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Nineteenth and early twentieth-century scholarship arguably produced the 
foundational lexica for most disciplines.1 For Greek, we have Liddell and 
Scott’s A Greek-English Lexicon, fi rst published in 1891 and later revised, 
and Sophocles’ Greek Lexicon of the Roman and Byzantine Periods (1990). 
For Arabic, Lane’s multi-volume An Arabic-English Lexicon, published be-
tween 1863 and 1893, is an essential tool for any serious Arabist, as well as 
Biberstein-Kazimirski’s Dictionnaire arabe-français, published in 1860. The 
Armenian scholar is still in need of Bedrossian’s New Dictionary. Armenian-
English (1875-1879) and the scholar of Christian Palestinian Aramaic has only 
Schulthess’ Lexicon Syropalaestinum (1903) to rely on. The same can be said 
for other ancient languages, and Syriac is no exception. 

Until recently, access to these dictionaries was diffi cult to obtain as only elite 
universities would have them in their collections. The situation has changed 
drastically in recent years with digitization projects (and print-on-demand re-
productions as all of these dictionaries are now in the public domain) such as 
the efforts of archive.org. In some cases, Obtical Character Recognition (OCR) 
was applied on scanned dictionaries to make them machine-readable and there-
fore, more searchable. This, however, is not possible for many languages—
such as Syriac—where there does not exist a reliable OCR technology despite 
some scientifi c research in the fi eld, most notably by Clocksin.2 

A step further would be creating lexical databases that would allow users to 
search lexemes and present the results from various existing dictionaries. One 
such tool exists for Syriac: dukhrana.org allows multi-lexical search where one 
would type a lexeme—either in the Syriac script or in transliteration—and the 
web site will display pages from various dictionaries. The user is then given the 
opportunity to navigate through pages of a particular dictionary.

The Syriac Electronic Data Research Archive (SEDRA) hosted at sedra.
bethmardutho.org, attempts to take this further by displaying only the lexical 
entry the user is seeking, allowing the user to compare the descriptions of a 
lexeme in various dictionaries side-by-side. To achieve this, one has to take an 
image of a dictionary page and then split that image into multiple images, each 
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image containing only one lexical entry. This process was performed manu-
ally on T. Audo’s3 Syriac-Syriac dictionary from 1897–1901 and proved to be 
extremely laborious and prone to error.

The present paper describes an algorithm that takes as input scanned images 
of a printed dictionary and outputs images of the lexical entries contained in the 
dictionary. The algorithm looks at the image as a matrix of pixels and is there-
fore language-independent. It assumes, however, that dictionaries are typeset 
in a systematic way in one or more columns. It further assumes that each lexical 
entry begins in a new line and is either indented, out-indented, or begins in a 
larger font size if indentation is not used. This seems to be the case with all the 
dictionaries which were examined for the project.

The recognition of lexical entries is performed in the following steps. First, 
the location of the columns in a page is recognized. Next, lines are recognized. 
Finally, the fi rst line of a lexical entry is recognized. The recognition of col-
umns and lines is achieved by computing image histograms. These steps are 
described in the following sections with an introduction to notion of image 
histograms.

Historgrams
Histograms, introduced by Karl Pearson in 1891,4 are a graphical representa-

tion of the density of given data. A bitonal image of a printed page gives the 
printed letters in a foreground color (usually black) and the background color 
(usually white). If one wanted to know the density of black pixels in a particu-
lar column (that is, a column of an image, not a text column), one simply counts 
the number of black pixels in that particular column. Consider Figure 1. 

The text is typeset in two text columns, but the image itself is a matrix of 
pixels—5,175 columns and 6,642 rows—the width and height, respectively, 
of the image in pixels which one can obtain from any image editing software. 
If we were to count for each column in the matrix the number of black pixels, 
and then draw a line refl ecting the total counted, we end up with the histogram 
in Fig. 2, where the histogram is shown in red. In this particular case, the his-
togram was normalized by dividing the totals by two so that the drawing of 
the histogram does not go well into the text. If the count of black pixels of a 
particular column was 100, a line length of 50 was drawn. One notices that 
the black line separating the columns is the densest column. Another way to 
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visualize a histogram is to imagine one putting their hand at the bottom of a 
page and pushing all the black pixels upward so that there are no white pixels 
in-between.

 
Fig. 2 Figure 2

Detecting Text Columns
Most printed dictionaries are typeset in two columns, while others are set in 

smaller, one-column trim-size. I have not seen dictionaries in three columns, 
but the general principles discussed here will still apply. The fi rst step in the 
current algorithm is to detect the beginning and end of each column by means 
of computing the histogram of image columns, as shown in Fig. 2. As a scanned 
image may not be perfect and may include speckles or small smudges, the algo-
rithm defi nes a threshold that needs to be reached for each count of black pixels 
in an image column to be considered. If the count is below that threshold, 
the algorithm considers the image column to contain zero black pixels. The 
threshold is defi ned by trial-and-error, differs from one dictionary to another, 
and depends on the quality of the scans. Once the boundaries of the two text 
columns are identifi ed, a box is drawn (in yellow in our case) around them to 
help debugging when issues arise. The rest of the algorithm only looks at pixels 
within the text columns.

