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Abstract. The preservation of the language and linguistic heritage requires the recovery
of older linguistic materials and linguistic maps and their re-publication on hardcopies and
in electronic formats. Because of poor technical means used to produce linguistic maps with
technologies more than half a century old and because of the less than ideal storage conditions,
many of these materials need restoration using digital techniques. We present an analysis of
the minimal restoration methods needed and of the restoration and post-processing results,
including map layers superposition. 228 original drawings from The New Romanian Linguistic Atlas by Regions – Muntenia and Dobrogea (Noul Atlas Lingvstic Român pe Regiuni –
Muntenia şi Dobrogea, NALRR-MD) representing layers of linguistic maps have been processed. A discussion of envisaged further processing methods ends the paper.
Key-words: Databases and Information Systems, Image restoration, Linguistic atlases,
Geographic Information System.

1.

Introduction

The paper refers to a collaboration project related to the improvement of the quality of the
images obtained by photocopying the drawings used for old linguistic atlases (NALRR-MD),
with the aims of restoring and making available to the research community the patrimony of
linguistic research and language in Romania and of making it more visible and accessible to the
international community.
Linguistic atlases for the Romanian language have a long history, dating for more than a century. The Research Centre for Romance Linguistics (Romance Linguistics at Oxford web page
[1]) cites a large number of Linguistic Atlases for Romania, the oldest being due to G. Weigand,
who compiled it during 1898-1909, and published it at Leipzig under the title Linguistischer
Atlas des Daco-Rumänischen Sprachgebiets. (Barth, Leipzig). The first linguistic atlases of the
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Romanian language authored by Romanian researchers were published in the first half of the
XX-th century, but most volumes and editions were issued after 1990 by the Publishing House
of the Romanian Academy. Two of these atlases, [2], [3], are available on the Internet.
On the other hand, even for well documented languages, the topic of linguistic atlases is not
well represented in the scientific literature. For the Romanian language, the literature visible
on the Internet is scarce. On Web of Science (WoS), searching for: “Topic: (linguistic) AND
Topic: (map*) AND Topic: (Romania)” provides only 11 papers, out of them three being in
fact unrelated to the topic of linguistic maps for Romania (errors due to authors from Romania),
The only papers close to our interest are [4-7]. Extending the search on WoS using “atlas*”
instead of “map*” produces a few more papers, not included in the previous list, of interest for
this study being [8]. Although they are almost invisible on the Internet (not in WOS and only
indirectly available on Google Scholar, through the web pages of YorkSpace, York University’s
Institutional Repository), a worth mentioning group of papers is devoted to the dialects in the
western parts of Romania [9]. That web repository includes a list of papers, but only a few are
actually available. In contrast with the scant representation on the Internet of the linguistic atlases
for Romanian, the printed literature includes tens of atlases; for a partial list see [10]. We hope
that this paper will draw the attention on the large amount of linguistic material included in the
old printed linguistic atlases of the Romanian language and will also be an impetus for making
them freely available on the Internet. However, it must be mentioned that the maps included
in the linguistic atlases published in the last two decades (e.g., volumes III and IV of The New
Romanian Linguistic Atlas by Regions, NALRR - Moldova and Bukovina, volume III of NALRR
- Crisana) were prepared using specialized software applications that ensure not only a very good
quality of the printed materials but also the linguistic information storage in dedicated databases,
making it available for further linguistic processing [8], [11].

2.
2.1.

Recovery of older linguistic maps and building electronic
maps
Linguistic materials and linguistic atlases

The Romanian language is, fortunately, one of the intensely studied Romance languages, with
dense locations of data collection. Sections of the Atlas Linguarum Europae, for example for
the term “family” [12], show that compared with surrounding regions, the density of collection
sites is significantly higher in Romania and comparable with the density for France and Italy.
The several institutes for linguistics of the Romanian Academy have numerous and perpetual
research programs related to general, regional, and dialectal linguistic atlases for Romania and
areas outside Romania where dialects of the Romanian language are spoken – see [10].
The original drawings in the collection discussed here include handwritten information about
pronunciations of a specific lemma, boundaries of the region for a specific pronunciation for
the related words, and numbers denoting the collection points, see Fig. 1. Some of the words,
mainly those related to traditions, older techniques, or occupations were largely used at the time
when the information for the maps was collected, but are much less used today. For example,
while for the word “vezi” (you see; see!) Google finds “about 155,000,000 results”, for the
word “deapănă”, related to the traditional textile manufacturing and having the main meaning
“to spin”, “to reel”, Google finds only “about 27,900 results”. In addition, almost all results are
referring to the metaphoric meanings “unwind(ing)”, “confabulate”, or “pour”, which are more
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frequent in current Romanian than the original meaning. Therefore, some of the linguistic maps
collected many years ago, such as those for “deapănă”, have a role in documenting the history of
the language and the semantic evolution of Romanian words rather than the current use of those
words.

