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WHY THIS TOPIC?WHY THIS TOPIC?

•• 1. Received a call from an engineer wanting to 1. Received a call from an engineer wanting to 
know how to measure the dose rate on his LINAC, know how to measure the dose rate on his LINAC, 
and  he believes that the energy is changing but and  he believes that the energy is changing but 
does not know how to measure it. Is there a does not know how to measure it. Is there a 
QA/QC process that I know of and what QA/QC process that I know of and what 
instrumentation is needed.instrumentation is needed.

•• 2. Journal of the American College of Radiology , 2. Journal of the American College of Radiology , 
July 2009.July 2009. 
““The existing practice of quality assurance in The existing practice of quality assurance in 
medical imaging is problematic because of the medical imaging is problematic because of the 
subjective manner in which it is performed, the subjective manner in which it is performed, the 
lack of community and industrylack of community and industry--wide QA wide QA 
standards, a paucity of supporting technology, standards, a paucity of supporting technology, 
and an overall lack of accountability.  QA is and an overall lack of accountability.  QA is 
usually performed by the same tech who usually performed by the same tech who 
performed the image acquisition.performed the image acquisition.””
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WHY THIS TOPIC?WHY THIS TOPIC?

•• 3. The Society for Imaging Informatics in 3. The Society for Imaging Informatics in 
Medicine, July 2009.Medicine, July 2009. 
““Ask the experts: Monitor characteristics, and Ask the experts: Monitor characteristics, and 
general monitor questions.general monitor questions.””

•• 4.4.““Artifacts Found During Quality Assurance Artifacts Found During Quality Assurance 
Testing of Computed Radiography and Digital Testing of Computed Radiography and Digital 
Radiography DetectorsRadiography Detectors”” SIIM vol.22, number4, pp SIIM vol.22, number4, pp 
383383--393, 2009393, 2009

•• 5.5.““Medical Grade vs. OffMedical Grade vs. Off--thethe--Shelf Color Displays: Shelf Color Displays: 
Influence on Observer Performance and Visual Influence on Observer Performance and Visual 
SearchSearch”” SIIM vol.22, number 4 pp 363SIIM vol.22, number 4 pp 363--369, 2009369, 2009
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DISCLAIMERDISCLAIMER

REMEMBER,



 

VERY 
LITTLE 



 

MATH!!!
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OBJECTIVESOBJECTIVES

•• Define QA/QCDefine QA/QC
•• Define the DR EnvironmentDefine the DR Environment
•• High energy machinesHigh energy machines
•• EquipmentEquipment
•• Tests and one sampleTests and one sample
•• QuestionsQuestions
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WHAT IS QA/QC?WHAT IS QA/QC?

•• QUALITY ASSURANCE (QA):QUALITY ASSURANCE (QA):

All plans and systematic actions necessary to provide All plans and systematic actions necessary to provide 
adequate confidence that a structure, system, or component adequate confidence that a structure, system, or component 
will perform satisfactorily in service .will perform satisfactorily in service . 
(International Organization for Standardization(International Organization for Standardization--ISO 1995)ISO 1995)

•• QUALITY CONTROL:QUALITY CONTROL:

The regulatory process through which the actual quality The regulatory process through which the actual quality 
performance is measured, compared with existing performance is measured, compared with existing 
standards and finally the actions necessary to keep or standards and finally the actions necessary to keep or 
regain confidence with the standard .regain confidence with the standard . 
(International Organization for Standardization(International Organization for Standardization-- ISO 1995)ISO 1995)

The normal radiation safety checks are not part of the The normal radiation safety checks are not part of the 
quality control.quality control.
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WHAT IS CQI?WHAT IS CQI?

•• CONTINUOUS QUALITY IMPROVEMENT:CONTINUOUS QUALITY IMPROVEMENT: 

Documentation of the results of the quality assurance Documentation of the results of the quality assurance 
program.program.

