
9: < s i : u n i t X M L L i s t > \ k e l v i n < / s i : u n i t X M L L i s t >

10: < / s i : r e a l L i s t X M L L i s t >

11: < s i : r e a l L i s t X M L L i s t >

12: < s i : v a l u e X M L L i s t > −9.988 −0.038 9 .968 19 .961 29 .971 < / s i : v a l u e X M L L i s t >

13: < s i : u n i t X M L L i s t > \ d e g r e e c e l s i u s < / s i : u n i t X M L L i s t >265

14: < / s i : r e a l L i s t X M L L i s t >

15: < / s i : h y b r i d >

16: < / d c c : q u a n t i t y >

Additionally to the issue of distinguishing the two datasets, the software needs to find the <si:valueXMLList> tag with270

values in the desired unit, as shown in listing 3. Both problems can be addressed by using XPath, as shown in listing 4.

1: t r e e = e t r e e . p a r s e ( d c c F i l e )

2: s e l f . r o o t = t r e e . g e t r o o t ( )

3:275

4: r e f _ t e m p _ c = s e l f . r o o t . x p a t h ( " / / dcc : q u a n t i t y [ c o n t a i n s ( @refType , ' b a s i c _ r e f e r e n c e V a l u e ' ) ] / /

↪→ s i : r e a l L i s t X M L L i s t [ s i : uni tXMLList = ' \ \ d e g r e e c e l s i u s ' ] / s i : valueXMLList / t e x t ( ) " ,

↪→ namespaces =ns )

5: mes_temp_c = s e l f . r o o t . x p a t h ( " / / dcc : q u a n t i t y [ c o n t a i n s ( @refType , ' b a s i c _ m e a s u r e d V a l u e ' ) ] / / s i

↪→ : r e a l L i s t X M L L i s t [ s i : uni tXMLList = ' \ \ d e g r e e c e l s i u s ' ] / s i : valueXMLList / t e x t ( ) " ,280

↪→ namespaces =ns )

Once the measurement data is read out, it is used to calculate a regression function using curve_fit from the Python module

scipy.optimize. With this function the corrected value for each and every single measurement value within th calibrated range

will be calculated - in real time and fully automated.285

Additionally to the measurement values of the reference and the calibrated sensor, the uncertainty values for each measuring

point are also read out. The expanded uncertainty in use is calculated by extending the calibration uncertainty by further

contributions that arise from the actual measurement scenario and sensor usage, according to the following equation 1 where

ucal is the uncertainty associated with the respective measured value from the calibration, uhyst is the uncertainty contribution

caused by hysteresis, and ureg is the contribution introduced by the regression line, i.e. to account for residual errors of the290

correction.

ucombined =
√
u2
cal +u2

hyst +u2
reg (1)

In the BAM calibration laboratory, hysteresis is not measured but estimated as a lump-sum, according to the DKD-R 5-1

calibration rule (Physikalisch-Technische Bundesanstalt - PTB (b)). The remaining uncertainty contributions are contingent

upon the prevailing measured value. Please refer to the example DCC in the GitHub repository to access the list of uncertainty295
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