




























































































Figure 10: Spectral clustering: unsupervised machine learning using cosine
similarity on all raw spectra. Cluster number set to 3. The absorption spectra
of the first triplicate of Chaetoceros (CA1a) is misclassified as Thalassiosira
(TR) for all bootstrapped spectra. Asterionellopsis is misclassified as Pseudo-
nitzschia.
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Figure 11: Iterations of the Savitzky-Golay smoothing algorithm applied
to the reflectance spectra. The top row shows iterations of the smoothing
function varying the polynomial order with a fixed window length of 11 (55
nm). The bottom row shows iterations changing the window-length from
13 (65 nm) to 17 (85 nm) with a fixed polynomial of 4. We selected the
combination that preserved the most spectral features while removing noise.
The two combinations that did this best were of polynomial size 4, with a
window size of 11 or 13. We chose window size 13, matching Vandermeulen
et al. 2017.
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Figure 12: Second derivative of unsmoothed (raw) spectra.
One sample taken from each taxon. Note the accentuation of ‘features’ in
wavelengths shorter than 550 nm. Whether these are real spectral features
that we can glean information from or noise is unknown. Each of these lines

are the median values of hundreds to thousands of absorption and
backscatter measurements. Noise should be minimal. Yet, smoothing

provides a cautionary step to ensure we are not mistaking noise for ‘true’
signal.
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Figure 13: This figure displays two confusion matrices for the ECS and KLPD
functions. There is no smoothing or alternate processing. Note the asym-
metry in these heatmaps due to differences in integration for ECS (bottom
is integrating from blue to red, top is integration from red to blue) and the
triangular inequality of KLPD - the triangular inequality means we expect
different results based on order of comparison (i.e. spectra a versus spectra b
̸= spectra b versus spectra a). Kullback-Leibler pseudo-divergence performed
better when comparing spectra of different diatoms against Pseudo-nitzschia,
rather than comparing Pseudo-nitzschia’s spectra against other diatoms. Eu-
clidean distance of cumulative spectra performs better when integrating the
spectra from red to blue wavelengths, rather than blue to red. All values for
KLPD and ECS are returned in absolute values since we are interested in
the magnitude of the differences and not the sign.
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