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WHY we need dosimetry? The purpose willalso | « 100%

« Technical performance Impact on the target . 50%
— Acceptance: system performs as specified uncertainty!
— QC: continuous performance ° 25%
 Validation of different dose displays and reports 0
— KAP meter, K at Interventional Reference Point (IRP) * 15 /O
— Dose in dicom header, Structured report (RDSR), dose mapping e 1090
« Patient dose, generic
— Justification: benefit vs risk (averaged risk estimate) * 7%
— Optimization: ALARA ° 5%
 DRLs = atool
« Patient specific dose (e.g. pregnant woman) e 3%
— Individual risk? o 1%
(95%, k=2)
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Measurement result =
measurand + uncertainty

« The uncertainty describes the assumed variation
(distribution) of the values obtained for the measurand.

 We cannot make any conclusions based on our
measurement results if we don’t know the uncertainty.
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Uncertainty estimation steps

Ste
Ste
Ste
Ste

0 1: Model function
0 2: Uncertainty components
0 3. Uncertainty budget

0 4: Presentation of uncertainties



STEP 1: MODEL FUNCTION
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Model function v = f(z1.22.....,2N)

* For the whole measurement process
— Not only the equation used for the calculations.
— Includes also correction factors = 1.

. -is the measurement result

- Nlis the calibration coefficient
— That is given for the calibration conditions!

. -cover different corrections needed because: measurement
conditions # calibration conditions.

K Mg i T
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Table A.1 — Estimation of COMBINED STANDARD UNCERTAINTY for dosimeter performance

IEc 61 674 PERFORMANCE CHARACTERISTIC Subclause Relative STANDARD UNCERTAINTY?
%

Calibration factor® +2,89
Linearity 5.1 +1,15
Repeatability 5.2 +0,58
RESOLUTION of reading 5.3 0,58
STABILIZATION TIME 5.4 +1,15
Long term stability 5.6.1 +1,15 .
Accumulated dose stability 5.6.2 +0,58 DOSImeter
RADIATION QUALITY 6.2 +2,89 performanc_e Ijelated
AIR KERMA RATE 6.3 1,15 uncertainties
Incidence of radiation 6.4 1,73
Operating voltage 6.5 +1,15
Alr pressure 6.6 +1,15
Temperature and humidity 6.8 +1,73
Electromagnetic compatibility 6.9 +2,89
Field size 6.10 +1,73
COMBINED STANDARD UNCERTAINTY +6,6
3 Relative STANDARD UNCERTAINTY assuming that there is no additional information about the PROBABILITY

DISTRIBUTION of the PERFORMANCE CHARACTERISTIC within the allowed interval other than it has an uniform

distribution, i.e. 0,577 L for symmetric limits.
b Although no requirement on the accuracy of the calibration factor is laid down in this document, a maximum

. error of the calibration factor is included here and assumed to be +5 %. A uniform distribution is also assumed. ) ) )
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Measurement conditions
« Measurement conditions will impact the uncertainty.

Geometry

« Positioning of dosimeter
— Effective plane/point

* Field size
* Distance

e Scatter

« Radiation quality

* Environmental conditions
* Repetitions

. x Batent. Y

A
@ s u k SATEILYTURVAKESKUS TraMeXI workshop: practical session uncertainty
STRALSAKERHETSCENTRALEN
L J 9 11/21/2024

RADIATION AND NUCLEAR SAFETY AUTHORITY

3
SEE)




Practical example

* You are measuring air kerma
— displayed air kerma value(s): in average 72.3 uGy

— Radiation quality: 75 kV, 5 mmAIl (HVL = 3.7 mmAl)
— Measurement distance: 1 m = FCD

