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MEASUREMENT AND MEASURAND

Measurement: An experimental process that produces a value that can reasonably be
attributed to a quantitative property

Measurand: Property that is the object of measurement. It has a numerical magnitude and
a reference that gives meaning to that numerical magnitude.

Example:

Measurement: Determining the mass of a sample by putting it on a balance and reading
the indicated value from the scale, including all required preparation and calibration
procedures.

Measurand: Value read from the scale

Reference: the mass of the /nternational Prototype Kilogram is 1 kg (if the scale ist
referenced to Sl units).

After nist.gov
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UNCERTAINTY

GUM: measurement uncertainty: a "parameter, associated with the result
of a measurement, that characterizes the dispersion of the values that
could reasonably be attributed to the measurand®’.

VIM: a "non-negative parameter characterizing the dispersion of the
quantity values being attributed to a measurand, based on the information
used®’.

VIM: “International Vocabulary of Metrology”,
https://jcgm.bipm.org/vim/en/1.4.html

GUM?
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http://www.bipm.org/utils/common/documents/jcgm/JCGM_100_2008_E.pdf
http://www.bipm.org/utils/common/documents/jcgm/JCGM_200_2008.pdf
https://jcgm.bipm.org/vim/en/1.4.html

UNCERTAINTY

First edition September 2008

© JCGM 2008
https:/www.bipm.org/en/comm
ittees/jc/jcgm/publications

Bureavu
International des

f Poids et

é Mesures

JCGM 100:2008

GUM 1995 with minor corrections

Evaluation of measurement
data — Guide to the expression
of uncertainty in measurement

Evaluation des données de mesure —
Guide pour I'expression de I’incertitude de
mesure


https://www.bipm.org/en/committees/jc/jcgm/publications
https://www.bipm.org/en/committees/jc/jcgm/publications
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Evaluation of measurement
data — Guide to the expression
[ ] of uncertainty in measurement
Evaluation des données de mesure —
° Guide pour Pexpression de Iincartitude de

mmmmm

0.1 “When reporting the result of a measurement of a physical quantity,
it is obligatory that some quantitative indication of the quality of the
result be given so that those who use it can assess its reliability.
Without such an indication, measurement results cannot be compared,
either among themselves or with reference values given in a
specification or standard. It is therefore necessary that there be a
readily implemented, easily understood, and generally accepted
procedure for characterizing the quality of a result of a measurement,
that is, for evaluating and expressing its uncertainty.”
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data — Guide to the expression
[ ] of uncertainty in measurement
Evaluation des données de mesure —
° Guide pour Pexpression de Iincartitude de
mesure

0.2 “The concept of uncertainty as a quantifiable attribute is relatively
new in the history of measurement, although error and error analysis
have long been a part of the practice of measurement science or
metrology. It is now widely recognized that, when all of the known or
suspected components of error have been evaluated and the
appropriate corrections have been applied, there still remains an
uncertainty about the correctness of the stated result, that is, a doubt
about how well the result of the measurement represents the value of
the quantity being measured.”
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data — Guide to the expression
[ ] of uncertainty in measurement
Evaluation des données de mesure —
° Guide pour Pexpression de Iincartitude de
mesure

0.3, 0.4

“.. it is imperative that the method for evaluating and expressing
uncertaintybe uniform throughout the world so that measurements performed
in different countries can be easily compared.”

“The ideal method for evaluating and expressing the uncertainty ... should be
universal: the method should be applicable to all kinds of measurements and
to all types of input data “

fraction of the distribution of values
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Evaluation of measurement
data — Guide to the expression
[ ] of uncertainty in measurement
Evaluation des données de mesure —
° Guide pour Pexpression de Iincartitude de
mesure

A measurand Y is in most cases determined by N other quantities X :

Yi — f(Xl'XZJ ""XN)
Note: the X. may depend themselves of many other quantities

Note: the X, may be categorized as

* Quantities, whose values and uncertainties are directly determined in the
current measurement (single or repeated observations, judgement based on
experience, corrections, ...)

* Quantities, whose values and uncertainties are brought in from external
sources (data from handbooks, certified reference materials, calibrated
measurement standards)
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GUM: MODELING

mmmmm

An output estimate y of measurand Y is obtained by input estimates x. :

Vi = f(xl'xZJ ""xN)

The estimated standard deviation associated with the output estimate or
measurement result y, termed combined standard uncertainty u_(y), is
determined from the estimated standard deviation associated with each
input estimate x,, termed standard uncertainty u(x;).



GUM: EVALUATION OF UNCERTAINTY

Each input estimate x, and its standard uncertainty u(x;) are determined by a
distribution of possible values of the input quantity X.

The probability distribution may be

* frequency based (based on a series of observations X;, of X;), requiring a
Type A evaluation

* An a priori distribution, requiring a type B evaluation
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Evaluation of measurement
data — Guide to the expression
[ ] of uncertainty in measurement
Evaluation des données de mesure —
° Guide pour Pexpression de Iincartitude de
mesure

The best estimate of the experimental variance of the mean is given by:

s%(Xix)
n

s (X)) =

This (or the corresponding experimental standard deviation of the mean)
quantify how well the mean estimates the expected value of X;.

