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Abstract. Semantic segmentation of breast images is typically performed as a preprocessing step for breast cancer
detection by Computer Aided Diagnosis (CAD) systems. While most literature on region segmentation is based
on conventional techniques like line estimation, thresholding and atlas-based approaches, such methods may have
problems with generalisation. This paper investigates a robust multi-vendor breast region segmentation system for full
field digital mammograms (FFDM) and digital breast tomography (DBT) using a U-Net neural network. Additionally,
the effect of adding attention gates to the U-Net architecture was analysed. The proposed networks were trained and
tested in a cross-validation setting on in-house FFDM/DBT data and the public INbreast datasets, comprising over
10,000 FFDM and 3,500 DBT images from five different vendors. Dice scores were obtained in the range 0.978 —
0.985, with slightly higher scores for the architecture that includes attention gates.
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1 Introduction

Segmentation of the breast is often the first step in computerized analysis of mammographic im-
ages. Most literature on segmentation of breast images is based on conventional techniques like
line estimation, thresholding and atlas-based approaches.1 As these methods are based on built-in
logic and assumptions they may have problems with generalisation. This becomes more pro-
nounced in the multi-vendor context, as images can vary wildly between scanners. In this work,
we investigate the use of deep learning for region segmentation in full field digital mammogra-
phy (FFDM) and digital breast tomography (DBT). We suspect that a deep learning approach will
be able to robustly deal with multi-vendor region segmentation of background, breast tissue and
pectoral muscle. Deep learning approaches are not as widespread for the task at hand. Neural
networks are mostly popular in the related field of breast lesion detection, classification and/or
segmentation but not so much in breast region segmentation. Rodriguez et al.2 used a U-Net net-
work to segment FFDM and DBT images into background, breast and pectoral muscle, showing
generalisation between the two modalities. Rampun et al.3 used a modified version of the holistic
edge detection network (HED4) to detect the pectoral muscle boundary.

2 Methodology

2.1 Data

The aim of this work is to train a single network to do one-shot segmentation of background,
breast tissue and pectoral muscle in FFDM and DBT images. Three datasets were used, which are
detailed below. Each dataset has both craniocaudal (CC) and mediolateral-oblique (MLO) views.



2.1.1 Multi-vendor FFDM

This dataset consists of a large number of digital mammograms from five different vendors, dis-
tributed as listed in table 1. The cases for each vendor were split up into five folds and used for
cross-validation. The DICOM images are preprocessed by downsampling each one to 100 micron
pixel resolution and applying the appropriate window level before exporting to PNG. Artifacts like
labels and non-homogeneous backgrounds were retained. Right oriented breasts were flipped to
left orientation in order to homogenise the dataset.

Vendor Cases Images (MLO)

Fujifilm 995 3748 (1818)
Hologic 433 1628 (853)
GE 336 1579 (757)
Philips 400 1549 (761)
Siemens 553 2348 (1171)
Total 2717 10852 (5360)

Table 1: Overview of number of cases and images per vendor in the FFDM dataset.

(a) GE. (b) Siemens. (c) Hologic. (d) Fujifilm. (e) Philips.
Fig 1: Examples of mammograms taken from different vendors. Top row depicts craniocaudal
view of the breast, bottom row depicts mediolateral-oblique view of the same breast.
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