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Foreword

The [European guidelines for quality assurance in mammography screeningCinclude as chapter 3 the CEuropean
protocol for the quality control of the physical and technical aspects of mammography screening In this
protocol the requirements for an adequate screen-film imaging system are defined. In recent years, the image
detection technology used in mammography has extended to include the use of digital detector systems. This
technology is different in so many ways, that it is necessary to set new quality standards and test procedures
specificaly for digital systems.

This document is an addendum to the European protocol (3 edition, ISBN 92-894-1145-7) and will be
integrated in the 4™ edition of the European guidelines which are currently under preparation by the European
Breast Cancer Network (EBCN). The approach to quality assessment and control in thisaddendum is
comparable in the sense, that the measurement and evaluation of performance are in principle independent of the
type and brand of the system used. The measurements are generally based on parameters that are extracted from
the images that are produced when a phantom with known physical propertiesis exposed under defined
conditions. The limiting values are based upon the quality that is achieved by screen-film systems which fulfil
the demands of the European guidelines.

To fulfil the European guidelinesin mammography screening, the digital x-ray system must pass al relevant
tests at the acceptable level. The achievable level reflects the state of the art for the individual parameter.

This addendum to the European protocol iswork-in-progress and subject to improvements as more experience in
digital mammography is obtained and new types of digital mammography equipment are developed , changesin
measuring techniques or limiting values will lead to a new version number, changes in wording or added
comments will change the sub-number. Updates on version 1.0 will be made available on the Euref website
(www.euref.org). It is recommended that users check the website for updates before testing digital
mammography equipment.

In the text some lines are printed in parentheses [like these]. Thistext is aremark.

Text in abox like this needs further evaluation

1. Introduction to the measurements

To produce images with adequate quality, each part of the imaging chain must function within the limits of
performance given. Experience with some digital systems shows, that non-compliance resultsin a seriously
diminished information transfer to the observer. This can be expected to result in alower detection rate for
microcal cifications and/or for low contrast lesions.

To facilitate the relevant quality control, the user must be able to evaluate the status of the acquisition system
including detector, the processing system and the display system (see fig. 1). This protocol follows the DICOM
standard (Digital Imaging and Communications in Medicine, http://medical.nema.org). The equipment therefore
must be able to transmit and receive digital mammogram images as 10D[$ (Information Object Definitions) of
modality (M GO(mammography) or CCRO(computed radiography), in compliance with parts 3 (IOD definition),
5 (data structures and encoding), 6 (data dictionary) and 7 (message exchange) of the DICOM standard.

The generd principles for testing the three main parts of theimaging chain, illustrated in figure 1, are discussed
below.

Acquisition system including image receptor

The acquisition system (fig. 1, A) can be eval uated:

0 by inspection of arecent [pixel construction mapClor table, that reflects the position and amount of
modification of individual pixels (picture elements). This map reflects what percentage of each pixel is
based on its own del reading (see 2.2.3.2). A [bad pixel mapUor atotally uncorrected image is the preferred
information until 2005. It must be accessible to the user at any time and be usable independently of a given
equipment and manufacturers permission.

0 by the assessment of the relation between X-ray exposure parameters, dose to the image receptor and pixel
values. An Cunprocessed imageJ(DICOM defines such an image as [for processingl), presenting alinear or
other known mathematical relati onship between del dose and pixel value, must be accessible. Thisimage
type must also be available for CAD (computer aided detection) or other processing software.
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0 by anindication of the nominal sensitivity setting of the system in every image.
Since image quality increases with dose, the preference for higher system dose can be expected. Thisleads
to a higher dose and consequent higher radiation risk to the women screened. In screen-film systems the
dose to the image receptor is linked to the mean optical density of each film, given the speed class of the
system (speed class 100 corresponds roughly to an air kerma of 10 CGy at the place of the image receptor).
An indication, comparable to speed class, must be provided for digital systemsto keep the radiologist
informed on the average doses delivered. It isrecommended that manufacturers provide sufficient
information in the header of the file to allow calculation of the average glandular dose for each individual
patient. A working group of DICOM is drafting the definitions.

o For the evaluation of the acquisition system this protocol follows some advises of AAPM task group 10 and
of preliminary results of the ACRIN trial.

Processing system
0 The processing system (fig 1, B) can be evaluated by the inspection and scoring of atest set of images
(either mammaograms or phantom images), which have been processed in the available standard processing
algorithm.
e Theseimages are to be inserted by the user as [linprocessed imagesJDICOM: [{or processingl)
and processed by the software of manufacturer before displaying.
e The manufacturer must provide information in general terms on the processing applied.

0  The processing algorithms are built to enhance the visibility of specific image details. At this moment little
experience and literature on the effectsis available. These algorithms therefore are not addressed in the
present protocol. The observer is urged to convince himself of the value of the algorithms provided.

o Evauation of processing algorithms and CAD (computer aided detection) will be addressed in alater
version of this protocol.

Display system

o Thedisplay system (fig 1, C) can be evaluated by the inspection on the display system (printer or monitor)
of a synthetic phantom image, produced in DICOM format and independent of the phantom images
delivered by the manufacturer. The user must be able to insert these images as [processed images
(DICOM: or presentationl). They are not processed further before displaying.
Evaluation of such imagesis necessary to confirm compliance to quality standards other than those of the
manufacturer. It must be possible to load and display these phantom images using the imaging system under
evaluation.

0 For the evaluation of the display system this protocol follows the advice of AAPM task group 18 and of
preliminary results of the ACRIN trial.

The measurementsin the protocol arein principle chosen and described to be generally applicable. Where the
tests are similar to those required for screen-film mammaography, a reference to the relevant part of the European
guidelineis given. When necessary, different test procedures are given for CR (computed radiol ogy, i.e. photo-
stimulable phosphor type) systems and DR (direct radiology, i.e. solid state type, including scanning slot)
systems separately.

Many measurements are performed by an exposure of atest object. All measurements are performed under normal
working conditions: no special adjustment of the equipment is necessary. Since the available settingsin the
different systems vary in spectrum and X-ray quantity for the different breast thicknesses, no common standard
exposure can be indicated. Therefore dose calculations for the comparison of systems are based on the AGD
(average glandular dose) to the breast rather (oe ssimulated breast) than on entrance surface air kerma.
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To evaluate the clinical use of a system, astandard type of exposure is specified: the routine exposure, whichis
intended to provide information on the system under clinical settings.