— Field size @1 m: A=15cm*15cm

— Temperature t = 23°C

— Air pressure p = 100.1 kPa

K =

K,onQ kap kfleldkother
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Radiation Tube Total Calibration

calibl'ation certificate quality voltage | filtration coefficient

Adsiitional (kV) (mmAl)

fiters

X-ray tube

- e lonization chamber RQR 2 40 244 139 0976
_ »- g RQR 3 50 2.44 1.73 0.973
ROR 4 60 2.69 2.11 0.971
| ROR 5 70 2.88 2.54 0.972
Monitor chamber ‘ RQR 6 80 315 288 0975
a 1000 RQR 7 90 3.39 3.43 0.978
Fisla sk ROR 8 100 3.52 3.91 0.98
(Drawing not to scale) @ 100 mm
FIG. 1. Set-up for calibration in terms of air kerma for diagnostic radiology X-ray beams RQR 9 120 3.90 4.95 0.981
Figure from ssdl.iaea.org: IAEA DOLP.013: Appendix 2 RQR 10 150 4.72 6.55 0.982

The uncertainty of calibration coefficient:|2.8% .
The uncertainty is relative combined standard

uncertainty, with a coverage factor of k = 2, which for a
normal distribution corresponds to a level of confidence
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Calibration Measurement

— air kerma value(s): — air kerma value(s): 72.3 pGy
« @STUK: 0.5 mGy/s*30s = 15 mGy « E.g.0.72mGy/s*0.1s
— Radiation quality: IEC RQR-set — Radiation quality: 75 kV, 5 mmAl
— Measurement distance: 1 m = FCD (HVL = 3.7 mmAl)
— Field size @1 m: @ =10 cm — Measurement distance: 1 m = FCD
— Temperature t = 19°C — Field size @1 m: A=15cm*15 cm
— Air pressure p = 102.1 kPa — Temperature t = 23°C
=> Calibration coefficient given in NTP. — Air pressure p = 100.1 kPa
— Internal bias voltage not known — Internal bias voltage not known

Q 00/ @ pfield™other
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Example case:
1 mGy measured

Incident air kerma calculations with 10 mAs @1m,

« Measured air kerma, K,, mGy at specific K, (FDD) RQ2+110 kV
tube current time product, Q, mAs Y(FDD) = 0

= Tube output, Y, mGy/mAs

1.00 mGy

= 0.1 mGy/mAs

« Tube output Y ,measured or interpolated for
the correct radiation qualit FDD
| rion quallty (@FbD) Ka,gp(FDD) = Y,,(FDD) [0,
« Air kerma, K, with tube current time product

Q, used for a patient p py 11m_Gy S

=2. 53 mGy

« Distance correction for the patient surface, S 2
: FDD
(or any other relevant distance) K — K ,
a,Qp,FSD — “a,Qp,FDD

2
1m
= 2.53 mGy - <2m>

= 0.6325 mGy - |
s t u k ESKUS aMeXI workshop: practical session uncertainty
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A- and B-type

STEP 2: UNCERTAINTY
COMPONENTS
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Uncertainty components

Parameter

Component
Displayed value deviation

Displayed value resolution and readout
Calibration coefficient

Long term stability

Radiation quality

Temperature

Air pressure

Radiation field and positioning

Other: leakage, operating voltage...

A-type (1 std, %) | B-type (1 std, %)

0 af (x) Lfx)
. : 1/M
E-" : 1/2M
£ NI, d X
ﬁn -a ‘4o -a 0 +a -a 0 +0
N p=3(-997%cl) p=+3 p=6
Measured quan a a " a
= -/ Up = — B — —~—
(A - N— 1 1
i=1
(#) = —= s(ay)
s(t) = —— s(x
N T
= 5(z) 7
up = S\ n=f&. & &)

=

A

&=

K —
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Uncertainty budget: IEC values
Repeatability 0.58
T 058

Repeatability (A-type) 0.58 Linearity 1.63
Resolution 0.58 Stabilization 1.15
Displayed value linearity, air kerma rate 1.15, 1.15 f::zrtaet:;n;::l'ity =59
Stabilization time 1.15 Radiation quality izz
Calibration coefficient 289 Temperature 1.73
Long term stability, accumulated dose stability 1.15, 0.58 IAr:;zr::::Lef . iii
Radiation quality 2.89 Field size 173
Temperature 1.73 EC 2.89
Air pressure 1.15 :ijt,i:/go)mltage 16.165
Incidence of radiation 1.73 U (k=2, %) 13.1
Field size 1.73

