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Summary

Technology management, process control and performance improvement methodology is based
on the-state-of-the-practice process parameter measurement, accuracy, precision and stability
analysis, statistical estimation of past and current track of the process forecast of its possible run
in the future, prediction of undesirable future changes and identification of the causes and effect
of such changes.

M easur ement Accuracy and Precision

Accuracy, precision, and related indices are evaluated as rea-time functions using sample
function probability distributions and such characteristics as mean, variance, and correlation
functions. The red-time estimation of accuracy, repeatability (precision), and reproducibility of
measurements and stability in general is based on analysis of values measured at consecutive
time moments or on analysis of measurement errors — deviations from the actual value x0.

In generdl, the object of analysis is the sample function

DDX (=X (1) - %, = De+Oh O+c(t), (2)

where 'Dx ='Q —Xo is the expected initial value of the error.

A sample function, which describes series of measurements taken at consecutive time intervalsis
marked ©X(t) traditionally. In this article, the structure type OX(t) = 'Q + “h(t) + Vc(t) is used,
but, in generd, the presence of a deterministic component 'z(t) (deterministic fluctuations) is
possible aswell.

Statistical estimates are obtained for probability characteristics of sample function components
[1] and on this basis for accuracy, precision, and related indices (Fig.1).

Accuracy characterizes the level of adequacy between the average of measurements and the
actua value of the parameter. In generd, it is area-time function

"Dx(t) = "x(1) - X, ='Dx+'h(t) %)
and if thetrend islinear, then

'Dx(t) = 'Dx+ ht. (3)
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Figure 1. Measurement accuracy,
precision, and stability evaluation at
each moment of time (theindex i is
omitted for clarity)

Variation is obtained as a standard deviation of the point distribution:

- for adeterministic trend

'spx(t) = 's(t), (4)
- for arandom trend
sodt) = |/'s A+ s (1) (5)

- for alinear random trend

'Son(t) = /'S 2(t) +' dt. (6)

Precision (repeatability) is estimated by the natural spread of the measurement error
'Dp(t) = "D, (1) - "D, (t) . 7)

Error bounds [' D' (t) , the upper one; ' D (t), the lower one] are roots of the equations
P{'DX £ D+p}“7p, 8)
P{ DX £ D+p}1'7p, 9)

where p is the probability that the error will stay within the error bounds. For the normally

distributed error, 'DX(t) ~ N [ ' Dx(t), 'sox(®)],

'D*(t) = "mo(t) + W+ pyr2'Sox(t) (10)

D™ (t) = 'Mol(t) — W+ 2 'Sox(t) (11)
and, accordingly,

'Dy(t) = 2w'sx(t), (12)

where W =W + p2=YaVa - p2¥2 1S the argument of the normal distribution function for the
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probability (1 + p)/2. For example, w= 2 for p = 0.9545, w= 3 for p = 0.9973, and w =6 for p =
0.999999998.

The point index of precision (error or measurement range) traditionally expressed as

is not convenient for evaluation of the plausibility
f(m.H of the obtained indices estimates.

Sability is characterized by the deviation of the
grouping center from its initid position.
Essentialy, it is a trend (Fig.l). For the
deterministic model, stability is characterized by
trend vaues 'h(t); in the case where the trend is

- e—— linear,
- ] . .
A, . ) ='nt (1)
A,D i
Xo*’& A o) : Figure 2. Probability distribution, characteristics
— 1= ; of random trend, and stability indices at a moment
oo, (M o, () t of time (the index i is omitted for clarity).

For arandom model (Fig.2) stability is characterized by the following:
The expected value 'h(t) and variation 's(t) of the trend; in the case where the trend is

Iin_ear,

'h(t) ='ht. (15)
'sn(t) = Vdt (16)
The trend's natural bounds ' Dj, (t) and ' Dj, (t) in the case where the trend is linear
'D;='ht+ w 'sp(t) (17)
'D, ='ht—w 'sp(t) (18)

Use of the traditionally most usua estimate of stability - deviation of the grouping center from its
initial position - is acceptable only when the model is deterministic. The point density 'f(h, t) of a
distribution for a random trend in this case is ignored and 'f(c, t) is considered to be the
distribution density for measurement error; whereas, in fact, the essential distribution density is
'f(Dx, t) which is obtained (Fig.1) as a composition of distribution densities 'f(c, t) and 'f(h, t).

The precision estimates discussed are based on time series probability characteristics and
therefore are effective and statistically easy to use. For instance, in models with a linear trend

only three characteristics' Dx, 'h, and 'd need to be estimated. Fluctuations can usualy be
considered as stationary or quasi-stationary and then only one or two characteristics need to be
estimated.

Precision and plausibility of statistical estimates are obtained by processing al measurements at
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all time moments. The efficiency of these statistica estimates is therefore essentially improved.
To compare the precision of severa measurement series 'X(t), i = 1, ..., |, appraisers,

equipment, or processes, similar precision characteristics are used.