Both can be used as a measure of the uncertainty u?(x.) resp. u(x;)
(“Type A variance” resp. “Type A standard uncertainty).

Variance: more fundamental quantity
Standard Deviation: Easier to use as same unit as the variable.
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GUM: TYPE A EVALUATION sivpuirien)

In most cases the best available estimate for a randomly varying quantity X.
is the arithmetic mean (average) of n observations:

n
The variance due to random effects is calculated by:

1~ .
— Z(Xi,k — Xi)
k=1

The estimated variance s2 and its square root, the experimental standard
deviation s, characterise the dispersion of values around their mean.

Slr—‘

s?(X;) =
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GUM: TYPE A EVALUATION sivpuirien) iy

Example:
1) Physics/Math: Normal distribution (“the perfect world”)

p()rc i

0,3 |-
0,2

0,1

0,0
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GUM: TYPE A EVALUATION @imeLirien) g

Example:
2) Reality: some discrete values measured
n A
7 -
6 -
5 |
4 -
| |
Al i
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GUM: TYPE B EVALUATION (simpLiFiep)

For quantities not obtained by repeated observations,

“Type B variance/standard deviation” (and thus uncertainty)
are evaluated by scientific judgement.

Information may include:

* previous measurement data;

* experience with or general knowledge of the behaviour and properties of
relevant materials and instruments;

* manufacturer's specifications;

* data provided in calibration and other certificates;

* uncertainties assigned to reference data taken from handbooks.
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GUM: TYPE B EVALUATION (simpLiFiep) iy

In many cases a rectangular distribution is assumed:
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GUM: TYPE B EVALUATION (SIMPLIFIED)

More realistic: triangular or trapezoidal distributions:

p()FC A a a

— — _—
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GUM: COMBINED STANDARD UNCERTAINTY

Case 1: all input quantities independent (uncorrelated)

Combining all standard uncertainties of the input estimates x::

N TA
u2) =2<%) u2 ()

Why the derivatives? Sensitivity coefficients!



GUM: COMBINED STANDARD UNCERTAINTY

mmmmm

Case 2: correlated input quantities (interdependent

Combining all standard uncertainties of the input estimates by using the
estimated covariance u(x;x;):

n

£M=
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GUM: SUMMARY (OF PROCEDURE)

1) Express mathematically the relationship between the measurand Y and
the input quantities X. on which Y depends: Y = f (X, X,, ..., X{)
The function f should contain every quantity, including all corrections and
correction factors, that can contribute a significant component of
uncertainty to the result of the measurement

2) Determine xi, the estimated value of input quantity X, either on the basis
of the statistical analysis of series of observations or by other means.
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GUM: SUMMARY (OF PROCEDURE)

3) Evaluate the standard uncertainty u(x;) of each input estimate x..

* For an input estimate obtained from the statistical analysis of series of
observations, the standard uncertainty is evaluated by a type A evaluation

* For an input estimate obtained by other means, the standard uncertainty
u(x; ) is evaluated by a type B evaluation.

4) Evaluate the covariances associated with any input estimates that are
correlated (see 5.2)

5) Calculate the result of the measurement, that is, the estimate y of the
measurand Y, from the functional relationship f using for the input
quantities X, the estimates x; obtained in step 2.



ooooooooo

rrrrrrrrrrrrrrrrrrrrrrrrr

Evaluation of measurement
data — Guide to the expression
[ ] of uncertainty in measurement
Evaluation des données de mesure —
° Guide pour Pexpression de Iincartitude de
mesure

6) Determine the combined standard uncertainty u_(y) of the measurement
result y from the standard uncertainties and covariances associated with
the input estimates

7) If it is necessary to give an expanded uncertainty U, whose purpose is to
provide an interval y — U to y + U, multiply the combined standard
uncertainty u_(y) by a coverage factor k, typically in the range 2 to 3, to
obtain U = ku_(y).

8) Report the result of the measurement y together with its combined
standard uncertainty u_(y) or expanded uncertainty U. Describe how y and
u. (y) or U were obtained.



</
/‘:4}

EXAMPLE FOR "‘
UNCERTAINTY /\\
EVALUATION ' /~ X
AK‘(
———r

N
\v,

EEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEE



COPYRIGHT NOTE

The material provided in the next slide was prepared by a colleague
of the instructor, Dr. Stefan Kuttenbaum, for a conference.

The copyright for this material is with the original authors, not the
instructor. Used here with permission.
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ON THE ACCURACY OF TENDON LOCALIZATION
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S. Kittenbaum !, S. Maack! & A. Taffe?

1 BAM, Division 8.2, Berlin
2 HTW Berlin — University of Applied Sciences
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Why bother? ; BAM

I'M SORRY MAN,

»1he basis for decisions are the information 10 1 BUT WE JUST GNT
available about the considered system.” ‘

Information can be

{ true } i { precise } + { comparable } + { relevant }

biased imprecise incomparable irrelevant Source: www.facebook.com/pedromics
Trueness 1 Trueness |
Precision 1 p Precision 1

o,
Accuracy 1 '..:.

* &
The condition of measured information = el
must be known, especially when it is to <¢> <0>
be used in safety-relevant calculations!

