
Practical Implementation of EPID-

based QA for Linac

Baozhou Sun, Ph.D.



Advancement in Radiation Therapy
• Treatment becomes more and more 

complex

• It will continue to evolve…

for example: MR-guided radiotherapy

Adaptive,

flash therapy

• More procedures developed to treat 
patients

More and more QA tests are added to ensure the 

safe delivery of radiation therapy



QA Solutions for complex treatments

• Improve QA efficiency without 

sacrificing effectiveness

Need better/less tools; 

Need more efficient analysis; 

Increased automation; 

Reduced human involvement. 



EPIDs as a dosimeter

• High resolution diode array

• Large array size

• All modern linacs have them (no 
third party detectors)

• Easy to standardize the QA process

• Easily deployable (change the 
detector position)

• Data (images) are readily 
analysable with digital format

EPIDs are the obvious 
choice



MPC is a great example

•An integrated QA tool using EPID check many aspects of linac performance

•Disclaimer from MPC document

•Not an independent tool

•Not available for all machines



It is essential to understand physics, key 

operational characteristics, and limitations of 

aSi EPIDs before implementing them for 

machine QA 



Physics of EPID Technology

The modern EPID technology is based on aSi thin-film transistor 

semiconductor technology.



EPID Characteristics

1. Resolution

EPID model Active imaging 

area (cm2) 

Pixels in imaging area Pixel size (mm2) 

Varian aS1200 43x43 1280x1280 0.34x0.34 

Varian aS1000 40x30 1024x768 0.39x0.39 

Varian aS500 40x30 512x384 0.78x0.78 

Elekta iViewGT 41x41 1024x1024 0.40x0.40 

Siemens Optivue 1000 41x41 1024x1024 0.40x0.40 

Siemens Optivue 500 41x41 512x512 0.80x0.80 

 



EPID Characteristics

2. Acquisition modes

• Integrated (Dosimetry) mode: 

Image frames are collected throughout the beam delivery, but only a single 

integrated (ie. summed) image is returned or reported at the end of the 

irradiation.

• Cine (Movie) mode: 

Frames are collected throughout the beam delivery, but images are returned or 

reported at a frequency defined by the user. 



3. Long Term Stability

aSi-based EPIDs show a large resistance to radiation 

damage

EPID Characteristics



4. Linearity with dose and dose rate

• aSi EPIDs display a mostly linear response

• There are small non-linearities at low doses 

due to image lag, ghosting, and frame drop. 

• Very high dose rates (e.g. FFF beams) can 

saturate the panels.

• Newer panel (aSi 1200) panel works for a 

higher dose rate.

Ref. Greer and Popescu, 2003

EPID Characteristics



Varian’s DMI panel (aS1200) with faster read out electronics

The linearity of the DMI detector 

response was better than 0.5% in 

the range of 20–500 MU for all 

energies. The residual image was 

extremely small and statistically 

undetectable. 

Xu, 2018, JACMP

EPID Characteristics



5. Energy dependence

High atomic number (Gd2O2S and 

Cu) used in EPID over-response to 

low energy photos.

It is not a water-equivalent detector

Ref. Kirkby and Sloboda 2005

EPID Characteristics



6. Mechanical Stability

• The EPID can sag can shift during 

gantry motion

• Gantry sag also comes into play

• New panel has much better accuracy

Ref. Rowshangarzad, et al, 2012

EPID Characteristics



EPID Characteristics: limitations

Ghost effect and image lag

Ref. McDermott, et al, 2006

Image lag is a residual signal present in image 

frames subsequent to the frame in which the 

residual signal was generated.

Ghosting refers to the change of detector pixel 

sensitivity (to X-rays) because of previous 

exposures of the detector.



EPID Characteristics: limitations

Backscatter from supporting arm 



EPID Calibration

1. Conventional calibration
• “Dark field” calibration

• “Flood field” or gain calibration (assume uniform field)

• “Profile” correction

• “bad pixel corrections.

2.  Pixel-sensitivity Map
• Calculate the relative gain correction for each pixel

• Independent of beam profile

• Changes in the beam profile of a treatment unit are visible on the acquired images.

• It is used often for beam energy check    



PSM Calibration

Uncorrected Image PSM Corrected Image



PSM Calibration
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What EPID can do?

1. Output constancy check

Sun, et al, 2015



2. Profile constancy

Sun, et al, 2015

What EPID can do?



3. Jaw Position

Sun, et al, 2015

What EPID can do?



4. Light/Radiation Coincidence

What EPID can do?



5. MLC positioning and MLC speed

Sun, et al, 2015

What EPID can do?



5. MLC Speed

Yinghui Li, et al, 2017

What EPID can do?



6. Isocentricity check

What EPID can do?



7. Co-incidence of kV and MV isocenter

Chang, et al, 2012

What EPID can do?



8. Mechanical tests on gantry, collimator and 

couch positioning and rotation accuracy

Clivio et al. Radiation Oncology (2015)

What EPID can do?



9. Beam energy (photons) – PSM Calibration

Yaddanapudi et al. 2017

What EPID can do?



9. Beam energy (electrons)—PSM Calibration

B Cai, et al. 2017

Shift of PDI curve obtained from 20 MeV EPID images with electron beam energy 

changed.

What EPID can do?



Example of EPID based QA tools
Cloud-based linac daily QA tool using EPID

• Fully automated;

• Customizable to unique QA tests;

• No software to be installed; 

• Highly efficient: daily QA can be performed ~10 

minutes



Examples of EPID based QA tools

Cloud-based linac daily QA tool using EPID





Long-term Data of EPID-based Daily QA



Validation of EPID-based QA tools

For commercial QA tools used for linac QA

1. Vendor should provide comprehensive documentation 

describing the system design algorithm, and theory of 

operation, and QA procedures.

2. The vendor should provide training for users. The training 

should include how to set appropriate action limits.



Validation of EPID-based QA tools

Physicist role: 

1. Understand system design, theory of operation and 

calculation algorithm

2. Complete formal acceptance testing prior to use of an EPID 

QA system: end-to-end test.

3. Benchmark for new tools (including in-house tools), a 

second set of tools with a standard phantom system and 

software should be compared. 

4. Sensitivity tests (by detuning beam parameters and make 

sure your QA tools can detect the deviations)



Summary and Take-home messages

• EPID characteristics depend the EPID model; Understand the 

characteristics and limitations of your EPIDs 

• EPIDs are be used for acceptance tests, on-going QA tests, etc

• Automation is the key to improve the efficiency

• Vendor provided QA tools should be validated before clinical use




