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This talk introduces you different EPID applications in the clinic

SSIM Concept

Conventional PD

MPC

Pre-clinical IMRT QA/MLC QA

• Part of commission tasks for two brand new 
TrueBeam machines

• Clinical plans were run on the machine to 
deliver fluence map on EPID at SDD 100 cm

• Gamma index was used for QA result 
analysis

• For portal dosimetry, used 3%Local/3mm 
and 10% threshold
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• EPID can be used for pre-clinical IMRT QA
• The gamma passing rate is depending on beam 

energy and plan complexity
• 3%Local/3mm with threshold 10% and 95% 

may be proper for absolute dose comparison

• Some IMRT fields failed for the gamma passing 
rates, therefore a customized calibration file 
may be needed.

Clinical Findings for Pre-IMRT QA

Test1B-Fail Test2A-Pass

Test2D-Fail Test3A-Pass
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Test3C-Pass Test4A-Pass

Test5A-Pass Test6A-Pass

Test7-Fail Test8-Pass
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Test9-Fail Test Square Field-in-Field-Fail

Test 6X lung2 Test 6X Brain 2

Test 6X Pelvis VMAT Test 15X GI3
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Test 15X Paraspinal Summary and Observation

• The failure patterns are complex
• EPID itself may contribute to the failure also
• Large field is easy to fail due to scatter dose and MLC 

leakage during the transition, such as Tests 1 and 9
• Highly modulated field with low dose region is easy to 

fail, such as Test 7
• Small field is easy to fail also, such as 6X Brain 2
• Using 3%Local/3mm , TH=10%, and 95% passing rate 

may not fit all cases
• A customized calibration file is necessary for special 

cases

SSIM or Gamma Index?

• What is SSIM?

• Factors affecting SSIM calculation

• Implementation in RT

• Summary

What is SSIM?
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SSIM Properties

SSIM �, � = SSIM �, �
SSIM �, � ≤ 1
SSIM �, � =1, if and only if x=y

Diagram of SSIM Measurement System
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Example from Wang Example from Wang
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In Wang’s paper: α=β=γ=1, ��=0.01, �
=0.03, L=255

Factors Affecting SSIM Calculation Factors Affecting SSIM Calculation

Implementation in RT

L=fluence map
C= SNR

S=fluence map shape

We have calculated fluence maps:
• EPID

• MapCHECKTM

• DophinTM

Which one is the best to measure calculated fluence map?

Implementation in RT-Lung1
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Implementation in RT-Lung2 Implementation in RT-Brain1

Machine Performance Check (MPC)

• MPC is a self check process that Varian provides for all TrueBeam
• Capable of Dosimetric and Geometric QA testing

– We are only interested in the geometric tests, the Sun Nuclear Daily QA3 
device is used for dosimetric QA

• Run time for the mechanical tests is ~ 7 min

• Several hundred measurements are made
– Individual static leaf positions

– Positions of BBs implanted in the Isocal phantom
• Approx 190 test results are presented 
• The tolerances are :

– Tight
– Set by Varian, 
– We cannot alter them

– The result of each test either Pass   Warning   Fail

Courtesy Michael Lovelock, Ph.D.

Therapist sees a single result, which is the 

worst case – if one tests fails, the therapist will 
see an overall Fail

• Therapists have been instructed

to run once and continue

• Therapist setup errors occur..

Pass or Fail? That is a question

Courtesy Michael Lovelock, Ph.D.

Mechanical Tests that will be Switched to MPC
• Isocenter:

– Size, Panel positioning errors

• Collimation

– Rotation

– Jaws

– MLC

• Gantry

– Rotation, absolute and relative

• 6D Couch tests

– X, Y, Z translations

– Pitch roll yaw

– Induced shift at isocenter

Tasks We Can Test

Courtesy Michael Lovelock, Ph.D.

Collimation

• In the standard tests suit, MV panel is at 50 cm from iso, the  
outer 20 leaves are not tested.

• (All leaves can be tested using additional tools from the tool box)

• Numbers from the MLC Reproducibility Summary are consistent 
with recent measurements made by dosimetry group

• Each visible leaf position
is measured and can be trended

• Leaves A37, A38 Room 442

Courtesy Michael Lovelock, Ph.D.
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MLC Reproducibility 

• Test was added in Version 2.7

• Leaves set in a static comb pattern twice, the leaves 
approach the set position from different directions. 

• The absolute difference in measured 
position when leaves approach set 
position from different directions
(backlash) is reported
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MLC Leaf Reproducibility

Room 245

10/8/2018 - 12/06/2018

Courtesy Michael Lovelock, Ph.D.

Effect of T Nut Replacement 
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Courtesy Michael Lovelock, Ph.D.

Couch Pitch and Roll Tests

• Because MSK treatment workflows include, under specific 

conditions 6D shift then treat, the Chief therapist required a daily 
check of the 6D couch pitch and roll function

• MPC met this requirement and was introduced as a daily test for the 

therapists to run, at least on TBs with 6D couches

• As a result, MPC was introduced to routine daily use  ~ 2 years ago

• No couch test has failed

Pitch and Roll induced 
shifts at isocenter

Courtesy Michael Lovelock, Ph.D.

Summary

EPID can play more 
roles in clinic

Concerns still exist for 
certain tests accuracy

SSIM can be a better 
way to evaluate the test 
results


