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Abstract

We describe a new corpus collected for comparative
evaluation of OCR-software and postcorrection tech-
niques. The corpus is freely available for academic
groups and use. The major part of the corpus (2306
files) consists of Bulgarian documents. Many of these
documents come with Cyrillic and Latin symbols.
A smaller corpus with German documents has been
added. All original documents represent real-life pa-
per documents collected from enterprises and organi-
zations. Most genres of written language and vari-
ous document types are covered. The corpus contains
the corresponding image files, rich meta-data, textual
files obtained via OCR recognition, ground truth data
for hundreds of example pages, and alignment soft-
ware for erperiments.

Keywords: Optical character recognition, postcor-
rection of OCR results, public corpora, comparative
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1 Introduction

Evaluating OCR software on public corpora [RIJN96,
PCHO93| helps to compare distinct OCR systems,
to obtain a better picture of the accuracy that
can be expected in distinct application contexts,
it points to existing deficiencies and shortcomings.
Similarly the evaluation of postcorrection techniques
[Kuk92, RNN99, ISR02, DHH'97] on freely available
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OCR data sets helps to compare the strengths and
weaknesses of distinct postcorrection strategies. Suc-
cessful postcorrection techniques can be integrated
into future generation OCR systems.

Still, a comparative evaluation of OCR software
and techniques for postcorrection of OCR results is
difficult since only a small number of corpora are
freely available that are appropriate for this task
[PH95, RN96, KV00]. Most of these corpora are
composed of English documents. On the other hand,
problems for OCR recognition and interesting post-
correction tasks in particular arise from special lan-
guages and alphabets [BW97]. Here test corpora are
available only in a few cases [PH95, DH97]. The
need to prepare OCR test corpora for non-English
languages is emphasized, e.g., in [GHHP97]. In the
ideal case, these corpora should be representative
w.r.t. contents and formats, which means that a
broad range of contents, genres and documents types
should be covered. The collection of new corpora
along this line is time consuming and expensive.

In this paper we describe the Sofia-Munich corpus
of scanned paper documents, which was designed and
built up for the above-mentioned tasks in our groups
in the framework of a two-years project centered
around postcorrection of OCR results. Motivated by
the need to support document analysis techniques in
Eastern European countries, the project had a spe-
cial focus on problems for OCR systems caused by
mixed Cyrillic-Latin alphabet input. The major part
of the corpus (2306 files) consists of Bulgarian docu-
ments. Many of these documents come with Cyrillic
and Latin symbols. A smaller corpus with German
documents has been added. The complete corpus is



freely available for academic groups and use.

The corpus comes with a file that collects meta-
data for each document. As a special feature that
drastically simplifies all kinds of evaluation tasks,
reconstructions of the original texts (ground truth
data) have been prepared for hundreds of pages.
Since the corpus contains image files and OCR recog-
nition results, a comparative evaluation of both OCR
systems and postcorrection methods is directly sup-
ported by aligning ground truth data with recogni-
tion results. Suitable alignment software can be ob-
tained from the authors.

In the remainder of the paper we describe the struc-
ture of the corpus and add technical details about file
formats and other kind of useful meta-information.
We also summarize and illustrate the typical prob-
lems and errors that were observed when applying
modern commercial OCR software to convert the
documents to symbolic electronic form. Interestingly,
in the Bulgarian part, special errors caused by Cyril-
lic letters represent a serious problem. This again
illustrates the need to have suitable OCR test data
sets for distinct languages and alphabets.

2 Size and composition of the
corpus

The Sofia-Munich corpus is structured along the
standards of the Brown Corpus ([KF67]). The Bul-
garian subcorpus includes 2306 image files represent-
ing excerpts (ca. 5 pages, or approximately 2000
words) from 630 real-life documents that cover al-
most all genres of written language. We have

1. 546 files with informative prose (newspapers,
magazines, textbooks, learning material, reli-
gious texts)

2. 678 files with imaginative prose (general fiction,
mystery, adventure, western, love, humor,...)