For the production of the routine exposure, atest object is exposed using the machine settings as follows (unless
stated otherwise):

Routine exposure:

- test object thickness : 45 mm

- test object material : PMMA

- tubevoltage asused clinicaly

- target materia  : asused clinicaly

- filter materid  : asused clinically

- compression device : in contact with test object
- anti scatter grid : asused clinically

- source-to-image distance : asused clinically

- photo timer detector (for CR): in position closest to chest wall
- automatic exposure control: asused clinically

- exposure control step  : asused clinically

- exposure-to-read-time (for CR): 1 minute*

- image processing: off

Mean pixel values and their standard deviation are measured in a standard region of interest (ROI), which hasan
areaof 4 cm? and is positioned 60 mm from the chest wall side and laterally centred.

Limits of acceptable performance for image quality and dose are based on the limits of acceptable performance of
screen-film mammography systems. The relation between dose and limits of visibility of detailsfor acertain
contrast are based on the performance of alarge number of screen-film systemsin the UK, the Netherlands,
Germany, Belgium and France. These acceptable limits are given, but often a better result is achievable. When
applicable the achievable limits are also given. Both the acceptable and achievable limits are summarised in
Appendix 7. Occasionally no limiting value is given, but only atypica vaue as an indication of what may normally
be expected. The measurement frequenciesindicated in the protocol (appendix 6) are the minimum required. When
the acceptabl e limiting value is exceeded the measurement should be repeated. If necessary, additional
measurements should be performed to determine the origin of the observed problem and appropriate actions that
should be taken to solve the problem.

Guidance on the specific design and operating criteria of suitable test objectswill be given by a separate project
group of the European Breast Cancer Network (EBCN). Definition of terms, such as the standard ROl and signal-
to-noise-ratio are given in paragraph 1.3. The evaluation of the results of the QC measurements can be smplified
by using the formsfor QC reporting that are provided on the Euref homepage (www.euref.org).

1.1 Staff and equipment

The local staff can perform several measurements. The more elaborate measurements should be undertaken by
medical physicists who are trained and experienced in diagnostic radiology and specificaly trained in
mammography QC. Comparability and consistency of the results from different centresis best achieved if data
from al measurements, including those performed by local technicians or radiographers are collected and analysed
centraly.

L If the exposure-to-read-time other than one minute is more relevant for practical reasons, that other time should
be chosen.
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The staff conducting the daily/weekly QC-tests will need the following equipment? at the screening site:
- Standard test block® (45 mm PMMA?) - digital QC test images
- Reference cassette (CR systems) - PMMA plates’

The medical physics staff conducting the other QC-tests will need the following additional equipment and may
need duplicates of many of the above®

- Dose meter - Aluminium sheets

- Tube voltage meter - Focd spot test device + stand

- Exposure time meter - Screen-film contact test device
- Telescopic luminance meter - Taperuler

- Illuminance meter - Compression force test device
- QC test objects - Rubber foam

- Digital QC test images - Lead sheet

- Contrast-detail test object - Aluminium stepwedge

- Densitometer

1.2 System demands

e Accesshility
It must be able to access and insert DICOM images as [flor processingCand [{or presentationto allow eval uation of
the image receptor, image processing and image representation separately.

e AEC:
The ALARA principle (As Low As Reasonably Achievable) on dose administered to the patient urges the use of an
automated exposure control (AEC) system to ensure the optimal exposure of the image receptor compensating for
breast thickness and composition. The use of alook up table, only based on the measured thickness of the
compressed breast, increases the mean dose to the patients. Thisis due to the necessary margin in exposure to avoid
increased noise by underexposure in dense breasts and to compensate for the incorrect reading of the thickness.

e Image receptor:
The required physical size of the image receptor and the amount of missed tissue at the short sides and especialy at
the chest wall side areimportant for an optimal imaging of the breast tissues. An upper limit is given for the amount
of missed tissue at chest wall side, but the acceptance of other margins remains the responsihility of the radiologist.

e Digplay system:
Optimal transfer of the information in digital mammograms will be reached, when every pixel in the matrix is
projected to at |east one pixel on the display system and when the pixel size on the display system is sufficiently
small to show details that coincide with the maximum sensitivity of the eye of the observer (1-3 Ip/mm at a
viewing distance of 30 cm). In screening the monitor should alow for the inspection of the image at full sizein
full resolution, since the number of images read does not allow time consuming procedures like roaming or
zooming. Normally two images are viewed at the same time, and with the current technology it is therefore
recommended that diagnostic workstations with two large (45-50 cm diagonal (19-210)) high quality, 5
megapixel monitors are used.

% The specifications of the listed equipment are given, where appropriate, in chapter 3.5, table 2 of the European

Guiddines, third edition.

% The standard test block, covering the whole imaging area, may be composed of several PMMA plates.

* PMMA (polymethyl methacrylate) is commercially available under several brand names, e.g. Lucite, Plexiglas
and Perspex.

® Covering the whole imaging area, and covering a total thickness range from 20 to 70 mm PMMA (Normally
PMMA of 180 X 240mm is available)

Addendum on digital mammography to chapter 3 of the European Guidelines, version 1.0 8



On the acquisition unit it may be acceptable to use a monitor with lower specification, depending on the tasks of
the radiographer.
Further research is needed to demonstrate whether cheaper solutions (e.g. 3 megapixel monitors) may be
sufficient in clinical situations.
* Viewing conditions:
Since the maximum intensity on the monitor (300-800 cd/m?) is much lower than that of a viewing box with
unexposed and devel oped film (2000-4000 cd/m?) and due to the reflection characteristics of the monitor, the
amount of ambient light might seriously diminish the visible dynamic range and the visibility of low contrast
lesions. The ambient light level therefore should be low (10 lux) to allow maximal extension to the lower part of
therange. Although the level has proven to be acceptable, a short time to adapt to that level might be necessary.
e CRsystem:
All measurements should be performed with the same phosphor screen to rule out differences between screens
except when testing individual screens asin section 2.2.4 and when testing contrast threshold visibility asin section
2.4.1. The exposure-to-read-time is standardised to minimize differences caused by varying time delays (i.e. fading
of the latent image).
The DICOM standard allows both 10D[$ of [CROand CMGOto be used for CR images. This may lead to improper
hanging of theimages by different display systems.
* DR detector:
When measurements are performed for which no image is required (e.g. HVL or tube voltage), cover the detector
sufficiently to prevent ghost images.
When the absorbersin the QC test object lead to automatic exposure values other than those that would be obtained
with homogeneous PMMA, set the system manually to these values.