Electromagnetic compatibility 2.89 Only the 3

Operating voltage 1.15 oranges

Standard uncertainty (k=1, %) 6.6 => 5% (k=1)

@ s t u I EX p an d Ed un Certai n ty (k=21 %) 13 ) 1 TraMeXI workshop: practical session uncertainty
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Repeatability

K = MQNK,QOkQkapkfieldkOthBT

0.25 .
5(7) = lre‘%(la) up = s() 02 e
:\ ;\30.15

Number of results

« Make enough repetitions at

least once to make a good
72.3 estimation of the distribution.
72.5
72 2  Then smaller number of

repetitions can be justified.

TraMeXI workshop: practical session uncertainty
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Example of today

Repetitions:

— 10 cm*10 cm

70 kV, 0 mmCu

Measured and displayed air

kerma values (mGy) or

KAP values.

stuk

IC XMM (mGy) KAP
(mGy) (mMGy*cm?)
0.4263 0.3917 57
0.4269 0.3916 56
0.4271 0.3913 57
0.4273 0.3920 56
0.4261 0.3916 58
0.4265 0.3917 56
0.4269 0.3918 57
0.4271 0.3912 56
0.4274 0.3922 57
0.4270 0.3916 56
Mean (mGy)| 0.4269 0.3917 56.6
SD (%) 0.1 0.08 1.2
u(%) n=3 0.06 0.04
u(%) n=10 0.03 0.02
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K =|;QNK’QOkaTkp kfieldkother

795 Is this actually 57

72.1 = 0.5/57+100%
72.2 IPVVAIEE OR BNYRCTILOM - 0.9%=>u=0.5%

(2.4
72.3 = 0.05/72.3*100% = 0.07%

(2.3

Resolution
72.3

Rectangular

— MQ-NK,onQkapkfieldkother e — T

ts per second 19

coun n |
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K —

Calibration coefficient

MQ NK,onQ kap kfield kothers

Calibration or adjustment does not remove the uncertainty!

« Uncertainty for the calibration coefficient

Calibration certificate:

from the calibration certificate.
 Hereitis 2.8% (k=2)
« normal distribution, B-type

u?

The uncertainty of calibration coefficient: 2.8%.
The uncertainty is relative combined standard
uncertainty, with a coverage factor of k = 2,
which for a normal distribution corresponds to
a level of confidence of approximately 95%

« Long term stability can be estimated
based on repeated calibrations or based
on quality control measurements.

« Deviation (A) or drift (B)

?
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0.987
0.986
0.985
0.984
0.983

N

2018

0.982

Calibration coefficient

0.981
0.98

0.979

2010 2012 2014 2016

Year
TraMeXI workshop: practical session uncertainty

20 11/21/2024

2020 2022



Calibration coefficient K = MQNK’QO Tkpkfieldkothers
« Radiation quality (RQ) in the measurement:

a 75 kV, 5 mmAl (HVL = 3.7 mmAl) Calibration certificate:

» How to select the correct calibration coefficient? Radiation | Tube | Total Calibration
« What is the uncertainty? quality | voltage | filtration coefficient
0.984 (kV) (mmAI)
$0.982 . N
% 0.980 % ® ROR 2 A0 2 44 1.39 0.976
30978 ® |« No calibration coefficient: ~2% error is always 23 0.973
= 0.976 o : i, - =
iInvolved+additional error related to RQ variation!
% 0.974 . ¢ S oo Q — 2.11 0.971
20972 . ° RQR 5 70 2.88 2.54 0.972
O 0.970 0.975
0 1 2 3 4 5 6 7 ROR 6 80 3.15 2.88 -

HVL (mmAl) - R o0 1
Impacting factors: 1/M -_
« Energy dependence of the response JR 8 100 3.52 -_

