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Fast and accurate characterization of fiber micro-structures plays a central role for
material scientists to analyze physical properties of continuous fiber reinforced
composite materials. In materials science, this is usually achieved by continuously
cross-sectioning a 3D material sample for a sequence of 2D microscopic images,
followed by a fiber detection/tracking algorithm through the obtained image
sequence.
To speed up this process and be able to handle larger-size material samples, we
propose sparse sampling with larger inter-slice distance in cross sectioning and
develop a new algorithm that can robustly track large-scale fibers from such a
sparsely sampled image sequence. In particular, the problem is formulated as
multi-target tracking and Kalman filters are applied to track each fiber along the
image sequence. One main challenge in this tracking process is to correctly
associate each fiber to its observation given that 1) fiber observations are of large
scale, crowded and show very similar appearances in a 2D slice, and 2) there may
be a large gap between the predicted location of a fiber and its observation in the
sparse sampling. To address this challenge, a novel group-wise association
algorithm is developed by leveraging the fact that fibers are implanted in bundles
and the fibers in the same bundle are highly correlated through the image sequence.
Tracking-by-detection algorithms rely heavily on detection accuracy, especially the
recall performance. The state-of-the-art fiber detection algorithms perform well
under ideal conditions, but are not accurate where there are local degradations of
image quality, due to contaminants on the material surface and/or defocus blur.
Convolutional Neural Networks (CNN) could be used for this problem, but would

require a large number of manual annotated fibers, which are not available. We
propose an unsupervised learning method to accurately detect fibers on the large
scale, which is robust against local degradations of image quality. The proposed
method does not require manual annotations, but uses fiber shape/size priors and
spatio-temporal consistency in tracking to simulate the supervision in the training
of the CNN.
Due to the significant microscope movement during the data acquisition, the
sampled microscopy images might be not well aligned, which increases the
difficulties for further large-scale fiber tracking. We design an object tracking
system which could accurately track large-scale fibers and simultaneously perform
satisfactory image registration. Large-scale fiber tracking task is accomplished by
Kalman filters based tracking algorithms. With the assistance of fiber tracking, the
registration error is minimized via a physics optimization model embedded with
fibers' 3D trajectory constraints.
To evaluate the proposed methods, a dataset was collected by Air Force Research
Laboratories (AFRL). The material scientists in AFRL used a serial sectioning
instrument to cross-section the 3D material samples. During sample preparation,
the samples are ground, cleaned, and then imaged. Experimental results on this
collected dataset have demonstrated that the proposed frameworks yield significant
improvements in large-scale fiber tracking and detection, together with improved
image registration.