Martin Thijssen PhD, November 2003
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1.3 Definition of terms

The definitions given here specify the meaning of the terms used in this document.

Active display area:

Bad pixel map:

Bit-depth:

Computer Aided Detection
(CAD):

Computed Radiography (CR):

Contrast to Noise Ratio (CNR):

Del:
Detective Quantum Efficiency

(DQE)

Detector corrections:

Direct Radiography (DR):

Digital Driving Level (DDL):
Exposure indicator:
Exposure time:

Modulation Transfer Function
(MTF)

Noise:

Noise power spectrum (NPS):
P-value:

Pixel:

The part of the display used for displaying images, applications and the
desktop.

A map which defines the number and position of defective dels.

Number of values which can be assigned to a pixel in acertain digital system,
expressed in bits.

Software to aid the radi ol ogistsCdetection of suspect areas in the breast image
and increase hig’her sengitivity.

Digital radiology technology using photostimulable phosphor plates.

The CNR is calculated as follows for a specific test object (e.g. 0.1 mm Al
thickness on 45 mm PMMA).

mean pixel value(signal) - mean pixel value(background)
standard deviation (background)

CNR =

Discrete element in a DR detector.

Function which describes the transfer of SNR as function of spatial frequency
when recording an X-ray image. The DQE gives the efficiency with which
the device uses the available quanta.

Correction in DR systems in which the pixel value of defective detector
elementsis reconstructed and in which is corrected for individual detector
element sensitivity variations and electronic gain of the read-out and.

Digital radiology technology using sealed units mounted on aradiography
system, which captures X-rays and produces a digital image by sampling the
X-ray image.

Digital value whichistheinput for adisplay system.

Number ascribed to an image related to the exposure.

The time during which primary X-rays reach an imaged object.

Function which describes how the contrast of image componentsis
transmitted as a function of their spatial frequency content.

Fluctuations of the signal which cannot be associated by the imaged object.
In mammography systems quantum noise should be the limiting factor. The
standard deviation in a ROI in the output image is taken as measure of noise.
Function which describes image noise as a function of spatial frequency.

See presentation value.

Picture element, the smallest unit in the image.
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Pixel construction map:

Pixel pitch:

Pixel value:

Pixel value offset:

Presentation value:

Primary class display device:

Processed image:

Raw image:

Secondary class display device:

Standard region-of-interest
(ROI)

(Nominal) sensitivity setting:

Screen processing:

Signal to Noise Ratio (SNR):

Standard test block:

Threshold contrast:

A pixel mapinwhichisdefined for each pixel what percentage of the pixel
valueis based onits own del reading.

Physicd distance between the centres of adjacent pixels. In the DICOM tags
pixel pitch iscalled imager pixel spacing and is generally equal to detector
element spacing.

Discrete value assigned to a pixel, in mammography systems the number of
pixel values range from 1024 (10-bits) to 16384 (14 hits), depending on the
detector.

For some systems a constant value is added to the vaues of al pixels. This
constant value is defined as the pixel value offset.

Pixel value after VOI LUT or window width and window level settings have
been applied.

A display device used for the interpretation of medical images (also referred
toin the text as [diagnostic display devicel).

The image after image processing, ready for presentation on the monitor or
print-out. In the DICOM file the value of tag Pixel Intensity Relationship
(0028,1040) is [Mor presentationl]

See unprocessed image.

A display device used for viewing the images, but not for diagnostics.
The region-of-interest (4 cm) in which mean pixel

values and standard deviation are measured. The centre of the region-of-

interest is positioned 60 mm perpendicular to the chest wall edge of the table
and centred |aterally.

Indication of the sensitivity setting of the system, comparable to the speed
classin screen-film systems. The practical method to implement a (nominal)
sensitivity setting will be discussed with manufacturers.

Image processing applied in a CR system during read-out of the imaging
plate.

The SNR is calculated as follows for a specific ROI:

mean pixel value- offset in pixel value
standard deviationin pixel value

SNR =

PMMA test object to represent approximately the average breast (although
not an exact tissue-substitute) so that the X-ray machine operates correctly
under automatic exposure control and the dose meter readings may be
converted into dose to glandular tissue. The thicknessis 45 — 0.5 mm. The
standard test block covers the whole detector.

The smallest detectable contrast for a given detail size that can be shown by
the imaging system with different intensity (density) over the whole dynamic
range. The threshold contrast is a measure for imaging of |ow-contrast
structures, and is largely determined by the DQE of the detector.
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Uncorrected image:

Unprocessed image:

Variation:

VOI LUT:

Window centre:

Window width:

The image of a DR system before any image processing, including detector
corrections and flat-fielding. The read-out signal from every del of the
detector must be linear to the pixel value of the same del. The same linearity
must apply for al dels.

The image of aDR system after flat-fielding and detector corrections but
before other image processing has been applied. The pixel valueisin genera
linear to pixel exposure in the unprocessed image. In the DICOM file the
value of tag Pixel Intensity Relationship (0028,1040) is (for processingl] IEC
MT 31 refers to the unprocessed image as [faw datall

. maximum value- minimum value
Variation = X 100%
mean value

Value of interest |ookup table, defines the (non-linear) transformation of
pixel valuesinto values meaningful for presentation (presentation values).

Setting defining (together with window width) a linear relationship between
modality pixel values and pixel values meaningful for presentation
(presentation values).

Setting defining (together with window centre) a linear relationship between
modality pixel values and pixel values meaningful for presentation
(presentation values).
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2. Image acquisition
2.1 X-ray generation

211 X-ray source
The measurements to determine the foca spot size, source-to-image distance, alignment of X-ray field and image
receptor, radiation leakage and tube output are described in this section.

2.1.1.1 Focal spot size
Use the methods and limiting values described in the European guidelines for quality assurance in mammography
screening, third edition (page 73). Either film or the digital detector may be used, beware of detector saturation.

2.1.1.2 Source-to-image distance

The source-to-image distance can be determined by imaging an object with known dimensionsa ( 10 cm)
positioned on the breast support table and positioned at adistanced ( 20 cm) above the breast support table.
Measure the dimensions of the imaged object on image 1 (object on breast support table) and image 2 (object at

distance d above the breast support table). The pixel pitch must be known for this calculation. Using formula 2.1 the

source-to-image distance can be calculated.

