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Why do we need to estimate the
uncertainty?

» Even after we investigate all the recognized errors in
measurement and perform appropriate corrections, there is
still a doubt in how well the corrected result agrees with the
true value

» Estimate of uncertainty gives us idea about the quality of
measurements, and allows us to compare the measurement
result with other measurement results or with reference values

» Without an estimate of the quality of measurement,
measurement result is incomplete



Why do we need to estimate the
uncertainty?

» If you practice metrology, you need to estimate the
uncertainty (you can’t define your measurement
capabilities without it, perform comparisons etc.)

» ISO/IEC 17025 mandates that the calibration laboratories
evaluate measurement uncertainty for ALL calibrations




Measurement uncertainty - basic
concepts
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Measurement uncertainty - basic
concepts

» Measurement is a process of experimental obtaining the
value of a quantity

» Measurand is the quantity that we intend to measure
» Measurand is often measured indirectly

» Result of a measurement - value of a quantity obtained by
the measurement
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Measurement uncertainty - basic
concepts

» True value (of a quantity) - value consistent with the definition of a
given particular quantity (an idealized concept - the value that we
would obtain with a perfect measurement)

» Conventional true value (of a quantity) - value attributed to a
particular quantity and accepted, sometimes by convention, as
having an uncertainty appropriate for a given purpose

» Error of a measurement - difference between the measurement result
and the true value of the quantity (also an idealized concept, but you
can use conventional true value instead of the true value)



Measurement uncertainty - basic
concepts

» We need an estimate of the quality of a measurement in order to be
able to compare measurement results

... but we can’t use error because it is unknowable

» Uncertainty (of measurement) - parameter, associated with the
result of a measurement, that characterizes the dispersion of the
values that could reasonably be attributed to the measurand

» Uncertainty needs to be stated with the level of confidence
(probability) or coverage interval (e.g. k=2 for 95% confidence for
normal distribution)
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Measurement uncertainty - basic
concepts

» Error is not an obsolete concept, it is just unknowable

» Random error - result of a measurement minus the mean that
would result from an infinite number of measurements of the
same measurand carried out under repeatability conditions

» Random error arises due to the (bad) statistics - it is reduced
by increasing the number of measurements



Measurement uncertainty - basic
concepts

» Systematic error - a mean that would result from an infinite
number of measurements of the same measurand carried out
under repeatability conditions minus a true value of the
measurand

» Systematic error arises due to a “systematic” effect, that is
present in all the measurements; it is not affected by the
number of repeated measurements



Measurement uncertainty - basic
concepts

» If we recognize systematic errors, we can perform corrections (or
increase the uncertainty)

» Corrected result - result of a measurement after correction for
systematic error

» Often the best estimate of a correction factor is 1, but there is still
an uncertainty about the correction

» Example: distance from the source during dosimeter calibrati
k. = 1 in most cases



Measurement uncertainty - basic
concepts

» Repeatability (of results of measurements) - closeness of the
agreement between the results of successive measurements of
the same measurand carried out under the same conditions of
measurement

» Reproducibility (of results of measurements) - closeness of the
agreement between the results of measurements of the same
measurand carried out under changed conditions of
measurement



Measurement uncertainty - basic
concepts

» Accuracy of measurement - closeness of the agreement
between the result of a measurement and a true value of the
measurand (i.e. the smaller the error, the better the accuracy)
- also an idealized concept (you can use conventional true

value to assess accuracy)
» Precision is related to repeatability of measurements
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Measurement uncertainty - basic
concepts

» Type A evaluation of uncertainty: statistical evaluation

» Type B evaluation of uncertainty: any other evaluation




Evaluating measuring uncertainty

» Steps in estimating uncertainty:
» Setting up the model function

» Collecting the data (values of input quantities, their uncertainties
and probability density functions)

» Calculation of the measurement result and the combined
uncertainty

» Expressing the result and the uncertainty



Setting up the model function

» Y =AxB/C... (in general case, an infinite number of influence
quantities, but we can neglect almost all of them)

