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Using computational Methods :
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Personal Online Dosimetry Using ColV putatit)rié-__. Methods

Filip Vanhavere, Mahmoud Abdelrahman, Pasquale Lombardo, Olivier Van Hoey, ©
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TNt

Copyright E 2017




*
s @concrr Framework for individual monitoring: why is dosimetry needed

Unng eompulahonnl Mﬂheds

L'L]'J

Effective Dose 20 mSv
— Eye Lens 150 mSv
—_— Extremities 500 mSviyear
i

Avoidance Behaviour Control

;
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uuuuuuuuuuuuuuuuuuuuuuuuu

el b @concirr Problems with individual dosimetry

Wor kers donodosimetek e t o wear
Wor kers especially donotdosimetdcee t o

Still not all parts of body covered
. What if other parts of body need dosimetry in future (brain, heart , € )

Not always strict use of dosimeters:
. Forgetting
. Not correct place

3 Copyright E 2017



,,,,,,,,,,, -l Gt Uncertainties in personal dosimetry

Using computational Methods

Risk isgiven by effective dose
Complicated system of operational quantities to estimate effective dose

Hp(lo) IS only estimation of E -

5

1,5 1

No dosimeter is perfect for H,(10)
. Non-l r neari ty, fading,
. Energy and angular dependences .

asured Dose/True Dose

M
\
\
\
\
\
\
]
1

0,5 -

Loosing dosemeter: all data losté

Dose Equivalent Hp(10) (mSv)

Not wearing correctly o o N
_ _ Factor 1.5 in either direction for doses near the limit
, Dependent on homogeneity of the field Factor 2.0 for lower doses (ICRP 75)
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Large uncertainties allowed in personal dosimetry

Factorof2i s actwually not very stricté
Compare to e.g. gamma spectrometry
Leads to doubts on performance of dosimetry service by customers

Most services donot report the uncertaint

. What would customer reaction be if on the report is
Oln 1 monttlRO0ODPO®SVWSY S measuredé. o6

. They would mistrust dosemeter service
. They would pay less attention to the correct use of their dosemeter

Copyright E 2017



Large uncertainties allowed in personal dosimetry

Why are such large uncertainties allowed?
. Ot her uncertainties I nvolved to get to risk

Hp(10) is only estimation of E: large uncertainty

. System of operational quantities as estimation for limiting quantities
In case of non-homogeneous irradiations (Hp(10) can even underestimate)
Hp(10) is not a perfect quantity: see an example of corpulent persons

From E to risk: large uncertainty (Hiroshima/Nagasaki data)
. And not personalized!

So why should dosimetry service do an effort to get a 5% better results with
their dosemeter?

. trust in results would improve
. Every uncertainty gained is positive
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30 years ago
Pencil dosemeters
. Film dosemeters
Thermoluminescent dosemeters

DOSIMETERS

MEASURE DOSE IN
ROENTGENS (r) OR
MILLIROENTGENS (mr)
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Different passive dosimetry systems used world wide

Film dosemeter
. 0On rapid declineé.

mtsste rmann

g

kst

B10O5916&
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Different passive dosimetry systems used world wide

Thermoluminescent detectors
. Different materials: LiF:Mg,Tid LiF:Mg,Cu,R Li,B,0,:Cu- é
. Different manufacturers: Harshaw, Rado

~
N
3
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Different passive dosimetry systems used world wide

Optically Stimulated Luminescence detectors
. Different materials: Al,O5:C, BeO
. Different manufacturers: Landauer, Dosimetrics
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Different passive dosimetry systems used world wide

Radio Photoluminescence Detectors
Glass dosemeters
Chiyuda Technology

5
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Feedback on doses helps

Active personal dosemeters (APD) give more feedback to worker
. Often used as ALARAor alarm dosemeter
. Mostly in combination with passive dosemeter as Dose-of-Record
More feedback (on-line)
. Better use and care on dosemeters byworkers
. Makes dosi metry more ouseful o

Use of APD will continue to increase
. Smaller and more sensitive devices
They do not always work 1 n all fiel dseé!