•• 
Actions taken whenever the results are outside of the stated Actions taken whenever the results are outside of the stated 
tolerance.tolerance.
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OLD IMAGING ENVIRONMENTOLD IMAGING ENVIRONMENT

XX--Ray SourceRay Source

VIEWBOX

FILM 
one shot 
only
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IMAGING ENVIRONMENTIMAGING ENVIRONMENT

XX--RayRay SourceSource

“BLACK HOLE”

DETECTORS 
reused



 

DISPLAY MONITORSIMAGE 
PROCESSING

PART1 

 PART 2



 

PARTS 1&2PART 3



1010

IMAGING ENVIRONMENTIMAGING ENVIRONMENT
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BLACK HOLE BLACK HOLE --DETECTORSDETECTORS

•• TYPES:TYPES: 
CRCR 

DRDR 
DIRECTDIRECT 
INDIRECTINDIRECT

CCDCCD 

CMOSCMOS 

DIGITIZED XDIGITIZED X--RAY FILMRAY FILM
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IMAGING ENVIRONMENTIMAGING ENVIRONMENT

XX--Ray SourceRay Source

“BLACK HOLE”

DETECTORS



 

DISPLAY MONITORSIMAGE 
PROCESSING

PART1 



 

PART 2



 

PARTS 1&2PART 3
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WHY A SECTION ON IMAGE PROCESSING?WHY A SECTION ON IMAGE PROCESSING?
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IMAGING ENVIRONMENTIMAGING ENVIRONMENT

XX--Ray SourceRay Source

“BLACK HOLE”

DETECTORS



 

DISPLAY MONITORSIMAGE 
PROCESSING

PART1 



 

PART 2

PARTS 1&2PART 3
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REQUIREMENTS of a QUALITY SYSTEMREQUIREMENTS of a QUALITY SYSTEM

Clear definition of responsibilitiesClear definition of responsibilities

Documented proceduresDocumented procedures

Accurate record keepingAccurate record keeping

Control of system failuresControl of system failures

Internal audit proceduresInternal audit procedures

Training needsTraining needs
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WHY ARE WE DOING THE LINAC?WHY ARE WE DOING THE LINAC?

STARTING POINT FOR THE IMAGING PROCESSSTARTING POINT FOR THE IMAGING PROCESS

LAST CHANCE TO INSURE THAT YOU HAVE THE BEST LAST CHANCE TO INSURE THAT YOU HAVE THE BEST 
POSSIBLE PHYSICS PARAMETERS FROM THE LINAC POSSIBLE PHYSICS PARAMETERS FROM THE LINAC 
INTERACTING WITH THE PART BEFORE ENTERING THE INTERACTING WITH THE PART BEFORE ENTERING THE 
VIRTUAL WORLD.VIRTUAL WORLD.
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WHY ARE WE DOING THE LINAC?WHY ARE WE DOING THE LINAC?

Dose rate of the LINAC can be between 250Dose rate of the LINAC can be between 250--15,000   15,000   
rad/min@ 1 meter.rad/min@ 1 meter.

Major contribution of dose is to the object, only 1 Major contribution of dose is to the object, only 1 --3% exits 3% exits 
the object.the object.

Panel is reused thereby receiving a dosePanel is reused thereby receiving a dose

Energy response of the detector is different from filmEnergy response of the detector is different from film 
(changing spectrum)(changing spectrum)

Need to monitor xNeed to monitor x--ray uniformity and flatness to insure ray uniformity and flatness to insure 
image qualityimage quality
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WHO PERFORMS THE TESTS?

(Each subset may have different personnel)
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WHO PERFORMS THE TESTS ON 
THE HIGH ENERGY MACHINES?
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ASNT LEVEL I or  LEVEL II   ASNT LEVEL I or  LEVEL II   
(RADIOGRAPHER)(RADIOGRAPHER)
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ASNT LEVEL III (RADIOGRAPHER)ASNT LEVEL III (RADIOGRAPHER)
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RADIOLOGICAL PHYSICISTRADIOLOGICAL PHYSICIST



 

Here comes Dr. Berry, 
QUICK, hide the water 
phantom!!



