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Why we need calibration certificates?
Are these statements correct or not?
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x.ray imaging dosimetry Consistent and comparable data => traceability
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Calibration

Measured (displayed) values are compared
with the measurement standard.

Note:

itis NOT

« Adjustment
 Verification

and there is an uncertainty!

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

JODIOITU

~ RUOKASUOLA

Todhatgt Koksale - Jodeeritud Soogisool

1 kg
National Calibration Measurement:
measurement “This is 1 kg’
standard

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.

[JCGM 200:2012]
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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)

Description of Calibration Uncertainty
radiation quality, | coefficient (e.g. (k = 2, ~95%)
dose rate...etc. mGy/nC,

mGy/mGy...)
RQ1 53.95 1.2 %
RQ 2 54.02 1.2 %
Dose rate 1 1.05 5 %
Dose rate 2 1.06 5%
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How to use it:

Quantity =

Displayed value * Calibration
coefficient * correction factors
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Reconnaissance mutuel[e

des étal I tionaux de mesu
et des tf t d t1 nage td e mesurage
nationaux de métrologie

CIPM Mutual Recognition Arrangement (MRA) T

"Measured once — accepted everywhere”

 International recognition and equivalence of Mutual recognition

of national measurement standards
and of calibration and measurement certificates

 national measurement standards e by el meusogy s

Comité international des poids et mesures

. . " g

o Callbratl()l I Certll ICa.teS aaaaaa Organisation
international  intergouvernementale
des poids. de fa Convention
et mesures du Métre

* 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).

JELE{;E'"
”“‘“ClPM MRA
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What conditions were used in the calibration and how they

Measurement condltlons difference from your measurement condition?

« Measurement conditions will impact the uncertainty.

« Geometry

« Positioning of dosimeter
— Effective plane/point

* Field size
* Distance

e Scatter

« Radiation quality
* Environmental conditions
* Repetitions

3
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Calibration vs measurement conditions

Mammography example

Calibration

Chain of measurements | |+ mw.... |
=" Measurement

 Anode: W, Mo, Rh

¢ « Tube voltage: 25 — 50 kV
Filtration: Mo, Rh, Ag, Al, Cu...

C ij Compression_paddle

Radiation quality: e Related
« Anode: Mo impact /
« Tube voltage: 25 - 35 kV i uncertainty? g
 Filtration: 30 um Mo — g Mo+30 umMo
10 - s 20 30 b W+50 pmRh
Dosimeter performance: P
 |[EC 61674: requirements for dosimeters in specific conditions. o 10 20 a0
— What happens outside of this range, what is the uncertainty? & (keV)
- No requirements for the other than air kerma quantities ot e SToR”

Impact of compression paddle: Costa de Castro et al. Physica Medica 2024
Impact of measurement conditions: Koji¢ et al, Radiation Measurements 2024
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https://doi.org/10.1016/j.ejmp.2024.103405
https://doi.org/10.1016/j.radmeas.2024.107135

Uncertainties:A

7%
10 %

Dosimetry in Diagnosti

‘ EEEEE TECKNICRL REPORTS SERES AC ":.J_=

= | [ ( ] etry in Diagnostic

R — ] = 1 K Radiology: An International

- | - * Anode Code of Practice
e, + Tube voltage

Q ) ) DOSE il " .

Measurable quantities é 2mGy [ aiw
Use of XMMs T2 | zms
« XMM measurement geometry Xray multimeters (XMMs)

* Use of calibration certificate

* Impact of programs
— Radiation quality selection \ ‘.

Calibration of XMMs

« How to gain traceability for all quantities?
* Need for harmonized methods.

= T

measurement

—— M
N F—uﬂl B > |
‘4 X
\
\

3

SATEILYTURVAKESKUS TraMeXI workshop: use of calibration coefficient
. ‘ STRALSAKERHETSCENTRALEN
RADIATION AND NUCLEAR SAFETY AUTHORITY 10