New devel opment: dosemeters I n between a
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Instadose

Recent developments:

. Dosemeter between passive and active
No alarm, no immediate read-out

But can be consulted if needed ‘:'
. Communication with IPAD, | Phone, pcé. & :’ |
. No return to dosimetry service for read -out anymore v
. Long stand alone battery life = u S=

Now approved in Belgium: through SCK-CEN dosimetry service ™ _=
_vinstadose

5

—
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PODIU @concir Personal Dosimetry: what brings the future?

.........................

May be no need for physical dosimeters?
Suppose we can useMonte -Carlo simulations to calculate on-line all doses

Advantages:
. No more need for physical dosimeter
. No more loosing dosimeters
. No more need for operational quantities
. No more worries for changing quantities/weighting factors
. Doses to all organs can be known
. Personalized dosimetry possible
. Better accuracy possible
. Faster feedback to workers

Pal

. é.

5
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ropamE s Dose Simulations

Using computation

_ Position/iRose
ComputationabPhantoms Motiomtrasking

Monte:-Carlo Methods Computer ViSEerin
® Machine:Learning

Eh e g h

= -

19501056 068802%56000s
Simple: Stylized:  Voxel  Hybrid

Geomettres Radiationseurtce
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,,,,,,,,,,, B fcowchT PODIUM ObjeCtlveS

Using computational Methods

Improve occupational dosimetry via an online dosimetry application using computer
simulations: without the use of physical dosemeters

Develop an online application in which we will calculate individual occupational doses

In a limited time frame, simultaneously use an intermediate approach with pre-
calculated fluence to dose conversion coefficients  for phantoms of different statures

and postures

Apply and validate the methodology for two situations where improvements in
dosimetry are urgently needed: neutron workplaces and interventional radiology

Thelegal aspects to introduce this or similar techniques as an official dosimetry method
will also be established

Copyright E 2017
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PEDIUM @5 PODIUM Workplan

WP3

Dosimetry Online Calculation Application

-
WP1 WP2

Dose simulations input Computational phantoms and MC WP6
e

«=»
l.‘

Results

Dissemination
WP5
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Personal Dosimetry: Interventional Radiology
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Personal Dosimetry:Inhomogeneous fields
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Personal Online Dosimetry
Using computational Methods

GC(',)N"C'[”RT

WP1 Dose Simulations Input

Staff movement monitoring and Radiation field mapping

o

T~ o
17~
R

Motion
Tracking
Input

J

\ 4 i ) )
| Radiation
Source
! Input ]

Dose

Calculation

Geometry
Input
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ez (@CONCERT Staff Motion Tracking

uuuuuuuuuuuuuuuuuuuuuuuuu

® Markerlesstracking based on computer vision

® RGB-D cameras: combine color information with per-pixel depth information
Existedfor yearsfor high prices (~ $10k to $30K), very cheap nowadays é
Two technologies : Structrued light & Time -of-Flight (ToP
Microsoft® Kinect V2 .0
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lP,:rsonul Onl':ne_ Dosimetry . G C() N C t RT

ing computational Method

Staff Motion Tracking

/7
0.,/
d
°® &

{
Depthl/image

= o X

&C@ Kinect Data Acquisition V1.0
J.