RQ: calibration vs. hospital IR 9 120 3.90 4.95 0.981

RQ specifier and calibration coefficient selection |-« o +ta
0.982

Triangular S}
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K = MyNg . kokrkykriciak
Environmental conditions © Q0 CEEERT/eldTothers

* Measurement of T and p tois PPa)  lcp - dif (0 .
— Calibration+all other components BT, . N .
(e.g. repeatability, location) ] s .
« A1°C=> a=0.3%, rec oses | °
« AlkPa=>a=1%, rec T
— Note also change of response (IEC) o R
— No correction=> error, ~uncertainty - .
« E.g. temperature: +1% triangular=> 0.4% gt ’ .
- E.g. air pressure: + 3% rectangular=> 1.7% 09 a9 1co68  0.3%0 *
0.98 23 1.0102
0.97 24  1.0136 -0.338 et
— Note: also humidity and electromagnetic fields ~~— aeswewwn

SATEILYTURVAKESKUS TraMeXI workshop: practical session uncertainty
. ’ STRALSAKERHETSCENTRALEN
RADIATION AND NUCLEAR SAFETY AUTHORITY 22 11/21/2024



Excellent example of
uncertainty estimation for air density

TABLE 2. UNCERTAINTY BUDGET FOR EXAMPLE 5§ MEASURING AIR DENSITY (FINAL VERSION)

IAEA-TECDOC-1585

Measurement Uncertainty

Noie Cuantity, Value of Expanded Uncertnty Confidence Coverage Standard Sensiivity Uncertamty JI:::":_I“‘:'! A Practical Guide for
o Source of uncertainty quaniity unceriamiy type level B unceriamiy coeflictent component :-'|:.~;.:.‘||:|11 Secondary Standards Dosimetry Laboratories
.' ! . )
:l ' 'ﬂ' ”J CJ } aff
| Baromeier calibmiion 0.1 kPa I'ype B Q5% 0.05% 1.00 0. 05% 30
- Uncertainy of mean . , . . .
F 0,03 kPa I'vpe A 6E% | 0.03% 1.00 0.03% 9
reading
L] Barometer resolution 0005 kPa I'ype B 100%% 1.71 0003%% 0.32 0.001% 104

R

fype A _ _ . . : : @ IAEA

Intermational Atomic Emergy Agency

lempemune measuremeni 234°C

Uncertainty of mean
reading

5 thermometer 0.5 °C Twpe B 95%; 2 L0 0,08 0.08% 0 May 2008
calibmation :
6 thermometes 0.1°C Type B 100% 1.73 0.25% 0.08 0.02% 100 IE= 0T 1L0x 10 L4 =10 14 = 10"

resoluiion

Aur density cormection 1.0d1 %9 \
\ 5

7 Combined uncertainty :&\\& 0.21% Combined 95% 20 0. 10%% 59 1O7= 00" 1L 7= 0107 10 = 10" 2.0« 1ot

@ s t k SATEILYTURVAKESKUS TraMeXI workshop: practical session uncertainty
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K = MyNy pokokrkpkrienk
Positioning Q'K ,Qo™Q™T others
» Positioning as in calibration (note markings) /

) NO t||t Master thesis of Viivi Valkama g:\\ \l

» Stem-effect

 Positioning at specific distance or for a patient
*edg.lmzlcm. al

l g2 M U = 2%/6= 0.82% & u? &

° |mpaCtr_2 i e : -
- 1cm @1m ~2%, triangular =>0.8%

* Field uniformity and me

<> « E.g. 1% uniformity -

* Impact depends on

dosimeter...