 

Where is the water 
phantom?
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HIGH ENERGY XHIGH ENERGY X--RAY SOURCESRAY SOURCES

BRIEF TUTORIAL ON LINEAR BRIEF TUTORIAL ON LINEAR 

ACCELERATORS, MICROTRON and ACCELERATORS, MICROTRON and 

BETATRONBETATRON
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DIFFERENCE BETWEEN A LOW ENERGY DIFFERENCE BETWEEN A LOW ENERGY 
AND HIGH ENERGY SOURCEAND HIGH ENERGY SOURCE
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DIFFERENCE BETWEEN A LOW ENERGY DIFFERENCE BETWEEN A LOW ENERGY 
AND HIGH ENERGY SOURCEAND HIGH ENERGY SOURCE
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LINEAR ACCELERATORLINEAR ACCELERATOR
Source of electronsSource of electrons 

Means of acceleratingMeans of accelerating 
the electronsthe electrons 

Means of focusing on the targetMeans of focusing on the target

TARGETTARGET 

XX--RAYSRAYS
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Diagram of Linear AcceleratorDiagram of Linear Accelerator

Slide 27
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LINEAR ACCELERATORLINEAR ACCELERATOR



 

Courtesy of Varian Medical System
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LINEAR ACCELERATORLINEAR ACCELERATOR



 

Courtesy of Varian Medical System
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MICROTRONMICROTRON

Source of electronsSource of electrons 

Means of acceleratingMeans of accelerating 
the electronsthe electrons 

Means of focusing on the targetMeans of focusing on the target

TARGETTARGET 

XX--RAYSRAYS
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MICROTRON
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MICROTRONMICROTRON



 

View from target towards electron exiting position
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MICROTRONMICROTRON



 

View from magnet looking towards the target
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MICROTRONMICROTRON



 

Front view of the microtron



 

COLLIMATOR
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BETATRONBETATRON
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TESTS TO BE PERFORMEDTESTS TO BE PERFORMED

ACCEPTANCE: BaselineACCEPTANCE: Baseline 

Manufacturer and customer perform the testsManufacturer and customer perform the tests 
jointlyjointly

QUALITY CONTROL (specific frequency)QUALITY CONTROL (specific frequency)

Performed by the UserPerformed by the User
Testing Interval: semiTesting Interval: semi--annual unless a major component annual unless a major component 

has to be    replaced or a software updating.has to be    replaced or a software updating. 
Diagnosis of change in performance before radiologically Diagnosis of change in performance before radiologically 

apparentapparent 
Verification of corrective actionVerification of corrective action
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ACCEPTANCE TESTSACCEPTANCE TESTS

•• RADIATION OUTPUT (dose calibrated at a specific distance RADIATION OUTPUT (dose calibrated at a specific distance 
and collimator setting or cone size)and collimator setting or cone size)

•• Beam flatness and symmetryBeam flatness and symmetry

•• Machine ion chamber linearityMachine ion chamber linearity

•• XX--ray beam spectrumray beam spectrum

•• Beam stabilityBeam stability

•• Focal spot sizeFocal spot size

•• Beam energy verificationBeam energy verification
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QC testsQC tests

•• NOTE: These are our recommendations.NOTE: These are our recommendations.

•• Radiation outputRadiation output

•• Ion chamber uniformityIon chamber uniformity

•• Flatness and symmetryFlatness and symmetry

•• Energy checkEnergy check
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QC testsQC tests
Why these tests:Why these tests:

1. In the digital environment we will need to know the 1. In the digital environment we will need to know the 
dose to the digital panel so that degradation and a dose to the digital panel so that degradation and a ““dead dead 
panelpanel”” statistics can be gathered.statistics can be gathered. 
At what approximate dose did your panel die?At what approximate dose did your panel die? 

2. Some components in an object are radiosensitive so that 2. Some components in an object are radiosensitive so that 
the dose has to be tracked.the dose has to be tracked. 

3. To perform calculations, we have to know that what is 3. To perform calculations, we have to know that what is 
read out is really what was given.read out is really what was given.

4. A stable and uniform beam is preferred to doing 4. A stable and uniform beam is preferred to doing 
““softwaresoftware”” manipulations.manipulations. 

