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A (Very) Short Introduction To Quality Sciences (ISO
9001:2008)

quality

degree to which a set of inherent characteristics fulfils requirements

management

coordinated activities to direct and control

quality management system

to direct and control an organization with regard to quality
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Process-based Quality Management System For Continual
Improvement (ISO 9001:2008)
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Resource

management
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Implications

Certifications in 2009

Up to the end of December 2009, at least 1 064 785 ISO 9001 (2000 and
2008) certificates had been issued in 178 countries and economies. (ISO
Survey 2009)

8.2.4

The organization shall [. . . ] measure the characteristics of the product to
verify that product requirements have been met. [. . . ] carried out at
appropriate stages of the product realization process (ISO 9001:2008)
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Capability

ISO 25514-7

Statistical methods in process management
Capability and performance
Part 4:
Process capability estimates and performance measures

Process Capability

ability of the process to realize a characteristic that will fullfil the
requirements for that characteristic (ISO 25517-4) (i.e. statistical
measure of inherent process variability)
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Normal Distribution
Non-Normal Distribution
Subgroups

Process Capability Index For Normal Distribution

histogram

plot a histogram of the data

distribution model

select an appropriate distribution

specification limits

identify the specification limits

Histogram of x
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process capability index

index describing process capability in
relation to specified tolerance

cp =
USL− LSL

Q0.99865 − Q0.00135

=
USL− LSL

6sp
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Non-Normal Distribution

distribution identification

Anderson Darling Test
(ISO 25517-4, p.14)

Probability Plots
(ISO 25517-4, p.16)

cpkL =
Q0.5 − LSL

Q0.5 − Q0.00135

cpkU =
USL− Q0.5

Q0.99865 − Q0.5

> x = rexp(25)

> cp(x)

Anderson Darling Test for normal distribution

data: x

A = 1.8384, mean = 1.016, sd = 1.154, p-value = 7.58e-05

alternative hypothesis: true distribution is not equal to normal

c(0.428375916555524, 0.123628956731409, 0.517502100810775, 0.131506831552213, 3.16537775082474, 0.590149463154376, 1.6461414284164, 0.0172418477013707, 1.06057081615865, 1.59695584451078, 3.97887865208515, 0.41338218562305, 0.19299685722217, 0.320421297568828, 0.722985274116409, 0.39630462648347, 0.2630550484173, 0.656121788546443, 1.37994096144558, 0.480899591464549, 2.95982574108304, 0.0181603533028025, 0.0294671338051558, 0.685129154939204, 0.113743710331619)
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Process Capability using normal distribution for x

cp = 1

cpk = 1

cpkL = 1

cpkU = 1

A = 2.36
p = 3.61e−06

n = 25

mean = 0.876
sd = 1.06
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c(
0.

5,
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)

Expected Fraction Nonconforming

pt

pL

pU

= 0.0026998
= 0.0013499
= 0.0013499

ppm
ppm
ppm

= 2699.8
= 1349.9
= 1349.9

c(
0.

5,
 5

)

Observed

ppm = 0
ppm = 0

ppm = 0
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Non-Normal Distribution | Two-Sided

> cp(x, "gamma")

Anderson Darling Test for gamma distribution

data: x

A = 0.2947, shape = 0.768, rate = 0.878, p-value > 0.25

alternative hypothesis: true distribution is not equal to gamma

c(0.428375916555524, 0.123628956731409, 0.517502100810775, 0.131506831552213, 3.16537775082474, 0.590149463154376, 1.6461414284164, 0.0172418477013707, 1.06057081615865, 1.59695584451078, 3.97887865208515, 0.41338218562305, 0.19299685722217, 0.320421297568828, 0.722985274116409, 0.39630462648347, 0.2630550484173, 0.656121788546443, 1.37994096144558, 0.480899591464549, 2.95982574108304, 0.0181603533028025, 0.0294671338051558, 0.685129154939204, 0.113743710331619)
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Process Capability using gamma distribution for x

cp = 1

cpk = 1

cpkL = 1

cpkU = 1

A = 0.295
p >= 0.25

n = 25

shape = 0.768
rate = 0.878
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Observed

ppm = 0
ppm = 0

ppm = 0

> cp(x, "logistic")