Fig. 1. General appearance of a segment of a linguistic map.

2.2.

Issues in choosing the processing tools

The drawings to process are photocopies of old drawings on transparent paper; these old
maps have been drawn and written by hand. Due to the manual production of the maps and to
their storage for a long time, the resulted photocopies include numerous issues, such as strains
(erroneous dots), erroneous or undesired line segments, numerous missing pixels in the numbers
and letters, and extra dots in the writing. Figure 2 shows a segment from an original map and
Fig. 3 shows the results of processing using a simple median filter.

Fig. 2. Segment from “Template ini.tif” file
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Fig. 3. Section of image as in Fig. 2, after basic processing. (File “Template clean.tif”).
One easily notices comparing Fig. 3 and Fig. 2 that the partial improvement consisting in the
removal of the extra dots (strains) with the elementary image processing technique creates other
issues, such as broken lines (figures) and increases the unpleasant visual effect of several extra
dots in the writing, This shows that choosing the appropriate image tools is not a trivial problem.
Other similar issues are shown in Fig. 4, where the presence of dotted letters makes impossible
the use of basic algorithms for removing small groups of isolated pixels, or the use of easy to
apply algorithms to fill in voids (missing pixels).

Fig. 4. Two segments with different magnifications from the file “764-1 (DEAPĂN).tif”.

2.3.

Image restoration techniques

The input images obtained by scanning the transparent drawings are binary images (1 bit/pixel,
contain only black and white pixels). During the scanning process, the color images are automatically binarized by the scanning software. During binarization, some imperfections appear:
isolated black pixels outside the characters outline, white pixels inside, and irregular character
contours (Fig. 5.a). In the first processing step, a median filter is applied with the 3×3 apperture.
Each pixel is replaced with the median value of its 8-pixel neighborhood; this inverts the value of
the isolated pixels (either black or white). An example is shown in Fig. 5.b, where contours are
still irregular. Notice that the example below is shown using a large magnification for evidencing
the irregularities (the irregularities are not visible if the image is printed with a usual resolution
of 300 dpi). However, a second processing step is applied to smooth the contours. First, the
color depth is increased to 8 bits/pixel (256 gray levels) and an unweighted average filter with
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the 3×3 kernel size is applied. Each pixel is replaced by the average value of its neighbors (Fig.
5.c). Finally, because the image must be superimposed on the template image, its color depth is
increased to 32bits/pixel (RBGA) and the white pixels are used to define the transparency mask.

(a) Upper panel, left: Original image, de- (b) Upper panel, right: Intermediary result,
tail from map 764-1 (DEAPĂN).
obtained by applying the median filter.

(c) Final result, after the average filter.

(d) Final result, larger area and lower magnification.

Fig. 5.

Fig. 6. Different magnifications of the resulted image combined with the map template.
The median filter successfully removes isolated pixels and some of the pixels that dot the
contours of the letters, see Fig. 5.b. We also tested median filters with larger windows (5×5 etc.),
but the results are poorer because there are numerous cases when the lines and curves in the
writing are too thin or some pixels are missing on the curve and, consequently, the trace is
broken by the median filter. The usage of the average filter has also another advantage. It creates
a small very light gray buffer around the characters which allows to distinguish (easily reading)
the phonetic transcription when it is overlapped on map layout components (Fig. 6).
It was not necessary to correct all the deficiencies of the original maps; for example, connected symbols were not processed in view of separating them, while heavily broken lines were
not corrected, see Fig. 7.
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(a) Connected symbols (from ini- (b) missing or heavily broken boundary line (initial map
tial map “Harta 749 1.tif”).
“Harta 749 2.tif”).

(c) Connected diacritical mark and letter (“ă”) and slightly broken symbol
(the last “6”) due to the writer. Map 771 1.tif (initial version).