Trueness |
Trueness 1 Precision |
Precision | Accuracy |

Fig. acc. to e.g. M. Krystek, Calculating measurement uncertainties,
Beuth, 2016 & W. Hasselbarth, EUROLAB Technical Report No. 1/2006

EE] ICCRRR2022  On the accuracy of tendon localization in concrete using ultrasound Stefan Kittenbaum 32



Measurement uncertainty
Concept

< BAM

Model of the measurement:

Y = f(X;)

certaint\/ component

d_v-t
2

t = Umeasured — Atoffset _AtT/R

ho)

/[

, S.; Taffe, A.: Structural safety referring to

Measurand Y~N

* .
withk =2

9’U(5/)\ *
i /ca. 95%

— f / >
5% -quantile Vo, oo

<>
<
e
o
oo
=
—
:o
e
<
=R
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o
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VaN N Evaluation of measurement
— data — Guide to the expression
— of uncertai

Gi
f rtainty in measurement
val s données de
uide xpression de incet
mesure

Lind Stahlbetonbau 113 (2018), S2, S. 7-13

Reference: Kuttenbaum, S. et al. (2022): Approach to the development of a model to quantify
the quality of tendon localization in concrete using ultrasound. ICCRRR2022.

tion in concrete using ultrasound

Stefan Kuttenbaum 33
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Proposed model ; BAM
Tendon localization using ultrasonic-echo

Aerial perspective
indicating the transverse
and longitudinal tendons

measuring area

Pier 30 Abutment East

' ., A ' : _I

‘ * : = I -
transverse tendon ‘ | @

measuring surface slab

| i TP

oW iedl M : :
center of the i 72—
\ " e
‘Cro.ss section (-C (Projection) " 5 . !‘ B oSS section
indicating one transverse tendon, the backwall, | T
and the longitudinal tendons inside the beam i i fore ds longitudinal tendons

Reference: Kittenbaum, S. et al. (2022): Approach to the development of a model to quantify the quality of

tendon localization in concrete using ultrasound. ICCRRR2022.

EEm] ICCRRR2022  On the accuracy of tendon localization in concrete using ultrasound Stefan Kuttenbaum 35



Proposed model ; BAM

Tendon localization using ultrasonic-echo

1. Definition of measurand Y = f(X;)

Mounting depth of a tendon duct

_ _CrT
Y =D, = T
Upper edge
with T =Ty —--—=XT; concrete slab ¥
. __ 2Dc¢p C Tendon(-duct) h/2
an CT — - — o= Cpj—
T Center cross-section r
h/2
Lower edge
concrete slab *

EE] ICCRRR2022  On the accuracy of tendon localization in concrete using ultrasound Stefan Kittenbaum 36



Proposed model ; BAM
Tendon localization using ultrasonic-echo
2. ldentification of input quantities X;

C,T
L — X Dsp,i

/ 2D
&\ T: RAEL

Mounting depth of a tendon duct

CrT

Y DSp T_ cos @
. 7 TN
with T = TA — ZTL T=T,— ETAJ—TV—TSE—TZ—TM—TSAFT
2D¢ \
and C; =—=L —++—=Cpj — é @\
Ter l //H L // il
cra — 2Tcrai

—Ty—Tsg —Tz—Tm

AN\
®! @ Y, 3 \® @ O MessgroRe

@ % / \w Q ZwischengroRe
@ w . Eingangsgréle

37
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Reference: Dissertation Kuttenbaum, S. (2021)
Stefan Kittenbaum
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Proposed model
Tendon localization using ultrasonic-echo

Propagation velocity acc. to Type B

< BAM

3. Quantification of input quantities X;

a) Concrete specimen b) Diffraction c) Migrated data using a underestimated (left), overestimated
with two tendons hyperbola (right) and the unbiased propagation velocity (center)

Xx/m

01 02 03 0401 02 03 0401 02 03

04 01 02 03 04

Tendon cuct indications

Back wall indicgtions

] ICCRRR2022  On the accuracy of tendon localization in concrete using ultrasound

Reference: XXXXXXXXXXX XXX XXX
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Proposed model

Tendon localization using ultrasonic-echo

Type B:
1. Definition of a distribution type

2. Calculation of expected value

< BAM

3. Quantification of input quantities X;

and variance

—_

NORMAL DISTRIBLTION

Fig.: ©2006 BMJ Publishing Group
Ltd., Matthew Freeman, J Epidemiol
Community Health. 2006 Jan; 60(1):

6. https://www.ncbi.nlm.nih.gov/pm PARANORMAL DISTRIBUTION
c/articles/PMC2465539/

Propagation velocity v

« Expert judgement of two limits:
,2We individually expect c; to lie
between 2.750 ...2.850 m/s. That's
all we know!.”

=>» Uniform distr. with parameters:

a+b b—a

E(X;,))=x;, =—— bzw. u(x;) =
()= =" (&) ==

u(x;) =~ 29m/s

Density

TN

a=2750m/s | b=2850m/s

E(X;) =2.800m/s

ICCRRR2022

39




Proposed model ; BAM
Tendon localization using ultrasonic-echo

3. Quantification of input quantities X;

Component temperature . 2Dc,.
.=
Tc.,

— o= Cpp —

1) Component temperature varies during the measurements by a maximum of AT = 20K.
2) Suitable values for the propagation velocity are determined on average.
3) Inthe aforementioned temperature range, the change is Ac; = —0,05%/1K.