Anderson Darling Test for logistic distribution

data: x

A = 1.7745, location = 0.668, scale = 0.505, p-value <= 0.005

alternative hypothesis: true distribution is not equal to logistic

c(0.428375916555524, 0.123628956731409, 0.517502100810775, 0.131506831552213, 3.16537775082474, 0.590149463154376, 1.6461414284164, 0.0172418477013707, 1.06057081615865, 1.59695584451078, 3.97887865208515, 0.41338218562305, 0.19299685722217, 0.320421297568828, 0.722985274116409, 0.39630462648347, 0.2630550484173, 0.656121788546443, 1.37994096144558, 0.480899591464549, 2.95982574108304, 0.0181603533028025, 0.0294671338051558, 0.685129154939204, 0.113743710331619)
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Process Capability using logistic distribution for x

cp = 1
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cpkU = 1

A = 1.77
p < 0.005

n = 25

location = 0.668
scale = 0.505
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> cp(x, "exponential")

Anderson Darling Test for exponential distribution

data: x

A = 0.7179, rate = 1.142, p-value = 0.2511

alternative hypothesis: true distribution is not equal to exponential

c(0.428375916555524, 0.123628956731409, 0.517502100810775, 0.131506831552213, 3.16537775082474, 0.590149463154376, 1.6461414284164, 0.0172418477013707, 1.06057081615865, 1.59695584451078, 3.97887865208515, 0.41338218562305, 0.19299685722217, 0.320421297568828, 0.722985274116409, 0.39630462648347, 0.2630550484173, 0.656121788546443, 1.37994096144558, 0.480899591464549, 2.95982574108304, 0.0181603533028025, 0.0294671338051558, 0.685129154939204, 0.113743710331619)
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Process Capability using exponential distribution for x

cp = 1

cpk = 1

cpkL = 1

cpkU = 1

A = 0.718

p = 0.251

n = 25

rate = 1.14
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Observed

ppm = 0
ppm = 0
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> cp(x, "weibull")

Anderson Darling Test for weibull distribution

data: x

A = 0.2539, shape = 0.835, scale = 0.794, p-value > 0.25

alternative hypothesis: true distribution is not equal to weibull

c(0.428375916555524, 0.123628956731409, 0.517502100810775, 0.131506831552213, 3.16537775082474, 0.590149463154376, 1.6461414284164, 0.0172418477013707, 1.06057081615865, 1.59695584451078, 3.97887865208515, 0.41338218562305, 0.19299685722217, 0.320421297568828, 0.722985274116409, 0.39630462648347, 0.2630550484173, 0.656121788546443, 1.37994096144558, 0.480899591464549, 2.95982574108304, 0.0181603533028025, 0.0294671338051558, 0.685129154939204, 0.113743710331619)
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Process Capability using weibull distribution for x

cp = 1

cpk = 1

cpkL = 1
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p >= 0.25

n = 25

shape = 0.835
scale = 0.794
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> cp(x, "gamma", usl = 4)

Anderson Darling Test for gamma distribution

data: x

A = 0.2947, shape = 0.768, rate = 0.878, p-value > 0.25

alternative hypothesis: true distribution is not equal to gamma

c(0.428375916555524, 0.123628956731409, 0.517502100810775, 0.131506831552213, 3.16537775082474, 0.590149463154376, 1.6461414284164, 0.0172418477013707, 1.06057081615865, 1.59695584451078, 3.97887865208515, 0.41338218562305, 0.19299685722217, 0.320421297568828, 0.722985274116409, 0.39630462648347, 0.2630550484173, 0.656121788546443, 1.37994096144558, 0.480899591464549, 2.95982574108304, 0.0181603533028025, 0.0294671338051558, 0.685129154939204, 0.113743710331619)
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Process Capability using gamma distribution for x

cp = *

cpk = 0.55

cpkL = *

cpkU = 0.55

A = 0.295
p >= 0.25

n = 25

shape = 0.768
rate = 0.878
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= 0
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Observed

ppm = 0
ppm = 0
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> cp(x, "logistic", lsl = 1)

Anderson Darling Test for logistic distribution

data: x

A = 1.7745, location = 0.668, scale = 0.505, p-value <= 0.005

alternative hypothesis: true distribution is not equal to logistic

c(0.428375916555524, 0.123628956731409, 0.517502100810775, 0.131506831552213, 3.16537775082474, 0.590149463154376, 1.6461414284164, 0.0172418477013707, 1.06057081615865, 1.59695584451078, 3.97887865208515, 0.41338218562305, 0.19299685722217, 0.320421297568828, 0.722985274116409, 0.39630462648347, 0.2630550484173, 0.656121788546443, 1.37994096144558, 0.480899591464549, 2.95982574108304, 0.0181603533028025, 0.0294671338051558, 0.685129154939204, 0.113743710331619)
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Process Capability using logistic distribution for x

cp = *

cpk = −0.1

cpkL = −0.1

cpkU = *

A = 1.77
p < 0.005

n = 25

location = 0.668
scale = 0.505
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ppm = 1.8e+07
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Data in subgroups

