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1. Historical
• 2006: 4th edition of the European 

Guidelines for Quality Assurance in 
Breast Cancer Screening and Diagnosis:
– acceptance tests
– routine inspections relevant for stability, 

image quality and dose for digital 
mammography

• Point 2b.3 Image processing :
“Image processing will not be considered in this version of the 

protocol. Special attention should be given to the visualization of 
microcalcifications and subtle structures.”

PURPOSE

Develop a quantitative method to evaluate image 
processing algorithms for digital mammography

generalization of the methodology to any processing

2 Method

– Part 1 We simulate microcalcifications 
on mammograms and use them as 
ground reference 

– Part 2  We use this methodology for 
comparison of processing algorithms in 
a quantitative way 
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2. METHOD

2 Method

1. Simulation of Microcalcifications
2. Creation of Composite Images
3. Observer Performance 

Experiments

2 Method/Step 1 : Simulation 
of Microcalcifications* 

Le Gal 1

Le Gal 2

Le Gal 3

Le Gal 4

Le Gal 5

Validation of the methodology with ROC analysis: Az= 0.52±0.4

*F. Zanca, C. Van Ongeval, Proceedings of SPIE Medical Imaging 2007
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2 Method/Step 1 : Simulation of 
Microcalcifications 

The image of a microcalcification 
depends on detector type (MTF, pixel 

size) and on the exposure settings 
(kV, anode/filter)
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2 Method/Step 1 : Simulation

Correction for x-ray beam
energy : 

-breast PMMA (Dance et 
al., Phys.Med. Biol. 45 
2000)

-µ-calcs Al (Brettle et al., 
Phys.Med.Biol. 39 (1994))

Imaging  M=2 27
kV MoMo max dose. Feature 

extraction and import in MatLab

Acquisition of specimens 
vacuum assisted biopsy

Correction for MTF 
and pixel size ( binning)

Raw image of a 
simulated micro 

for AGFA CR 
50µm

Raw image of 
same simulated 
micro for AGFA 

DR 70µm
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2 Method/Step 2 Composite images

Background 
Category 1, Fatty

Background Category 2, 
Scattered  Fibroglandular Densities
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In house developed software SimONA for the creation of composite images

2 Method/Step 3 Observer 
Performance Experiment

Free response ROC:  reader indicates (marks) and rates all locations 
on an image perceived as being suspicious.

The confidence level used is an integer scale from "1" = very confident this is a 
microcalcification to “5” = probably not a microcalcification. 

One way to summarize the information in an FROC experiment is to plot the 
FROC curve

Alternative to FROC analysis: JAFROC method

2 Method/Step 3 Observer 
Performance Experiment

* F. Zanca, Proceedings of SPIE Medical Imaging 2006, vol. 6146

Graphical user interface OPerAA*
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Analysis of the FROC data:  1/ FROC CURVES

FROC curve: the plot of Lesion-Detected and Localized Fraction (v) vs. mean 
number of False Positives per image (λ).

Error bars. Bootstrapping methodology

Example of obtained FROC curves

2 Method/Step 3 Observer 
Performance Experiment

Analysis of the scoring data: 2 JACKNIFE anaysis *

Two steps:

1. scoring steps: reduce data of a given observer and set of 
cases to a single  number, a figure-of-merit θ that quantify reader
performance withut any curve fitting

2. statistical analysis steps: estimate a confidence interval
for the θ

*Dev P. Chakraborty, Med. Phys. 31 .8., August 2004

2 Method/Step 3 Observer 
Performance Experiment

Analysis of the FROC data: 2/JACKNIFE anaysis via software *
Data for all readers for each processing are reduced to a 
Figure Of Merit θ* : θ is the weighted-probability that a signal 
rating (scoring of a lesion) exceeds a noise rating (scoring of
artefacts, noise) (ignore highest noise responses for abnormal images)

- NN total number of normal cases
- NA number of abnormal cases
- Xi highest noise rate for a normal case i
- Yjk signal rating for the kth target on case j, 
- Wjk is the relative importance of detecting 
the kth signal on abnormal case j

*Dev P. Chakraborty, Med. Phys. 31 .8., August 2004

• 95% confidence interval is calculated each calculated figure of merit

2 Method/Step 3 Observer 
Performance Experiment

whether or not the test revealed one or more significant differences
between the modalities. 

(b) The FOMs for all combinations of readers and modalities.

For all pairings of modalities, the difference

in reader averaged FOM, and the 95% 

confidence interval. 

MODALITY PROCESSINGExample:
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3/ Application
• Effect of anatomical background on detectability of 

microcalcifications
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4 Conclusions and Future
• A methodology for evaluation of processing 

algorithms for digital mammography has been 
established

• Next steps are: 
– To fully understand the effect of processing on the 

detectability and characterization of 
microcalcifications

– To compare in a quantitative way different processing 
algorithms used in clinical practice.

– To get the methodology into a standard usable by 
other people, more research is needed 
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