Detecting Lines within Columns
Once the text columns are detected, the next step is to detect typeset text 

lines. The algorithm navigates through each row of a given text column and 
computes a histogram by counting black pixels in each given row. In the case 
of nicely-spaced text lines, there is always white space that separates the lines. 
In some cases, letter descenders and very tall ascenders may cause two or more 
text lines to be recognized as one unit. However, this does not hinder the pro-
cess, because the ultimate objective is not recognizing text lines, it is recogniz-
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ing the beginning of a lexical entry. An example is given in Fig. 3 where the 
histograms for each column are given on the left and right edges of the image.

Detecting the Beginning of a Lexical Entry
As mentioned above, a lexical entry in a printed dictionary is either indented 

(as in the examples shown here) or out-indented. The algorithm was initially 
designed for indented texts. To detect if a particular line begins a lexical entry, 
a box of a certain fi xed width and fi xed height (shown in light blue at the begin-
ning of each line in Fig. 3) is set as the target of a black pixel search, where a 
count of all the black pixels in that box is computed. If the count falls below a 
certain threshold, we assume that the line is indented, and is the beginning of 
a new lexical entry. Programmatically, a Boolean variable named IsIndented is 
set to “true” when this condition is met. In the case of hanging indented lexica, 
the algorithm works as before, but the interpretation of the Boolean IsIndented 
variable is changed. If set to “false,” then we know that there is a new lexical 
entry.

Producing the Output
Once we know where a lexical entry begins, it becomes easy to draw a box 

(in Green in Fig. 3) around each lexical entry and extract its image pixels to 
copy into a separate image fi le. There is, however, one case that needs to be 
considered: the spanning of a lexical entry to multiple columns within the same 
page or onto the next page. The algorithm pays special attention to the fi rst line 
of each text column. In the case of indented dictionaries, it expects the fi rst line 
of a text column to be indented. If that is not the case, the algorithm then rightly 
assumes that the column continues the defi nition of a lexeme as connected to 
the entry started in the previous column or page. In the case of the SEDRA da-
tabase, the various parts of the lexical entry from each column is still extracted 
into a separate image, but all of the images of the one lexical entry are given the 
same fi le name suffi xed with A, B, C, etc. One can, of course, option to merge 
all of these images into one image programmatically.

The SEDRA Workfl ow
The input to our workfl ow is a scanned dictionary in PDF format. We save 

the PDF in PNG format where each page becomes a separate fi le. Before pro-
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cessing the PNG images, we make sure that the pages are de-skewed and de-
speckled, otherwise, the algorithm does not produce good results. Once fed 
into the above algorithm, the output will be given as follows:

1. A debug image is produced for each PNG page image. An example is 
given in Fig. 4. The debug image is mostly of use to the programmer for de-
bugging issues that may arise (e.g. a text column was not detected). This debug 
image gives the histograms described above as well as black pixel counts of the 
indentation box. In addition, lines are drawn around columns, lines of text, and 
lexical entries.

2. A proof image is produced for each PNG. The proof image is similar to 
the debug image, but it only contains a box around each lexical entry and a se-
quential number for the lexical entries. It also marks when a column continues 
a lexical entry form a previous page. An example is given in Fig. 5. These im-
ages are used by lexicographers, usually students, who check if the algorithm 
has failed in detecting a lexical entry.

 
Fig. 3 
 Figure 3
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Figure 4
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3. Output images. Each lexical entry is saved in a separate PNG fi le, or mul-
tiple fi les when it spans columns. These are the fi les that are fed to the SEDRA 
database.

Once uploaded to the SEDRA database, the images await tagging by lexicog-
raphers (recall that they are merely unsearchable images). A tool is provided on 
the SEDRA website which is accessible to users of type “tagger” or “lexicogra-
pher.” The tagger is shown an image and can type the headword in a textbox. If 
the headword already exists in the SEDRA lexical database, the user picks that 
lexeme and tags the image with it. If the lexeme does not exist in the SEDRA 
database, the user can create a new lexeme entry and tag the image with the 
newly created lexeme.

Conclusion
This article described an algorithm that takes a scanned dictionary and saves 

each of its lexical entries in one or more fi les. The algorithm makes use of 
histogram computation and does not require any linguistic knowledge. It can 
be applied to scanned images of any dictionary that is typeset systematically. 
A caveat, hinted at above, needs to be stressed. The algorithm fails if the input 
images are skewed or full of specks or smudges. There are software libraries 
that can be used to de-skew and de-speckle images programmatically, but we 
have chosen to do these tasks manually as the number of dictionaries that we 
needed to process is small.
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