4) Let a frequently suitable value for the Sy - wave velocity in concrete be ¢ = 3.000m/s.

> Crr~U(—15ms™1; +15ms™1)

> u(érr) = 9ms™?

EE] ICCRRR2022  On the accuracy of tendon localization in concrete using ultrasound Stefan Kittenbaum 40



Proposed model
Tendon localization using ultrasonic-echo

Offset T, = —(TME — 2TME)

T:TA_..._TV_N

< BAM

3. Quantification of input quantities X;

\
T |
Displayed ToFs = R e
< L
> Type A (L mad ) VR
T v

backwall echo

EEm] ICCRRR2022  On the accuracy of tendon localization in concrete using ultrasound

ToF

1st multiple reflection

Reference: Dissertation Kittenbaum, S. (2021)

Stefan Kittenbaum 41




Proposed model

Tendon localization using ultrasonic-echo

Time- & frequency-dependent changes in

< BAM

3. Quantification of input quantities X;

Uneven surface Dg, %} 5
. c =
Reference thickness D, % =
_ (2 Human factor * £
Varylng temperature CT,T % v * delimited in “é
40 em 97 cm _ _ "% \ this study S
§ 8.5 cm Schallweg 2 Varying moisture Cr C, g
é_ g Changes in pulse shape T, ;¢ %
q: — 5 . 99 \\\ qé
e £ “Competing” reflectors Ty ks | 5
[ah] \
kS = \ . 5
£ E | time of <
2 z depth d flightt =&
97 Measuring scale resolution T, f S %
S O
0 5 10 15 20 25 30 0 100 “Black box™ NDT-system Ty, / 55
Relativzeit / ps 2; §
Equipment S =
Abb. 2: Einfluss des Schallwegs auf die Signalform (links) und zugeho B g
jeweils in normierter Darstellung Transmitter-receiver-spacing T = 28
(Bildquelle: Martin Schickert, Weimar/DGZfP-VNB 124/2018-11-16) -§ 28
Offset (data acquisition delay) T, / & g s
oromacation velo =z 2§
ropagation velocity C o N
Reference: DGZfP-Merkblatt B04 Pag Y o O By
E&Em] ICCRRR2022  On the accuracy of tendon localization in concrete using ultrasound Stefan Kittenbaum 42




Proposed model ; BAM
Tendon localization using ultrasonic-echo

4. Measurement result y; u(y); distr. type

Measured quantity value =4 * with k - 2
/\ /\ -’c'::)
— f(xl, . xn).
I i 5% - U'-mlilc/l Sy y Voo uantity value
Combined standard meas. uncertainty >70-que Ysu y quantity
y+U (y) = Interval containing the
n-1 n value of the measurand
u(y) — z z(x) + ZZ z .u(fl.,fj)_ (e.g. mean) with a defined
\! i=1j=i+1 probability (of e.g. 95%)

based on the available info

EE] ICCRRR2022  On the accuracy of tendon localization in concrete using ultrasound Stefan Kittenbaum 43



Proposed model ; BAM

Tendon localization using ultrasonic-echo

4. Measurement result y; u(y); distr. type

Measurement result:

ds, y~N(u =149 cm; 0 = 0,6 cm)

transverse tendon

measuring surface slab1
' I

"'y . L | 1

e _ center of the
v r e et st — cross section

Cross section (-C (Projection)
indicating one transverse tendon, the backwall,
and the longitudinal tendons inside the beam

(TR B BB B B

longitudinal tendons

/

Basis- Initial model NDT-supported model
variable Distr. type E(X) oy (Vx) Distr. type EX") oy
dsp, / €M N 16,3 1,0 (6,1 %) N 14,9 u = 0,6 (ultrasound; 4 %)

Reference: Dissertation Kittenbaum, S. (2021)

E&Em] ICCRRR2022  On the accuracy of tendon localization in concrete using ultrasound Stefan Kittenbaum 44



Outlook

< BAM

NDT-results in structural assessment

B A NDT-based & initial uncertainty

A, A&
0] . .- E
50%e. o e » increased level of approximation
5,0 ‘-o: j(ﬂ’) S 6.5 Ser » improved life time prediction
::2 0;(.;)% :;1:‘: }H: » targeted planning of measures
2.0 g g 7 om > » optimized resource consumption

More details:

Klttenbaum S. et al.: Reliability assessment of existing structures
using results of nondestructive testing. Structural Concrete. (2021)

https://doi.org/10.1002/suco.202100226

12 3 4 5 6 7 8 V, /%

Reference: Kiittenbaum, S. et al. (2022): Approach to the development of a model to quantify the quality of

tendon localization in concrete using ultrasound. ICCRRR2022.
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Welcome to the Wiki of the Chair of Non-destructive Testing
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POD

Purpose:

Characterize the reliability of NDT to

* Find a specific flaw/feature: (Hit/Miss) with a desired reliability
(e. g. “is there a crack?”)