11/21/2024



St

N
"’" a

% %\Ae_)‘_q ~yy§)rkshop. use of cah'b;;}gapog il
y o 11




Radiation qualities in calibration and measurements

Reference radiation qualities (IEC 61267: 2005 ja IAEA TRS-457) e _—
Radiation voltage filtration HVL
Radiation quality Use Quality  (kV) mmAl (mmAl)
RQR General radiography, fluoroscopy and dental applications (measurements free in air) ROR2 40 2.48 1.43
RQA Measurements behind the patient (on the image intensifier) RQR3 50 2.48 1.79
- . ROR4 60 2.78 2.24
RQT CT applications (measurements free in air) E . g o] at STU K
70 2.86 2.59
RQR-M Mo-anode, Mo-filter ~ Mammography applications (measurements free in air) gggg 80 3.02 3.01
RQA-M Mammography behind the tissue (on the image intensifier) RQR7 90 3.25 351
. ] RORS8 100 3.37 3.95
Dosimeter performa.nce. | | - - ROR9 120 3.82 5 02
« |IEC 61674 requirements for dosimeters in specific conditions. RQR10 150 4.45 6.56
— What happens outside of this range, what is the uncertainty? Radiation Vgrtgge Filtration Added HVL
Table § — LIMITS OF VARIATION for the effects of INFLUENCE QUANTITIES quality (kV) (mmAIl)  (mmCu) (mmAl)
INFLUENCE QUANTITY MINIMUM RATED RANGE REFERENCE CONDITIONS LIMITS OF Subclause RQT 8 100 337 02 705
VARIATION RQT 9 120 3.82 0.25 8.53
- = RQT 10 150 4.45 0.3 10.3
el YOLTAGE and aualtes Radiation  Tube filtration
a) Conventional diagnostic ROR 2 5 RGR 10 x 70 kv -5 % quality voltage (kV) mmaAl HVL (mmAl)
UNATTENUATED BEAM IEC 61267 RQR 5 x IEC 61267 MAM 25 25 051 0332
MAM 28 28 0.51 0.377
MAM 30 30 0.51 0.403

MAM 35 35 0.51 0.466
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Selection of calibration coefficient

1,02
—_— \ * Interpolation based on HVL.
' * No extrapolation.
1,01
1 00 « What to do when you have:
120 kV, 2.8 mmAIl + 0.3 mmCu (HVL = 8.88 mmAl)

Nk,Qo (Gy/C)

1 '\\

0,995

— \\N_../
Covered by ROR Bk
0,985 1 T 1) L} y UQ A ] I 1 1] 1] A 4 T T
0 1 2 3 4 5 6 ) 7 8 9 0 11 12 13 14 15

1st HVL (mmAl)

FIG. 42. k, factor from Table 59 plotted relative to the first half value layer. Dotted line: smoothed curve through
the points. Broken line: linear fit to the points. Continuous curve: fourth order polynomial fit. Lines indicate the

determination of the k, value for HVL 6.4 mm Al. https://www-pub.iaea.org/MTCD/Publications/PDF/Pub1498 web.pdf
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Measurement case

* You are measuring air kerma
— displayed air kerma value in average 500 uGy
— Radiation quality:
« 120 kV, 2.8 mmAIl + 0.3 mmCu (HVL = 8.88 mmAl)
— Measurement distance: 1 m = FDD
— Field size @1 m: A=10 cm*10 cm
— Temperature t = 23°C
— Air pressure p = 100.1 kPa

K=M NK,QOkQ Tkpkfieldkothe‘r
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Case 1 calibration certificate from the manufacturer

CALIBRATION RESULT

AS LEFT: ?;::;::E;end and tested values of this certificate were found to be in conformance with the G E N E RA L I N FO RM AT' O N

LABORATORY CALIBRATION

All reference standards used for this calibration are valid for one year. Voltage, Time, Electrical current, Electrical
charge, Illuminance and Luminance standards are traceable to RISE Research Institute of Sweden. All Air kerma

and Air kerma rate standards are traceable to Physikalisch-Technische Bundesanstalt (PTB). HVL standards are
traceable i : P T E

This laboratory is accredited according to ISO/IEC 17025:2017 by the "Swedish Board for Accreditation and 2
Assessment” (SWEDAC) and the results shown in this certificate have been determined within the scope of
unless stated otherwise in this certificate.

