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poses and to make them available worldwide
through large, on-line digital libraries. The main
objective, however, is not to simply provide access
to raw images of digitised documents, but to annotate them with their real informative content and,
in particular, with text transcriptions. Unfortunately, extraction of text lines and handwriting
recognition are still open research problems [5, 4].
In this paper, we present a handwritten text
database, GERMANA, to facilitate empirical
comparison of different approaches to text line
extraction and off-line handwriting recognition.
GERMANA is the result of digitising and annotating a 764-page Spanish manuscript entitled “Noticias y documentos relativos a Doña Germana de
Foix, última Reina de Aragón” and written in 1891
by Vicent Salvador, the Cruı̈lles’ marquis. It has
approximately 21K text lines manually marked
and transcribed by palaeography experts.
GERMANA is not a particularly difficult task
for several reasons. First, it is a single-author
book on a limited-domain topic: the life of Germana de Foix (1488-1538), niece of King Louis
XII of France and second wife of Ferdinand the
Catholic of Aragon. Also, the original manuscript
was well-preserved and most pages only contain
nearly calligraphed text written on ruled sheets
of well-separated lines. Moreover, the manuscript
comprises about 217K running words from a vocabulary of 30K words which, apparently, is a
reasonable amount of data for single-author handwriting and language modelling.
It goes without saying that text line extraction and off-line handwriting recognition on GERMANA is not, by contrast, particularly easy.

Abstract
A new handwritten text database, GERMANA,
is presented to facilitate empirical comparison of
different approaches to text line extraction and
off-line handwriting recognition. GERMANA is
the result of digitising and annotating a 764-page
Spanish manuscript from 1891, in which most
pages only contain nearly calligraphed text written on ruled sheets of well-separated lines. To our
knowledge, it is the first publicly available database
for handwriting research, mostly written in Spanish and comparable in size to standard databases.
Due to its sequential book structure, it is also
well-suited for realistic assessment of interactive
handwriting recognition systems. To provide baseline results for reference in future studies, empirical results are also reported, using standard techniques and tools for preprocessing, feature extraction, HMM-based image modelling, and language
modelling.
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Introduction

There are huge historical document collections
residing in libraries, museums and archives that
are currently being digitised for preservation pur∗
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4. Biography notes (pp 283–302) of 8 relevant
persons mentioned in the second part.

GERMANA has typical characteristics of historical documents that make things difficult: spots,
writing from the verso appearing on the recto,
unusual characters and words, etc. Also, the
manuscript includes many notes and appended
documents that are written in languages different
from Spanish, namely Catalan, French and Latin.
All in all, we think that GERMANA entails
an appropriate trade-offbetween task complexity and amount of data. To our knowledge, it
is the first publicly available database for handwriting research, mostly written in Spanish and
comparable in size to standard databases such as
IAM [6, 7]. Due to its sequential book structure, it
is also well-suited for realistic assessment of interactive handwriting recognition systems [8]. Moreover, it can be used as well to test approaches for
language identification and adaption from singleauthor handwriting.
In what follows, we first describe the manuscript
and the database in Sections 2 and 3, respectively. Then, in Section 4, some preliminary results are reported using a standard, HMM-based
recogniser. Finally, conclusions and future work
are discussed in Section 5.
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5. Documents (pp 303–540): handwritten copies
of 71 historical documents related to the life
of Germana.
6. Illustrations (pp 541–716): 4 documents with
their own notes appended at the end.
7. Back matter (pp 717–764): various indices
and images.
Most pages only contain handwritten text aligned
to horizontal rules in a simple template of either 24
(pp 1–180 and 729–764) or 32 (pp 181–728) lines.
As an example, the page 67 is shown in Figure 1.
Note that the handwriting is easily readable and
tightly aligned to horizontal rules.

The manuscript

As said in the introduction, GERMANA is
the result of digitising and annotating a Spanish
manuscript from 1891 on the life of Germana de
Foix. The original manuscript is preserved in the
Nicolau Primitiu Collection at the Valencian Library [1]. It is a 764-page bound volume which,
according to its index on page 728, is divided into
17 sections.
For simplicity, we will distinguish only 7 parts
of the manuscript:
1. Front matter (pp 1–6): a half title, a title and
a portrait of Doña Germana de Foix.
2. The chapters (pp 7–180): 174 pages divided
into 6 chapters, each one devoted to a distinct
period in the life of Germana.
3. Notes (pp 181–282): 290 numbered notes referenced in the chapters.