! 1 object |
ro 1
! J' |l y
f !
. d '
! t
I |IJ| \L'l 1
breast support table | ot ‘1
|mage receptor _ ......................
pr*p
p*p

Fig. 2.1 Source-to-distance measurement

f = source-to-image distance

d = distance between the object in position 1 and 2

a = size of the imaged object

p = pixel pitch

pl = size of the object onimage 1 (object on the breast support table) in number of pixels

p2 = size of the object on image 2 (object at a distance d above the breast support table) in number of pixels
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Limitingvalue  Manufacturers specification
Freguency At acceptance
Equipment An arbitrary test object

2.1.1.3 Alignment of X-ray field/image area

For CR systems use the method and limiting val ues described in the European guidelines for quality assurance in
mammography screening, third edition (page 75). (Currently the most convenient method for DR systemsis also

with screen-film cassettes. In future this might be a problem. If cassettes and film processor are unavailable at the
test Site, use cassettes that can be read-out or processed el sewhere).

2.1.1.4 Radiation leakage

For CR systems use the method and limiting val ues described in the European guidelines for quality assurancein
mammography screening, third edition (page 76). (Currently the most convenient method for DR systemsiswith
screen-film or CR cassettes. In future this might be a problem. If cassettes and film processor are unavailable at the
test Site, use cassettes that can be read-out or processed el sewhere).

2.1.1.5 Tube output (optional)

Use the method and limiting values described in the European guidelines for quality assurance in mammography
screening, third edition (page 76). Tube output measurements should be performed at all clinically used target-filter
combinations. Measurements should be performed with compression paddle. To calculate the transmission factor of
the compression paddle, which may be needed for glandular dose estimates, tube output measurements should a so
be performed without compression paddle. The transmission factor should be calculated as the measured air kerma
in presence of the compression paddle, divided by the measured air kermain absence of the compression paddie.

212 Tube voltage and beam quality

The beam quality of the emitted X-ray beam is determined by tube voltage, anode material and filtration. Tube
voltage and beam quality can be assessed by the measurements described below.

2.1.2.1 Tube voltage
Both the accuracy and reproducibility of the tube voltage are measured. Use the method and limiting values
described in the European guidelinesfor quality assurance in mammography screening, third edition (page 77).

2.1.2.2 Half Value Layer (HVL)

Use the method described in the European guidelinesfor quality assurance in mammography screening, third
edition (page 77). The compression paddle should be within the X-ray beam. The half value layers should be
measured at all available target-filter combinations. For each target-filter combination a number of tube voltagesin
the clinically used range should be measured (for example: Mo/Mo and Mo/Rh at 25, 28 and 31 kV, valuesin
between can be interpolated for glandular dose calculations).

Limitingvalue  Typical values are given in, appendix 1

Frequency At acceptance an extensive number of tube voltages at all available target-filter
combinations should be measured, yearly tests can be restricted to one tube
voltage at each spectrum.

Equipment See European guidelines for quality assurance in mammography screening,

third edition (page 77-78)
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213 AEC-system

Itis generally recommended that systems used for mammography screening incorporate an AEC.

The performance of the AEC system should be tested in terms of reproducibility and accuracy under varying
conditions (object thickness and beam quality). The AEC system should adjust target, filter and tube voltage
such that image quality is sufficient and dose is within an acceptable range. Semi-automated systems that start
from a user defined target, filter and tube voltage but adapt dose according to breast transparency, are aso
acceptable.

The use of alook-up-table (LUT) for the determination of target, filter, tube voltage and dose based on
compressed breast thickness can only be alowed if this LUT is programmed into the X-ray unit. However, it
must be realized that these systems do not take breast composition into account and therefore cannot be fully
optimized with respect to image quality and dose. For thiskind of system some guidance for QC measurements
is given in appendix 5.

For dose measurementsiit is essential that the dose detector is positioned outside the region in which the
exposure settings are determined. Alternatively, dose can be calculated using tube loading (mAs) and tube
output.

Manufacturers of equipment, which do not incorporate an AEC, are urged to implement an AEC in
their mammaography X-ray units.

The authors advise against the use of mammaography X-ray units on which the exposure settings have
to be set completely manually.

2.1.3.1  Exposure control steps: central value and difference per step (if applicable)

Thistest item only applies to mammography units with exposure control steps. Image a standard test block at the
different exposure control steps (or arelevant subset). Record entrance dose (or tube loading). Calculate exposure
stepsin entrance dose (or tube loading).

Remark: If it is noticed that the system switches between two spectra, release the compression paddlie and compress
again or use another PMMA thickness (add for example 0.5 cm PMMA) to force the choice of one single spectrum
and repeat the measurement.

The central setting is the standard setting. In this setting image quality must be sufficient, thisis determined by
contrast detail threshold measurements, see section 2.4.1.

Typical value  5-15% increase in exposure per step®
Frequency Every six months
Equipment Sandard test block, dose meter

2.1.3.2  Back-up timer and security cut-off

Use the method described for the guard timer in the European guidelines for quality assurance in mammography
screening, third edition (page 78). Make sure that the detector is completely covered, or tape some lead platesto the
tube window.

Limitingvalue  The back-up timer and/or security cut off should function properly
Frequency Yearly
Equipment Sheet of lead

Warning: Anincorrect functioning of the back-up timer could damage the tube. To avoid excessive tube load,
consult the manual for maximum permitted exposure time.

® These values are derived from screen-film mammography. At this moment no limiting values on exposure
increase per step for digital mammography have been set, but they should be approximately uniform.
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2.1.3.3  Short term reproducibility

Use the method and limiting values described in the European guidelines for quality assurance in mammography
screening, third edition (page 79).

Remark: If it isnoticed that the system switches between two spectra, release the compression paddle and compress
again or use another PMMA thickness (add for example 0.5 cm PMMA) to force the choice of one single spectrum
and repeat the measurement.

2.1.3.4  Long term reproducibility
Use the weekly homogeneity check (see section 2.2.3.1) for long term reproducibility.

Limitingvalue  Thevariation of R in the standard ROI and dose < —10%
Frequency weekly
Equipment Sandard test block

2.1.35 Object thickness and tube voltage compensation

Compensation for object thickness should be measured by exposures of PMMA plates in the thickness range
from 20 to 70 mm (steps of 10 mm), using the clinical AEC settings (tube voltage, target, filter and mode). The
compression paddle must be in contact with the PMMA plates.