Or

 Measure a specific quantity @ with a required accuracy
(e. g. depth of crack)

Source: MIL-HDBK-1823A



POD

Hit/ miss method

The hit/ miss method gives a binary analysis of a testing signal, whether a defect is detected (hit) or missed (miss). Consequently,
the testing results can be scaled in four possible configurations depending if a (non-) existing defect is (not) detected:

Table 1: The four possible diagnosis results of testing

defect detected not detected probability
True paositive (TP) False negative (FN)
Existi TP + FN =100 %
xisting The existing defect is detected (hit) The existing defect is not detected (miss) ¥ °
False positive (FP) True negative (TN)
non FP + TN =100 %

-existin
9 A defect is detected even though it is not existing No defect is detected, where no defect exists

The POD is equal to the probability of TP and can be calculated in the following way:2!

TP
POD = P(TP) = ———
(TP + FN)
For one specific flaw size a, this equation can also be represented by the number of positive tests divided by the total amount of
tests:[3]
I |
pos ()
POD(a) =
Mot (a) ZfP
Lehrstuhl fir
The hit/ miss method requires a clearly defined hit/ miss criterion, e.g. a defined threshold. zs;m;_--.;s_.m_; e Priifung

ZfP-Wiki
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POD

Amount of

registrations
4

i

ZfP
Lehrstuhl fir
Zerstorungsfreie Priifung

ZfP-Wiki
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Threshold
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amplitude height
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POD

Perfect inspection situation:

NIEDERLEITHINGER NDT SLIDES

POD(a)

1.0

08

0.6

04

02

0.0

POD(a>a4)=1

POD(a<ag)=0

I
& crit

crack size, a

ACCURACY UNCERTAINTY POD

Source: MIL-HDBK-1823A
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More realistic:
08
06
)
)
&
L
04 —
2 —
On — lesose oo 8 % 2
| | 1 |
0.0 05 1.0 1:5
crack size, a

suurce: MIL-HDBK-1823A
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POD

>

POD(a)
A
100 %
90 % 3
—
ZfP
Lehrstuhl fir
Zerstorungsfreie Prifung 1
ZfP-WiKi
a90/95
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POD DETERMINATION

Experimental design — objectives (shortened):

* not to determine the smallest crack the system can find
* to determine the largest crack the system can miss.
* to establish the relationship between POD and target size (or other
variables)
* to determine the potential for false positives (false calls) at each set
of conditions,,
* To do this use representative specimens with targets of known size
(and other characteristics to be evaluated)
* Redl
* numerical

Source: MIL-HDBK-1823A



POD DETERMINATION

Account for:

* Specimen preprocessing

* |Inspector

* Inspections Materials

* Sensor

* Inspection setup (calibration)
* Inspection process

* Imaging consideration

Source: MIL-HDBK-1823A



POD DETERMINATION

Test matrix:
e All relevant variables
* Appropriate intervals

* Appropriate step size

Past: Full matrix required
Today: design of experiments, factorial design

Source: MIL-HDBK-1823A



POD DETERMINATION

Test specimen:

* Multiple test specimen variance in condition and size, enough
distance between flaws)

* Unfamiliar to inspectors

* relevant

* referenced

* maintained

Source: MIL-HDBK-1823A



POD DETERMINATION

Test design:

e At least 60 targets for hit/miss (120 are better)
* At least 40 targets for quantitative measures

* For determination of false positives: 3 times as much unflawed
measurements, number also depending on required false positive
rate

* (e. g. FP rate required to be 1%: > 100 possibilities required)

* Complete independence and some fully unflawed specimen

* Everything as close to real testing situation as possible!

Source: MIL-HDBK-1823A



POD DETERMINATION

Very important: Report!

The description of the NDE system,
The experimental design,

The individual test results, and
The summary test results.

o0 oo

Source: MIL-HDBK-1823A



POD DETERMINATION

Public conception:

“The number of inspections (of the same object) increases POD”

Source: MIL-HDBK-1823A



POD DETERMINATION

Public misconception!

“The number of inspections (of the same object) increases POD”
This only increases the confidence in your observation/judgement, but

not POD.

Thought experiment: Barrel with red and green apples.

Source: MIL-HDBK-1823A



POD DETERMINATION

How to get a POD curve from a (large) set of
experiments/measurements:
Prerequisites:

linearity of the parameter & and a

uniform variance of the system responses &
uncorrelated observations a

multivariate normal distribution of the & errors

B wbhHE

a: experimental parameter(e. g. crack size)
a: system response

Source: MIL-HDBK-1823A



Four Fossible a vs. a Models
also use to determine values for left.censor (= a hat.noise),

right.censor, and a hat decision
1400 S o 1400 <

1200 . " . 1200 Ce
DETERMINATION «- S
e T 3 20 1 e
How to get a POD curve from a 28007 - s 8 600 7 e
(large) set of Al AL 407 s
. ) 200 3. 200 : o
experlments/measurements. i H
. . N 0 I" : : : EK.IQMI:LE1§\I'?EI|S 0 - I" E!{.PMPLE1ﬁvsa.xlls
(Generalized) linear models for & vs. 0w wm o om m @ 94 nal 1 34 660
mh1823 mh1823
a! Size, a (mils) Size, a (mils)
. . 1 4_. 1 4 _|
1) Make it linear '
; :
- " L R » - o -
s 108 "-H.m.:,:..p.. . * “«w 108 '.‘a‘:.
é Dg g":c'n::' E Ei; 1":3?
R I I ’ 2 st *
@ , L™ @ ) E L -
1087 * s 108 3 ‘e
2 2
10" [ | 1 | E{MTLEISVSIMIS 10" T . | BUAMPLE 1§ vs 3.5
10 20 30 40 50 B0 (1T £ T L (15
mh1823 mh1823
Size, a (mils) Size, a (mils)

Source: MIL-HDBK-1823A
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POD

1400

DETERMINATION S o

2) Evaluate

Censoring:

Left:

signals indiscernible
from noise.

