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Image Display and Quality Control for Digital Mammography
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* Nonlinearity and saturation of the response of
the film.

. AAPM on-line report No. * Inability to adjust bright and contrast on the film
03 , image.
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Fig. 1. Characteristic (H&D) curve of a mammographic screen-film

system. Optical density (OD) of the processed film is plotted ver-
sus the log of the relative x-ray exposure to the fluorescent screen.

Fig. 2. Characteristic curve for a digital mammography detector.
Response is highly linear with x-ray input.
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1. Interaction with the x—rays transmitted by the
breast.

2. Absorption of the energy carried by the Xx—
rays.

3. Conversion of this energy to a usable signal—
generally light or electrons.

4. Collection of this signal.

. Secondary conversion (in the case of light).

6. Readout, amplification, and digitization.

ol

. Digital
(quantum interaction efficient),
(sensitivity), (spatial resolution),
(noise), (dynamic range),
(linearity of response)

Digital X—
1. Phosphor Flat Panel: x— CsI(TI)
(@-Si)
(Fig. 3),
2. Phosphor CCD System: x— CsI(TD)

CCD (Charge—coupled Device)
(Fig. 4),
3. Computed Radiography (CR) System: x—
(photostimulable luminescence)

(trap)

(phtomultipliertube: PM

’

tube) (Fig. 5),
4. Selenium Flat Panel: x—
(@a-Se)
(Fig. 6) ,
digital mammography Table 1

.
Digital mammography

* Improved contrast between dense and non—
dense breast tissue.

 Faster image acquisition (less than a minute).

» Shorter exam time (approximately half that of
film—based mammography).

Path of Detector
Arm Travel

X-ray Absorbing
Phospher

Fiber Optic
ceD Coupler

Fig. 3. Concept of the Csl-amorphous silicon photodiode flat panel
detector.

Fig. 4. Schematic of detector used in a scanned slot TDI (Time-
delay Integration).
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Fig. 5. Photostimulable phosphor system. (Left) Single side reader. (Right) double-sided reader.

Table 1. Current digital mammography systems.

Model Del size Matris size Bit depth Technology

Fischer Senoscan 50u 4x 56k 12 Csl, CCDs, Slot-scan
FujiCR 50u 4.7x 6k 10 (log) dual side CR

GE 2000D 100 2x 2.3k 14 CSlona-Si

Lorad Selenia 50u 3x 4k 14 a-Se

» Easier image storage.

» Transmittal of images over phone lines or a net—
work for remote consultation with other physi—
cians.

» Ability to correct under or over—exposure of
films without having to repeat mammograms.

* Physician manipulation of breast images for more
accurate detection of breast cancer.

. Quality Control for Digital

Mammography
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/
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screen—film mammography

2. X—  collimation alignment
3. Focal spot
4. kV :
5. Beam quality.
6. (AEC)
7.
8.
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10.
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FDA :
ACR digital mammography
screen—film
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, digital
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digital mammog—
raphy
, GE
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2000D digital mammography

¢ Mammography unit evaluation.
* Flat field uniformity.
* Artifact evaluation.
* AOP mode and SNR check.
* ACR phantom and contrast—to—noise ration
(CNR) check.
* MTF measurement.
* Collimation Assessment.
 Evaluation of focal spot.
* Breast entrance exposure, average glandular
dose, and reproducibility.
* Beam quality (HVL).
* kVp accuracy and reproducibility.
* Radiation output
* Viewing condition check and setting.
* Monitor calibration.
* Image quality with SMPTE pattern
* Analysis of RWS screen uniformity.
2001 , National Cancer Institute (NCI)
The American College of
Radiology Imaging Network (ACRIN) Digital
Mammography Imaging Screening Trail (DMIST)
screen—film mammography  digital mam—
mography
. DMIST
digital mammography

Fig. 6. Amorphous selenium detector on amorphous silicon photo-
diode readout for digital mammography.

digital mam-—

mography
. Digital mammography

» The presence of detector or system artifacts.
e The estimated mean glandular dose to the
“ average” breast.

e Tube output and beam quality (mR/mAs and
HVL measurements).

e Focal spot size.