Fig. 7.

3.
3.1.

Results and workflow
Image restoration results

The next figure shows for comparison the results obtained with two median filters and with
two average smoothing filters for a small segment of a map, where the segments include only a
few letters.

(a) Original segment from map 725 2. (b) Small detail from the same map.

(c) Median 3×3 only.

(d) Median 3×3 plus average 3×3.

(e) Median 5×5 only.

(f) Median 5×5 and average 5.

Fig. 8.
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In Fig. 8.a, there are several noise pixels close to each of the letters (picture larger to evidence
the noise in Fig. 8.b); also, there is an undesired line. Almost all noise pixels are removed by
the 3×3 window median, (Fig. 8.c), and all are removed by the 5×5 window median (Fig. 8.e),
but the latter breaks the letter “a”. Adding an 5×5 average smoothing partly recovers the letter
“a” but fills in too many pixels inside the “a”, see (Fig. 8.f). We determined, after extensive
tests, that the best visual aspect is obtained by non-recursive median and smoothing with 3×3
windows (Fig. 8.d).

Fig. 9. a. Gray level distribution for the image in Fig. 8.d and (b) respectively in Fig. 8.f
Because there are nine possible combinations of white pixels in a 3×3 window, respectively
25 combinations for a 5×5 window, there are nine, respectively 25 bars (values) in the histograms
of the smoothed images, see Figs. 9.a and b. The histograms in Fig. 9 show that the probability
of a single white pixel in a 5×5 window is much (about 10 times) lower than the probability of a
single black pixel, while for 3×3 windows the probabilities of all combinations vary in a range
from 0.9 to 2.2 (except the gray level of 255, not included in the histograms, because the number
of white pixels is huge compared to the numbers for no-white ones). The probability of pure
black pixels in the image processed with 3×3 windows is more than 20 times higher than the
probability for 5×5 windows (2.2% vs. 0.1% black pixels).
In Fig. 10 are depicted three small samples extracted from low quality maps (line crossing
the text, many noise pixels close to the letters) and the results after processing, where defects are
no more visible.
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(a) Original sample from Map 725 2.tif.

(b) Processed sample from Map 725 2.tif.

(c) Original sample from Map 762 1.tif.

(d) Processed sample from Map 762 1.tif.

(e) Original sample from Map 777 1.tif.

(f) Processed sample from Map 777 1.tif.

Fig. 10. Image samples used to evaluate the number of black pixels before and after the images
enhancement

Fig. 11. Differences in the number of black pixels and comparison with the number of white
pixels for the three samples in Fig. 10.

Table 1.
Sample from:
Map 725 2.tif
Map 762 1.tif
Map 777 1.tif

number
of black
pixels
9948
10070
5435

total
number
of pixels
109040
66006
60375

number of
lost black pixels,
median 3x3
524
268
123

percent of
lost black pixels,
median 3x3
5.27
2.66
2.26

original percent
of black pixels
9.12
15.26
9.00

Notice in Table 1 and in Fig. 11 that the percentages of lost black pixels by 3×3 median
filtering differ by more than 100% from image 725 2 to image 777 1. This makes problematic
the use of median filters alone and justifies the use of the average smoother to fill in the removed
pixels, when they are in the middle of the traces.

Recovery of old dialectal materials and maps through image processing

3.2.

231

Determining the threshold for acceptable median filter window

There is a vast literature on binary image processing for noise removal and quality enhancement, which is also the topic of this study. Median filters are a natural choice in many cases of
binary images and have been used for various applications, including enhancement of text images
and edge detection [13], [14], which are of interest also for linguistic map quality enhancement.
Much of the research on the topic of median filters focused on the empirical results obtained.
In this sub-section, we focus on the theoretical aspects that justify the choice of a certain filter
window, or a variant of the more general statistical filters based on quartiles and quantiles, which
extend the median filter concept. We build on previous work reported in [15], [16], [17]. Consider a thin horizontal edge as in Fig. 12 (it represents an actual fragment of a letter form one of
the maps); the correct (without noise) edge is assumed 3-pixel thick. Because of the noise, some
of the black pixels are turned white, while some white pixels close to the edge are turned black.
We name the first category ‘missing pixels’, and the last category ‘whisker pixels’. Denote by
pw the probability of whisker pixels; we assume the probability is the same on the entire image
in the sense that any white pixel neighboring the (true) black pixels has the same probability to
become black. Consider now a window W1 placed as in Fig. 12, centered on a whisker pixel.
Over a correct trace, W1 would have 6 white pixels and three black ones; in the case in Fig. 12.a,
the result of the median filter is the removal of the whisker pixel at the center of W1 . Assume
that the central pixel in W2 , Fig. 12.b, is a whisker pixel. Then, it will not be removed because
W2 includes more black than white pixels.