Right:

100% of measuring range.

Source: MIL-HDBK-1823A
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04
1200 -
1000 0z _
J:l
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o 800 L9
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= .
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800 4™ .
A00 — =: ,",;. b
P(false call)=0.11 3 ,*:"::" '
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dgp
Aep
POD DETERM | |
08 -
m 08 a0 = 8.8
2) Generate POD(a) o 200 12.69
from a vs & g 077 B fas = 1368
via Delta method & 0B A og(a) -
5 PDD{a}=¢[ ]
T 05 A L
0 fi= 2175
5 . -
= 04 & = 0.28542
E POD covaiance matrix
Lg 0.3 0.002478 -0.000585
o 19 - _0.000585 (0.000703
Mptar = 92
I:I1 ] n'ﬁrgpts=92
a0 - ECANMPLE 1 dvs axk
! 2 3 4 &5 67 g
Source: MIL-HDBK-1823A 10" 102
Size,a (mils) mh 1823
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POD
SOFTWARE

Source: MIL-HDBK-1823A

IR AT

File Edit Misc Packages Windows Help mhl5823

BREDORBE

a |

R RO nNEoie

E e e e e e e e e e e e e e e i

W W
w MIL-HDEE-1823 w
w Nondestructive Evaluation 3vystem Feliabhility Assessment w
3 3
w Frobabhility of Detection (FOD) Analysis w
* wEE [version Z.4, &8 February, 2007) wEE *
w w
* —-————r Uze the POD Menus to See operating instructions. === *
w w
* Flease send comments to Charles.Annisf3tatisticalEngineering. com *
w w
i e i il i e e el e e e e e e e e i el e e e e

THIS SOFTWARE AND ANY ACCOMPANYING DOCUMENTATION IS EELEAZED "AZ T3™,

THE T.3. GOWVERNMENT MALEKEZ NO WALRRANTY OF LWNY KIND, EXPRE33 OR IMPLIED,
INCLUDING, WITHOUT LIMITATION, ANY WARRAWNTIEZ OF MERCHANTAEILITY AND FITHESS
FOR A PARTICULAR PURFOIE. TN NO EVENT WILL THE TU.3. GOVERNMENT EBE LIAELE FOR
ANY DAMAGES, INCLUDING ANY LO3T PROFITS, LOST JAVINGS, OR OTHER INCIDENTAL OR
CONSEQUENTIAL DAMAGEZ ARISING OUT OF THE UIZE, OR INAEBILITY TO TUSE THIA
SOFTWARE OR ANY ACCOMPANYING DOCUMEMNTATICN, EVEN IF INFORMED IN ADVANCE OF
THE POISIBILITY OF 3UCH DAMAGES.



RO C 1=100% *i

ROC
Receiver Operation Charateristic

Characterization of accuracy
of a NDE system

0,5=50%

Debated!
- Size effect not included

1

ZfP
Lehrstuhl fur
Zerstorungsfreie Prifung

ZfP-Wiki
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0,5=50%

» PFA
1=100%
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PFA

FP
PFA. N PFA = P(FP) =
Possibility of false alarms (FP+TN)

Amount of

registrations

'y
Threshold

—

ZfP
Lehrstuhl fir
Zerstorungsfreie Prifung

ZfP-WiKki

amplitude height
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FALSE POSITIVES

Sensitivity, Specificity, positive predictive value, and negative predictive value

Relationship between POD and false positives depends on
- The inspection
- frequency of defectives in the population being inspected

a. An NDE demonstration inspection is performed on a known test piece:

(1) Sensitivity: “The part has a defect. What is the probability that the test will be positive?”
P(+|defect).

(2) Specificity, P(-|no defect): “The part does not have a defect. What is the probability that the
test will be negative?”

b. An inspection is performed on a part with uncertain history:

(1) Positive Predictive Value (PPV), P(defect|+): “The NDE system indicates a positive result, a
hit. What is the probability that the part actually has a defect (of the size being inspected
for)?”

(2) Negative Predictive Value (NPV), P(no defect|-): “The NDE system passed the part, giving a
negative test result. What is the probability that the part is defect-free?”