@ SATEILYTURVAKESKUS TraMeXI workshop: use of calibration coefficient
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Case 1: calibration certificate from the manufacturer

CALIBRATION AS LEFT In our measurement:
120 kV, 2.8 mmAl + 0.3 mmCu

(HVL = 8.88 mmAl)

MEASUREMENTS
AlR KERMA
HVL Set voltage  Anode Mominal Added Air kerma Instrument Standard  Measured Deviation Expanded Result
target tube filtration rate setting from uncertainty
(m mAl) filtration pGy,s standard
8.1
80 kv W 2.5 mm Al 26 mm Al 697.0 2227 pGy 2204 pGy =1.0 % 15 % P
6 150 kv W 25mmAl OmmAl 2038 948.6 uGy 9585 Gy 1.0 % 14% P
1.85 50 kv W 25 mm Al 0 mm Al 5532 1768 yGy 1738 pGy 1.7 % 1.3 % P
2.6 70 kv W 25 mm Al 0 mm Al 4643 1485 pGy 1478 pGy -0.5 % 1.3 % [
3.8 100 kv W 25 mm Al 0 mm Al 22689 7342 pGy  T42.5 pGy 1.1 % 13% P
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ation certificate from the manufacturer

In our measurement:
XMM N_Ka 120 kV, 2.8 mmAIl + 0.3 mmCu
(HVL = 8.88 mmAl)

Case 1: cali
+/- 5%

1.03

1.02 ‘
o1 ®

A

manu

0.99

Calibration coefficient (mGy/mGy)

0.98

0.97
0 2 4 6 8 10 12

HVL (mmAl)
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Case 1: calibration certificate for RQRs

+/- 5% Tube
voltage filtration ~ HVL
XMM N—Ka Quality (kV) mmAl (mmAl)
1.03 RQR2 40 2.48 1.43
RQR3 50 2.48 1.79
RQR4 60 2.78 2.24
1.02 ‘ RQR5 70 2.86 2.59
= RQR6 80 3.02 3.01
2 RQR7 90 3.25 3.51
5‘ 1.01 ‘ RQR8 100 3.37 3.95
3 RQR9 120 3.82 5.02
*g RQR10 150 4.45 6.56
S 1
E —e—ROR
© manu
c
e
< 0.99
S
©
O
0.98
0.97
0 2 4 6 8 10 12

HVL (mmAl)
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Case 1: additional factors for RQT

+/- 5%
XMM N_Ka
1.03

- ®
1.01 ‘

1 —e—RQR
RQT

manu

- ©

0.98

Calibration coefficient (mGy/mGy)

0.97
0 2 4 6 8 10 12

HVL (mmAl)
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Case 1: additjonal factors for RQCs (RQR+0.9 mmCu)

<

stuk

+/- 5%

1.03

1.02

1.01

[y

0.99

Calibration coefficient (mGy/mGy)

0.98

0.97

SATEILYTURVAKESKUS
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XMM N_Ka

6
HVL (mmAl)

Tube

voltage
Quality  (kV)
RQR5+0.
9 mmCu
RQRS8+0.
9 mmCu
RQR9+0.
9 mmCu

70

100

120

—e—RQR
RQT
—e—RQC09

manu

10 12

filtration
mmaAl

2.86

3.37

3.82

filtration
mmCu

0.9

0.9

0.9

HVL
(mmAl)

71.75
10.22

11.33

TraMeXI workshop: use of calibration coefficient
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IC FOR GENERAL RADIOLOGY

Min Rate 2 uRJ/s 20 nGy/s
M_ax Rate 17 Ris 149 mGy/s
Specifications’ Max Dose % kR 516 Gy
Rate Specifications %U“Rg f 1?&’: . Cine Specifications 0.1 pRff - >1 RAF 1 NGyl - >10 mGyf
niayis - miayis Calibration Accuracy +4% using X-rays @ 60kVp and 2.8 mm AL HVL
; ; ) Exposure Rate Dependence +5%, 0.4 mR/s to 80 R/s, up to 500 R/s for 50 us pulses
Exposure Specifications 10 kR - 59 kR Energy Dependence +5% 30 keV to 1.33 MeV (with build-up material)
100 nGy - 518 Gy ; : o -
Construction Polycarbonate walls and electrode conductive graphite interior coating;
Cine Specifications: 0.1 yRf - 1 RH 6 cm3 active volume; 0.05kg
1 nGy/fr - 10 mGy/f
Auto Dose Threshold 2 mR/s
19 pGy/s
-6 lon Chamber
Calibration Accuracy: +4% using X-rays @ 60kVp & 2.8 mm Al HVL Energy Dependence
Exposure Rate Dependence: +5%, 0.4 mR/s to 80 R/s, up to 500 R/s for 50 us pulses 110 (TYPICAL)
Energy Dependence +5%, 30 keV to 1.33 MeV (with build-up material) '
Construction: Concentric cylinder. Polycarbonate walls and electrode. Conductive g § 10— — 1+ — — |- - T — —fSrecificatin Limits
coating. 6cm® active volume. 0.05kg e
Environmental: 15° - 35° C working, 0° - 80° C storage, < 80% RH (non-condensing), § 4 gq - It [ [ |
o g AR ! t
Minimum Field Size® 25 mmx 38 mm = {wipuild-up cap)
[=]
Q09— — - — —|— — - — + — 4 — — - —
K — M N k k k k / k 0'9010 20 50 100 200 500 1000
K 00" Q" T"p™field™other
) Energy (keV)
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Case 2:

