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Short introduction to current situation with calibrations 



Why do we do calibrations 
 Calibration provides traceability to the International System of Units (SI) 

 Traceable results can be compared with the results obtained by other institutions and 
with the international standards and recommendations 

 Calibration is needed to calculate uncertainty 

 Many countries have legal requirements for dosimeter calibration (e.g. EURATOM BSS) 

 Periodic calibrations are needed to make sure that the equipment is working properly, 
to improve the quality of measurements and the confidence in measurement results 

 



Why do we do calibrations 
 Calibration or verification or type testing? 

 Result of calibration is calibration coefficient with measurement uncertainty. Statement of 
conformity is usually not given and the user is responsible to interpret the certificate and 
apply the results 

 Verification is done to confirm that an instrument if working in accordance with the 
regulations or specifications. Instruments that fail verification can’t be used for official 
purposes. Results of measurements are often not given to the user 

 Type testing is comprehensive testing of many different properties of a dosimeter type to 
make sure that it fulfills the requirements of a standard or specification (e.g. IEC 61674). In 
some countries, only the dosimeters of an approved type can be verified Type test results are 
very useful to estimate uncertainty, but are often not available to users 

 Do you need calibration, verification or type testing? 

 How can you apply calibration coefficient in clinical settings? Is there a difference between 
ionization chamber and XMM? 

 



Calibration certificate for XMMs 
 Calibration certificate needs a minimum of information for calibration coefficients to be 

useful and to be able to repeat calibrations 

 Radiation quality (tube voltage, HVL), dose rate, distance and field size 

 Dosimeter positioning and orientation and reference point 

 All the settings and selections in the XMM software 

 Software name and version 

 



International standards and 
recommendations for calibration 

 IAEA TRS 457 describes the calibration procedure for air kerma and 

PPV 

 IEC 61674 gives requirements for dosimeters measuring air kerma  

 IEC 61676 gives requirements for non-invasive tube voltage meters (in 

terms of PPV) 

 Other quantities are not so well covered 



What is currently provided by the manufacturers 
and calibration laboratories 
 XMMs measure many different quantities and parameters related to diagnostic X-rays: 

 Air kerma, air kerma rate 

 Tube voltage (kVp, kV average, PPV…) 

 Half value layer 

 Total filtration 

 Exposure time 

 Tube current and current time product, mA and mAs 

 Pulse rate 

 Dose per pulse 

 Manufacturers typically can provide calibration or testing services for all these 
quantities for their equipment 

 



What is currently provided by the manufacturers 
and calibration laboratories 
 XMMs used for different modalities may require different calibration conditions and 

different quantities may be measured: 

 Radiography 

 Fluoroscopy 

 Dental 

 Mammography (HVL is needed for MGD calculation, different anode/filter combinations) 

 CT (PKL) 

 Interventional procedures (copper filtration) 

 Pediatric procedures 

 Different standard radiation qualities are defined to simulate use in different modalities 

 



Status of calibration laboratories 
 32 European calibration laboratories were surveyed 

 Air kerma calibrations are ubiquitous 

 All other quantities are available in less than half of the laboratories 

 Excluding manufacturers, only 4 laboratories can calibrate in terms of exposure time 
and 2 in terms of current 
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Status of calibration laboratories 
 National standards and internationally recognized calibration and measurement 

capabilities (CMCs) are available only for 2 quantities: air kerma and tube voltage 

 19 and 20 countries published CMCs for low and medium energy X-rays, respectively 

 Measurement uncertainties start from 0.7% (k=2) for Primary Standard Dosimetry 
Laboratories. The uncertainty range for Secondary Standards Dosimetry Laboratories is 
between 1% and 3% (k=2). 

 There are only two institutes with published CMCs for X-ray tube voltage. The range of 
voltages that is covered is between 20 kV and 150 kV, and 40 kV and 150 kV. The 
minimum uncertainty is 1.2% and the maximum uncertainty is 2%. Two different 
methods are used: high voltage divider and HPGe spectrometer. 

 Lack of CMCs doesn’t necessarily mean that other institutes can’t provide these specific 
services 

 



Status of calibration laboratories 
 Radiation qualities will be discussed in the next presentation! 

 



Thank you for your attention! 

The project 22NRM01 TraMeXI has received funding from the European Partnership on Metrology, co-financed from the European Union’s Horizon Europe Research and 
Innovation Programme and by the Participating States. 

Funded by the European Union. Views and opinions expressed are however those of the author(s) only and do not necessarily reflect those of the European Union or 
EURAMET. Neither the European Union nor the granting authority can be held responsible for them. 

http://tramexi.com 


