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Introduction

Todays talk will cover:

1. The advantages and disadvantages of EPID for beam 
commissioning

2. Commissioning philosophy to allow the use of EPIDs

3. Introducing the Pixel-Sensitivity-Map (PSM)

4. Overview of the literature on beam commissioning using EPID 
applications

1. Acceptance tests

2. Basic beam model verification

3. Plan delivery type tests

4. Electrons

5. EPID performance



Advantages and disadvantages of EPID as a 

detector for beam commissioning

Is EPID even worth considering?
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Advantages of EPID 
• Primary Advantages:

– Standardization
• All modern linacs have an EPID

• Common detector -> standardisation of methodology -> reduce errors

– High Spatial Resolution two-dimensional measurement
• Assessment of fluence. Possibly the best detector for this task.

• Secondary Advantages:
– Large number of measurements with a single detector

– Largely free of setup and user variability
• Reproducible panel positioning

– Digital data stored straight to a database (R&V)

– Integrated with the linac
• Potential for highly efficient workflows
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Disadvantages of EPID 

• Primary Disadvantage:

– Non-water equivalence

• Amorphous silicon panel means that dose cannot be 
measured directly

• Work has been done with water equivalent EPIDs, which may 
solve this problem.

• Secondary Disadvantages:

– Two-dimensional

• Cannot easily directly measure in the depth direction

– Integrated with the linac

• Concerns about measurement independence
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Linac beam commissioning philosophy with EPID

Making the case for consensus data
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The case for consensus beam models

• Consider..

– Traditional beam commissioning 

• measure beam model data and input into the TPS 

• Beam model specific to the local linac

– As linac manufacturing improved linacs beams became more 

consistent

• beam matching became a possibility

• Standardised/consensus beam data was introduced as an option. Eg

Varian Golden dataset 
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The case for consensus beam models

• Halcyon and Tomotherapy

already mandate a 

standard beam model.

• There is growing evidence 

that the TrueBeam linac 

beams are highly 

consistent linac to linac

• This makes a standard 

beam model feasible.

Commissioning of the Varian TrueBeam linear 

accelerator: A multi-institutional study

Glide-Hurst C, Bellon M, Foster R, Altunbas C, Speiser M, Altman M, 

Westerly D, Wen N, Zhao B, Miften M, Chetty I, Solberg T.
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EPID beam commissioning philosophy

• If we accept consensus data beam models
– Commissioning becomes verification

– Check that ones specific linac beams are not an unacceptable outlier from 
standard.

• Therefore, 
– we don’t need water equivalent detectors 

– just detectors that are proven to be sensitive to clinically significant variation 
from the consensus data.

• EPID is the logical choice for such a detector
– Standard model checked with a standard detector that is available on all linacs.

• With this philosophy acceptance testing and commissioning becomes 
blurred into essentially an extended Acceptance test procedure.
– Accept the linac performance and Accept the beam model



Introducing the Pixel-Sensitivity-Map (PSM)

How to retain dosimetric data in an EPID 
image
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The problem

• The flood field calibration

– Corrects the image to provide a uniform image when 

exposed to a wide-open field

– Good for IGRT, but bad for Dosimetry 

• As well as detector non-uniformities it also corrects 

out beam non-uniformities (i.e. Beam horns), which 

we require for beam profile analysis.
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The solution

• Replace the flood field calibration with an alternate calibration 
that only corrects for the detector non-uniformities and retains 
the beam horns in the image. 

• Such a calibration has been named the Pixel-Sensitivity-Map 
(PSM) and methods have been published on how to do this.



Department of Radiation Oncology, Calvary Mater Hospital, Newcastle, Australia

Raw EPID Profile
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Beam and EPID (PSM) Responses



Beam model data verification with EPID: 

A quick literature review

Acceptance type tests:    Beam quality, beam steering

Basic beam model tests: Output factors, profiles, MLC and Wedges 

Plan delivery tests:  Fluence, overall process and plan delivery

Electrons: Beam quality and profiles

EPID panel: Consistency and stability
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Acceptance tests: Beam Quality - Photons

• Open field EPID images PSM corrected

• Flatness measured

• Beam energy was changed
– Adjustment of the bend magnet shunt 

voltage until a 1% change in PDD10 was 
recorded (TG-142 tolerance). 

• Flatness remeasured

• Therefore method is calibrated to TG-142

• Users can compare their measured flatness 
to see if it falls within this range.
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Acceptance tests: Beam Steering

• This paper provides methodology for beam angle and position 
steering using EPID.

