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Why we need calibration certificates?

Are these statements correct or not?

a) It is a legal requirement.

b) We need to show the certificate to an inspector/auditor.

c) This ensures that the equipment is working properly.

d) This ensures that the displayed value is correct (no uncertainty).

e) We can get the uncertainty for our measurements from the certificate.

f) This will give us important information about the performance of our equipment.
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X-ray imaging dosimetry

+

-

• Anode

• Tube voltage

• Filtration

• Tube current

• Time
Dose

Measurable quantities 2 mGy

SI

PSDL

SSDL

End-user

Uncertainties:

1%

3 %

7 %

10 %

calibration

measurement

28 kV

0.5 mmAl 92 mAs

X-ray multimeters (XMMs)

Measurements

Consistent and comparable data => traceability

Unbroken chain of 

measurements
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Calibration

Measured (displayed) values are compared 

with the measurement standard.

calibration: operation that, under specified conditions, in a first step, establishes a relation between the 

quantity values with measurement uncertainties provided by measurement standards and corresponding 

indications with associated measurement uncertainties and, in a second step, uses this information to establish a 

relation for obtaining a measurement result from an indication [JCGM 200:2012]

Note:

it is NOT 

• Adjustment 

• Verification

and there is an uncertainty!

11/21/2024

TraMeXI workshop: use of calibration coefficient

4



CalibrationNational 

measurement 

standard

Measurement: 

“This is 1 kg”

Traceable measurement

metrological traceability: property of a measurement result whereby the result can be related to a reference 

through a documented unbroken chain of calibrations, each contributing to the measurement uncertainty.
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What should be in calibration certificates?
• Equipment and institute details

• Calibration procedure and conditions 

– distance, field size, dose rate, environmental conditions...

• Calibration coefficient (quantity and unit)

• Reference standard and traceability

• Uncertainty (coverage factor, confidence level)
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Description of 

radiation quality, 

dose rate…etc.

Calibration 

coefficient (e.g. 

mGy/nC, 

mGy/mGy…)

Uncertainty 

(k = 2, ~95%)

RQ 1 53.95 1.2 %

RQ 2 54.02 1.2 %

Dose rate 1 1.05 5 %

Dose rate 2 1.06 5 %

How to use it:

Quantity = 

Displayed value * Calibration 

coefficient * correction factors 



CIPM Mutual Recognition Arrangement (MRA)

”Measured once – accepted everywhere”

• International recognition and equivalence of 

• national measurement standards

• calibration certificates 

• The outcomes of the Arrangement are the internationally recognized 
(peer-reviewed and approved) Calibration and Measurement 
Capabilities (CMCs) of the participating institutes. 

• Approved CMCs and supporting technical data are publicly available 
from the CIPM MRA database (the KCDB).
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Measurement conditions

• Measurement conditions will impact the uncertainty.

• Geometry 

• Positioning of dosimeter

– Effective plane/point

• Field size 

• Distance

• Scatter 

• Radiation quality

• Environmental conditions

• Repetitions
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calibration measurement Patient

𝐾 = 𝑀𝑄𝑁𝐾,𝑄0𝑘𝑄𝑘𝑇𝑘𝑝𝑘𝑓𝑖𝑒𝑙𝑑𝑘𝑜𝑡ℎ𝑒𝑟

What conditions were used in the calibration and how they 

difference from your measurement condition?



Measurement

Calibration vs measurement conditions

+

-

Radiation quality:

• Anode: Mo

• Tube voltage: 25 - 35 kV

• Filtration: 30 µm Mo 

Calibration

Mammography example

≠

0 10 20 30

E (keV)

Mo+30 µmMo

Spectra provided by Spekpy 

(Joonas Tikkanen, STUK)

Dosimeter performance:

• IEC 61674: requirements for dosimeters in specific conditions.

– What happens outside of this range, what is the uncertainty?

• No requirements for the other than air kerma quantities 

Chain of measurements 

broken?