2.1.35.1 Glandular dose per PMMA thickness

Image PMMA plates of 20 mm thicknessin clinical settings. Record the entrance surface air kerma and the
exposure factors chosen by the AEC. Repeat this measurement for 30, 40, 45, 50, 60 and 70 mm PMMA thickness
Calculate the average glandular dose for a breast equivalent to each PMMA thickness. A detailed description of
the calculation of the average glandular dose can be found in appendix 1.

Remark: For dose measurementsit is essential that the dose detector is positioned outside the region in which the
exposure settings are determined. Alternatively, dose can be calculated using tube loading (mAs) and tube
output.

Limiting value A maximum average glandular dose is set per PMMA thickness:

Thickness of Equivalent breast Maximum average glandular dose to equivalent
PMMA thickness breasts
acceptable level” achievable level
[cm] [cm] [mGy] [MGy]
20 21 <08 <06
3.0 32 <13 <10
4.0 45 <20 <16
45 53 <25 <20
5.0 6.0 <33 <26
6.0 75 <50 <40
7.0 9.0 <73 <58
Frequency Every six months
Equipment A sat of 10 mm and 5 mm thick PMMA plates covering the complete detector
area, dose meter

" In appendix 3 the justification of the limiting values can be found.
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2.1.3.5.2 Signal to Noise Ratio (SNR) and Contrast to Noise Ratio (CNR)

Image PMMA plates of 20 mm thickness, with an a uminium object of 0.1 mm thickness on top, if necessary in
manual mode and with settings as close as possible to the settings in section 2.1.3.5.1 Glandular dose per PMMA
setting. Position the aluminium object as shown in figure 2.2. Measure the mean pixel value and standard deviation
inan ROI (4 cmY) with (position 2) and without (position 1) aluminium object. Calculate CNR and calculate SNR
in the areawithout object. Repeat this measurement for 30, 40, 45, 50, 60 and 70 mm PMMA thickness.

Al object

PA plates

Chest wall side

Fig. 2.2 Position of the duminium filter for the CNR measurement

The actual value of SNR and CNR depends on various factors e.g. pixel size. Image quality is evaluated for one
thickness (at the equivalent of 5.0 cm PMMA) from contrast-detail threshold measurements (section 2.4.1). At
other PMMA thicknessesthe SNR and CNR are related to the SNR and CNR at 5.0 cm PMMA to ensure image
quality at other thicknesses®.

For CR systems, SNR measurements might cause problems due to screen processing, therefore CNR measurements
might be more appropriate. For evaluation purposesiit is advised to perform both SNR and CNR measurements.

Limitingvalue  The variation in NR < 15%; CNR per PMMA thickness, see table for
provisional limiting values, Compare SNR and CNR values with results at

acceptance.
PMMA CNR®? CNR??
Thickness |(relative to 4.5 cm PMMA)|(relative to 5.0 cm PMMA)
[cm] (%] (%]
2.0 > 125 > 132
3.0 > 115 > 121
4.0 > 105 > 110
45 >100 > 105
5.0 > 95 > 100
6.0 > 80 > 84
7.0 > 65 > 68
Frequency Every six months
Equipment PMMA: a set of 10 mm thick PMMA plates covering the complete detector

area, 0.1 mm thick Al object (for example: the filters which are used for the
HVL measurement)

8 In future the contrast threshold visibility may be determined at the standard PMMA thickness of 45 mm, so
CNR limitswill also be relative to 45 mm in future.
® These limiting values are provisional, it is advised to check the Euref website for alterations.
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214 Compression

Use the method and limiting values described in the European guidelines for quality assurance in mammography
screening, third edition (page 80).

2.15 Anti scatter grid

The anti scatter grid is designed to absorb scattered photons. The testsin this section only apply to
mammography units with (removable) grid. Some digital mammography systems do not incorporate anti scatter
grids (e.g. scanning systems).

2.1.5.1 Grid system factor

Image the standard test block in clinical setting with grid. Record entrance dose and measure the mean pixel value
in the standard ROI. Expose two images without grid with mean pixel values respectively below and above the
va ue of the image with grid. Interpolate the pixel valuesto obtain the entrance dose for which the pixel valueis
similar to the image with grid. Calculate the grid system factor by dividing the entrance dose with grid by the
entrance dose without grid.

Limiting value  Manufacturers specification
Frequency At acceptance
Equipment Sandard test block, dose meter

2.1.5.2 Grid imaging

Use the method and limiting values described in the European guidelines for quality assurance in mammography
screening, third edition (page 81). Theimaging of the grid is not possible for some grids due to minimum required
exposure times.

2.2 Image receptor

This section describes measurements applicable to both DR and CR systemsi.e. the image receptor response and
missed tissue at chest wall side. Other measurements apply to DR or CR systems only. For a DR system detector
element failureis determined. The performance of the imaging plates of a CR system can be described by the CR
plate sensitivity and the sensitivity to other sources of radiation.

221 Image receptor response
The measurement of the response is performed to check compliance with manufacturers specifications, pixel
value offset and the presence of additional noise sources beside quantum noise.

2.2.1.1  Response function

The response function of the detector can be assessed by imaging a standard test block with different entrance
doses (tube loading) at one fixed beam quality (for example: Mo/Mo 28 kV). Use the manual mode for this
measurement. Use at least 10 different tube loadings (mAs values). The range of mAs values should be chosen
such that the linearity measurement includes the range of 1/10 to 5 times the entrance surface air kermafor a
routine exposure.

For systemswith alinear response, such as currently available DR systems, measure the mean pixel value and
standard deviation in the standard ROI on the unprocessed image. Plot the mean pixel value against entrance
surface air kerma. Determine linearity by plotting a best fit through all measured points and determine the zero
crossing to check presence of a pixel value offset. Calculate the square of the correlation coefficient (R?).
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For systems with a non-linear response, such as currently available CR systems, plot mean pixel value against -
log relative entrance surface air kerma. Refer to the information provided by the manufacturer whether pixel
value should be linear or logarithmic versus entrance surface air kerma at the applied screen processing. Post
processing should be turned off. The screen processing should be turned off as much as possible (see appendix
4). Determine linearity by plotting a best fit through all measured points. Calculate the square of the correlation
coefficient (R?).

Appendix 4 provides information about the relation between entrance surface air kerma and exposure indicator
for some CR systems and screen processing modes.