» The model function depends on the experience of the
metrologist, the equipment, the procedure...
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Collecting the data

» Measuring different input quantities (either repeatedly or only
once)

» Taking data from calibration certificates
» Taking data from standards or other sources



Probability density functions

» Standard uncertainty is
approximately a/3 for normal
distribution, a//6é for triangular i
distribution and a//3 for
rectangular distribution

» For triangular and uniform
distribution, 100% of the results are
within the interval x-a to x+a (we
can calculate the integral under the
distribution)

» For normal and t-distribution, 95.5%
confidence interval corresponds to 5 o 5
20, 99.7% to 30 (x-a to x+a), but the Var(X) =02 = [ (x — u)?f(x)dx
confidence interval of 100% is
infinitely wide

—a X x+a




Probability density functions - how to
choose the appropriate one

» Normal distribution - for example, calibration factors obtained fro
certificates, or in other cases when there is convolution of several
probability distributions (narrowest distribution)

» Student’s t-distribution - repeated measurements (wider than normal
distribution, approaches normal distribution in case of a high number
of measurements)

» Tails of normal and t-distribution extend into infinity...

» If we calculate standard deviation based on the repeated
measurements, we start from standard uncertainty!



Probability density functions

» Rectangular distribution - the limit of our knowledge is that the
of a quantity is within an interval - low level of information (wide
distribution)

» Example: resolution; if we measure 99.9, the value is between 99.8
and 99.95

» Triangular distribution - the value is within an interval, and the cente
of the interval is the most likely value of a quantity

» For rectangular and triangular uncertainty, we start from expande
uncertainty!



Probability density functions

» Standard uncertainty is
approximately a/3 for normal
distribution, a//6é for triangular i
distribution and a//3 for
rectangular distribution

» For triangular and uniform
distribution, 100% of the results are
within the interval x-a to x+a (we
can calculate the integral under the
distribution)

» For normal and t-distribution, 95.5%
confidence interval corresponds to
20, 99.7% to 30 (x-a to x+a), but the
confidence interval for 100%
probability is infinitely wide




Calculate the result and combined
uncertainty

» We apply the model function to the data to calculate the result
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» We calculate the standard uncertainties for all input quantities (e.g.
apply statistical formulas for Type A evaluation, divide by appropriate
coverage factor for Type B evaluation)

» We calculate the combined uncertainty using the following formula:



Calculate combined uncertainty

» If you only have addition and
subtraction in the formula, combined
absolute uncertainty is the square
root of the sum of the squares of the
absolute uncertainties (sensitivity y= Zaixi
coefficient is the multiplier of the
appropriate quantity)

» If you only have multiplication and
division, combined relative y=| [x"
uncertainty is the square root of the
sum of the squares of relative
uncertainties (sensitivity coefficient
is the power of the appropriate
quantity)




Correlations

» In general case, you need to take into account correlations (in
practice, it is often assumed that there are no correlations)



Expressing the uncertainty

» In intermediate steps, do not round the uncertainty (or leave seve
figures)

» When you calculate combined uncertainty, you need to round it (do
report excessive number of figures 1 - 2 figures)

» In some recommendations, combined measurement uncertainty i
rounded according to normal rounding rules

» In some recommendations, you can round up the combined uncer



Expressing the uncertainty

» You can in most cases assume that your measurement result follo
normal distribution

» In most cases, measurement uncertainty (in dosimetry) is expressed
expanded uncertainty with a coverage factor 2, corresponding
approximately to 95% confidence for normal distribution

» You can use 1 or 2 significant figures to report uncertainty (in some
recommendations, only 1)

» The result should have the same number decimal places as th
absolute uncertainty



Expressing the uncertainty

» It is very hard to calculate uncertainty by hand on a paper

» Excel can be used to create template uncertainty budgets (tables n
to be validated!)

» There are software packages available that use different methods
(analytical or Monte Carlo)
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