3. 680 files with material from private organisations
and government, and

4. 402 files with business texts (faxes, invoices, etc.)
from enterprises (services, trade, industry).

The 630 background documents were collected in pa-
per form from a large number of distinct enterprises

and organisations. Many documents come with dis-
tinct real-life problems such as logos, strokes, signa-
tures, stamps over text, text within images, etc.

210 documents date back to 1980-1989, 179 (241)
documents date back to 1990-1999 (2000-2004).

The German subcorpus contains excerpts (312 im-
age files) from 128 documents collected from enter-
prises and organisations.

The complete collection includes faxes, type writer
documents, laser and matrix printer texts, and
copies. For each document, a written agree-
ment /declaration (signed by a representative of the
organisation or company that contributed the docu-
ment) exists stating that the document may be dis-
tributed for evaluation.

3 Technical features

Each image files is stored in Portable Network
Graphic (png) format and either represents one page
from a document representing a collection of sepa-
rate sheets, or two consecutive pages from a mag-
azine, newspaper, journal, or book. Document ex-
cerpts have been scanned with 256 scales of grey at
600 dpi. The used scanner was HP Scanjet 5470C
driven by HP Precisionscan Pro. Symbolic textual
files are stored in Ascii. Our alignment software is
written in Java.

4 Meta information on paper
documents

Detailed information on each image file/document is
stored in a table with 20 attributes that cover all
kinds of useful meta data. The attributes are: the
unique identifier of the image file, the name of the
background document, the author of the document (if
available), the year where the document was created
(if available), the number of pages of the complete
document, the number of scanned pages, the source
(company, organisation or person that provided the
document), the number of the agreement/declaration
(cf. Sec. 2) for the document, a Boolean value “trans-
lated” indicating if the document is translated, the
name, size and color of the main font used in the
document, a Boolean value indicating if different font



Error rate | 1980-1989 | 1990-1999 | 2000-2004
0-1% 28 106 169
1-30% 101 95 67

30-100% 81 18 5

Table 1: Error rates and period of creation for Bul-
garian documents.

sizes are used, a Boolean value indicating if spe-
cial formatting such as bold, italics, etc. is used,
a Boolean value “tables/pictures” indicating if there
are tables and pictures in the document, the number
of text columns, a list of other languages than the
standard language (Bulgarian or German) used in the
text, the document type (book, magazine, newspa-
per, fax, sheet, flyer), the paper color, defects (paper
flexion, handwritten notes, stamps, etc.).

Meta-data for Bulgarian documents include addi-
tional attributes. Some of these attributes encode
information on deficiencies of the OCR recognition
for the file.

5 OCR-recognition, ground
truth data and error analysis

Each png file was processed using a standard com-
mercial OCR software. The resulting textual file con-
taining the OCR recognition result is included in the
corpus. For 312 image files from German documents,
a reconstruction of the original text (ground truth
data) has been prepared using interactive postcor-
rection.

In the Bulgarian part, before preparing ground
truth data, the error rate (percentage of words with
recognition errors) was estimated, manually compar-
ing OCR output and original files. Table 1 shows the
error rates that were observed for documents from
distinct periods'. For each excerpt with an estimated
error rate between 1% and 30%, ground truth data
for one image file have been prepared. The number
of such excerpts is 223.

1For some documents, periods had to be estimated.

5.1 Error analysis for Bulgarian doc-
uments with error rate 1-30%

The recognition errors for 223 Bulgarian document
excerpts with error rate 1-30% have been analyzed
in detail. In what follows we first list characteristic
sources of errors. Afterwards we classify the observed

error patterns. Illustrating examples from the corpus
are added.

Error sources

Cyrillic letters. Recognition errors for Cyrillic let-
ters represent the most important class of errors. For
details, see below.

