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Framework for individual monitoring: why is dosimetry needed
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Individual monitoring of workers

Control occupational exposure

Dose limits and ALARA principle

Inform workers of their exposure

Dose Annual Limit

Effective Dose 20 mSv

Eye Lens 150 mSv

Extremities 500 mSv/year
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Problems with individual dosimetry

¸Workers donõt like to wear dosimeter

¸Workers especially donõt like to wear more than one dosimeter

¸Still not all parts of body covered

¸What if other parts of body need dosimetry in future (brain, heart ,ê)?

¸Not always strict use of dosimeters: 

F̧orgetting

Ņot correct place
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Uncertainties in personal dosimetry
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¸Risk is given by effective dose

¸Complicated system of operational quantities to estimate effective dose

¸Hp(10) is only estimation of E

¸No dosimeter is perfect for Hp(10) 

Ņon-linearity, fading, ê

Ȩnergy and angular dependenceê.

¸Loosing dosemeter: all data lostê

¸Not wearing correctly

Ḑependent on homogeneity of the field
Factor 1.5 in either direction for doses near the limit

Factor 2.0 for lower doses (ICRP 75)
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Large uncertainties allowed in personal dosimetry

¸Factor of 2  is actually not very strictê

¸Compare to e.g. gamma spectrometry

¸Leads to doubts on performance of dosimetry service by customers

¸Most services donõt report the uncertainty on the reports

¸What would customer reaction be if on the report is 

òIn 1 month 200 ÖSv ± 200 ÖSv is measuredê.ó

¸They would mistrust dosemeter service

¸They would pay less attention to the correct use of their dosemeter
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Large uncertainties allowed in personal dosimetry

¸Why are such large uncertainties allowed?

¸Other uncertainties involved to get to risk assessmentê

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

¸System of operational quantities as estimation for limiting quantities

I̧n 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
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Different passive dosimetry systems used world wide

¸Film dosemeter

¸On rapid declineê.
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Different passive dosimetry systems used world wide

¸Thermoluminescent detectors

¸Different materials: LiF:Mg,TiðLiF:Mg,Cu,PðLi2B4O7:Cu - ê

¸Different manufacturers: Harshaw, Rados, Panasonic, ê

http://www.google.be/url?sa=i&rct=j&q=&esrc=s&frm=1&source=images&cd=&cad=rja&uact=8&ved=0CAcQjRw&url=http://na.industrial.panasonic.com/products/hvacr-appliance-devices/radiation-measurement-systems/radiation-readers-irradiators&ei=18t1VNi5OfGd7gbfiYGQCw&bvm=bv.80642063,d.ZGU&psig=AFQjCNG7j3qsvfBIxKEJldItAEmKrATS6w&ust=1417092379646769
http://www.google.be/url?sa=i&rct=j&q=&esrc=s&frm=1&source=images&cd=&cad=rja&uact=8&ved=0CAcQjRw&url=http://na.industrial.panasonic.com/products/hvacr-appliance-devices/radiation-measurement-systems/radiation-readers-irradiators&ei=18t1VNi5OfGd7gbfiYGQCw&bvm=bv.80642063,d.ZGU&psig=AFQjCNG7j3qsvfBIxKEJldItAEmKrATS6w&ust=1417092379646769
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Different passive dosimetry systems used world wide

¸Optically Stimulated Luminescence detectors

¸Different materials: Al2O3:C, BeO

¸Different manufacturers: Landauer, Dosimetrics
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Different passive dosimetry systems used world wide

¸Radio Photoluminescence Detectors

¸Glass dosemeters

¸Chiyuda Technology
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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 by workers

¸Makes dosimetry more òusefuló

¸Use of APD will continue to increase

¸Smaller and more sensitive devices

¸They do not always work in all fieldsê!

¸New development: dosemeters in between active and passiveê.
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¸Recent developments:

¸Dosemeter between passive and active

¸No alarm, no immediate read-out

¸But can be consulted if needed 

¸Communication with iPAD, iPhone, pcê.

¸No return to dosimetry service for read -out anymore

¸Long stand alone battery life 

¸Now approved in Belgium: through SCK-CEN dosimetry service

Instadose
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Personal Dosimetry: what brings the future?
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¸May be no need for physical dosimeters?