0 10 20 30

F
lu

e
n

c
e

E (keV)

Mo+30 µmMo

W+50 µmRh

Impact of compression paddle: Costa de Castro et al. Physica Medica 2024 https://doi.org/10.1016/j.ejmp.2024.103405  

Impact of measurement conditions: Kojić et al, Radiation Measurements 2024 https://doi.org/10.1016/j.radmeas.2024.107135 

Radiation quality:

• Anode: W, Mo, Rh

• Tube voltage: 25 – 50 kV

• Filtration: Mo, Rh, Ag, Al, Cu…

• Compression paddle 
Related 

impact / 

uncertainty?
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Calibration of XMMs
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• How to gain traceability for all quantities?

• Need for harmonized methods.

• XMM measurement geometry

• Use of calibration certificate

• Impact of programs

– Radiation quality selection

calibration

Use of XMMs

measurement



Radiation quality 

and selection of calibration coefficients
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Radiation qualities in calibration and measurements
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Reference radiation qualities (IEC 61267: 2005 ja IAEA TRS-457)
Radiation quality Use

RQR General radiography, fluoroscopy and dental applications (measurements free in air)

RQA Measurements behind the patient (on the image intensifier)

RQT CT applications (measurements free in air)

RQR-M Mammography applications (measurements free in air)

RQA-M Mammography behind the tissue (on the image intensifier)

11/21/2024

Radiation 

Quality 

Tube 

voltage 

(kV)

filtration 

mmAl

HVL 

(mmAl)

RQR2 40 2.48 1.43

RQR3 50 2.48 1.79

RQR4 60 2.78 2.24

RQR5 70 2.86 2.59

RQR6 80 3.02 3.01

RQR7 90 3.25 3.51

RQR8 100 3.37 3.95

RQR9 120 3.82 5.02

RQR10 150 4.45 6.56

Radiation 

quality

Tube 

voltage  

(kV)

Filtration 

(mmAl)

Added

(mmCu)

HVL 

(mmAl)

RQT 8 100 3.37 0.2 7.05

RQT 9 120 3.82 0.25 8.53

RQT 10 150 4.45 0.3 10.3

E.g., at STUK

Radiation 

quality 

Tube 

voltage (kV)

filtration 

mmAl HVL (mmAl)

MAM 25 25 0.51 0.332

MAM 28 28 0.51 0.377

MAM 30 30 0.51 0.403

MAM 35 35 0.51 0.466

Mo-anode, Mo-filter

Dosimeter performance:

• IEC 61674: requirements for dosimeters in specific conditions.

– What happens outside of this range, what is the uncertainty?



https://www-pub.iaea.org/MTCD/Publications/PDF/Pub1498_web.pdf
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• Interpolation based on HVL.

• No extrapolation.

Selection of calibration coefficient
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• What to do when you have: 
120 kV, 2.8 mmAl + 0.3 mmCu (HVL = 8.88 mmAl) 

Covered by RQR



Practical example
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Measurement case

• You are measuring air kerma

– displayed air kerma value in average 500 μGy

– Radiation quality:

• 120 kV, 2.8 mmAl + 0.3 mmCu (HVL = 8.88 mmAl) 

– Measurement distance: 1 m = FDD 

– Field size @1 m: A = 10 cm*10 cm 

– Temperature t = 23℃

– Air pressure p = 100.1 kPa
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𝐾 = 𝑀𝑄𝑵𝑲,𝑸𝟎𝒌𝑸𝑘𝑇𝑘𝑝𝑘𝑓𝑖𝑒𝑙𝑑𝑘𝑜𝑡ℎ𝑒𝑟



Case 1
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Case 1 calibration certificate from the manufacturer
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Case 1: calibration certificate from the manufacturer
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HVL 

(mmAl)

8.1

6

1.85

2.6

3.8

In our measurement: 

120 kV, 2.8 mmAl + 0.3 mmCu 

(HVL = 8.88 mmAl) 
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In our measurement: 