Source: MIL-HDBK-1823A



FALSE POSITIVES

TABLE I-II. Generic contingency table of possible inspection outcomes.

defect present (+) defect absent (-) Totals

Test result positive (+) a b a+b

Test result negative (-) C d c+d
Totals a+c b+d a+b+c+d

Source: MIL-HDBK-1823A
NIEDERLEITHINGER NDT SLIDES ACCURACY UNCERTAINTY POD
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FALSE POSITIVES

»,Good inspection“ (specitivity (POD) = 0.9, sensitivity=0.9
)

TABLE I-III. Contingency table of possible inspection outcomes — “good” inspection.

defect present (+) defect absent (-) Totals

Test result positive (+) 27 0.9 997 0.1 1024
Test result negative (-) 3 0.1 8973 0.9 8976
Totals 30 9970 10000

sensitivity, P(+|defect) 0.9 (true positive)
specificity, P(-no defect) 0.9 (true negative)
PPV, P(defect|+) 0.02637 (fraction positive with defect)
NPV, P(no defect|-) 0.99967 (fraction negative without defect)

Source: MIL-HDBK-1823A
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FALSE POSITIVES

»,Bad inspection“ (specitivity (POD) = 0.5, sensitivity=0.5)

TABLE I-IV. Contingency table of possible inspection outcomes — coin-toss result.

defect present (+) defect absent (-) Totals

Test result positive (+) 15 0.5 4985 0.5 5000
Test result negative (-) 15 0.5 4985 0.5 5000
Totals 30 9970 10000

sensitivity, P(+|defect) 0.5  (true positive)
specificity, P(-jno defect) 0.5 (true negative)
PPV, P(defect|+) 0.003 (fraction positive with defect)
NPV, P(no defect|-) 0.997 (fraction negative without defect)

Source: MIL-HDBK-1823A
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POD IN NDT-CE

Detection of rebar in concrete by radar, Taffe & Feistkorn 2013

Distance [m] ~

- L Ll L
- R e

_.0'--‘.0 --.l._ l...-“'.. AJ

e \\
9} \
20 v R
" xe 0 X
Reflector depth 2 in mm «w
B.<can recorded with GPR POD curve
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POD IN NDT-CE

Detection of rebar in concrete by radar, Taffe & Feistkorn

2013
GPR system A3 GPR system B3 GPR system C2

.me 33cm; 8, =577 ‘A(.wu"m)""“"i‘*-'l“-z ”M'W)' 34cm; a, ~425
® ey — ® e t— = o ——
&+ ot g
e \ »- E ot 4 §
%" y A, o K
& fui | gu 4
k- 1.< N———— g e : e
Reflector deoth & inmm Reflector deoth a ln men Reflector depthain mm
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POD IN NDT-CE

Potential mapping of rebar corrosion, Kessler, PhD thesis, 2013

NIEDERLEITHINGER NDT SLIDES
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POD IN NDT-CE

Potential mapping of

rebar corrosion, Kessler, PhD thesis, 2013

NIEDERLEITHINGER NDT SLIDES
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Bild 7-2: Gemessene Potentiale in Abhéngigkeit der Defektgrofie: Elektrolytwiderstand 700 Qm;:

Messraster 5 X 5 cm? (links) und 20 x 20 cmn? (rechts).
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POD IN NDT-CE

Potential mapping of rebar corrosion, Kessler, PhD thesis, 2013: from data to

NIEDERLEITHINGER NDT SLIDES
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POD IN NDT-CE

Potential mapping of rebar corrosion, Kessler, PhD thesis, 2013:

resistivity

NIEDERLEITHINGER NDT SLIDES
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POD IN NDT-CE

Potential mapping of
rebar corrosion,
Kessler, PhD thesis, 2013

Grid interval

Tabelle 7-1:

Detektionswahrscheinlichkeit a5y, und agq

Messraster asg Qg0
[em?] [em?] [em?]
5x5 0,84 0.91

1,61 2,60
2,70
4,04

6,04

NIEDERLEITHINGER NDT SLIDES

35y
10 ok 5 B e e
09 IJ
s 08 ‘
3 i
g o074 i a,,=0.8373
g i 20=0.9118
£ 067 ! agofes=0.9138
3 :
© 05 ! famy
s i POD(a) =@ —
5 04 ‘ -
= i S
é 03 - link function = @~ =logit
E : i=08373
o 02— §-0.033911
N =52
017 My =58
00— RA00.xis.
T T T T T T T T
0 2 4 6 8 10 12 14
Size,a (cm?) mh1823 v4.0.1
e L 10 et
09
o 08
Q
3-1608 | O g7 a5y =2.702
a=258 | & ax0=5.556
je=3218 | & 06 7 g0/ o5 =6.921
S J
FET E 05 Py fa-u
PoD@-+ — || 2 S POD() -2 — |
) S 04 i Lo
link function = &' = logit 3 Ry link function = &' = logit
f-1608| & 037 7 / / fi=2.702
2 2 / ‘
§=044208 | & o | / §-1.2985
Nyis =90 K Nyye =105
Niggar =116 01 N =174
RAD0XIS 0.0 1Iysnng- RAD0.XIS
T T T T T T T T T T T T T T T
2 4 6 8 10 12 14 0 2 4 6 8 10 12 14
Size, a (cm?) mh1823vd 0.1 Size, a (cm?) mh1823v4 0.1
agy
agp
1o bbbl 22 nyt g
09 | T
S 08
o LT
agy=4.041 8 07 .-~ ag=6.039
ag=09.014 g ; ag=14.16
agju=1151 | § 06 Buoas=NA
0]
o @ 05 .
(a-u a-p)
pona)-¢| — | | 2 POD() -4 — |
Lo J| B 44 l o
|2 ’ "
link function = @' = logit % 03 4 link function = & = logit
fiza0a | § - - [i=6.039
n o T A
8-226% | @ 02 _— .- 5=3694
B Npge = 111 o Ny =111
0.1 My =232 01 N =290
0.0 — 'II'||."'-.' RA00XIs 0.0 I|II||!:::"'."F&00;\5
T T T T T T T T T T T T T T T
2 4 6 8 10 12 14 0 2 4 6 8 10 12 14
Size,a (cm?) mh1823 v4.0.1 Size.a (cm?) 1823 v4.0.1