Total accuracy for arrays of measurement errors 'DX(t), i = 1, ..., |, is evaluated as the mean
value 'Dx(t) i = 1, ..., |, of position errors for all grouping centers at every time moment

— 1 | —

Dx() =@ 'Dx() (19)

i=1

Reproducibility (Fig.3) is estimated as anatural spread for all 'Dx(t) i =1, ... 1,
u, =u, +u,, (20)

) fiAx) where u is the upper bound and u, is the lower bound of

grouping center position errors, which are obtained as roots of the

equations
s 1, PDX(D) <u; (1)} = P (22)

s For normally distributed grouping centers position errors,
Dx(t) ~ N[DX(1),S 5 (1)]

calibration biasis evaluated as

S U (1) = [DX() + Wiy 8 = (D] - [DX(E) - Weps 158 = (D] = 20 _ (1)

: u (23)

a2 - Figure 3. Reproducibility estimates: range r and precision of
average, Uy,

The traditional index of grouping center positions at every time moment with range

r= Dx,, - Dx, (24)

can be used only in approximate accuracy and precision anaysis according to the obtained
plausbility of the index's estimates.

Parameter Accuracy

The parameter of equipment, process, and product sequence is considered as a random sample
function “z(t), which exhibits the real-time values and changesin time.
Error,

Opz(t) = Oz(t) — 2o (25)

is the characteristic of parameter accuracy, where z , is aspecified target vaue.
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A'(t) _)[IIHIIC b II.'M.F'. {U’\
| A& | ‘AL
= g rfﬁf}"-'f "'f/\u.ff
S L\J _
N\ v ATE) Figure 4. Parameter
AQ_f~ i accuracy
: O AR mi) - indices, potential, and
ot capability.
The parameter accuracy indices (Fig.4) are as follows:
Mean deviation
'mp(t) = 'DQ + 'ht (26)
where'DQ='Q -2z,
Variance
's?(t)="dt+ 'SI({t)+ 's (1) (27)

where 's (t) isastandard deviation (variation)
Error bounds[' D' (t) , the upper one; ' D (t) the lower one] are roots of the equation

P{D-'D(t)<"Dz(t)<'D"(t)} = p, (28)
where p is the probability of a nondefective parameter value. For a normally distributed error,
Opz(t) ~ N ['mo(t), 's(t)] expression (28) can be written as

'D"(t) = "mo(t) + Wer+ 2 'S (1)
D (t) = "mo(t) + W - g2 'S (1) (29)

Conformity monitoring

Accuracy, precision, and related indices are evaluated as rea-time functions using sample
function Conformity monitoring is based on verification of performance by indices of parameter
accuracy, precision, stability, potential, capability and efficiency and their evolution in the
previous period of time and forecasting of probable future changes.

In order to secure the correctness of control signals and statistical estimates of measurements, and
to provide a high level of their credibility, a system of measurement process conformity
monitoring is required. It is necessary to create an effective computer aided measurement
confirmation system — filigree calibration, verification, validation, stability and traceability
ensurance methodologies, supporting super-high level (one defect per million observations and
less) process / technology control and management.

The six sigma process control is based on the selected performance measurement methodology
for each pattern of the process / technology and includes a careful sample function anaysis for
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the main parameters of the process / technology comprising such activities as estimation of
process / technology probability characteristics, the forecast of future run, diagnostics of the
causes of undesirable changes, and development of the most efficient control measures.
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J.Mazais, J.Mikdsons, N.Salenieks. Procesa parametru un mérgjumu pareiziba un preciztate.

Veikta procesu parametru merzjumu raksturlidumu — pareizibas, precizitates, stabilitates un atbilstibas novertejumu
statistiskz analize tieslaika merisanas apstakjos. Dotas matematiskas izeiksmes raksturlidumu novertegumu
iegiasanai gadijuma funkcijas komponensu dazada veida izmaizam laika. Aplikotas metodes atvieglo procesa
parametru nevélamu izmaizu prognozesanu un to celopu identificesanu.

J.Mazais, J.Mikelsons, N.Salenieks. Process parameter and measurement accuracy and precision.

Process parameter datistical analysis of just-in-time measurement characteristics — measurement accuracy,
precision, stability, and conformity assessment are analyzed and mathematical relationships for assessment of the
above mentioned characteristics for different patterns of a random sample function components are provided.
Developed methods simplify forecasting of undesirable process parameter future changes and facilitate
identification of the root causes of such changes.

A Masaiic, 1 Mukencouc, H.Canenuexc. Tounocmo u npasuibHocmy napamempoe npoyeccos usmepeHuil.
Paccmompenvt  6onpocer cmamucmuueckoeo aHAIU3A XAPAKMEPUCIUK USMEDEHULl NaApaMempos npoyeccos —
MOYHOCIMU, NPABUTLHOCIU, CAOUIBHOCIU U OYEHOK COOMBEMCMEUsL 8 YCI0BUAX USMEPEHUS 8 PeAIbHOM 8PeMEHU.
Ilpeocmaenenvt mamemamuyeckue COOMHOULEHUs O NOJVYEHUs OYEHOK XAapaKmepucmuk coCmagisiouux
CYYAUHOU — YHKYUU NpU  pA3IUYHOM — Xapaxkmepe usmeHeHuii. Paccmompennvie memoodwer  obaecuarom
NPOSHO3UPOBAHUE HEXHCENLAMENbHBIX USMEHEHUL NAPaAMempos npoyecca U uOeHmuUQuUYUposanue ux nPUYUH.
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