Principal Component Analysis and Pseudocolor Rendering
of the Livingstone Diary Pages
Roger L. Easton, Jr.
The 12-band spectral images of selected Livingstone Diary pages have been processed using
principal component analysis (PCA) as an intermediate step to creating images with clarified
handwritten text. The analysis was performed using the ENVI™ software package from ITT
Visual Information Solutions (“ITT-VIS”). This software was originally written for use in
environmental remote sensing, but is now marketed for general visualization and analysis.
Given a set of N spectral images, PCA constructs an equivalent set of N images based on the
statistical properties of the image data. The first PCA band is a monochrome image constructed
from a weighted sum of the original N images that spans the largest possible image variance in
the N-D spectral image space. One extremum of the projected data set, usually that located
farthest from the origin of the N-D histogram space, is assigned the gray value corresponding to
“white;” the other extremum is assigned to “black.” The projected numerical values are quantized
to integer values and rendered as a gray-scale image. The second PC image is obtained by
projecting the pixels in the N-D histogram onto the axis that spans the largest variance that is
oriented perpendicular to the first PC axis. The extrema are again quantized to numerical gray
values from “white” to “black,” though the choice of the limiting gray values may be ambiguous
because the distances of the extrema from the origin in the spectral space may not correspond to
the features rendered. The process of projecting data onto subsequent orthogonal axes and
rendering as monochrome images is repeated until N PC bands are generated.

The ensemble of PC images may separate features in the original scene with large
contrasts in color and gray value from those with more subtle variations. The “highorder” PC bands, which correspond to small data variances, may show evidence of
features in the original scene that were difficult to segment visually. Because the PCA
images are based on the statistics of the image, it is generally important to restrict the calculation
to the area of interest in the scene. For this reason, the images were “masked” as part of the
statistical calculation, which means that the statistical results will differ based on the choice of
mask region
In ENVI™, the region for image statistics was selected and the PCA rotation axes were
calculated. The statistics were then applied to the entire scene, including regions outside of the
mask. This produced full-size images registered to the originals, thus enabling easy comparison
of the PC results to the original scene.
The PC bands were examined to determine the bands that showed the different texts. Generally,
the printed text on the newspapers appeared as “black” in the first principal component image.
Often (but certainly not always) the handwritten text was most visible in the second PC band and
occasionally appeared in subsequent bands. To maximize the visibility of the text, the PC bands
were rendered using a procedure that had been developed for other manuscripts. The set of bands
were examined to choose three that showed the two texts in different gray values, which were
inserted as red, green, and blue channels (RGB) in a “pseudocolor” image. If the handwritten text
appears as “light” in one (or more) of the color bands and “dark” in another, those pixels will
exhibit a color tone in the pseudocolor image that may be more easily distinguished from the
printed text. Consider the original appearance of DLC297c_113-122_006v, shown in Figure 1
and the pseudocolor image created by inserting PC band 6 in the red channel, band 2 in the green,

and band 1 in the blue, which is shown in Figure 2 (which was created by Caroline Houston, an
undergraduate student at the Chester F. Carlson Center for Imaging Science of the Rochester
Institute of Technology. Note that the handwritten text appears with a “reddish” tint and the
printed text as “magenta”

Figure 1: The visual appearance of DLC297c_113-122_006v, showing the difficulty of reading the
handwritten text over the printed text of the page.

Figure 2: Pseudocolor image of DLC297c_113-122_006v obtained by inserting PC band 6 in the red
channel, PC band 2 in the green channel, and PC band 1 in the blue channel.

This color difference in Figure 2 may be exploited to find a combination of the channels that
attenuates the printed text and emphasizes the handwritten text. This was accomplished by
exporting the images to Adobe Photoshop™ to express the pseudocolor RGB values in a
cylindrical coordinate system (“saturation,” “hue,” and “intensity,” which correspond to “radius,”
“azimuth,” and “height”). The hue is rotated to find the angle where the printed text and paper
have the same gray values, so that the former “disappears” into the latter. An example is shown in
Figure 3.

Figure 3: Monochrome image created by rotating the hue angle of the pseudocolor image in Figure 2
to find the angle where the printed text and paper have approximately the same gray value. The
printed text “disappears” into the background paper.

At this point, it is possible to apply some techniques for monochrome image processing to further
enhance the handwritten text. Carolyn Houston implemented an adaptive thresholding process to
generate a bitonal image of the handwritten text, i.e., an image where the handwriting appears as
“black” and everything else in the scene as “white.” The adaptive process compensates for the
local background level to better segment the handwritten text by adjusting the threshold based ont
the mean gray value in the local neighborhood (150 × 150 pixels in these cases). The result for
this leaf is shown in Figure 4.
The bitonal image in Figure 4 may then be used as a multiplicative mask that is applied to the
monochrome image in Figure 3 to generate Figure 5 that may give a better reading of the
handwritten text.
Because the PCA process requires selection of the region for evaluating the statistics, choice of
the PC bands, and rotating the hue angle, the process is not conducive to automation and therefore
likely should be reserved for those situations where the handwritten text is particularly difficult to
read or particularly important.

Figure 4: Result of adaptive thresholding of the monochrome image in Figure 3. Pixels identified as
“handwriting “ appear as “black” and everything else as “white.” This image may be used as a
multiplicative mask for the monochrome image to further enhance the visibility of the handwriting.

Figure 5: Result of applying the bitonal image from adaptive thresholding to the result of Figure 3 to
further enhance the visibility of the printed text.