ACCURACY UNCERTAIN

TY POD
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POD IN NDT-CE

Potential mapping of

rebar corrosion,
Kessler, PhD thesis, 2013

Concrete cover

Tabelle 7-2:

Detektionswahrscheinlichkeit a5, und aq,
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POD in Abhangigkeit der Betondeckung: 10 mm (oben), 20 mm (2. Reihe links), 30 mm (2. Reihe

rechts), 40 mm? (3. Reihe links), 50 mm (3. Reihe rechts); Messraster 15 x 15 cm?.
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PD Dr. Ernst Niederleithinger

e.niederleithinger@posteo.de

NIEDERLEITHINGER ACCURACY UNCERTAINTY
NDT SLIDES POD

82



	Standardabschnitt
	Folie 1: Accuracy, Uncertainty, Probability of Detection
	Folie 2: ContenT
	Folie 3: Copyright NOTE
	Folie 4: Accuracy
	Folie 5: Measurement and Measurand
	Folie 6: Accuracy
	Folie 7: Accuracy
	Folie 8: Uncertainty
	Folie 9: Uncertainty
	Folie 10: Uncertainty
	Folie 11: Gum: iNTRODUCTION
	Folie 12: Gum: iNTRODUCTION
	Folie 13: Gum: iNTRODUCTION
	Folie 14: Gum: Modeling
	Folie 15: Gum: Modeling
	Folie 16: Gum: Evaluation of Uncertainty
	Folie 17: Gum: Type A Evaluation (Simplified)
	Folie 18: Gum: Type A Evaluation (Simplified)
	Folie 19: Gum: Type A Evaluation (Simplified)
	Folie 20: Gum: Type A Evaluation (Simplified)
	Folie 21: Gum: Type B Evaluation (Simplified)
	Folie 22: Gum: Type B Evaluation (Simplified)
	Folie 23: Gum: Type B Evaluation (Simplified)
	Folie 24: Gum: Combined StandarD Uncertainty
	Folie 25: Gum: Combined StandarD Uncertainty
	Folie 26: Gum: SUMMARY (Of PROcedure)
	Folie 27: Gum: SUMMARY (Of PROcedure)
	Folie 28: Gum: SUMMARY (Of PROcedure)
	Folie 29: Example for Uncertainty Evaluation
	Folie 30: Copyright NOTE
	Folie 31: On the accuracy of tendon localization in concrete using ultrasound
	Folie 32: Why bother?
	Folie 33: Measurement uncertainty Concept
	Folie 34: Proposed model Tendon localization using ultrasonic-echo
	Folie 35: Proposed model Tendon localization using ultrasonic-echo
	Folie 36: Proposed model Tendon localization using ultrasonic-echo
	Folie 37: Proposed model Tendon localization using ultrasonic-echo
	Folie 38: Proposed model Tendon localization using ultrasonic-echo
	Folie 39: Proposed model Tendon localization using ultrasonic-echo
	Folie 40: Proposed model Tendon localization using ultrasonic-echo
	Folie 41: Proposed model Tendon localization using ultrasonic-echo
	Folie 42: Proposed model Tendon localization using ultrasonic-echo
	Folie 43: Proposed model Tendon localization using ultrasonic-echo
	Folie 44: Proposed model Tendon localization using ultrasonic-echo
	Folie 45: Outlook NDT-results in structural assessment
	Folie 46: Probability of Detection
	Folie 47: Sources
	Folie 48: Sources
	Folie 49: POD
	Folie 50: POD
	Folie 51: POD
	Folie 52: POD
	Folie 53: POD
	Folie 54: POD
	Folie 55: POD determination
	Folie 56: POD determination
	Folie 57: POD determination
	Folie 58: POD determination
	Folie 59: POD determination
	Folie 60: POD determination
	Folie 61: POD determination
	Folie 62: POD determination
	Folie 63: POD determination
	Folie 64: POD  Determination
	Folie 65: POD determination
	Folie 66: POD determination
	Folie 67: POD software
	Folie 68: ROC
	Folie 69: PFA
	Folie 70: False positives
	Folie 71: False positives
	Folie 72: False positives
	Folie 73: False positives
	Folie 74: POD in NDT-CE
	Folie 75: POD in NDT-CE
	Folie 76: POD in NDT-CE
	Folie 77: POD in NDT-CE
	Folie 78: POD in NDT-CE
	Folie 79: POD in NDT-CE
	Folie 80: POD in NDT-CE
	Folie 81: POD in NDT-CE
	Folie 82: Thank you!


