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Background
Pre-Contact Maya texts exist in various media: carved into
architecture, monuments, and everyday objects, as well as painted
on walls, pottery, and bark paper. Texts consist of syllabic and
logographic hieroglyphs, grouped into blocks for visual
presentation. Blocks are typically read vertically, two columns at a
time, from the top left to the bottom right of the text. Much variation
exists in the way glyphs are used to construct these blocks, with
regards to number of glyphs per block, placement, orientation, and
reading order. This seems to be based on multiple factors,
including glyph size, overall available text space, and amount of
linguistic information contained in the block.

Segmentation of Texts
Another goal of this project is to develop a computer algorithm that can
identify and characterize glyph blocks in terms of their quadrat classification
using pattern recognition. Automated analysis of glyph block patterns in
Maya hieroglyphic texts will allow researchers to focus on content and larger
semantic patterns, which are supported by quantitative data pertaining to
the written system used to convey the language.

This project compares glyph block organization from two distinct
Maya sources. The first source is two stone monuments from the
Classic period site of Palenque (Chiapas, Mexico): the Tablet of 96
Glyphs, and the south platform of Temple XIX. The second source
is a selection of seven almanacs from the painted bark paper
screenfold book referred to as the Madrid Codex, from the
Postclassic period Yucatan peninsula. Glyph blocks from the texts
are categorized in terms of their “quadrat” structure and analyzed
quantitatively to identify patterns and if any block constructions are
more common than others. A goal of the project is to compare the
two time periods and assess the degree that glyph block
construction may have changed over time.

High resolution, IIIIF images of the
texts are uploaded to the NcodeX
database, and systematically
segmented at the glyph level. Each
glyph in the text is enclosed in a
bounding box that captures its
coordinate location, size, and
relation to other glyphs in the same
block, as seen in the example to the
left. The reading order of each block
is determined contextually using the
content and syntactic structure of
the overall text.

Once all glyph coordinates have
been identified, the information is
migrated to Mayan-READ, a virtual
research environment that allows
researchers to annotate and analyze
ancient documents and perform
quantitative analyses. For blocks
containing between one and four
glyphs, the appropriate quadrat will
be narrowed down from an evolving
list of known quadrat forms.

Example block from the Madrid 
Codex containing 3 glyphs

Potential Quadrat Matches:



Linguistic Patterns in Maya Hieroglyphic Texts – PANEL 2
Holly Maxwell & Stephen White

Normalizing Boundaries
Since the bounding boxes overlap in the block, like the glyphs
themselves do, the boundary lines between glyphs must be
normalized for the pattern recognition tool to be used. The
resulting boundaries indicate the amount of space the visual
representation of the glyph takes up within the block, relative to
the other glyphs contained in that block.

Rectangle Encoding
Each rectangle bounding box in the glyph block is encoded separately with
six measures. The first two are distance and direction from scale origin at the
upper left of the grid, to the upper left corner of the rectangle. The next two
are the distance and direction from the scale origin to the rectangle center.
The final two are the height and width of the rectangle. This is done for each
rectangle bounding box within the block, and the area of the block itself. The
system then compares each rectangle of the target glyph block with the
corresponding boundaries of each known quadrat with space for the same
number of glyphs.
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Results
The addition of more complex quadrats to the database is an ongoing
process that will allow for a more complete analysis in the future, as the
Palenque texts contain blocks with more than four glyphs. The charts below
show in each time period how often glyph blocks contain a specific number
of glyphs within the texts. I have also included the most commonly occurring
quadrat classes for each time period, based on my findings.

Image credits: Museo de América (Codex Tro-Cortesiano), Schele Drawing Collection, Ancient 
Americas at LACMA.
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As you can see, the largest quadrat class utilized in both time periods is the
class containing three glyphs per block, as it was used over 50% of the time.
The biggest difference between time periods is seen in the second most
common class, which was another third of the remaining blocks. In the
Classic period, the next most common block contained four glyphs, while in
the Postclassic the next most common contained two glyphs. Overall this
suggests a shift toward slightly less complex block structures over time.

Quadrat Matching
Boundaries can be moved to the perceived extent of the glyph, and
the tool determines the closest matching quadrat form. Considering
the handwriting of the Maya scribes varied, the quadrat is chosen
based on the proximity to the boundary lines of each specific block.

1. The encoded image appears in the center, with the proposed
quadrat form overlaid to the right of that. The first attempt might not
get a perfect match.

2. The coordinates of the Sign
Boundaries can be adjusted to
average the boundaries, which
can reveal a better quadrat match.

3. The final option is to adjust the Quadrat Box
Definition to fit the current block arrangement.
This adds it to the list of known quadrat forms
for future use.
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