Limitingvalue Rf> 0.99, results at acceptance are used as reference

Frequency Every six months. At acceptance: additional measurements at minimum and maximum tube
voltage used in clinical practice at every target-filter combination
Equipment Sandard test block, dose meter

2.2.1.2  Noise evaluation

Measure the mean pixel value and standard deviation in the standard ROI on the unprocessed images of the
response function measurement (2.2.1.1). For systems with a linear response, calculate the SNR and plot SNR?
against entrance surface air kerma. Determine linearity by plotting a best fit through all measured points.
Calculate the square of the correlation coefficient (R%). Repeat this measurement for all available target-filter
combinations. Non-linearity is an indication for the presence of additional noise sources besides quantum noise.
(At acceptance: additional measurements at minimum and maximum tube voltage used in clinical practice for
each target-filter combination).

For systems with alogarithmic response plot standard deviation squared against 1/entrance surface air kerma.
Determine linearity by plotting a best fit through all measured points. Calculate the square of the correlation
coefficient (R?). The offset is an indication for the presence of additional noise sources besides quantum noise.

Limiting value  Results at acceptance are used as reference

Frequency Every six months. At acceptance: additional measurements at minimum and maximum tube
voltage used in clinical practice at every target-filter combination

Equipment Sandard test block, dose meter

222 Missed tissue at chest wall side

Determine the width of tissue not imaged between the edge of the breast support table and the imaged area. This
can be done by several methods. In some phantoms markers at a fixed distance from chest wall side are
incorporated. The position of these markers on the image can be used to determine the missed tissue at chest wall
side. For CR systems, this measurement should be repeated 5 times to check whether the insertion of the platein
the cassette is reproducible.

Some specific designs of system will not comply with the limiting value of 5 mm. The radiologist
must take that loss of information into account when a system is purchased. Manufacturers of
systemsthat do not comply with this limiting val ue are urged to reduce the amount of missed tissue
at chest wall side for their system(s).

Limiting value  Width of missed tissue at chest wall sde 5 mm
Frequency At acceptance
Equipment Phantom with markers positioned close to the bucky surface
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2.2.3 Image receptor homogeneity and stability

2.2.3.1  Image receptor homogeneity

The homogeneity of the image receptor can be obtained by exposing at clinical settings a standard test block
covering the complete detector. Record the exposure settings and tube loading. Eval uate the unprocessed image
by calculating the mean pixel value and standard deviation in an ROI (a square with an areaof 1 cm?). Move the
ROI over the whole image. Determine the mean pixel values in the whole image and the mean SNR in al ROI[S.
Compare the mean pixel value and the SNR of each ROI to the overall mean pixel value and the mean SNR.
Compare the SNR to previous homogeneity tests. Software for determining detector homogeneity is available

on: www.euref.org.
Check the homogeneity visually. The window width should be set at 10% of the mean pixel value.

Repeat this measurement for different target-filter combinations. The pixel values of all images should be in the
same order of magnitude for the different images. Perform the measurement at acceptance also with PMMA
blocks of athickness of 20 and 70 mm.

To exclude failure due to inhomogeneities in the standard block, rotate the standard test block 18000and repeat
the measurement.

For CR systems: No post processing should be applied, the screen processing should be turned off as much as
possible (see appendix 4).

It is acknowledged that the Heel effect and geometric effects influences the results of the
homogeneity measurement. If a specific system does not comply with the provisional limiting values
it isadvised to check whether geometric or the Heel effect causes this deviation or some malfunction
in the system. For CR systems an additional homogeneity image can be obtained by exposing a
cassette using half dose under normal conditions and half dose with the cassette rotated 180° in the
bucky to minimize the Heel effect and geometric effects.

Alternative method: Evaluate the unprocessed image by cal culating the mean pixel value and standard deviation
in several ROIS (each with an area of 4 cm), seefig. 2.3. Calculate the SNR for each ROI. Compare the mean
pixel valuesand SNR of al ROI[S.

B Q)
©
® ©

Fig. 2.3 Positions of the ROI[S for the homogeneity measurement (alternative method)

Limitingvalue  (provisional) Maximum deviation in mean pixel value < +15% of mean pixel
value in whole image, maximum deviation in SNR < +15% of mean SNRin all
ROI[$, maximum variation of the mean S\NR between images < +10%,
entrance surface air kerma (or tube loading) between images < +10%.

Frequency Weekly, at acceptance also at 20 and 70 mm PMMA thickness

Equipment Sandard test block covering the complete detector, at acceptance also PMMA
blocks of 20 and 70 mm thickness covering the complete detector, software for
determining detector homogeneity
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2.2.3.2 Detector element failure (DR systems)

Inspect the most recent [pixel construction mapClof the manufacturer. This map reflects what percentage of each
pixel valueisbased on its own del reading. This meansthat for a normal working pixel thisvalue is 100 %, for a
totally dead pixel thisvalueis 0 % and for a pixel which vaueis constructed out of 30 % of hisown del reading
and 70 % out of the neighbouring pixel vauesthisvaueis 30 %. This pixel construction map must be accessible by
the user at any time and must be usable independent of the equipment of that manufacturer.

For a system in which a pixel value can be based partly on its own del reading and partly on the
value of neighbouring pixels this pixel construction map is required. Otherwise abad pixel map is
sufficient. This map should be incorporated by the manufacturer in the machine at the latest in
January 2005 and be accessible by the user at any time and must be usable independent of the
equipment of that manufacturer.

Until that time the Cbad pixel mapOor a [totally uncorrected imagellin DICOM or processinglformat is the
preferred information. Eval uate the up to date information on bad columns and bad pixels from the manufacturer
and compare the position and number of defective dels to previous maps. In the case of bad columns. evaluate
the bad column correction algorithm by imaging an appropriate test tool (for example a screen-film contact
device, mesh wire).

Limitingvalue At this moment no limits have been established. In future versons of this
protocol limits will be set and probably the number of defective pixels/columns
will (also) be limited by the percentage of a certain area, which is defective. At
this moment it is advised to refer to the limits of the manufacturer. Theimage of
the test device should be uniform without major distortion

Frequency every six months

Equipment Mammography screen-film contact device

2.2.3.3  Uncorrected defective detector elements (DR systems)

To determine the number and position of defective detector elements not corrected by the manufacturer an image
of the standard test block made at clinical settings should be evaluated by cal culating the mean pixel valuein an
ROI (asquare with an area of 1 cm?). Move the ROI over the whole image. Determine the pixels deviating more
than 20% from the mean pixel value in an ROI. To increase reliability deviating pixels can be determined on
four images. Pixels, which deviate more than 20% on several images, are potentially bad pixels. If the deviating
pixels arein one column, it islikely to be a bad column. Software for determining the number of uncorrected
defective detector elementsis available on: www.euref.org.