Fig. 12. Explanatory for results obtained with a 3×3 median filter for two cases of whisker
pixels.
The case in Fig. 12.b occurs with a probability pw if the black pixel that is the left neighbor
of the whisker pixel is a true black pixel; the situation occurs with a probability p2w if the left
neighbor is also a noise black pixel. Now, assume for the case in Fig. 12.b that a 5×5 window is
applied. The outcome will be yet a black pixel, that is, the whisker will not be removed. In this
specific case, increasing the window dimension from 3×3 to 5×5 will not improve the results.
However, we neglected above a fact that is rarely realized and emphasized when discussing
the effect of (recursive) median filters, namely that their results are order-dependent, that is the
result depend on the direction of movement of the window. If the 5×5 window is moved from
right to left in Fig. 12.b, the effect is as described above. However, if the window is moved
from left to right, both whiskers will disappear for the 5×5 window, assuming that the filter
is applied each step on the image [xij ] resulted at the previous step, f or i {f or j {xij ←
M edian (W (xij ))} end j } end i , where W (xij ) is the window centered on the pixel xij .
This behavior of the filter does not hold when a new image is created, yij ← M edian (W (xij )).
Next, we are interested in a way of optimally choosing the window width. Assume that the
probability of a missing black pixel is pb . Also assume, as valid for the discussed maps, that the
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traces of the letters are 3- to 5-pixel thick (but may be 2-pixel thick accidentally due to missing
pixels). The median filter with window 3 centered at the middle of the trace will produce a black
pixel
  whenthere
 are at
 least
 5 black pixels
  in the window. The probability that this happens is
5 5
6 6
7 7
5 5
p +
p +
p + ... ≈
p .
9 b
9 b
9 b
9 b
Assume that the chance of having broken traces should be, for an acceptable visual quality,
at most p0 , where p0 should be about 1/1000 if we need to have less than one broken character
per ten maps. We can roughly estimate from the processed maps that pb ≈ 1/20. Then, the
probability is negligible ((9 · 8 · 7 · 6/4 · 3 · 2) · (1/20)5 < 1/1000). On the other hand, for 5×5
windows and traces 3-pixel thick, there are guaranteed about 10 (2×5) white pixels, so only 3
extra white pixels are needed to generate by median a white pixel. One sees that the probability
is about p12 larger. With pb ≈ 1/20 this means the use of median filters with 5×5 windows makes
b
the chance of having broken lines (for 3 pixel wide lines) 400 times higher.
Assume that the chance of having broken traces should be, for an acceptable visual quality,
at most p0 , where p0 should be about 1/1000 if we need to have less than one broken character
per ten maps. We can roughly estimate from the processed maps that pb ≈ 1/20. Then, the
5
probability is negligible ((9 · 8 · 7 · 6/4 · 3 · 2) · (1/20) < 1/1000). On the other hand, for 5×5
windows and traces 3-pixel thick, there are guaranteed about 10 (2×5) white pixels, so only 3
extra white pixels are needed to generate by median a white pixel. One sees that the probability
is about p12 larger. With pb ≈ 1/20 this means the use of median filters with 5×5 windows makes
b
the chance of having broken lines (for 3 pixel wide lines) 400 times higher.
Further issues related to adaptive mixtures of median and averaging filters can be found in
[16]; some of the filters in [16] could represent study directions for further enhancing the quality
of old linguistic maps and other old documents.

3.3.

Workflow

A number of 228 original drawings representing the main layer of the linguistic maps have
been processed; these maps require about 600 MB of storage. The resulted map layer images
have then been superposed with the template representing the geographic features (country and
regional borders, rivers, and main cities). The complete workflow is described in Fig. 13.