Storing XYZ coordinates:or-sen

@ e

2.

o
Realtime processing

o

zZ

to acloud XAy

10

Tracking system based on single depth camera

Skeleton  Tracking

= Body Basics

KINECT o—
for Windc —_—

SR

[m] X

Kinect Data Acquisition V1.0
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RADIATION PROTECTION RESEARCH

seegm, (@CONCERT Trackingto computational phantom

© Livermore phantom
7 -0.326 -2 usSl impip=l Sright lung
=102 imprp=1 Slefc lun
u=153 impip=l Schest soft tissue
4=255 impipel § bones
u=256 imp:p=1 Sair
£3112257 inpipel
-2 lacel  ue257 impipel
£511=0:254 0:238 0:138

256 247r 153 6r 256 247r 153 6r 256 247r 1
256 50373r 153 256 2r 153 4r 256 242r 153 18

Left Shoulder Right Shoulder

153 £ 256 Sr 153 r 286 22r 153 28r 286 182r
. 153 26r 256 192r 153 r 256 Sr 153 2r 256 219
59 256 5r
153 28r 256 192r 153 3r 256 3r 153 2r 256 23
1 256 3z 153 2r 256 21x 153 15r 256 153 11x 29
2 256 21r 153 157 256 153 12r 256 B5r 153 256
153 2r 256 21r 153 15r 256 153 12r 256 84r 1)
. 153 2r 25€ 4r 153 2r 286 21r 153 15 256 ©
55 153 256 5z 153 r 256 Sr 153 2r 256 21r 153
6 256 79r 153 3r 256 103r 153 ¢ 256 Sr 153 244
256 78r 153 4r 256 111r 153 2r 256 21r 153§
153 5z 256 136r 153 14r 256 4r 153 13r 256
59 256 4r 153 13r 256 76r 153 6r 256 139r
60 256 3r 153 6z 256 140r 153 10r 256 4r
€ 256 140r 153 10z 256 4r 153 13r 256 7Tir
62 153 r 256 4r 153 13r 256 7ir 153 Sr 256 18!
8 153 13r 286 72r 153 16r 256 136r 153 &r 256
€ 256 139r 153 5r 256 4r 153 13r 256 72r 153
. 153 13r 286 72r 153 16z 256 150r 153 13r 2
66 153 14r 256 70r 153 16z 256 152r 153 13r 2
¢ 256 70r 153 16r 256 155r 153 10r 256 70r
153 16r 256 155 153 10r 256 70r 153 16r 254
3 256 155x 153 10r 256 70z 16 256 155z
256 1551 153 10r 256 701 16r 256 155r
1 256 153r 153 12r 256 70r 16x 256 152r
256 151r 153 14r 256 70z 167 256 150r
3 256 150r 153 15z 256 69z 256 148z 153 17z
i 256 142r 153 21 7r 256 140z 153 23z
s 256 138r 153 25 256 71r 153 17r 256 137r 153 26z
¢ 25€ 133r 153 30r 256 70z 18x 256 132r 183 31z
256 130r 153 35z 256 66r 153 20r 256 129r 153 36z
205 256 127r
20r 256 127x

Right Elbow

Right Wrist

Right Hand

s 256 €6r 153 14r 256 11ir 153 6r 256 Sr 153 Sr 256 3r 1

153 14 256 103r 153 2r 256 4r 153 6r 256 4r 153 6r 28
256 66r 153 14r 256 103r 153 3r 256 3r 153 6r 256 4r 1
153 37r 256 66r 153 14r 256 103r 153 3r 256 3r 153 6r KN
256 3r 153 37r 256 6€3r 153 17r 256 103r 153 3r 256 3r 158"6
s 153 6r 256 3r 153 37r 256 6€3r 153 17r 256 103r 153 3r 256 3;
9 256 4r 153 6r 256 3r 56 63r 153 17r 256 102r 18:

' Right Ankle

Left An

Right Foot
Left

Realistic Anthropomorphic Flexible Phantom (
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@concir Animation of RAF phantom

Run - progress: 70%
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"
smtemg, (@CONCERT Geometry Input

Define of the workplace geometry for the calculations

Geometrical input Material input

From Technical Drawings
SurveyTechniques Technical Data
Photogrammetry Experts on site

Laser Scanning

Primitive Volumes Material Dataset

Complex geometries can be prepared by:
Scanning of the workplace
Converting CAD files to different formats