Figure 1. Page 67 of GERMANA.
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needed.
On the other hand, the whole manuscript was
transcribed line by line, by palaeography experts. The transcription process did not start from
scratch, but from a partial transcription produced
by experts from the Valencian Library during
2002. This partial transcription covered most of
the manuscript (76%), but it was not directly applicable to handwriting research, mainly because
it did not include original page and line breaks.
Therefore, to produce the final transcription, this
partial version was first reviewed and then completed. This was done more recently, during 2007.
It was done again by palaeography experts, in accordance with the following transcription rules:

The manuscript is solely written in Spanish up
to page 180. After this page, however, the reader
can also find text in Catalan, French, Latin and,
to a lesser extent, German and Italian. In the
third part, there are 33 notes (mostly) written in
Catalan (4, 47, 50, 73, 78, 79, 81, 82, 84, 85, 87-91,
94-96, 134, 177, 194, 205, 209, 214, 227, 229, 236,
238, 261, 266-268 and 270); 18 in French (1, 2, 15,
22, 23, 25, 29, 44-46, 71, 109, 110, 119, 155, 170,
257 and 280); and 1 in German (180). Also, there
are 24 documents in the fifth part that are written
in Catalan (7, 8, 27, 29, 31-33, 36-40, 44, 48-54, 59,
64, 68 and 69); 10 in Latin (2, 4-6, 12, 24, 34, 42,
43, 70); 1 in French (7); 1 in German (25); and 1
in Italian (65). Biography notes and Illustrations
are primarily written in Spanish, though there is
also some content in Catalan (a short excerpt of
13 lines starting at the last line on page 300; notes
39, 47 and 61 of illustration C; and note 17 of
illustration D).
The interested reader is referred to [3] for a deep
study of the manuscript from a historian’s point
of view.

3

• Page and line breaks are copied exactly.

• Blank space is only used to separate words.
• No spelling mistakes are corrected.

• No case or accentuation change is done.

• Punctuation signs are copied as they appear.
• Word abbreviations are first copied verbatim,
except for subindices and superindices, which
are written in LATEX-like notation as {sub}
and ^{super}, respectively. Then, they are
followed by the corresponding word between
brackets. Thus, for instance, Da . is transcribed as D^{a}.[Do~
na].

The database

The manuscript was carefully scanned by experts from the Valencian Library at 300dpi in true
colours. As with historical documents in general,
scanned pages have noise effects like spots, tears,
ink fading and transparency of back side. Also,
they show a slight warping due to book binding.
Nevertheless, the manuscript can be easily read
and thus we decided not to apply any preprocessing to it for the purpose of annotating groundtruth.
Ground-truth annotation of GERMANA consisted of two parts. On the one hand, all text
blocks were marked with minimal enclosing rectangles and, within each text block, each text line
was marked by its (straight) baseline. This was
done semi-automatically by means of the GNU
Image Manipulation Program (GIMP) [2] and certain GIMP plug-ins we developed specifically for
block and line annotation of GERMANA. All
blocks and baselines detected automatically were
also manually supervised, and corrected when

Also, to facilitate language-dependent processing
of the manuscript, each transcribed line was manually labelled in accordance with its dominant language. The total time required for a single expert
to manually transcribe the whole manuscript was
estimated as 232 hours; that is, approximately 30
minutes per page on average.
Table 1 contains some basic statistics drawn
from our GERMANA transcription. These statistics were computed after applying the following
preprocessing steps:
1. Substitution of abbreviations by their corresponding words.
2. Concatenation of hyphenated words at line
ends with their remainders.
3. Isolation of punctuation signs.
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Lang.