Limiting value  No limits have been set yet on the number of uncorrected defective detector

elements.
Frequency weekly
Equipment Sandard test block covering the complete detector, at acceptance also PMMA

blocks of 20 and 70 mm thickness covering the complete detector

224 Inter plate sensitivity variations (CR systems)

Image the standard test block using the AEC exposure setting that is normally used clinically. Record the
entrance surface air kerma (or tube loading). Process the plate. The screen processing should be turned off as
much as possible (see appendix 4). No post processing should be applied. Measure the mean pixel vaue and
standard deviation in the standard ROI. Calculate SNR. Repeat this measurement for all imaging plates. Evaluate
the homogeneity of each image.

Limitingvalues SNR variation in the standard ROl between all imaging plates < +15%,
variation in entrance surface air kerma (or tube loading) < +10%, no major
inhomogeneities on the images.
Frequency Yearly and after introducing new imaging plates
Equipment Sandard test block
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225 Influence of other sources of radiation (CR systems)

Erase a single imaging plate. Tape two different coins, one on each side of the cassette. Store the imaging plate
in the storage area during amaximal time period, for example during the compl ete acceptance test. Process the
plate. The screen processing should be turned off as much as possible (see appendix 4). No post processing
should be applied. Evauate the visibility of the coins on the resulting image.

Limitingvalue  The coins should not be visible
Frequency At acceptance and when changesin storage of the cassettes have occurred
Equipment Two coins of different size (for example a one and a two Euro coin)

2.2.6 Fading of latent image (CR systems)

Image the standard test block using one fixed exposure that is normally used clinically. Process the plate after 1
minute. Measure the mean pixel valuein the standard ROI. Repeat the measurement with different time periods
before read-out (2, 5, 10, 30 minutes).

Limiting value  Results at acceptance are used as reference
Frequency At acceptance and when image quality problems are suspected
Equipment Sandard test block

2.3 Dosimetry

For dose measurementsiit is essential that the dose probe is positioned outside the region in which the exposure
settings are determined.

Image the standard test block with a routine exposure. Measure the entrance surface air kerma at the level of the
test block. If necessary, correct the measured entrance surface air kermato the entrance surface air kermain the
reference point. Calculate the average glandular dose of a breast equivalent to 45 mm thickness of PMMA as
described in appendix 1. Repeat the measurement of entrance surface air kerma and calculation of average
glandular dose for all AEC modes. Test all AEC modes at acceptance and the clinically used AEC mode every
six months. This measurement is (partly) covered by section 2.1.3.5.1 Glandular dose per PMMA thickness.

Limiting value  Average glandular dose: acceptable < 2.5 mGy, achievable < 2 mGy
Frequency Every six months, at acceptance: test all available AEC modes
Equipment Dose meter, standard test block
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2.4 Image Quality

24.1 Threshold contrast visibility

Threshold contrast visibility is determined for circular details with diametersin the range from 0.1 to 2 mm. The
details are imaged on a background object with a thickness equivalent (in terms of attenuation) to 50 mm of
PMMA. The details must be positioned at a height of 20 to 25 mm above the breast support table'™®. Use the
exposure factors that would be selected clinically. Make six images of the details and move the details slightly
between the images to obtain images with different relative position of the details and the detector elements.
Three experienced observers should determine the minimal contrast visible on two images. Every observer must
score two different images. The whole detail diameter range specified in the table below must be covered. In this
range minimal contrast visible for alarge number of detail diameter must be determined at acceptance and at
least 5 detail diametersin subsequent tests. This evaluation should be done on unprocessed images. The window
width and level and zoom facilities must be adjusted to maximise the visibility of the details on the displayed
images.

It is acknowledged that at present it is not possible to get unprocessed images from some systems.
For these systems threshold contrast visibility evaluation should be done on processed images. The
image processing may introduce artefacts on phantom images and may be different from image
processing for mammograms due to histogram or local texture based processing techniques.
Therefore care needs to be taken in interpretation of these processed images.

The threshold contrast performance specified here relates to the nominal contrast calculated for the details for a
28 kV tube voltage with a molybdenum target and filter materials as explained in appendix 2. This nomina
contrast depends on the thickness and materials used to manufacture the test object, and is independent of the
actual spectrum used to form the image, which should be that used clinically. It does not include the effects of
scatter. The average nominal threshold contrasts should be compared with the limiting values below.

For CR systems: No post processing should be applied, the screen processing should be turned off as much as
possible (see appendix 4). If the screens comply with the limiting val ues of section 2.2.4 inter plate sensitivity
variations, it is not necessary to use the same screen in the threshold contrast visibility measurement.

Limitingvalue Seetable

Threshold contrast
Acceptable value Achievable value
Diameter of | radiation contrast using | equivalent gold | radiation contrast using | equivalent gold

detail Mo/Mo 28 kV thickness™ Mo/Mo 28 kV thickness™
[mm] [%] [ m] [%] [ m]

5* < 0.85 0.056 < 0.45 0.032

2 < 105 0.069 <055 0.038

1 < 140 0.091 <0.85 0.056
05 <235 0.150 <160 0.103
0.25 <545 0.352 < 3.80 0.244
01 <230 1.68 < 15.8 1.10

* This diameter sizeis optional

Frequency Yearly
Equipment Contrast detail phantom

19 n future the PMMA thickness may change to the [Standard thicknessClof 45 mm with the details positioned at
aheight of 40 to 45 mm above the breast support table. This may mean that the limiting values need dight
adjustment.

" CDMAM phantom with a 4 cm thickness of PMMA, see appendix 2.
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The threshold contrast standards defined in the table above are chosen to ensure that digital mammography
systems perform at least as well as film-screen systems. They have been derived from measurements on film
screen and digital mammography systems using the Nijmegen CDMAM contrast detail phantom version 3.4, see
appendix 3. However it isintended that they are sufficiently flexible to allow testing by other designs and makes
of test objects. The values quoted form a smooth curve and may be interpolated for other detail diameters. It is
expected that a new design of test object will be devel oped that will simplify the testing against these standards
on aroutine basis.

Appendix 2 shows the calculation of radiographic contrast for a standard spectrum.

On the Euref website (www.euref.org) CDMAM images and scores will be made available for reference
purposes.

2.4.2 Modulation Transfer Function (MTF) and Noise Power Spectrum (NPS) [optional]

Image an MTF test tool. Determine the MTF of the detector by using appropriate software tools. Image aNPS
phantom, or the standard test block. Determine the NPS of the detector by using appropriate software. Use the
resulting MTF and NPS of the acceptance test as reference. The measurement can be repeated when in doubt
about the quality of the detector.