Fig. 13. NALRR-MD maps preparing process.
The data on the original translucent paper sheets (Original drawings in Fig. 13) include
only the transcriptions, marks for aligning the maps, and the curves delimiting the area of a
specified pronunciation. They were scanned as binary images using the standard resolution of
300 dpi. The image restoration method described in the previous section was implemented as a
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processing function in the ImagePro application developed by authors. It is implemented in C++
and the OpenCV open-source library is used for images manipulation. All the scanned images
were automatically processed using the ImagePro. In addition to the aforementioned processing,
each image is resized using a scaling factor of 0.886 to allow the exact overlapping with the map
template.
The map template was prepared using QGIS, a free open-source Geographic Information
System package. The template contains the graphical elements that are common to all linguistic
maps. The elements are presented in the template as symbols and /or labels. They are organized
on layers that contain the vector descriptions of each element and a related database for other
information as it is described below:
– “Title” is a layer of points used to define the position of titles. The text (labels) and drawing
mode are encoded in the database. No symbols are drawn;
– “Frames” is a layer of poly-lines whose drawing properties are encoded in the database.
No labels are drawn;
– “Borders” – layer of poly-lines used to draw the internal / external borders of the region
and the water courses which are common with the borders. The drawing mode (color,
thickness) are encoded in the database;
– “Limits” – polygon layer for internal use. It defines the map limits;
– “NetPoints” – layer of points used to define the network of settlements to which the phonetic transcriptions correspond;
– “MapNumber” – layer of points used to define the position in which the map and pages
numbers are placed. The displayed numbers are encoded in the database and no symbols
are drawn;
– “Neighbors” – layer of poly-lines used to establish on the map the position of the regions
neighbors names. The names are stored in the internal database.
The template contains also the map scale; it is not a layer but a component added to the
template image during its creation. To avoid the images scaling during the publishing process,
the template was designed using the final pages dimensions in pixels. Because the map and page
numbers are different for each map, a specific layout is required for each of the 228 images. A
small application was implemented in Python to automatically generate the 228 templates.
Finally, the GIMP (GNU Image Manipulation Program) was used to manually overlap the
processed images on the corresponding layouts and create the final maps. The result is depicted
in Fig. 14.

4.

Discussion and perspectives

From the perspective of image processing, this study shows that the deceptively simple task of
removing noise in binary images while preserving the quality of handwriting and drawings proves
to raise issues related to the general and local properties of the image and to the probability of
black-pixel noise and white-pixel noise. A set of fixed filters that work well for thick lines

234

S. I. Bejinariu et al.

may work poorly on thinner ones, and a set of filters that are good for image segments where
closed lines have a large number of white pixels inside the curve (and have small curvature) may
fill in many white pixels enclosed by a curve with large curvature. The main contribution of
the study is to determine a set of filters that work well on handwritten texts with traces 3 to 6
pixel thick and with noise and errors specific to old handmade linguistic maps. The recovery
with good quality of more than 200 maps was the practical result of the work. Further work is
required for the digitization of the full linguistic information comprised in the maps and the use
of that information in the European linguistic atlases, see [12]. We believe that some theoretical
considerations on filtering binary images are also new.
The method was applied to complete images. We also tried to apply morphological operators,
but because the pages simultaneously contain broken and connected symbols, the global results
were not so good. A possible solution is to apply morphological operators locally, on portions of
the images. Also the shape of the letters can be destroyed if the contour is too irregular. Next, we
tried to apply Gaussian filters, but our subjective opinion was that the obtained results are better
in case of median plus average filters. However, potential further improvements may justify the
continuation of the research with more complex filtering procedures.
From the perspective of computational linguistics, the digitization of the linguistic maps, on
the other hand, creates the opportunity to extend the study of languages in new ways. Embleton, Uritescu, and Wheeler, in a remarkable study using three-dimensional analysis of dialects in
Transylvania, found that “the resulting 3D objects seem to be very flat, which strongly suggests
that there are only two relevant dimensions for distinguishing these dialects, although the two dimensions do not correspond exclusively to geographic dimensions.” While it has not clarified the
reason or meaning of flatness, the cited study opens research avenues for the future of linguistic
maps that go beyond purely geographical considerations.
Finally, the use of Internet and social networks (SN) as tools in linguistics opens numerous
avenues. For example, we suggest that future linguistic atlases could be established by monitoring the public media and opened SN using tools for speech recognition and automatic processing,
and tools for location finding–at least when privacy is not required by the laws or the correspondents.
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