Inadequate positioning of books. When scanning
pages from the middle of a thick book, image re-
gions from the folding area are distorted. Tokens
from these areas are often garbled in the OCR result.
Sometimes the separation between the two pages is
not perfect.

Paper quality, hand writing, stamps. Poor paper
quality may result in additional dots, stars and other
symbols in the text. Hand writing is not correctly
recognized. If hand writings or stamps overlap with
regular text, errors result.

Text inside pictures, text as picture. Sometimes
textual regions with large letters were classified as
pictures. Text inside pictures was often not correctly
recognized.

Tables. As a general rule, textual contents of ta-
bles were not recognized very well.

Column segmentation. Wrong column segmenta-
tion often arises from newspaper and magazine pages
were pictures induce a difficult page segmentation. In
some cases, two columns were interpreted as one.

Low contrast and blurring.  For texts with low
contrast and blurring, recognition results in general
are poor.

Low print quality. Some type writer texts pro-
duce blurred letters and irregular spaces. This may
lead to recognition results where letters are wrongly
classified and merged. Also words may be merged
(s.b.).

In what follows it should be noted that the input
documents are dominated by Cyrillic letters. Hence,
not surprisingly, many error patterns are of a specific
nature, demonstrating that recognition of Cyrillic let-
ters in specific fonts is still far from optimal.



HUSL ACMEH MEeambp. JPy2usim NoKasamea 33 NOYUIMIMA U AIDODMA KbM HAU-CMapus
Gasemen dopym e cmbanomBopenuemo om 3uam; BuB BJ]’!Hd me quuqu\i
myk kamo negazosu uau npocmo kamo 2ocmu HaJkon!
om msx - OauBsp Mau u Hledu ]_Uepucp Agypeamu
Jloiiue onep B Bepaun, Omo bybeu VOe:
Gaaema na Hotlimaep B X’lMG‘«p( Hukn aaii [Tu
muep-coaucm Ha Boawoi, Aloo8 KynakoBa - aaypeam Ha Bapua u 3Bx3q'x Ha M“Apuun»
ckust meamup B Hem»pl)\p(, Aezengapnama npuma na Boawot - Hamaaus Bescmepm-

HoBa. "3Be3gen" 6e u chemaBobm na Xkypumo, B koemo Bausaxa emOAeMamuyHu AUYHOC-

mu na cBemoBrus 6aaem kamo Opu I'puzopoBuy, Muwea JTenap, dvumpuii Cumkun.
[Koumo]
P

Beuuku u3dpoenu umena ca na geiicmBenu auunocmu,[koumolca B uenmwpa Ha Bauma-
Huemo na nybaukama u Meguume ype3 pabomama cu B pazauunu odbaacmu na Gasem-

nomo uskycmBo.

HHA TeTeH TeaThp. Jpyruar nokasamern 3a mountra u mlo6oBTa M Haii-cTapus 6atereH Gopym e
cremoTBopenueTo o1 3HaMennTocTH BEB BapHa - Te moitmoxa myk kamo menarosn Wi mpocto
kamo rocru Ha Ile u36pos camo ™kou ot Tsx - OmuBsp Mar u H.[edm lleprrep -
naypeaTH Ha BapHa i mpemuep-comuctn Ha [loitde onep B Bepiun k - maypear Ha
Jlozana u mpemuep-comicT Ha Ganera Ha Hoiimaep B Xam6ypr | JaypeaT
na Mock?a u npemuep-comicer #a Bommoit, JIbo6oB Kynako?a - maypear Ha Bapma u 3Besna Ha
Mapuun-c”a TeaTsp B IleTepOypr, neresaapHara npuma Ha bommoii - Hatamua bescmepr-HoBa.
"3Be3nen" Ge u cheTaBsT Ha JKypuTo, B koemo Bimzaxa eMGneMaTHIHH THIHOCTH Ha
cBeToBHuA Ganer kamo ¥Opu I'puroposud, N exr Jlenap, Imurpuit CuMkun. Beudku
H30POCHH HMEHA ¢ Ha JeHCTBEHH ﬂ.ullﬂoc'ra B IICHTBPA Ha BHHMAHHETO Ha
nyOAukama u MeTHHTe "Upe3 paboTaTa CH B pa3mHIHH obmacTi Ha 6anetHoTo U3kycm6o.