– PDDs -> Primarily influenced by beam energy 

– Dose profiles - > Primarily influenced by energy and beam steering.

– Therefore -> By checking our energy and beam steering we have gone a 
long way towards assuring our PDDs and Dose profiles.

– Profiles -> Spot check different field sizes with PSM-corrected EPID 
images.
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Basic beam model tests: 

Beam profiles

• Demonstrated: Beam matched linacs provide the same PSM corrected EPID 
profiles. 

• Therefore for a range of field sizes users can compare their measured profiles 
against the consensus profiles
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Basic beam model tests: Output factors - Varian

• Varian Beam matched linacs 
provide consistent EPID measured 
output factors.

• Therefore, consensus EPID output 
factors can be generated that users 
can compare their linac against

• Note: Plot is a little misleading as 
agreement with ion chamber 
diminishes at large field sizes.
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Basic beam model tests: Output factors - Elekta

• Similar results found 

for Elekta EPIDs.
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Basic beam model tests: Wedges

• Wedge Profiles and Wedge 

factors can be measured 

with EPID too.

• Agreement with diode array 

if EPID is PSM corrected



Department of Radiation Oncology, Calvary Mater Hospital, Newcastle, Australia

Basic beam model tests: 

MLC (transmission and DLG) 

• DLG and MLC transmission have been measured using EPID in a number of 

publications

• This paper both compared EPID measured DLG and transmission across a 

wide number of linacs, but also demonstrated sensitivity as EPID results 

correlated with ion chamber results

• Again consensus EPID measured DLG and transmission can be determined 

which users can compare their linac against. 
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Plan delivery type tests: 2D Fluence

• Use of EPID for 2D fluence
checks is well established
– Varians Portal Dosimetry and 

others. 

• High spatial resolution = big 
advantage over other 
detector types. 

• This allows dynamic field 
deliveries to be assessed 
compared to the plan, which 
is increasingly important in 
modern commissioning
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Plan delivery type tests: 2D Fluence

• This paper developed a universal 
preconfigured Portal Dose Image 
Prediction (PDIP) datasets for Portal 
Dosimetry

• We could potentially all use the same 
model and compare our individual 
linac measured fluences against this 
consensus model.

• Use of EPID for 2D fluence
checks is well established
– Varians Portal Dosimetry and 

others. 

• High spatial resolution = big 
advantage over other 
detector types. 

• This allows dynamic field 
deliveries to be assessed 
compared to the plan, which 
is increasingly important in 
modern commissioning
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Plan delivery types tests: Overall Process 3D 

dose distributions

• Back project EPID images into a 
virtual water phantom.
– Calculate 3D dose distribution that 

can be compared against the plan.

• This allows plan delivery to be 
measured using EPID and 
compared to the TPS.

• This step is very important, but 
difficult to do without EPID 
unless one has specialist 
devices. 



That’s all well and good for photons, but what 

about electrons?
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Electrons - Profiles

• Demonstrated for Elekta that 

EPID can be used for electron 

beam profile constancy,

– However, this was done on flood 

field corrected images which 

potentially create systematic errors 

• Demonstrated the PSM 

EPID calibration process 

works for electrons.
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Electrons –

Beam Quality

• Electron beam energy check using EPID via profile changes 
when a double wedge phantom is imaged.

• Sensitivity was proven using adjustments to the bend magnet 
to the order of 1 mm in R50.



Hold on, if we are all going to use EPID, don’t we 

need to know that our EPIDs all respond 

consistently?
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EPID panel response 

consistency

• Studies demonstrate good 

consistency between EPID panels and 

long term constancy. 

• Suggest: Include some EPID 

performance tests in the test suite.

• Consider: Benchmark the EPID 

against ion chamber for standard 

detector tests: 

• Eg Dose linearity, dose rate 

dependence, energy dependence 

etc
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Conclusion: Can we use EPID for linac beam 

commissioning?

• Ill leave that up to you to decide for yourself

• but, if…
1. Linac beam consistency is proven 

• so we use consensus data 

2. EPID response consistency is proven. 

3. EPID sensitivity to beam variability is proven

• Then why not. I think there is a pathway here that Halcyon and 
Tomotherapy have already started down.

• However,
– We will still need to do an ion chamber absolute calibration and 

benchmark our EPIDs.

– More work required for electron beams



Thank you

michael.barnes@calvarymater.org.au
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