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The data set and source file of this vignette are available as a zipped archive at hyperSpec’s homepage,
http://hyperspec.r-forge.r-project.org/blob/chondro.zip (ca. 9 MB). The original data file
(ca. 31 MB) is far too large to be included in the package.
In order to reproduce the examples by typing in the commands, have a look at the definitions of
color palettes used in this document are defined in vignettes.defs. Also, the package hyperSpec

needs to be loaded first via library (hyperSpec).
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Figure 1 Microphotograph of the cartilage section. The frame indicates the measurement area (35 × 25➭m).

1 Introduction

This vignette describes the chondro data set. It shows a complete data analysis work flow on a
Raman map demonstrating frequently needed preprocessing methods

❼ baseline correction
❼ normalization
❼ smoothing / interpolating spectra
❼ preprocessing the spatial grid

and other basic work techniques

❼ plotting spectra
❼ plotting false color maps
❼ cutting the spectral range,
❼ selecting (extracting) or deleting spectra, and
❼ aggregating spectra (e.g. calculating cluster mean spectra).

The chemometric methods used are

❼ Principal Component Analysis (PCA) and
❼ Hierarchical Cluster Analysis,

showing how to use data analysis procedures provided by R and other packages.

2 The Data Set

Raman spectra of a cartilage section were measured on each point of a grid, resulting in a so-called
Raman map. Figure 1 shows a microscope picture of the measured area and its surroundings.

The measurement parameters were:

Excitation wavelength: 633 nm
Exposure time: 10 s per spectrum
Objective: 100×, NA 0.85
Measurement grid: 35 × 25 ➭m, 1 ➭m step size
Spectrometer: Renishaw InVia
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4.5 Subtracting the Overall Composition

The spectra are very homogeneous, but I’m interested in the differences between the different regions
of the sample. Subtracting the minimum spectrum cancels out the matrix composition that is
common to all spectra. But the minimum spectrum also picks up a lot of noise. So instead, the 5th

percentile spectrum is subtracted:

> chondro <- chondro - quantile (chondro, 0.05)

> plot (chondro, "spcprctl5")

The resulting data set is shown in figure 4b. Some interesting differences start to show up: there are
distinct lipid bands in some but not all of the spectra.

4.6 Outlier Removal by Principal Component Analysis (PCA)

PCA is a technique that decomposes the data into scores and loadings (virtual spectra). It is known
to be quite sensitive to outliers. Thus, I use it for outlier detection. The resulting scores and loadings
are put again into hyperSpec objects by decomposition:

> pca <- prcomp (chondro, center = TRUE)

> scores <- decomposition (chondro, pca$x, label.wavelength = "PC",

+ label.spc =

> loadings <- decomposition (chondro, t(pca$rotation), scores = FALSE,

+ lab

Plotting the scores of each PC against all other gives a good idea where to look for outliers.

> pairs (scores [[,,1:20]], pch = 19, cex = 0.5)

Now the spectra can be found either by plotting two scores against each other (by plot) and iden-
tifying with identify, or they can be identified in the score map by map.identify. There is also
a function to identify spectra in a spectra plot, spc.identify, which could be used to identify
principal components that are heavily influenced e. g. by cosmic ray spikes.

> ## omit the first 4 PCs

> out <- map.identify (scores [,,5])

> out <- c (out, map.identify (scores [,,6]))

> out <- c (out, map.identify (scores [,,7]))

> out

[1] 105 140 216 289 75 69

> outcols <- c ("red", "blue", "#800080", "orange", "magenta", "brown")

> cols <- rep ("black", nrow(chondro))

> cols [out] <- outcols

We can check our findings by comparing the spectra to the bulk of spectra (figure 5a):

> plot(chondro[1], plot.args = list (ylim = c (1, length (out) + .7)),

+ lines.args = list( type = "n"))

> for (i in seq (along = out)){

+ plot(chondro, "spcprctl5", yoffset = i, add = TRUE, col = "gray")

+ plot (chondro [out[i]], yoffset = i, col = outcols[i] , add = TRUE,

+ lines.args = list (lwd = 2))

+ text (600, i + .33, out [i])

+ }
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Session Info

R version 3.1.2 (2014-10-31)

Platform: x86_64-pc-linux-gnu (64-bit)

locale:

[1] LC_CTYPE=de_DE.UTF-8 LC_NUMERIC=C LC_TIME=de_DE.UTF-8

[4] LC_COLLATE=de_DE.UTF-8 LC_MONETARY=de_DE.UTF-8 LC_MESSAGES=de_DE.UTF-8

[7] LC_PAPER=de_DE.UTF-8 LC_NAME=C LC_ADDRESS=C

[10] LC_TELEPHONE=C LC_MEASUREMENT=de_DE.UTF-8 LC_IDENTIFICATION=C

attached base packages:

[1] grid methods stats graphics grDevices utils datasets base

other attached packages:

[1] latticeExtra_0.6-26 RColorBrewer_1.0-5 hyperSpec_0.98-20150212 mvtnorm_0.9-9997

[5] ggplot2_0.9.3.1 lattice_0.20-29

loaded via a namespace (and not attached):

[1] colorspace_1.2-2 dichromat_2.0-0 digest_0.6.4 gtable_0.1.2 labeling_0.1

[6] MASS_7.3-37 munsell_0.4.2 plyr_1.8 proto_0.3-10 reshape2_1.2.2

[11] scales_0.2.3 stringr_0.6.2 tools_3.1.2
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