5. A method of monitoring the internal components.5. A method of monitoring the internal components.
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EQUIPMENT FOR THE EQUIPMENT FOR THE 
LINEAR ACCELERATOR LINEAR ACCELERATOR 

TESTSTESTS
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EQUIPMENT EQUIPMENT --CRCR

 Can be used for flatness/symmetry
measurement
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High Energy PanelHigh Energy Panel



 

Can be used for flatness/symmetry 
measurement
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EQUIPMENT (TLDs and Ion Chambers)EQUIPMENT (TLDs and Ion Chambers)



 

Ion chamber with various build-up caps
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EQUIPMENT (ELECTROMETER)EQUIPMENT (ELECTROMETER)

••



 

ELECTROMETER used with the various

Ion chambers and build-up caps 
Used for any quantitative measurement
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EQUIPMENT (ION CHAMBER w/ Electrometer)EQUIPMENT (ION CHAMBER w/ Electrometer)



 

RADCAL 9015 
can be used for output checks
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EQUIPMENT (IC PROFILER)EQUIPMENT (IC PROFILER)



 

The Profiler can be used for flatness/symmetry measurements



4747

EQUIPMENT (WATER PHANTOM)EQUIPMENT (WATER PHANTOM)
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EXAMPLE:  OUTPUT CHECKEXAMPLE:  OUTPUT CHECK

•• EQUIPMENT: ion chamber with appropriate buildEQUIPMENT: ion chamber with appropriate build--up cap, up cap, 
and electrometer, barometer, thermometerand electrometer, barometer, thermometer

•• Procedure:Procedure: 
1. choose collimator setting to define output (10cm X 10 1. choose collimator setting to define output (10cm X 10 
cm, 2 degree cone etc.) cm, 2 degree cone etc.) 
2. Set the source to detector distance (100 cm to the front 2. Set the source to detector distance (100 cm to the front 
of the buildof the build--up cap)up cap) 
3. Record the pressure and temperature3. Record the pressure and temperature 
4. Attach the ion chamber to the electrometer and allow it 4. Attach the ion chamber to the electrometer and allow it 
to warmto warm--up.up. 
5. Once it is warmed5. Once it is warmed--up zero the electrometer. up zero the electrometer. 
6. Either set an appropriate time (1 minute) or number of 6. Either set an appropriate time (1 minute) or number of 
rads  (200 rads)rads  (200 rads) 
7. Turn on the radiation and obtain three readings.7. Turn on the radiation and obtain three readings.
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OUTPUT CHECKOUTPUT CHECK

8. Average the three readings and record the time.8. Average the three readings and record the time. 

9. If the electrometer reads (9. If the electrometer reads (nCnC), take the average reading ), take the average reading 
multiply it by the calibration factor (for both the ion multiply it by the calibration factor (for both the ion 
chamber and electrometer), and the temperaturechamber and electrometer), and the temperature--pressure pressure 
correction factor and divide it by the time.correction factor and divide it by the time. 

10. This will give rads/min or rads/sec depending on the 10. This will give rads/min or rads/sec depending on the 
units for time.units for time.
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OUTPUT CHECK (SAMPLE FORM)OUTPUT CHECK (SAMPLE FORM)

Temp__ C + 273 = _____K (a)Temp__ C + 273 = _____K (a)
Pressure = ____mmHg (b)       H (Pressure = ____mmHg (b)       H (tt--pp) = (a/295)* ) = (a/295)* 

(760/b) ( c )(760/b) ( c )
Instrumentation UsedInstrumentation Used
Chamber___________  SN__________  N=_________Chamber___________  SN__________  N=_________
Electrometer__________ SN_________ Bias VoltageElectrometer__________ SN_________ Bias Voltage
Field size (Cone)=_________cm x __________cmField size (Cone)=_________cm x __________cm
Source Surface Distance _____________ cmSource Surface Distance _____________ cm
Time (min):                                                     Time (min):                                                     

AVERAGE (d)AVERAGE (d)
__________    ____________   _________      __________________    ____________   _________      ________

