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Recent advances in multiscale imaging techniques for the analysis of complex pore structures and composi-
tions have revolutionized our ability to characterize various porous media systems. Segmentation of images
obtained from different image techniques such as X-ray computed microtomography (uCT) and scanning elec-
tron microscopy (SEM) is the first step to quantitatively describe various features of geomaterials. However,
conventional methods such as thresholding, watershed segmentation, and other predefined algorithms are
subject to user bias, often require specific segmentation processes for each image set, and can fail to adapt
to certain datasets. In this work we evaluate the capability of convolutional neural networks (CNNs)-based
algorithms to segment both pCT and focused ion beam-SEM (FIB-SEM) images with varying degree of chal-
lenges for image segmentation. The performance of three different 2D CNN architectures (VGG16, ResNet,
and U-Net) as well as a few 3D CNN architectures (U-Net and MultiResU-Net) is assessed on four indepen-
dent datasets including sandstone, carbonate chalks, and shale. Each of these datasets is composed of three-
dimensional image stacks and corresponding ground truth labels that were constructed with various image
processing algorithms. Our results indicate that deep learning architectures can successfully be applied to the
task of semantic segmentation for pCT and FIB-SEM images and perform better than manual segmentation to
recover natural morphology of original images. In addition, our results indicate that transfer learning can al-
low for models to converge more quickly during training and that generic image features (learned from a large
dataset such as ImageNet) can be applied to improve model performance in some cases. Performance com-
parison among different CNN architectures highlights the linkage of classification outcomes to underlying
features of each CNN architecture and hyperparameters.
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