or the amount of information. Results
are obtained quickly and the conformity level is very high.

Parameter Components

Parameters of each i-th unit are considered as a compound random function (i)C(t). The structure
of Y¢(t) essentially depends on the characteristic features of its components—deterministic or
random, linear or nonlinear (preferably linearizable). The most typical components and their
characteristics (numerical and functional) are described by the following scheme:
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Components and most typical characteristics of a random function £(f) are described by the
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Sample Function Analysis

Sample function analysis (SFA) considers the main parameters of process, tools, and equipment
performance as a compound random function (1). The same considerations are being used to
carry out the active control of product sequences in production lines, to organize equipment
reliability and safety assurance and predictive maintenance, and to carry out calibration and
metrological confirmation of measuring equipment.

Sample function analysis is based on methods that can provide the means to obtain
mathematically correct statistical estimates for probability characteristics of parameters and the
evaluation of the plausibility of these estimates. Further, these statistical estimates are used to
obtain correct real-time characteristics and indices of accuracy and precision, capability and
efficiency, and performance and reliability for equipment, process, and product sequences.

Sample Function

Values of the main parameters of equipment (process, product sequence) in the ith production
line are obtained as a function '¢(¢) or time series 'y, n =0, 1, .... These values are represented by
a sample function V¢(¢) ='Q + Dn(t) + Vx(t), each term of which has a definite specific source.

The initial value ‘Q is usually deterministic for each unit. When the parameter adjustment is
used, it is considered as a random value, usually normally distributed: QO ~ N [Q og].

The trend is defined as a random function n(?), usually with a linear (linearized) mean ‘n() =
‘ht and variance ia,f (1) = idt. Sometimes the trend is a deterministic function in(t) = 'ht. In the
case of repeated adjustments of a parameter, trend coefficients become random: i ~ N[ﬁ, on)
and

d~N[d, o).

Fluctuations ¥ x(£)="z(¢)+"c(t) consist of a deterministic function ‘z(z) and a random one, “c(¥).
The first is a polyharmonic or quasi-periodic function, characterized by its Fourier spectrum
'RZ (w, t) or by the mean square, ) 22 (t). The second one is a zero-mean random function,
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Features of components of the random function (i){(t) and other sample functions with
i=1,2,... iare shown in Figure 1. Probability characteristics of these sample functions are to be
used preferably to evaluate probability characteristics for the random function (7).
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Figure 1. Sample functions and their components.

Parameter Evaluation

Sample function analysis provides the statistical analysis of parameter measurements (i)é’ :
1=0,...,L in order to distinguish the components of the random sample function “¢(r).
Information technology covers a succession of statistical procedures, resulting in estimates for
components and their random characteristics iQ, ‘h, d, iRZ (w, 1), 'S zz(t), S, (w, 7), and ’ O'f 0.
SFA methodology stages cover: 1) measured data statistical analysis in separate measurement
sessions, and 2) - the common statistical analysis of sample statistics for all sessions (Fig.2).
Data analysis in a session covers such procedures as

- determination of the parameter smoothed mean

- segregation of deterministic fluctuations

- estimation of random fluctuations.

Common analysis of statistics for all measurement sessions includes the following procedures:
- calculation of the initial value 'Q

estimation of trend characteristics 'm,(z) and ‘o7 (1); in case the trend is linear — 'h,d
determination of characteristics iRZ (wt)and 'S zz (¢) for deterministic fluctuations — iz( t)
determination of statistical estimates for characteristics 'S, (w, t) and ‘df (t) of random

fluctuations (i)c( 1) |
The road map of computer-based data processing for estimation of probability characteristics of
the sample function's smoothed mean ‘m(t), ‘o (¢)and fluctuations 'S?(z) and o(z), or ‘R; (o,

t) and is, (@, t) and so on is shown in Figure 2.




[image: image4.jpg]o =5 Do
N A . J

Figure 2. Evaluation of parameter components in measurement sessions.

Application

Stochastic methodology of sample function analysis is based on consideration of main
operational parameters as a compound sample random function @¢t). The statistical estimates of
parameter components offer significant opportunities for development of effective products,
efficient production processes and operation servicing.

Machine / process performance measurement stochastic analysis and methodology deployment —
the bottom line for the state-of-the-practice research and innovation, for high-tech and
technology transfer, for quality, safety and sustainability improvement.
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Mazais J., Rudnevs J., Salenieks N. Gadijuma funkciju stohastiska analize procesu parametru pétjjumos.
Aplitkots raZoSanas procesu kvalitates monitorings, kas saknojas gadijuma funkciju analizes metodologija, un ko
var uzskatit par tradicionalo procesu vadibas statistisko metoZu pilnveidi. Paradits, ka parametru var izteikt ar
saliktu gadijuma funkciju, kuras struktiiru veido sakuma vériba, trends, determinétd un gadijuma fluktudciju
komponente.

Mazais J., Ruduevs J., Salenieks N. Process parameter analysis based on compound random function statistics.
Basic concepts of a production process quality monitoring based on a sample random function analysis
methodology is discussed. The monitoring can be considered as improvement of a traditional statistical process
control technique. The way of a process parameter description using the compound random function components:
initial value, trend, and deterministic and random fluctuations is shown.

Masaiic A1., Pyouesc A., Canenuexc H.. Ahanu3 napamempog npoyecco8 Ha 0CHO8e CIAMUCMUYECKO20 AHAU3Q
CAYHAUHBIX JYyHKYUIL.

Paccmompen monumopunz kayecmsa npoyeccog npouseooCcmea, OCHOBAHHBLY HA MEMOOO0N02UU AHANUZA CYYAIHBIX
QyHKYUll, KOMOPLI MOJUCHO PACCMAMPUBAMb KAK — YCOBEPUIEHCMBOBAHUE MPAOUYUOHHBIX CIMAMUCIUYECKUX
Memooo@ ynpagnenusi npoyeccamu. I1okazana 803MOCHOCMb NpedcmagneHus napamempa 8 Guoe pPaziodCeHUs
cayuaiinoll  PYHKyuu co  cnedyiowuMu  CMpYKMypHelMU — COCMABNAIOWUMU: HAYANbHOE 3HAYeHue, MpeHo,
0emepMUHUPOBAHHAS U CYYAUHASA COCMABIAIOWAs QIYKMY ayui.
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