¸Suppose we can use Monte -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

¸ê.

mSv
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Dose Simulations

Motion tracking

Computer Vision

Machine Learning

Computational Phantoms

Monte -Carlo Methods

2000õs

Hybrid

1980õs

Voxel

1960õs 

Stylized

1950õs

Simple

Computational Power

Position/Pose

Radiation sourceGeometries
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PODIUM Objectives
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¸ 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

¸The legal aspects to introduce this or similar techniques as an official dosimetry method 

will also be established
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PODIUM Workplan
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WP1 WP2

WP0

Management

WP3

Dosimetry Online Calculation Application

Dose simulations input Computational phantoms and MC

Validation in Interventional Radiology

WP4 WP5
Validation in Neutron workplaces

WP6

Results 

Dissemination
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Personal Dosimetry: Interventional Radiology
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Personal Dosimetry: Inhomogeneous fields
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Dose 

Calculation

Motion 

Tracking 

Input

Radiation 

Source 

Input

Geometry 

Input

9

WP1: Dose Simulations Input

Staff movement monitoring and Radiation field mapping
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Staff Motion Tracking

¸Markerless tracking based on computer vision

¸RGB-D cameras: combine color information with per -pixel depth information

¸Existedfor years for high prices (~ $10k to $30k), very cheap nowadaysê

¸Two technologies : Structrued light & Time -of-Flight (ToF)

¸Microsoft® Kinect V2 .0 

21
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Storing XYZ coordinates or send to a cloud

Real-time processing

Depth Image

Staff Motion Tracking

Skeleton Tracking

Tracking system based on single depth camera
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Tracking to computational phantom
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Realistic Anthropomorphic Flexible Phantom (RAF)
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Animation of RAF phantom
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Geometry Input

¸Define of the workplace geometry for the calculations

¸Complex geometries can be prepared by:

ÇScanning of the workplace

ÇConverting CAD files to different formats

¸Modeling and tracking of important moving objects ( shielding ) 

is also needed

25
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Interventional Radiology and Cardiology Parameters

Parameter Range

High Voltage 60-120 kVp

Intensity 5-1000 mA

Inherent filtration 3-6 mm Al eq

Additional filtration 0.2-0.9 mm Cu

Energy range of scatteredspectra 20 keVï100 keV

X-Ray spectrum

ÅTube potential (kVp value)

ÅTube current

ÅAdded filtration

ÅTarget material

ÅVoltage waveform

Tube Angulation

ÅC-arm projections

14

Input
ÅRadiation dose structured report (RDSR) 

extracted from the X-ray machine

ÅTime synchronization with tracking

ÅDAP meter for normalization

Radiation Source Input: Radiology Case
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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

¸Real on-line simulation  

27
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WP2: Dose Simulations
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Export to mesh 

format or 

voxelization

Protective 

garments

Easy

Posture 

Control
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PODIUM Application
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MCNP

Effective Dose

Organ Doses

MC-GPU
mSv
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Validation
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Controlled Experiment - Malmö
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DC16

EDDDC20

EPD1 EPD2

EPD1

EPD2

4 cm

14.5

cm

24.5

cm DC20DC16

EDD

Operator

 

 

 

 

Experiment 1 Experiment 2 Experiment 3
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Controlled Experiment ðIR Malmö
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Experiment
Tube 

Angle

DICOM 

KAP

[mGy.cm 2]

Measured Hp(10)   [µ Sv]

EPD-1 EPD-2 TLD(Ref.) TLD (Ref.) EDD

1 0° 2804.9 11 16 9 (DC16) 7 (DC20) 0

2 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

1 1.21 1.13 1.42 1.60

2 1.45 1.29 0.97 1.18

3 0.99 1.01 0.79

Results:

EPD1

EPD2

4 cm

14.5

cm

24.5

cm DC20DC16

EDD

Operatorphantom
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Test at UZ-VUB - Brussels
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Test at CHU-Liège 
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Validation Case: Angioplasty Procedure
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¸Measurement of accumulated dose Hp(10) of operators with Thermo EPD Mk2.3

¸Estimation of dosimeter location by the tracking system
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Procedure Dose Report

Procedure parameters:

Å kVp : 

- 80 ð125 kVp

Å DAP:
- 15935.6 G˃y.m2

Å Projections:

- 0LAO / 0CRA

- 75RAO / 0CRA

- 27RAO / 0CRA

23
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Clinical Validation: Results
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Validation Case

Simulations

Accumulated 

Hp(10)

Measured EPD

Accumulated

Hp(10)

Diff.

Clinical Experiments

CHU-Liège Case 4 38 ȊSv 23 ȊSv ~1.65

SJH Case B 7.7ȊSv 5ȊSv ~1.54

SJH Case C 68.3 ȊSv 55 ȊSv ~1.24
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Conclusion

¸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
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