Modeling and tracking of important moving objects ( shielding )
IS also needed
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uuuuuuuuuuuuuuuu

Radiation Source Input Radiology Case

X-Ray spectrum

ATube potentialKVp value)
ATube current

AAdded filtration

ATarget material

AVoltage waveform

Tube Angulation

AC-arm projections

Interventional Radiology and Cardiology Parameters

Parameter Range

High Voltage 60-120kVp
Intensity 5-1000 mA
Inherent filtration 3-6 mmAl,,

0.2-0.9 mm Cu
20keVT 100keV

Additional filtration

Energy range of scatteregectra

A Radiation dose structured report (RDSR)
extracted from the Xay machine

A Time synchronization with tracking
A DAP meter for normalization

14
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PODIM @ WP2:Dose Simulations

Provide fast dose calculations for workers moving in realistic workplace fields
Based on Monte Carlo methods
Using variety of computational body phantoms

Two different approaches:
Library of pre-calculated conversion coefficients
Realon-line simulation

5

5
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IPP - RAF phantom

> o n to calculate
STUDIECENTRUM YOOR KERNENERGIZ in to calculat:
C=HIKE LEILDZ Dt JENERT = RIULEAIRE

Calculate Bounding Box

oma e i @ KINECT angle (degs)
KINECT -

. @ PNG stack for VoxelVis  VoxelVis
Protective Q
Jarments ; Export to mesh

@ move RAF [ scatter Sphere Patient and C-Arm # Read MCNP output

@ Hp(10) dosemeter

. .
voxelization |y
@ 25 tissues 122 tissues

aLead ApronCoIIarCap . .‘ g

OoBJ [ ASCIHSTL (@ BINARY STL

Export Mesh for Geant4
Voxelize on GPU
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PODIUM (@zs=. PODIUM Application

(@

3 Bosel

403 Fluencel H'H
\_

*
PEDIUM

N

(

| =

| = EffectieelDese
: O [Dizses

x Nl

|
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Validation
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)5
sz, (@CONCERT Controlled Experiment - Malmo

LUN

EPD1

=

® 2 ; | E

= o
ol * i : E £ ;

R a 199 4 =
138.5cm @34 cm - ;
Table 1 1 i
____________ ! Table : Table 1
59.5¢cm : / 1ﬁ.1‘£ﬁ'i-- : / 1837Fcm "~ :
]
|
Operator Operatar Room @ '
Room Room Jperator
Operator
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W CONCERT

SR Controlled Experiment o IR Malmd
Results:
g Measured H,(10) [uSV]
[LUND . Tube DICOM g
UNIVERSITY Experiment Anale KAP ero1 | EPB2 | TLD(Ret TLD (Ref £DD
J [MGy.cm ?] (Ret) (Ret)
0° 2804.9 11 16 9(DC16) | 7(DC20) | ©
0° 4102.6 73 72 | 85(DC48) | 134 (DC52)| 196
3 15.1° | 4209.5 73 63 | 105 (DC36) 156.3
Ratio: Measured / Simulated
Experiment EPD1 EPD2 DC16 DC20 pre
1 1.21 1.13 1.42 1.60 o
2 1.45 1.29 0.97 1.18
3 0.99 1.01 0.79

Operatorphantom
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!
Czr;zt;: ol Universitair
Eapnsl olos ot . CONCERT Ziekenhuis

Test at UZVUB - Brussels

Show Depth Image
for Windows

Kinect Data Acquisition V1.0

Running Saving to: C:AUsers\mahmo\Desktop [

< RS

i)
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o * LIEGE
ol ot vy @ébﬁéém université

9 P

C'!itg{ Test at CHULiege
SR

Show Depth Image

!(!NECT Kinect Data Acquisition V1.0

Running Saving to: C:\Users\mahmo\Desktop Recording ! %
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* LIEGE
T, CCONCERT universite