Figure 1: On the snapshot typical situations of Cyril-
lic to Latin symbol substitutions in the “Universum”
font are seen (see the framed words).

Error patterns

Cyrillic to Latin symbol substitution. OCR soft-
ware was configured for mixed Bulgarian-English in-
put. Nevertheless, in almost 50% of the sample doc-
uments, Cyrillic letters were substituted by Latin let-
ters. In one article, almost 200 of these errors were
found. This confusion of alphabets sometimes affects
single symbols, in other cases complete words. Most
problematic are the fonts “Universum” (largely used
in Bulgarian newspapers and magazines) and “Times
new Roman”.

Cyrillic to Cyrillic/unknown symbol substitution.
Errors of this kind are again frequently found in doc-
uments printed in “Universum”

Cyrillic to digits, capitals, symbols. Cyrillic letters
were also recognized as digits, punctuation marks,
numbers, and lower-case Cyrillic letters were recog-
nized as uppercase (Cyrillic or Latin) letters.

Symbol merges and splits. Merged symbols are
typical for typewriter text because of distinct spaces
between consecutive letters. We found up to 10 er-
rors of this form per document. Split letters mainly
arise from “Universum”, where one Cyrillic letter is
recognized as two Latin letters. Sometimes, numeri-
cal symbols and others are found in the recognition
result.

Word merges and splits. These errors are rather
exceptional and again typical for type writer texts.

Ti Ar Un | TW | Mix

S-ER % 4.42 | 1.70 | 5.03 | 5.81 | 4.27

W-ER % 4.90 | 3.25 | 13.73 | 7.92 | 3.91

C/L-ER % | 21.29 | 4.25 | 11.37 | 4.23 | 2.64
Excerpts 21 12 30 71 11

Table 2: Symbol error rate (S-ER), word error rate
(W-ER), Cyrillic-Latin symbol confusion rate (C/L-
ER), and number of excerpts for distinct fonts (Ti
= Times, Ar = Arial, Un = Universum) and docu-
ment types (TW = type writer, Mix = mixed font
documents).

Hand writing between the words may lead to merges.
Split words occur in texts printed with a matrix
printer, where sometimes all letters of a word are sep-
arated.

False friends. We observed 89 false friends (erro-
neous words accidently representing entries of a dic-
tionary).

Table 2 summarizes the analysis of 145 representa-
tive excerpts of a particular font/document type.

5.2 Error analysis for German docu-
ments

Among 312 image files of German documents, for 139
we observed a word error rate up to 1%. For 129 (44)
files, the error rate is between 1%-30% (beyond 30%).

6 Conclusion

The preliminary evaluation results described above
show that special errors caused by Cyrillic letters
— in particular the confusion of Cyrillic letters with
Latin letters — seriously deteriorate OCR accuracy.
This problem illustrates that results on OCR accu-
racy for English texts cannot be simply generalized to
Eastern European texts written in Cyrillic alphabet,
and emphasizes again the need to have suitable OCR
test data sets where recognition of Cyrillic letters and
mixed alphabets can be studied. The Sofia-Munich
corpus represents an initial step. With the free dis-
tribution of the corpus for academic institutions and
use we hope to motivate other groups to contribute to



future extensions. After finding the aforementioned
errors in the corpus, we also looked at suitable post-
correction techniques. With an adaption and refine-
ment of our existing postcorrection system to mixed-
alphabet input, a significant reduction of error rates
could be achieved. These results are described in a
forthcoming paper [RSMLO05].
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