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Abstract 

The purpose of this study is to investigate the effect of mammographic image compression on 

the automated segmentation of individual microcalcifications. The dataset consisted of 

individual microcalcifications of 105 clusters originating from mammograms of the Digital 

Database for Screening Mammography. A JPEG2000 wavelet-based compression algorithm 

was used for compressing mammograms at 7 compression ratios (CRs): 10:1, 20:1, 30:1, 

40:1, 50:1, 70:1 and 100:1. A gradient-based active contours segmentation algorithm was 

employed for segmentation of microcalcifications as depicted on original and compressed 

mammograms. The performance of the microcalcification segmentation algorithm on original 

and compressed mammograms was evaluated by means of the area overlap measure (AOM) 

and distance differentiation metrics (dmean and dmax) by comparing automatically derived 

microcalcification borders to manually defined ones by an expert radiologist. The AOM 

monotonically decreased as CR increased, while dmean and dmax metrics monotonically 

increased with CR increase. The performance of the segmentation algorithm on original 

mammograms was (mean±standard deviation): AOM=0.91±0.08, dmean=0.06±0.05 and 

dmax=0.45±0.20, while on 40:1 compressed images the algorithm’s performance was: 

AOM=0.69±0.15, dmean=0.23±0.13 and dmax=0.92±0.39. Mammographic image compression 

deteriorates the performance of the segmentation algorithm, influencing the quantification of 

individual microcalcification morphological properties and subsequently affecting computer-

aided diagnosis of microcalcification clusters. 

 

Introduction 

Various studies have focused on investigating the effect of mammographic image 

compression on radiologists’ ability in detecting and diagnosing breast lesions [1]. However, 

the effect of image compression on the performance of computer-aided detection [2] and 

diagnosis of breast lesions is currently under-researched. Zheng et al. [2] demonstrated that a 
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JPEG image compression algorithm did not adversely affect the performance of a computer-

aided detection scheme for detecting masses, but it did significantly affect the detection of 

microcalcification (MC) clusters. 

The aim of this study is to investigate the effect of mammographic image compression on the 

automated segmentation of individual MCs, being a crucial first step of computer-aided 

diagnosis schemes for MC clusters in mammography. For this purpose, the performance of a 

MC segmentation method on original and corresponding compressed mammograms is 

assessed quantitatively assessed by comparing automatically derived MC borders to manually 

traced ones by an expert radiologist. 

 

Materials and Methods 

Dataset 

The dataset consists of 858 individual MCs originating from 105 MC clusters (56 malignant 

and 49 benign) of 105 digitized mammograms (12-bit pixel depth, spatial resolution 50 μm). 

Mammograms originated from the Digital Database for Screening Mammography (DDSM) 

[3]. Mammograms spanned the four types of breast composition, while the MC clusters 

spanned the five subtlety levels (level 1 corresponds to “subtle” and level 5 corresponds to 

“obvious”). The distribution of MC clusters with respect to morphology was: 71 pleomorphic, 

13 punctate, 6 fine linear branching, 9 pleomorphic-fine linear branching and 6 punctate-

pleomorphic. 

ImageCompression 

Each mammogram of the dataset was compressed to seven CRs: 10:1; 20:1; 30:1; 40:1; 50:1; 

70:1; and 100:1, employing a JPEG2000 wavelet-based compression algorithm [4].  The 

algorithm is included in the public domain evaluation version of the View-Med application 

(Pegasus Imaging Corporation, Tampa, Florida). The default irreversible transform for image 

decomposition is implemented by means of the Daubechies 9-tap/7-tap filter, proposed by the 

JPEG2000 standard [5].  

Segmentation of Individual Microcalcifications 

A gradient-based active contour segmentation method was employed to segment individual 

MCs [6]. Following selection of a MC seed point, the method employs a robust scale selection 

algorithm for initializing a multiscale active contour algorithm, while MC final delineation is 

achieved exploiting a coarse-to-fine strategy. 
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Segmentation Accuracy Evaluation 

The performance of the MC segmentation method on original and corresponding compressed 

mammograms was quantitatively assessed by means of area overlap and shape differentiation 

metrics [7], by comparing automatically derived MC borders to manually traced ones. An 

expert radiologist defined the ground truth by generating manual outlines of all individual 

MCs of each cluster as depicted on original mammograms.  

The area overlap measure (AOM) between manual delineations (M) and automated 

delineations (A) is defined by [7]: 
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Results 

Figure 1 illustrates a 513x513 pixel ROI depicting a malignant MC cluster (a) on original and 

compressed mammograms at seven CRs:  10:1 (b), 20:1 (c), 30:1 (d), 40:1 (e), 50:1 (f), 70:1 

(g) and 100:1 (h). As observed, image quality is decreased with CR increase. Table 1 provides 

mean and standard deviation values of the three segmentation accuracy evaluation metrics 
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summarizing performance of the automated algorithm in segmenting the 858 individual MCs 

in original and compressed mammograms. Differentiation of each metric mean value with 

respect to CR is also graphically illustrated in Figure 2. 

 

Figure 1. Mammographic ROI depicting malignant MC cluster (a) and corresponding 

compressed images: 10:1 (b), 20:1 (c), 30:1 (d), 40:1 (e), 50:1 (f), 70:1 (g) and 100:1 (h) 

Table 1. Segmentation accuracy evaluation metrics (mean and standard deviation values) for 

the 858 microcalcifications as depicted in original and compressed mammograms.  

Compression 

ratio 

AOM Dmean Dmax 

Mean  Standard 

deviation 

Mean  Standard 

deviation 

Mean  Standard 

deviation 

1:1 0.91 0.08 0.06 0.05 0.45 0.20 

10:1 0.85 0.10 0.11 0.06 0.60 0.25 

20:1 0.77 0.13 0.16 0.10 0.75 0.34 

30:1 0.73 0.14 0.20 0.15 0.85 0.37 

40:1 0.69 0.15 0.23 0.13 0.92 0.39 

50:1 0.64 0.16 0.27 0.16 1.01 0.45 

70:1 0.58 0.17 0.33 0.21 1.14 0.55 

100:1 0.53 0.18 0.40 0.22 1.27 0.64 
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Figure 2. Differentiation of segmentation accuracy evaluation metrics with respect to 

compression ratio 

 

Discussion and Conclusion 

Various studies have been reported for the determination of optimal CR threshold up to which 

mammographic image quality is reserved employing diagnostically and visually lossless 

approaches [1]. The effect of image compression on the computer-aided detection of breast 

lesions has also been investigated [2]. The current study focuses on investigating the effect of 

image compression on the performance of a MC segmentation algorithm, being a crucial first 

step for the computer-aided diagnosis of MC clusters in mammography. 

Results of the current study demonstrated that automated segmentation accuracy of individual 

MCs, assessed quantitatively by means of AOM and shape differentiation metrics, is reduced 

with CR increase. Specifically, AOM monotonically decreased as CR increased, while dmean 

and dmax metrics monotonically increased with CR increase. 

These preliminary results are only indicative of trends and additional efforts are required to 

determine optimal CR threshold up to which the quantification of MC morphological 

properties and subsequently the automated classification of malignant from benign MC 

clusters is significantly affected. 
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