+/- 5%

1.02

1.01

= 0.99

O stuk

0.98

0.97

0.96

SATEILYTURVAJESK

ORQR

STRALSAKERH SCE [TRALEN

RADIATION A

LEAR SAFETY AUTHORITY

IC N_Ka

6
HVL (mmAl)

10

Quality
RQR2
RQR3
RQR4
RQR5
RQR6
RQR7
RQRS8
RQR9

RQR10

12

Tube
voltage
(kV)
40
50
60
70
80
90
100
120
150

filtration
mmaAl

2.48
2.48
2.78
2.86
3.02
3.25
.87
3.82
4.45

HVL

(mmAl)
1.43
1.79
2.24
2.59
3.01
3.51
3.95
5.02
6.56
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Case 2:
+/- 5%

1.02

1.01

X

= 0.99
0.98
0.97

0.96
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IC N_Ka
6
HVL (mmAl)

10

®ROR

RQT

12
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Tube
voltage filtration  filtration ~ HVL

Quality (kV) mmAl mmCu (mmAl)
m
case 2- RQRS+0. 20 2.86 0.9 7.75
0 9 mmCu
+/- 3% RQR8+0. 449 3.37 0.9 10.22
9 mmCu
IC N_Ka RQR9+0.
1.02 120 3.82 0.9 11.33
9 mmCu
®ROR
1.01 ROT
RQCO09
1
= 0.99
0.98 +/-
o
o 1%
o
[ ]
0.97 e o ©®
0.96
0 2 4 6 8 10 12

HVL (mmAl)
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Radiation Tube filtration

guality voltage (kV) mmAl HVL (mmAl)
MAM25 25 0.51 0.332
o MAM 28 28 0.51 0.377
Case 3: mammography IC s 2 e
MAM35 35 0.51 0.466
5.000
Uncertainty is probably <5% Mo+Mo  -@-WS500A
Mo+Rh —o—\W+A|
4.900 W+Rh ——\W+Ag
——\W75Ag
4800 [
= 2
Ga700 K
T
20 e e e
z 2
4.600 S
=
LO
4.500
4.400
0.25 0.35 0.45 VL 0.55 0.65 0.75
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Case 3: mammography IC

4.720
Mo+Mo -@-\W500AI
Mo+Rh —o—\W+A|
4.710 —o—\W+Rh ——\W+Ag
. -><W75Ag
4.700
—~ >
O e
= c
£4690 B
O b
£ 4680 I
x c 28
Z -
4670 IS
Lo
o
4.660 -0.23% difference to W/Ag 28 kV
4.650
0.25 0.35 0.45 HVL 0.55 0.65 0.75
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Case 3: mammography

1.06

lonization chamber

-—Mo/Mo
A Mo/Rh
o —-—\W/AI
< 1.04
c
@
(&)
E
¢ 1.02
&)
IS5 Interpolation error 0.3%
©
5 1.00
S - —— .
0.98 ' ' ' . .
0.25 0.30 0.35 0.40 0.45 0.50

Half-value layer (mm Al)

SATEILYTURVAKESKUS
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1.06

=
o
=

1.02

1.00

Calibration coefficient for K,

0.98

0.25

X-ray multimeter

——Mo/Mo
Mo/Rh
——\W/AI

Interpolation error 3%
Interpolation is not recommended

0.35 0.45 0.55
Half-value layer (mm Al)

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

1.04
1.03
(qv]
< 1.02 =c-D1 Ref RQR
2 Lot -=-D1 Ref RQT
_E ' =e-D1 low
0
= 1 =e-D1 med
3 —e—D2 RQR
C
£ 0.99 —=—D2 RQT
S »=D2 0.1 mmCu
I D2 0.3 mmCu
0.97 calibration —e—D2 0.9 mmCu
0.96
0 2 4 6 8 10 12

HVL (mmAl)
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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?

SATEILYTURVAKESKUS TraMeXI workshop: use of calibration coefficient
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Thank you for your attention!
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