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Breast cancer is most common among females. Different imaging modalities have been investigated for breast
imaging, such as X-ray, ultrasound, MRI and microwave. Among them, microwave and ultrasound are non-
invasive, non-ionizing and low-cost. Microwave is preferred since providing high-contrast images, yet resolution
is low due to the relatively large wavelength; ultrasound can produce high-resolution images with low contrast.
Thus, it is of great interest to fuse these two modalities to produce images with both high contrast and high
resolution. Fusion can be achieved by simultaneous inversion in the imaging process, or by successive imaging
with the result of one modality used as prior in the inversion of another modality, or by fusion of two images
after imaging procedure. Here the first method is investigated. Several algorithms have been proposed for joint
inversion, based on physical or empirical relations between different parameters [1] or on structure similarities [2].

Recently, convolutional neural networks (CNN) have been investigated for inverse scattering problems [3, 4] and
have shown great potential. In this work, we use convolutional neural networks (CNN) to achieve joint inversion of
microwave and ultrasound. The CNN structure is based on two-stream CNN [5], proposed to utilize both temporal
and spatial information as the inputs of two CNNs and then fused by a classifier for video recognition. Similarly,
two networks are built for ultrasound and microwave data, resp., and convolutional kernels shared for these two
sets of data after their features are combined at some level. Every pixel of the output image is classified into a
tissue type class by a softmax classifier. Realistic breast models used to generate datasets are from the UWCEM
Breast Phantom Repository [6]. Tumors with random size and position are added into different slices from these
models. Synthetic data are obtained by solving the forward scattering problem with a Method of Moments. Data
augmentation technique is used to enlarge the dataset with random rotation and flipping. Different noise levels are
added to microwave and ultrasound data. Considering the class imbalance that the number of pixels in a tumor is
much smaller than of other tissue types, a weighted loss function is introduced to give a higher penalty when a pixel
in tumor is misclassified. The well-known Adam optimization algorithm is used to train the network. Comparison
is also conducted with one-stream case where microwave and ultrasound data are considered as different channels.

References

[1] G. Gao, A. Abubakar, and T. M. Habashy, “Joint petrophysical inversion of electromagnetic and full-
waveform seismic data,” Geophysics, 77, 3, 2012, pp. WA3-18, doi:10.1190/ge02011-0157.1.

[2] X. Song, M. Li, F. Yang, S. Xu, and A. Abubakar, “Study on joint inversion algorithm of acoustic and
electromagnetic data in biomedical imaging,” IEEE Journal on Multiscale and Multiphysics Computational
Techniques, 4, 2019, pp. 2-11, doi:10.1109/IMMCT.2019.2891356.

[3] Z. Wei and X. Chen, “Deep-learning schemes for full-wave nonlinear inverse scattering prob-
lems,” [EEE Transactions on Geoscience and Remote Sensing, 57, 4, 2018, pp. 1849-60,
doi:10.1109/TGRS.2018.2869221.

[4] V. Khoshdel, A. Ashraf, and J. LoVetri, “Enhancement of multimodal microwave-ultrasound breast imaging
using a deep-learning technique,” Sensors, 19, 18, 2019, p. 4050, doi:10.3390/s19184050.

[5] K. Simonyan and A. Zisserman, “Two-stream convolutional networks for action recognition in videos,”
arXiv:1406.2199, 2014.

[6] E. Zastrow, S. Davis, M. Lazebnik, F. Kelcz, B. Van Veen, and S. Hagness, “Database of 3D grid-based
numerical breast phantoms for use in computational electromagnetics simulations,” tech. rep., Department of
Electrical and Computer Engineering University of Wisconsin-Madison, 2008.



