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Introduction Results: Colorization

Previous work [1] demonstrated eftective preprocessing and dimension
reduction pipelines for representing hyperspectral computed tomography
(HCT) data of similar materials in a single colorized image using simulated
data. This work improves robustness of those methods (most notably by
improved reconstruction) and tests them on experimental (non-simulated) data 3
of ceramic cylinders with highly similar compositions and material properties.

» After all preprocessing, UM AP produces distinct colors between all objects.

Methods ®

» Colorization accomplished with a 3D representation using uniform manifold
approximation and projection (UMAP), polynomial regression [1], or o 2
functional principal components analysis (FPCA, a new method for this task).

Figure 2: UMAP coloring after channel selection and median filtering
» Reconstruction used maximume-likelihood expectation-maximization (MLEM)

instead of filtered back-projection (FBP). » After preprocessing, polynomial regression and FPCA do not produce distinct

colors, which is driven by the large relative magnitude difference in the

» Preprocessing included a more robust thresholding and erosion method usin , , , , .
b 5 5 5 hyperspectral signature for zirconia (leftmost object) versus other ceramics.

mask from full reconstruction. New automated channel selection added (drop
>2% difference between channel and full reconstruction mask, included
channels 109-128). Finally, applied a 3x3 median filter on each channel. -

» HCT system single source detector with 5 Multix ME1oo modules providing &
640 square pixel array calibrated for 300 keV across 128 channels [2]
(source-to-detector distance 2.05 meters, source-to-object distance 1.75 m).

» Scan has 6 ceramic cylinders (made from room-temperature glass mica,
high-temperature glass mica, alumina-silicate, alumina-bisque, alumina, and

water-resistant zirconia) placed in a circular arrangement, with a second scan ° ® o ®
including a steel penny and wood block [3]. _
(a) Polynomial Regression Colorization (b) FPCA Colorization
Results: Reconstruction Figure 3: Alternative colorization method comparison

» The signal difference-to-noise ratio (SDNR ), quantifying contrast of objects

against background noise [4], was used to compare reconstruction methods. » The UMAP manifold from the ceramics-only scan successtully replicates colors

for ceramic objects on a new scan with additional materials (Figure 4).

» Better SDNR values observed for MLEM (averaged 45% greater than FBP).
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Figure 4: UMAP trained on original data used to color new data

» UMAP results accurately determines the number of materials/objects in the

(2) FBP Reconstruction b) MLEM Reconstruction ceramics-only scan (optimum average silhouette width for clustering). Thus, it
can inform material classification, e.g., as input for the iterative hierarchical
clustering in Gallegos et al. [3].

Figure 1: Reconstruction comparison (hyperspectral channel 16)

Future Work

» Validate this approach, testing the methods are indeed more robust, on various HCT systems as well as simulations with different materials, geometries, etc.
» Further investigate the potential for utilizing the colorization methods to inform both human understanding and material classification.
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