CH./  Validation Case:Angioplasty Procedure

, Measurement of accumulated dose H,(10) of operators with Thermo EPD Mk2.3 [S5===
. Estimation of dosimeter location by the tracking system

2018-10-02 01:19:37

spsml r1qaQ worl2
il
ARt B 0o o o Dosimeter location at [[2/970668, -0.6624361000000001, -0.419034299999
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Personal Online Dosimetry
Using computational Methods

GE%X)N'ékT

Procedure Dose Report

Procedurecparameteis:rs:

A kVp:

80 & 125 kVp

A DAP:

- 159356 2Gy.m2
A Projestionss:
OLAO / OCRA
75RA0 / OCRA
27RA0O |/ OCRA

90°

(lateral)

- K f
<&
B v
A
o). -
\ / 90°
T (lateral)

Patient Position: HFE 02-0Oct-18 12:55:45
1 DSA FIKED ves 78 2F/s 02-Oct-18 13:17:02
A B80kv 284mA 160.5ms S500CL small 0.1Cu 32cn 536.5pGym* 47.6mGy OLAO OCRA 13F
2 DSA FIXED VCs bs 2F/s 02-0Oct-18 13:19:36
A 125kV  295mA 199.6ms ****** Jarge 0.0Cu 32cm 1855.2pGym? 217mGy T5RA0 OCRA 11F
3 DSA FIXED ves 6a 2F/= 02-0Oct-18 13:20:41
A 125kV 295mA 199.6ms ****** large 0.0Cu 32cm 1647, TuGym? 216mGy T75RA0 OCRA 11F
4 DSA FIXED ves 5s 2F/g 02-0ct-18 13:26:03
A 125kV  295mA 199.6ms ****** large 0.0Cu 32cm 1347.0pGym? 17TmGy TSRAO OCRA SF
5 DSA FIXED vCs 6s 2F/s 02-0ct-18 13:26:41 '
A 125RV 295mA  199.6ms ******x large 0,0Cu 32cm 16486, 9pGym? 216nGy 75RAO0 OCRA 11F
6 DSA FIXED vCs 6s 2F/s 02-0O¢t-18 13:27:08 |
A 125kV 295mA  199.6ms *****%x large 0.0Cu 32¢m 1647 . 1puGym? 216mGy 7SRAO OCRA 11F
i DSA FIXED vCs 6g 2F/s 02-Oct-18 13:28:58
A 125kv  295mA  199.6ms ****** large 0.0Cu 32cm 1646.7pGym? 216mGy 75RA0 OCRA 11F
8 DSA FIEKED vCs S5s 2F/s 02-0¢t-18 13:29:34
A 125kV 295mA 199.6ms **4**t large 0.0Cu 32cm 1496.8pGym*® 196mGy T75RAO0 OCRA 10F
9 DSA FIXED ves 6s 2F/s 02-Oct-18 13:30:46
A B2kV D536mA 160.6ms **x*%*% Jarge 0,0Cu 32¢m 1090, 2nGym* 143mGy 27RAO QCRA 11F

*tipccumul ated exposurs data***

TotalFluoro:

| 5.4min

l Total: 15935.6pCym®  1990mey

02=-0ct~18 14:42:19
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*
PODIUM @@=, Clinical Validation: Results

nnnnnnnnnnnnnnnnnnnnn

Clinical Experiments
CHU-Liége Case 4 381 Sv 231 Sv ~1.65
SJH Case B 771 Sv 51 Sv ~1.54
SJH Case C 68.31 Sv 551 Sv ~1.24

|
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Conclusion

Using computational Methods

Part of the future will be dosimetry without physical
dosemeters
Although dosimeters still will exist for many applications

Very exciting topic: novel approach

New technologies can do amazing things

Results show the validity of the method in interventional
radiology and some neutron workplaces

Still some challenges to be solved

Shielding tracking, worker identification

Parsancl Online Dosleeiry
..........................
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