Pages Lines Words
(K)
Spanish 595 16599 176.8
Catalan
87 2417 26.9
Latin
29 951
8.3
French
8 266
3.0
German
8 228
1.5
Italian
2
68
0.8
None
35
0
0.0
All
764 20529 217.2

Lexicon Char
Size Sing. set
(K) (%)
19.9 55.6 111
4.6 63.2
86
3.4 69.2
87
1.1 71.1
82
0.6 52.7
71
0.3 67.3
59
0.0 0.0
0
27.1 57.4 115

reference in future studies, using standard techniques and tools; that is, HMM-based text image
modelling and n-gram language modelling [8].
Due to its sequential book structure, the very
basic task on GERMANA is to transcribe it line
by line, from the beginning to the end. We assume that an automatic transcription system is
used, and that each (automatically) transcribed
line is supervised and, if necessary, amended by
an expert. Clearly, after processing a block of
lines or pages, all supervised transcriptions may
be very well used to (re-)train the automatic transcription system. This should help in improving
the system accuracy, at least in the transcription
of the first GERMANA pages. Fortunately, the
first two parts of GERMANA are solely written
in Spanish and thus, at least, the lack of training
data is not combined with multilingual input.
Taking into account the above discussion, we
decided to only try GERMANA transcription of
the first two parts, up to page 180. Starting from
page 3, we divided GERMANA into 9 consecutive blocks of 20 pages each (3 − 22, 23 − 42, . . . ,
163 − 180). Then, from block 2 to block 9, each
block was automatically transcribed by the system
trained with all preceding blocks. As indicated
above, we used standard techniques and tools for
preprocessing, feature extraction, HMM-based image modelling, and language modelling [8]. The
results are shown in Figure 2, in terms of word
error rate (WER) per block.
As expected, the WER decreases as the amount
of training data increases. In particular, the system achieves around 37% of WER for the last two
blocks, which is not too bad for effective computerassisted transcription. Although we think that
there is room for significant improvements, it must
be noted that most errors are caused by the occurrence of out-of-vocabulary (OOV) words. This
can be also observed in Figure 2, where a curve
is plotted showing the part of the WER due to
the occurrence of such words. Note that, in relative terms, this part is of increasing importance.
For instance, while OOV words account for 54%
of the errors in the first transcribed block, this figure increases to 64% in the last block. Moreover,
it can increase even more in the remaining parts

Table 1. Basic statistics of GERMANA
(Sing=Singletons, words occurring only
once).

Note that the Spanish part of GERMANA comprises about 17K text lines and 177K running
words from a lexicon of 20K words, which is
comparable in size to standard databases such as
IAM [6, 7]. It is also worth noting that 56% of the
words only occur once (singletons). Regarding the
other, non-Spanish parts, it is clear that they are
not large enough to reliably estimate independent
models for them (c.f. HMMs and n-gram language
models). Instead, it would be very interesting to
see how models trained with different data can be
adapted to them. In particular, character HMMs
trained with the Spanish part might be very well
reused without significant changes.
The database is available at the PRHLT website (prhlt.iti.es) for non-commercial research.
Also, an independent, printed transcription of the
manuscript can be found in [3] though, as it was
not intended for handwriting research, it was reformatted for better readability.

4

Experiments

As discussed in the introduction, GERMANA
may be used either, to test text line extraction
methods, or to evaluate off-line handwritten text
recognition techniques. In this Section, however,
we will restrict ourselves to (automatic) transcription (handwriting recognition). More specifically,
our aim is simply to provide baseline results for
304

70

References

WER

[1] Biblioteca Valenciana. http://bv.gva.es/.

60

[2] GNU Image Manipulation Program (GIMP).
http://www.gimp.org/.

50

40

[3] E. Belenguer, editor. Germana de Foix, última
reina de Aragón. Univ. de València, 2007.
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of GERMANA due to their multilingual nature.

5

Conclusions and future work

A new handwritten text database, GERMANA,
has been presented to facilitate empirical comparison of different approaches to text line extraction and off-line handwriting recognition. To
our knowledge, it is the first publicly available
database for handwriting research, mostly written in Spanish and comparable in size to standard databases. Some preliminary empirical results have been also reported, using standard techniques and tools for preprocessing, feature extraction, HMM-based image modelling, and language modelling. Although we think that there is
room for significant improvements, the word error
rates obtained are already acceptable for effective
computer-assisted transcription.
We are now completing the preliminary experiments reported here, that is, the complete GERMANA transcription, which involves language
identification and adaptation due to the multilingual nature of GERMANA.
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