120 kV, 2.8 mmAl + 0.3 mmCu 

(HVL = 8.88 mmAl) 

Case 1: calibration certificate from the manufacturer

+/- 5%
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Quality 

Tube 

voltage 

(kV)

filtration 

mmAl

HVL 

(mmAl)

RQR2 40 2.48 1.43

RQR3 50 2.48 1.79

RQR4 60 2.78 2.24

RQR5 70 2.86 2.59

RQR6 80 3.02 3.01

RQR7 90 3.25 3.51

RQR8 100 3.37 3.95

RQR9 120 3.82 5.02

RQR10 150 4.45 6.56

Case 1: calibration certificate for RQRs

+/- 5%



Case 1: additional factors for RQT
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Quality 

Tube 

voltage 

(kV)

filtration 

mmAl

filtration 

mmCu

HVL 

(mmAl)

RQT8 100 3.38 0.2 7.06

RQT9 120 3.79 0.25 8.57

RQT10 150 4.38 0.3 10.29

+/- 5%



Case 1: additional factors for RQCs (RQR+0.9 mmCu)
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Quality 

Tube 

voltage 

(kV)

filtration 

mmAl

filtration 

mmCu

HVL 

(mmAl)

RQR5+0.

9 mmCu
70 2.86 0.9 7.75

RQR8+0.

9 mmCu
100 3.37 0.9 10.22

RQR9+0.

9 mmCu
120 3.82 0.9 11.33

+/- 

3%

+/- 5%



Case 2
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IC FOR GENERAL RADIOLOGY
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Case 2: 
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Quality 

Tube 

voltage 

(kV)

filtration 

mmAl

HVL 

(mmAl)

RQR2 40 2.48 1.43

RQR3 50 2.48 1.79

RQR4 60 2.78 2.24

RQR5 70 2.86 2.59

RQR6 80 3.02 3.01

RQR7 90 3.25 3.51

RQR8 100 3.37 3.95

RQR9 120 3.82 5.02

RQR10 150 4.45 6.56

+/- 5%
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Case 2: 
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Quality 

Tube 

voltage 

(kV)

filtration 

mmAl

filtration 

mmCu

HVL 

(mmAl)

RQT8 100 3.38 0.2 7.06

RQT9 120 3.79 0.25 8.57

RQT10 150 4.38 0.3 10.29
+/- 5%
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Case 2: 
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Quality 

Tube 

voltage 

(kV)

filtration 

mmAl

filtration 

mmCu

HVL 

(mmAl)

RQR5+0.

9 mmCu
70 2.86 0.9 7.75

RQR8+0.

9 mmCu
100 3.37 0.9 10.22

RQR9+0.

9 mmCu
120 3.82 0.9 11.33

+/- 

1%

+/- 5%



Other examples
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Case 3: mammography IC
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Uncertainty is probably <5%

Radiation 

quality 

Tube 

voltage (kV)

filtration 

mmAl HVL (mmAl)

MAM 25 25 0.51 0.332

MAM 28 28 0.51 0.377

MAM 30 30 0.51 0.403

MAM 35 35 0.51 0.466



Case 3: mammography IC
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-0.23% difference to W/Ag 28 kV
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Case 3: mammography
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X-ray multimeter
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Interpolation error 0.3% 
Interpolation error 3%

Interpolation is not recommended 

Data from: Costa de Castro et al. Physica Medica 2024 

https://doi.org/10.1016/j.ejmp.2024.103405
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Case 4: reference IC vs XMM
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calibration

measurement5% 

difference



Take home message

• Know your dosimeter performance

– Read the manual

– Request calibration which will covers the use

– Read the calibration certificate

– Collect data (publications)

• Use the calibration certificate

– Compare measurement and calibration conditions

– Consider the difference (correction or uncertainty).

– Is there a possibility to degrees the uncertainty by 

using the knowledge of your dosimeter performance?
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  R   A  
 AR   R    

Thank you for your attention!

The projects (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.

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
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