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Measurement uncertainty contributions

• there are numerous influences (variables) that contribute to uncertainty

• and for sure there will be some more influences



Measurement uncertainty contributions

• temporal inhomogeneity of pressure generation

• the stability of the pressure generation and control shall be taken into 

account in the uncertainty analysis

• due to pressure generation and control, some correlation exists between 

the measured values of the SB and the DUT

• this correlation means their measurements are somehow influenced in 

the same way at the same time



Measurement uncertainty contributions

• temporal inhomogeneity of pressure generation

• there are several ways to address this problem

• one can use the data of each calibration and process them further

• or one can carry out regular characterization tests of the pressure 

controller

• to simplify here, we assume an ideally stable pressure controller

• in an additional document, it is explained how to evaluate the stability of 

pressure generation and control and how correlated pressure values should 

be handled with unstable pressure controllers



Measurement uncertainty contributions

• the input variables 𝑥𝑖 for the example model are shown in the formula

∆𝑝 = 𝑝𝐷𝑈𝑇 − 𝑝𝑆𝐵 + 𝛿𝑡𝑒𝑚𝑝𝐷𝑈𝑇 + 𝛿𝑎𝑙𝑡𝐷𝑈𝑇 + 𝛿ℎ𝑦𝑠𝑡𝐷𝑈𝑇 + 𝛿𝑟𝑒𝑝𝑒𝑎𝑡𝐷𝑈𝑇 + 𝛿𝑟𝑒𝑠𝑜𝑙𝐷𝑈𝑇 −

𝛿𝑡𝑒𝑚𝑝𝑆𝐵 − 𝛿𝑐𝑎𝑙𝑆𝐵 − 𝛿𝑑𝑟𝑖𝑓𝑡𝑆𝐵 − 𝛿ℎ𝑦𝑠𝑡𝑆𝐵 − 𝛿𝑟𝑒𝑝𝑒𝑎𝑡𝑆𝐵 − 𝛿𝑟𝑒𝑠𝑜𝑙𝑆𝐵
−𝛿𝑖𝑛𝑡𝑒𝑟𝑝𝑜𝑙𝑆𝐵 − 𝛿𝑃𝑠𝑡𝑎𝑏

• the best estimate is always given; so 𝑝𝐷𝑈𝑇 and 𝑝𝑆𝐵 are mean values and in the best 

case all other input variables have a value, but mostly zero

• they can have a real numerical value, e.g. if corrections have to be made 

• e.g. 𝛿𝑐𝑎𝑙𝑆𝐵 is a correction taken from the calibration certificate



Measurement uncertainty contributions

• each input variable has a measurement uncertainty 𝑢(𝑥𝑖) associated with it
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Measurement uncertainty contributions

𝑢 𝛿𝑎𝑙𝑡𝐷𝑈𝑇

∆𝑝 = ⋯ + 𝛿𝑎𝑙𝑡𝐷𝑈𝑇 +⋯



Measurement uncertainty contributions

• consideration of the input variables

• Type A: 

• the values 𝑥𝑖 and 𝑢(𝑥𝑖) are determined on the basis of repeated 

measurements and their statistical evaluation

• for each calibration point of the six measurement series, the mean value 

and the standard uncertainty are calculated from the 60 individual values

• we thus obtain 66 mean values and standard uncertainties for the 

standard barometer and for device under test



Measurement uncertainty contributions

• consideration of the input variables

• Type A: 

• from the six mean values of the same level of the six measurement 

series, we calculate a mean value which then ultimately includes all the 

measured values

𝑝𝐷𝑈𝑇 and 𝑝𝑆𝐵

• the standard uncertainties are not averaged, but the maximum value of 

each of the six standard uncertainties is used 



Measurement uncertainty contributions

• consideration of the input variables

• Type A: 

• best estimate is the arithmetic mean
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Measurement uncertainty contributions

• Type A: each mean value is based on sixty individual values

∆𝒑 = 𝒑𝑫𝑼𝑻 − 𝒑𝑺𝑩



Measurement uncertainty contributions

• Type A: each mean value is based on sixty individual values
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Measurement uncertainty contributions

• consideration of the input variables

• Type B: 

• the values 𝑥𝑖 and 𝑢(𝑥𝑖) are determined on the basis of other sources 

and their processing (manufacturer's data; limit values; parameters 

known from previous investigations; literature values)