> x1 = c(rnorm(5, 11), rnorm(5, 12), rnorm(5, 10))

> group = c(rep(1, 5), rep(2, 5), rep(3, 5))

> cp(x1, grouping = group, lsl = 7, usl = 12)

Anderson Darling Test for normal distribution

data: x1

A = 0.5594, mean = 11.598, sd = 0.827, p-value = 0.1219

alternative hypothesis: true distribution is not equal to normal

c(12.4642069956341, 12.4444138021685, 11.6389138677748, 11.2715041319272, 12.1435614102793, 11.9649424106559, 12.784407162069, 12.3637477233515, 10.9250850613462, 12.1172830992844, 9.89593804242976, 9.44123187054624, 11.8583916240377, 9.23637320821328, 9.98052937417456)
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Process Capability using normal distribution for x1

cp = 1.04

cpk = 0.26

cpkL = 1.82

cpkU = 0.26

A = 0.759
p = 0.0374

n = 15

mean = 11.4
sd = 0.8
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> cp(x1, lsl = 7, usl = 12)

Anderson Darling Test for normal distribution

data: x1

A = 0.7587, mean = 11.369, sd = 1.188, p-value = 0.03743

alternative hypothesis: true distribution is not equal to normal

c(12.4642069956341, 12.4444138021685, 11.6389138677748, 11.2715041319272, 12.1435614102793, 11.9649424106559, 12.784407162069, 12.3637477233515, 10.9250850613462, 12.1172830992844, 9.89593804242976, 9.44123187054624, 11.8583916240377, 9.23637320821328, 9.98052937417456)
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Process Capability using normal distribution for x1

cp = 0.7

cpk = 0.18

cpkL = 1.23

cpkU = 0.18

A = 0.759
p = 0.0374

n = 15

mean = 11.4
sd = 1.19
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Subgroups

Process Capability Indices

process capability index

index describing process capability in relation to specified tolerance

represents the capability of a process in a single number

is used to assess and communicate the capability of internal/external
suppliers

is used to calculate the upper, lower and total fraction
non-conforming (2.12, 2.13, 2.14)
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Process Capability and Six Sigma

ISO 9001

DEFINE
ISO/FDIS 13053-1 Six Sigma: DMAIC methodology
ISO/FDIS 13053-2 Six Sigma: Tools and techniques

MEASURE
ISO 22514-* Capability and performance
ISO 21747:2006 Process performance and capability statistics
ISO 11843-* Capability of detection
ISO 5725-* Accuracy of measurement methods and results
ISO/PRF TR 12888 Gauge repeatability and reproducibility studies
ISO/TR 14468:2010 Attribute agreement analysis
...ANALYZE

DIN 55303 Estimating and test procedures
DIN ISO 5479  Tests for departure from the normal distribution
DIN ISO 11453 Tests and con�dence intervals relating to proportions
DIN ISO 16269 Determination of statistical tolerance intervals
DIN 53804 Statistical evaluation
...

IMPROVE
ISO/TR 29901:2007 Full factorial
experiments with four factors
ISO/TR 12845:2010 Fractional factorial
screening experiments
ISO 3534-3:1999 Design of experiments
...

CONTROL
ISO 11462-1:2001 Elements of SPC
ISO 8258:1991 Shewart control charts
ISO 7966:1993 Acceptance control charts
ISO 7873:1993 Control charts for arithmetic average
ISO/TR 7871:1997 Cumulative sum charts
ISO 7870-1:2007 General guidelines

QMS
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Management 
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Resource 
management

Product
realization

Measurement, 
analysis and 

improvement

Six Sigma

QMS-STANDARDS
ISO 9000:2005 QMS: Fundamentals and vocabulary
ISO 9001:2008 QMS: Requirements
DIN 55350-* Concepts in QM/QA

ABBREVIATION
ISO International Organization for Standardization
DIN Deutsches Institut für Normung
FDIS Final draft International Standard
TR Technical Report
PRF Proof of a new International Standard
QM Quality management
QMS Quality management system
QA Quality assurance
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What is still missing

direct calculation of p-Values

calculation of confidence intervals

three parameter weibull, loglogistic and gamma distribution

The process capability function is part of the
comprehensive Six Sigma qualityTools package
which contains easy to use methods associated
with the different phases of the DMAIC Cycle.

http://www.r-sixsigma.org
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