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Short Description of the Demonstration

This Demonstration can be used to estimate various parameters of a measurement process and to design the
quality control rule to be applied. The user defines the parameters of the control measurements that are the
assigned mean, the observed mean, and the standard deviation, in arbitrary measurement units. In addition,
the user defines the quality specifications of the measurement process, that is, the total allowable analytical
error (as a percentage of the assigned mean), the maximum acceptable fraction of measurements
nonconforming to the specifications, and the minimum acceptable probabilities for random and systematic
error detection. Finally, the user chooses the number n of control measurements.

S(1, n, d o) is a quality control rule that rejects the analytical run if at least one of the n control measurements
is less than my — d o or greater than my + d g, where d is a positive real number and m, and o are the mean
and the standard deviation of the control measurements. The quality control decision limits aremy + d o .
Then the fraction nonconforming f, the critical random and systematic errors of the measurement process, as
well as the quality control decision limits and the respective probabilities for critical random and systematic
error detection and for false rejection are estimated. Finally, by choosing the type of output, the estimated
quality control (QC) parameters or plots of the probability density function (pdf), the cumulative distribution
function (cdf) of the control measurements, or the power function graphs for the random error (pfg re) and
systematic error (pfg se) are displayed.

The parameters are estimated and the functions are plotted if 1071 < f < fnax, where fis the fraction
nonconforming and fmax is the maximum acceptable fraction nonconforming.

Search Terms

quality control, quality control design, measurement, random error, systematic error, total allowable analytical
error, fraction nonconforming, critical random error, critical systematic error, decision limits, probability for
random error detection, probability for systematic error detection, probability for false rejection, power
function graph
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output gc parameters pdf cdf pfgre pfgse

parameters of the control measurements (in measurement units)

assigned mean my; = @ 100
observed mean mg = @ 99
standard deviation o @ 1.5
quality specifications
total allowable analytical error p (%) « @ 10
maximum fraction nonconforming fax = @ 0.1
minimum probability for critical random error detection r,ip @~ 1 09
minimum probability for critical systematic error detection s @~ 09
number of control measurements
control measurements 4 7
measurement process parameters
fraction nonconforming 9.866999 x 10°1°
critical random error 6.00
critical systematic error 7.08
quality control parameters
quality control rule S(1, 4, 3.10 0)
lower quality control decision limit 94.35
upper quality control decision limit 103.654
probability for critical random error detection  0.900
probability for critical systematic error detection 1.000
probability for false rejection 0.00764373

Figure 1: The measurement process parameters and the quality control parameters of a measurement
process, with the settings shown at the top.



output qc parameters pdf cdf pfgre pfgse

parameters of the control measurements (in measurement units)

assigned mean m, = @ 100

observed mean mp = @ 99

standard deviation o @ 1.5

quality specifications

total allowable analytical error p (%) « @ 10

maximum fraction nonconforming fjax =« @ 0.1

minimum probability for critical random error detection rin, @~ 09
minimum probability for critical systematic error detection spy,i,, @= 09

number of control measurements

control measurements 4 v
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Figure 2: The cumulative distribution function of the measurements of a measurement process, with the
settings shown at the top.



output qc parameters pdf cdf pfgre pfgse

parameters of the control measurements (in measurement units)

assigned mean my @ 100

observed mean my @ 99

standard deviation o @ 2
quality specifications

total allowable analytical error p (%) «@ 10

maximum fraction nonconforming fayx = @ 0.1

minimum probability for critical random error detection rpipy @=:109
minimum probability for critical systematic error detection sqin @~ 09

number of control measurements

control measurements 4 Vv

power function graph (pfg)
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Figure 3: The power function graph for the random error of the quality control rule S(1, 4, 3.10 o) applied to a
measurement process, with the settings shown at the top.



output qc parameters pdf cdf pfgre pfgse

parameters of the control measurements (in measurement units)

assigned mean my; @ 100
observed mean mp @ 99
standard deviation o @ 2
quality specifications
total allowable analytical error p (%) « @ 10
maximum fraction nonconforming fmay = @ 0.1
minimum probability for critical random error detection riny @~ 1 09
minimum probability for critical systematic error detection s @=11 09
number of control measurements
control measurements 4 v~
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Figure 4: The power function graph for the systematic error of the quality control rule S(1, 4, 3.10 o) applied
to a measurement process, with the settings shown at the top.



Details

Let ma, Mo, and o be the assigned mean, the observed mean, and the standard deviation of the control
measurements. Let p/100 be the total allowable analytical error (expressed as a fraction), fmax the maximum
(acceptable) fraction nonconforming, and rmin and smin the minimum (acceptable) probabilities for critical
random and systematic error detection. Then the following equations are used to estimate the parameters [1,
2]:

_ 2
ma(14:2) [ =3

a) the fraction nonconforming: f = 1 — e dx
( ) g f fma(1—%) oV2n
(—mo+x)2
ma(1+-E= a2
(b) the critical random error re: 1 — | o 1p°°) L dx = fmax
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(c) the critical systemati 1 fm“(1+ w e o
C e Critical systematic error Sc: 1 — —_—
Y ‘ ma(1_1go) ov2m

dx = fpax, Wheree = 1ifmo < ma

and € = —1 otherwise,

(d) the factor d of the decision limits mo + d o of the quality control rule S(1,n, d o) is the minimum
solution of both of the following two equations for the variable d:

_(=mo+x)? n
metdo [ e  2rc _
(11— fmo_d,, vam || = Tmin
_(e Sc—mo+x)? n
mo+do| e 202 . .
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o

(e) the probability for false rejection pr of the quality control rule S(1,n, do):

_(emgx)? "
_ mo+do| e 202
(3) pf =1- fmo_dg PNCT dx

(f) the probability for error detection pe of the random error er and the systematic error es of the quality
_(es—mo+x)? n

d 20,2
controlrule S(1,n,d 0):p, =1 — fm°+ afe T

— |dx
me—d o e V21

The power function graphs ("pfg") are the plots of the probabilities for error detection versus the size of the
error.

This Demonstration can be used as a tool for the design and evaluation of alternative quality control rules for a
measurement process.
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Source

Programming language: Wolfram Language

Availability: The updated source notebook is available at:
https://www.hcsl.com/Tools/Demonstrations/ToolForQualityControlDesignAndEvaluation.nb

First published on August 17, 2010, as part of the Wolfram Demonstrations Project.
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