𝑢 𝛿𝑡𝑒𝑚𝑝𝐷𝑈𝑇 , 𝑢 𝛿𝑎𝑙𝑡𝐷𝑈𝑇 , 𝑢 𝛿ℎ𝑦𝑠𝑡𝐷𝑈𝑇 , 𝑢 𝛿𝑟𝑒𝑝𝑒𝑎𝑡𝐷𝑈𝑇 , 𝑢 𝛿𝑟𝑒𝑠𝑜𝑙𝐷𝑈𝑇 ,

u 𝛿𝑡𝑒𝑚𝑝𝑆𝐵 , 𝑢 𝛿𝑐𝑎𝑙𝑆𝐵 , 𝑢 𝛿𝑑𝑟𝑖𝑓𝑡𝑆𝐵 , 𝑢 𝛿ℎ𝑦𝑠𝑡𝑆𝐵 , 𝑢 𝛿𝑟𝑒𝑝𝑒𝑎𝑡𝑆𝐵 , 𝑢 𝛿𝑟𝑒𝑠𝑜𝑙𝑆𝐵 , 𝑢 𝛿𝑖𝑛𝑡𝑒𝑟𝑝𝑜𝑙𝑆𝐵 ,u 𝛿𝑃𝑠𝑡𝑎𝑏



Measurement uncertainty contributions

• Type B: 



Measurement uncertainty contributions

• Type B: 



Measurement uncertainty contributions

• consideration of the input variables

• Type B: 𝑢 𝛿𝑡𝑒𝑚𝑝𝐷𝑈𝑇

• in general, it is recommended to keep the temperature stable at ±1 K 

throughout the calibration process

• temperature differences in the area between the SB and DUT can cause 

density and thus pressure differences in the pressure tube

• roughly estimated, a 1 K temperature difference leads to a pressure 

difference 0.05 Pa and a corresponding uncertainty of 0.03 Pa, which 

can be deemed negligible



Measurement uncertainty contributions

• Type B: 𝑢 𝛿𝑡𝑒𝑚𝑝SB

• the SB has been calibrated at a given temperature 𝑇𝑐𝑎𝑙, and it is used 

as a standard in the laboratory at any temperature within 𝑇0 ± Δ°𝐾, as 

fixed for operational conditions of the laboratory

• as the measurement of the SB is not perfectly internally compensated 

for the influence of temperature, this influence shall be evaluated and 

taken into account

u 𝛿𝑡𝑒𝑚𝑝𝑆𝐵 =
Δ𝑝𝑡𝑒𝑚𝑝

3



Measurement uncertainty contributions

• Type B: u 𝛿𝑐𝑎𝑙𝑆𝐵

• is an uncertainty taken from the calibration certificate

𝑢 𝑥𝑖 =
𝑢 𝛿𝑐𝑎𝑙𝑆𝐵

2



Measurement uncertainty contributions

• Type B: 𝑢 𝛿𝑎𝑙𝑡𝐷𝑈𝑇

• nevertheless, an uncertainty 𝑢 𝛿𝑎𝑙𝑡𝐷𝑈𝑇 of even a few 
mm should be taken into account for the height alignment

• pressure difference due to height difference is estimated with: 𝛿𝑎𝑙𝑡𝐷𝑈𝑇 =
𝜌 ∗ 𝑔 ∗ 𝛿ℎ where 𝜌 is air mass density ~1.2𝑘𝑔𝑚−3 , 𝑔 is gravity 
~9,81𝑚𝑠−2 and 𝛿ℎ is the height difference in 𝑚

𝑢 𝛿𝑎𝑙𝑡𝐷𝑈𝑇 =
Δ𝑝𝑎𝑙𝑡𝑖𝑡𝑢𝑑𝑒

3

• 4 mm will result in an uncertainty of 0.05 Pa



Measurement uncertainty contributions

• Type B: 𝑢 𝛿𝑑𝑟𝑖𝑓𝑡𝑆𝐵

• almost all instruments and measuring devices, and therefore standard 
barometers too, are subject to drift

• uncertainty due to the drift shall always be taken into account

• the drift can be estimated using the history of calibration certificates, 
comparing the results of subsequent regular calibrations

• for each pressure level 𝑝𝑖 the difference 𝑑𝑖𝑓𝑓𝑐𝑜𝑟𝑖,𝑛 is calculated between 

the correction found at a calibration 𝐶𝐴𝐿𝑛 and the one found at the 
previous calibration 𝐶𝐴𝐿𝑛−1



Measurement uncertainty contributions

• Type B: 𝑢 𝛿𝑑𝑟𝑖𝑓𝑡𝑆𝐵

• if 𝐷𝑛 is the drift between the calibrations 𝐶𝐴𝐿𝑛 and 𝐶𝐴𝐿𝑛−1, then: 𝐷𝑛 =
𝑚𝑎𝑥 𝑑𝑖𝑓𝑓𝑐𝑜𝑟𝑟𝑛

• the drift 𝐷𝑛 is calculated for all couples of calibration 𝐶𝐴𝐿𝑛 and previous 
calibration 𝐶𝐴𝐿𝑛−1 over the life of the SB

• the maximum of all 𝐷𝑛 is taken (possibly discarding the first year(s) if the 
SB has improved after a less stable youth)

𝑢 𝛿𝑑𝑟𝑖𝑓𝑡SB =
𝑚𝑎𝑥 𝐷𝑛

3
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