Electrometer (Electrometer (nCnC)                                            AVERAGE (e))                                            AVERAGE (e)
_________      ____________   ____________________      ____________   ___________
NOTE: N is the ion chamber and electrometer calibration NOTE: N is the ion chamber and electrometer calibration 

factorfactor
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OUTPUT CHECK (SAMPLE FORM)OUTPUT CHECK (SAMPLE FORM)

OUTPUT rad/min) = (e/d)* ( c ) * NOUTPUT rad/min) = (e/d)* ( c ) * N

REMEMBER: This is only for the field size REMEMBER: This is only for the field size 
calibratedcalibrated
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DISPLAY QA/QCDISPLAY QA/QC
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DISPLAYDISPLAY
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DISPLAY QA/QCDISPLAY QA/QC

The American Association of Physicists in Medicine The American Association of Physicists in Medicine 
(AAPM)(AAPM) 
has done a lot of research in this area.has done a lot of research in this area. 

TASK GROUPS HAVE BEEN CHARTERED TO TASK GROUPS HAVE BEEN CHARTERED TO 
PROVIDE GUIDELINESPROVIDE GUIDELINES

The American College of Radiology is updating The American College of Radiology is updating 
the guidelinesthe guidelines

The Society for Imaging Informatics in Medicine The Society for Imaging Informatics in Medicine 
continues to publish articles ask continues to publish articles ask ““Ask the ExpertAsk the Expert”” 
section.section.
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DISPLAY QA/QCDISPLAY QA/QC

http://deckard.duhs.duke.edu/~samei/tg18.htmhttp://deckard.duhs.duke.edu/~samei/tg18.htm ((This has the This has the 
procedures and images that are needed)procedures and images that are needed)

P. Berry, K. Vansyoc, D. Summa , The Future Radiography P. Berry, K. Vansyoc, D. Summa , The Future Radiography 
Department, Materials Evaluation, vol. 65, number 11, Department, Materials Evaluation, vol. 65, number 11, 
pp1099pp1099--1101, Nov 2007, section on the 1101, Nov 2007, section on the ““reading room" and reading room" and 
monitors.monitors. 

ee--mail memail me ((pberry@lanl.govpberry@lanl.gov)) for power point presentation for power point presentation 
from Argentina conference and additional articles on the from Argentina conference and additional articles on the 
subject.subject.

http://deckard.duhs.duke.edu/~samei/tg18.htm
mailto:pberry@lanl.gov
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MONITOR ISSUES: QUESTIONS ASKEDMONITOR ISSUES: QUESTIONS ASKED

•• CRT vs. LCDCRT vs. LCD LCDLCD
•• How many MpxHow many Mpx 55
•• What about the contrast ratio?What about the contrast ratio? 250+250+
•• How many bits 8,10, or 16?How many bits 8,10, or 16? 99--1010
•• Monochrome LCD or color LCD?Monochrome LCD or color LCD? ColorColor
•• Consumer grade or medical grade displayConsumer grade or medical grade display MedicalMedical
•• What about PDAs?What about PDAs? Do NOT UseDo NOT Use
•• What about ambient conditionsWhat about ambient conditions ModestModest
•• Do displays need testing?Do displays need testing? YesYes

Courtesy of E. Samei



5757

GREAT NEWSGREAT NEWS

RSNA 2009 will showcase : READING RSNA 2009 will showcase : READING 
ROOM OF THE FUTUREROOM OF THE FUTURE 

NOT A PRODUCT PROMOTION BUT NOT A PRODUCT PROMOTION BUT 
WILL SHOWCASE PRODUCTS THAT WILL SHOWCASE PRODUCTS THAT 
INTEGRATE QUANTITATIVE INTEGRATE QUANTITATIVE 
ANALYSIS INTO THE IMAGE ANALYSIS INTO THE IMAGE 
INTERPRETATION PROCESS.INTERPRETATION PROCESS.
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Well, that’s all that there is for QA/QC 
part 1.
ANY QUESTIONS?
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THE ENDTHE END
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