Limiting value  Results at acceptance are used as reference

Frequency At acceptance and when image quality problems are suspected

Equipment MTF test tool, software to calculate MTF, NPS phantom [ standard test block],
software to calculate NPS

24.3 Exposure time

Long exposure times can give rise to motion unsharpness. Exposure time is defined as the time during which
primary X-rays reach each individual part of an imaged object. Exposure time may be measured by some designs
of tube voltage and output meters. Otherwise a dedicated exposure timer has to be used. The time for aroutine
exposurein al clinical AEC modesis measured at standard PMMA thickness. For scanning slot systems,
measure the scanning time.

Limiting value  Exposuretime: acceptable: < 2 s; achievable: <1.5 s; scanning time: values at
acceptance are used asreference, typical value: 5- 8s.

Frequency Yearly
Equipment Exposure time meter, standard test block
2.4.4 Geometric distortion and artefact evaluation

Evaluate geometric distortion by measuring distances (with digital distance measuring tools) on an image of a
phantom with straight lines (CDMAM, Toronto geometric distortion phantom etc.). Image a wire mesh (e.g.
mammography screen-film contact test device) at the standard AEC setting. Process the plate. The screen
processing should be turned off as much as possible (see appendix 4). No post processing should be applied.
Evaluate the grid pattern on the resulting image.

For the different digital systems, different types of artefacts can occur. Inspect all test images for artefacts.

Limitingvalue  No disturbing artefacts, no visible distortion

Frequency Every six months
Equipment Test object with horizontal, vertical and diagonal lines, wire mesh
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245 Ghost image / erasure thoroughness

A ghost image is the residue of a previousimage on the present image. In this measurement an induced ghost
image isrelated to the contrast of 0.1 mm Al at clinical setting.

In manual mode an image of the 45 mm standard test block is made using clinical settings. The block is
positioned such that half of the detector is covered and half of the detector is not covered. For the second image
(at clinical settings) the standard test block covers the whole detector and the aluminium object is placed exactly
centred on top of the standard block (see figure 2.4). The time between both images should be approximately one
minute.

For CR systems: No post processing should be applied, the screen processing should be turned off as much as
possible (see appendix 4).

L~ Aluminium object

Areawithout ghost Areawith ghost

Fig. 2.4 Ghost image / erasure thoroughness measurement

Measure the mean pixel value (PV) in the ROI (area: 4 cm) on the locations shown in the figure above (on the
second image) and cal cul ate the [ghost imagedfactor.

mean pixel value (region 3) - mean pixel value (region 2)
mean pixel value (region 1) - mean pixel value (region 2)

" Ghost image" factor =
If the system fails to meet the limiting value, check the homogeneity of theimage. If the Heel effect islarge
regions 1 to 3 should be chosen on aline parallel to chest wall side.

Limitingvalue  (0Ghost image*+Hactor < 0.3

Frequency Yearly

Equipment Sandard test block, aluminium object of 0.1 mm thickness (for example: the
filters which are used for the HVL measurement)

3. Image processing

Image processing will not be considered in this version of the addendum. Manufacturers have to specify in
general terms which image processing is applied.
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4, Image presentation

The testsin this section are based upon the work of AAPM TG18 (American Association of Physicistsin
Medicine, Task Group 18). The TG18 test patterns described in this section should be obtained independently
from the manufacturer, and can be downloaded from the TG18 website (2k versions should be used when
available): http://deckard.mc.duke.edu/~samei/tg18. Some mammography display systems need adjusted
versions of the test patterns, these will be available from the EUREF website.

Some general remarks:

- Thetest patterns have to be displayed at full resolution (exactly one display pixel for each pixe in the digital
image) or printed at full size, contrast and brightness of the images may not be adjusted.

- For the testsin this chapter, the use of the display (primary class (diagnostic) or secondary class display
device) often determinesthe limiting val ues.

- Some of the testsin this chapter are for Cathode Ray Tube (CRT) displays or Liquid Crystal Displays (LCDs)
only.

- A magnifying glass may be used in the evaluation of printed images

4.1 Monitors

411 Ambient light

Most of the quality testsin this chapter are highly sensitive to ambient light, therefore al of them should be
performed under clinical conditions (room lights, light boxes and other display devices should be at the same
luminance level as under clinical conditions). The ambient light should be measured at the centre of the display
with the light detector facing outwards and the display switched off.

Limiting value ~ Ambient light should be less than 10 lux for primary display devices. [ The
maximum ambient light actually depends on the reflection characteristics and
minimum luminance of the monitor, but for reasons of simplicity thisisignored

herel]

Frequency Every six months. (Every time the systemis used, it hasto be made sure that
ambient light conditions have not changed.)

Equipment [1luminance meter
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4.1.2 Geometrical distortion (CRT displays)
Visually check whether the TG18-QC image (fig. 4.1) is displayed without geometrical distortion. To do so,
inspect the lines and borders of the test pattern.

Fig. 4.1 TG18-QC test pattern

Limitingvalue  Borders should be completely visible, lines should be straight, the active
display area should be centred on the screen

Frequency Daily

Equipment TG18-QC test pattern

413 Contrast visibility

The TG18-QC test pattern contains several items for evaluating the contrast visibility of a display.

Each of the sixteen luminance patches | ocated approximately equidistant from the centre of the image, contains
four corner squares at equal low contrast steps to the patch (fig 4.2). The two patches in the bottom with
minimum and maximum pixel value, surrounding the test pattern name, contain a centre square with a pixel
value of 5% and 95% of the maximal grey level respectively. The letters (QUALITY CONTROLin thethree
rectangles bel ow these patches are displayed with decreasing contrast to the background. The visible part of the
letters should be written down and checked with the visibility at acceptance, in order to keep track of contrast
degradation. If contrast visibility is not sufficient, it may help to dim the room lights. If thisis done however, the
lights should also be dimmed while using the displaying system clinically. The appearance of the TG18-QC test
pattern & so depends on the mapping of pixel values to luminance. Thereforeif thistest hasfailed, the testsin
sections 4.1.6 and 4.1.7 should be performed.
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Fig. 4.2 Contrast visibility test itemsin TG18-QC test image

Limitingvalue  All corner patches should be visible, the 5% and 95% pixel value squares

should beclearly visible
Frequency Daily
Equipment TG18-QC test pattern
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