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Overview

• My colleague has just introduced the Varian Machine 
Performance Check (MPC) daily check device.

• My talk today will concentrate further on MPC and 
include two sections:

1. MPC Vs TG-142

• A look at how MPC currently complies with TG-142 QA 
recommendations.

2. How can MPC be improved?

• Some ideas on how the current MPC could be improved from the 
literature.



MPC Vs TG-142 Requirements

Where do we currently stand?
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TG-142 General Daily Linac QA Requirements
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TG-142 General Daily Linac QA Requirements

X

X  No lasers or ODIs

X No safety checks

So what doesn’t MPC test?
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TG-142 General Daily Linac QA Requirements

Its not really fair to expect MPC to do these checks

X

X  No lasers or ODIs

X No safety checks
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TG-142 Wedge and MLC Daily QA Requirements
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TG-142 Wedge and MLC Daily QA Requirements

X  could easily add 

a functionality test
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TG-142 Wedge and MLC Daily QA Requirements

X  could easily add 

a functionality test

� MPC includes an MLC static position test
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TG-142 Imaging Daily QA Requirements
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TG-142 Imaging Daily QA Requirements

� MPC isocenter checks

� MPC isocenter checks
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Summary

• So MPC is doing a fairly good job at meeting our daily 

TG-142 requirements.

• But I would suggest that these requirements aren’t 

setting a very high bar for MPC to meet.

• How does MPC compare to a current standard daily 

check device?
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Current standard Daily QA devices

• Our standard Daily QA devices already exceed TG-142 recommendations

• For example, Sun Nuclear Daily QA3 as an example tests:

– Output constancy

– Symmetry constancy (both planes)

– Flatness (both planes combined)

– Energy

– Field size (both planes)

– Field shift (both planes)
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Current standard Daily QA devices

• Our standard Daily QA devices already exceed TG-142 recommendations

• For example, Sun Nuclear Daily QA3 as an example tests:

– Output constancy

– Symmetry constancy (both planes)

– Flatness (both planes combined)

– Energy

– Field size (both planes)

– Field shift (both planes)

What does MPC test from this list? 

� As demonstrated   

�

�

�

�

�

Jaw positions are tested and so is the beam 

center shift. 

Yes, all three should cause an MPC Uniformity 

fail, however, indirect and not all demonstrated 

as yet in the literature
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So does MPC go even further?

TG-142 Monthly QA tests (Dosimetry and Mechanical)
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�

�
We have established that MPC checks outputs
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TG-142 Monthly QA tests (Dosimetry and Mechanical)
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<- Beam center and Uniformity should assure these, but its not very direct.
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<-

<- Beam center and Uniformity should assure these, but its not very direct.

� Collimator angles are checked well with MPC. Gantry zero is checked absolutely and         

other cardinal gantry angles are assured with the gantry relative check. Again not direct.

�

�
We have established that MPC checks outputs

So does MPC go even further?

TG-142 Monthly QA tests (Dosimetry and Mechanical)
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<-

<- Beam center and Uniformity should assure these, but its not very direct.

� Collimator angles are checked well with MPC. Gantry zero is checked absolutely and         

other cardinal gantry angles are assured with the gantry relative check. Again not direct.

�

�
We have established that MPC checks outputs

� We have established that MPC checks jaws

So does MPC go even further?

TG-142 Monthly QA tests (Dosimetry and Mechanical)
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MPC Philosophy

• So …
– Its not difficult for MPC to meet Daily TG-142 recommendations

– MPC already meets some TG-142 Monthly requirements

– MPC does provide similar tests to current daily check devices

• Therefore:
– its mainly a question of whether MPC can perform some of these tests 

better and potentially meet more TG-142 monthly requirements.

• Current MPC: Minimal number of fields.
– Quick, but the tests are often influenced by multiple linac parameters

• This philosophy makes MPC quick, but difficult to diagnose  fails.
– Personally, id prefer it to take a little longer, but be easier to diagnose.



So how can MPC be improved?

Concentrating on the Uniformity test
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MPC Uniformity - The Problem

• The MPC Uniformity check:
– Non-flood field corrected (raw) images

– Ratioed with the baseline image.

– Smoothed to remove high frequency noise. 

– Uniformity is presented as the variation between the two pixels on the ratio image with lowest and 
highest values within approximately 75 % of field width.

• The MPC Uniformity test doesn’t present results differentiated by plane.

• The Uniformity is theoretically influenced by multiple linac parameters including:
1. Changes in beam steering (flatness and symmetry)

2. Changes in beam energy (flatness is sensitive to energy)

3. Changes in EPID pixel responses

• We want an individual test for each parameter.
– This can be resolved using PSM corrected EPID imaging
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Introducing the Pixel-Sensitivity-Map (PSM)

• The PSM is the 2D matrix of pixel sensitivities (gains) across the EPID 
panel.

• PSM removes the EPID detector non-uniformities while preserving the 
incident beam non-uniformities. I.e. the Dosimetric information (Beam 
profile shape).

• Methods for determining PSM have been published in the literature. 
– The process is analogous to the detector array calibrations procedures performed 

on 2D arrays.
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How can we use it?

• Once PSM is determined then it can be stored in the MPC application 
and removed from the raw EPID images on a daily basis.

• We can then apply standard flatness and symmetry metrics to test the 
incident beam.
– Note: this is not possible on flood field corrected EPID images because the flood 

field removes the dosimetric information to provide a uniform image suitable 
for IGRT.

• Proof of concept and methods have been provided in these publications:
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Beam Energy Check
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Beam Symmetry Check

• From these profiles we can also measure 
absolute symmetry.

– not just change compared to baseline

• This was done in this paper, 
– Simplified PSM at two off axis points (in both planes) 

to provide two-point symmetry.

– equivalent to Daily QA3

• Measured symmetry results
– Compared against SNC IC Profiler

– Sensitivity assessed via adjustment of the beam 
steering.

• It may be possible to use this 2-point method for 
the energy check also

– Use Off-Axis-Factor instead of flatness, which has 
been described in the literature as a better metric for 
photon beam energy
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EPID Panel pixel-to-pixel stability

• The third component that affects the MPC Uniformity test is EPID pixel-to-
pixel stability.

• This is largely removed using the smoothing in MPC Uniformity, but 
smoothing is not ideal.

• PSM stability can be tested by comparing the stability of measured PSM 
when updated (initially suggest) six-monthly.

• PSM stability was demonstrated in the following paper:
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Compare now again to SNC Daily QA3

• Sun Nuclear Daily QA3. MPC

– Output constancy

– Symmetry constancy (both planes)

– Flatness (both planes combined)

– Energy

– Field size (both planes)

– Field shift (both planes)

� As demonstrated   

�

�

�

Absolute symmetry (both planes)

�

�

Jaw positions are tested and so is the 

beam center shift. 

Off-Axis-Factor/flatness (both planes) and 

can potentially be used as a check of energy
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Proposal

1. The PSM is measured at install.

2. This PSM is stored in the MPC application

3. When MPC is run the PSM is removed from the current raw field used to measure 
Uniformity

4. On the corrected image symmetry is measured as well as flatness as an energy 
check

5. The PSM is updated semi-regularly (eg 6 monthly or annually) and at the time the 
PSM values are compared against previous values as a measure of EPID 
performance.

• What this would do is isolate out all of the Uniformity test influences for easy diagnosis.

– Without adding any extra fields on a daily basis.

– MPC provides tests similar to daily check devices



Thank you

michael.barnes@calvarymater.org.au
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