TraMeXI workshop: practical session uncertainty
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K =M, NK,QO kokrkpKriciakothers

Other components:

» Leakage current, background: M
* Impact depends on the measurand (absolute value)

« Stabilization time (enough): M i

 Linearity (air kerma) k;;,, 5
* Air kerma(rate): calibration vrs. hospital
« Data from calibration, tec. Specifications >

* Electrometer calibration (included or separate) N,; or k,;
* The same operating voltage is applied=> small uncertainty k,eckyo

TraMeXI workshop: practical session uncertainty
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Incident air kerma calculations

+ What about the uncertainties related to tube . _ Kq(FDD)
current time product display and X-ray ( ) = 0 Eepelatfbmty
system stabillity:

P Ky0p(FDD) =Y, (FDD): Q, Linearity

" Stabilization

- [l . L b.l.
« Distance correction: dosimeter positioning 2y (am Sl

Radiation quality

vs. patient distance e.g. 1 m + 1cm. FDD\? | temperature
« Calculated on eatrlier. Ka,op,rsp = Ka,qp,roD - <—FS D) Air pressure
. . . Field uniformity
* Field size impact (not corrected):

IC5*5
® XMM 5*5
1.02 IC 50%50 . Y

* XMM 50*50

1.00

« Scatter e.g., from the table
* to be included or not?
« Attenuation e.g., due to table

- Should be corrected, otherwise this might be
the only uncertainty component which matters. v

SATEILYTURVAKESKUS TraMeXI workshop: practical session uncertainty
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Combining uncertainties

STEP 3: UNCERTAINTY BUDGET

@ s t u k SATEILYTURVAKESKUS TraMeXI workshop: practical session uncertainty
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Uncertainty budget

Uncorrelated uncertainties
K = MQNK,QOkaTkpkfieldkothers

_
Repeatability 0.58
Resolution 0.58 0.04 0.5
Linearity 1.63 0.1 0.5
Stabilization 1.15 0 0.5
Calibration coef. 2.89 1.4 2.89
Long term stability 1.29 0.2 0.4
Radiation quality 2.89 0.4 2.89
Temperature 1.73 0.2 0.4
Air pressure 1.15 0.6 1.7
Incidence of rad. 1.73 0.1 0.3
Field size 1.73 0.3 0.5
EC 2.89 1 2.89
Operating voltage 1.15 0.1 1.15
u (k=1, %) 6.6 1.9 5.5
Field uniformity 0.29 0.29 0.29
positioning 0.82 0.82 0.82
X-ray system, mAs 1.15 1.15 1.15
Field size 23 23 23
u (k=1, %) 7.1 3.3 6.2
U (k=2, %) 14.2 6.7 12.4

O stuk
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Rounding, significant digits

STEP 4: PRESENTATION OF
UNCERTAINTIES
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Reporting uncertainties

1. Decide number of digits for the uncertainty (recom. 2), round up
Uncertainty + 0.34456789 or 1.343118339% (k=2, 95%) U=5547% =>5.6% or
» Uncertainty £ 0.35 or 1.4% (k=2, 95%) U=4.01 uGy=>4.0 uGy

2. Select number of digits for the calibration coefficiet, normal rounding
Calibration coefficient: 25.654321 mGy/nC
» Calibration coefficient: 25.65 mGy/nC Kq = 72.30 pGy => 72.3 uGy

3. Select format for your report! - " n :
« CC =(25.65 + 0.35) mGy/nC (k=2, 95%) % = (e eSO e (L2, B

.actually K, =72.3 uGy = 5.5% (k=2, 95%)
CC = (25.65 £ 0.35) mGy/nC , where the number following the symbol * is the numerical value

of (an expanded uncertainty) U = ku,, with U determined from (a combined standard
uncertainty) u. = 0,17 mGy/nC and (a coverage factor) k = 2 and confidence of 95 percent.

@ s t u k SATEILYTURVAKESKUS TraMeXI workshop: practical session uncertainty
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Practical example

K, = (72.3 + 4.9) uGy (k=2, 95%)

The reference

Last time It level is 70 uGy.

was 70 uGy.

Is this result
acceptable?

SATEILYTURVAKESKUS e
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Take home message

 Measurement results = measurand + uncertainty
 The estimated values is linked with the method.
 The largest components dominate.

"The measurement chain is as weak as
the weakest link (highest uncertainty) ”.

TraMeXI workshop: practical session uncertainty
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