Modulation transfer function (MTF, effective

resolution).

* Noise power spectrum (NPS).

Overall image quality (MISTY phantom).

e X—ray beam to detector collimation.

Automatic exposure control evaluation.

Detector response linearity.

e Quantum vs structured noise.

» Geometric distortion.

e Soft copy display (luminance response).

e Laser printer.

L]

L]

DMIST / (
) geometric distortion test tool
(Fig. 7), MISTY phantom (Fig. 8), Rachel — the
Anthropomorphic breast phantom (Fig. 9),
MTF Tool (Fig. 10)
, DMIST

mography

digital mam—

Fig. 7. Geometric Distortion Test Tool: This tool allows assess-
ment of the digital image for geometric distortions. The smooth-
ness and straightness of the lines can be examined visually or with
software.

- 209 —



. digital
mammography (print—
ed film) (on the monitor)

* Daily visual inspection of the unit for obvious
problems.

« Daily verification of viewing conditions.

o Daily cleaning of the display monitors.

 Daily or weekly printer sensitometry (depend—
ing on type of printer).

* Weekly imaging of a dedicated phantom (to
evaluate AEC, detector response, noise and arti—
facts).

* Weekly monitor QC.

* Monthly evaluation of MTF on systems with

Fig. 8. Rachel - The Anthropomorphic Breast Phantom: This
phantom is designed to mimic a breast’ s anatomic detail when ra-
diographed. The fine level of detail is achieved with a unique
three-part construction.

: Image Display and Quality Control for Digital Mammography

moving parts in the detector.

* Quarterly printed image quality evaluation.

 Quarterly analysis of repeated image causes and
rates.

* Semi—annual measurement of maximum com-—
pression force.

. Quality Control for Image Display
Digital mammography (display)

DICOM grayscale standard
display function calibration

Fig. 10. MTF Tool: This tool can be imaged on a digital mammog-
raphy system. The resulting slanted edges are segmented by the
DMistifier program to generate the rising and falling edge modula-
tion transfer function (MTF) in both the row and column directions.
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Fig. 9. MISTY phantom: This phantom was designed especially for digital mammography, and is a simplification of a phantom designed by
the International Digital Mammography Development Group (IDMDG). It was developed for the DMIST trial. This phantom is made from
PMMA, with a mercury-intensified overlay containing high-resolution details. It is used to measure: mid/low contrast resolution, tissue

missed at the chest wall, noise power spectrum, and contrast.

210 —



2005;2:205-213

the Society of
Motion Picture and Television Engineers (SMPTE)

SMPTE . Digital mam-—
mography DICOM SMPTE
digital mammography

AAPM task group 18

“ Assessment of Display Performance for Medical
Imaging Systems” . AAPM
TG18 (visual), (quantitative),

(methodology) 3

. AAPM TG18
(CRT: Cathode Ray Tube)
(FPD: Flat Panel Display)
/
( )
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(luminance response),
(luminance spatial and angular dependencies),
(display resolution),
(display noise), (veiling glare),
(display chromaticity) CRT
artifacts, Morire patterns, color artifacts,

(geometric dis—
(display reflection),

physical defects, flicker LCD (Liquid Crystal
Display) electronic cross talk, pixel
defects a,
3).

1 (geometric distortion): CRT

2. (display reflection):

(specular reflec—

tion)
(diffuse reflection)
3. (luminance response):
(presentation values)
(luminance) DICOM part 14
4. (luminance spatial and

angular dependencies): -

5. (display resolution):
6. (display noise):
(determination of just
noticeable luminance differences)

7. (veiling glare):

8. (display chromaticity):
« ) , DICOM
Part 14: Grayscale Standard Display Function
Grayscale
Standard Display Function(GSDF)
).
AAPM TG18 SMPTE
TG18-QC ( )
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Fig. 11. The TG18-QC comprehensive test pattern.
(Fig. 11). ,
/
mammography
1
« ) :
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