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Abstract. This paper presents the OCR pipeline created for ParliamentSampo – Parliament of Finland on the Semantic Web, a Linked
Open Data (LOD) service, data infrastructure, and semantic portal for
studying Finnish political culture, language, and networks of the Members of Parliament (MP). A knowledge graph of linked data has been
created based on ca. 967 000 speeches in all plenary sessions of the Parliament of Finland in 1907—2022; the data is also available in XML
format, utilizing the new international Parla-CLARIN format. A central
part of the historical debates 1907–1999 was available only as PDF documents of fairly low OCR quality and had to be OCRed first; this paper
reports lessons learned from this process.
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Introduction

Parliamentary data are used in many areas of research [3], as they provide a
wealth of information about the state and functioning of democratic systems,
political life and, more generally, language and culture. The most prominent part
of the work of parliaments is the public plenary sessions, in which the Members
of Parliament (MP) discuss and vote on issues on the agenda and other topics that arise [11]. Semantic Web (SW) technologies3 and Linked Data (LD)
[8] provide a promising approach for publishing and using parliamentary data
in Digital Humanities (DH) [27,4,11]. The LD approach for Cultural Heritage
[10] has arguably many advantages: 1) Linked data and ontologies [26] provide
a framework for harmonizing heterogeneous distributed datasets and combining
them into larger and richer entities. 2) The SW is based on the Predicate Logic
[9], which provides an opportunity to enrich data by reasoning new information. 3) When the machine “understands” the content of the data, intelligent
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web services and data analyses can be implemented more easily. 4) Ready-made
tools by other actors can be re-used for publishing, processing and analysing the
standardized data.
However, using linked data requires that the typically textual, unstructured
debates have to be transformed into semantic structured data in several steps:
1) If the minutes are available only in print they have to be first digitized. 2)
Text texts have to be OCRed from digitized documents. 3) Metadata about the
OCRed texts has to be extracted and represented using RDF4 . 4) The data can
be enriched and interlinked and finally be published and made available in a
SPARQL endpoint. 5) Applications on top of the endpoint can be created or
the data service can be used for data-analytic research. This paper concerns
step 2 in the case of publishing and using Finnish parliamentary speech data.
In this case, the digitized data was provided by the open data service of the
Parliament of Finland (PoF)5 . Metadata extraction and enrichment (steps 3–4)
are described in [25,16,11]. The speech data outcome described in this paper has
already been used as a basis for analyzing concepts in political speeches [6], for
network analyses based on MP references in speeches [22], and for data analyses
of speeches and for portal application development [11].
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Related Works

Several parliamentary corpora have been formed from the minutes of the plenary debates, which make it possible to study the content of the speeches and
their language; see, e.g., [14] and the CLARIN list of parliamentary corpora6 .
The TEI-based Parla-CLARIN scheme7 for session minutes has been developed
within the CLARIN infrastructure, providing a common way to represent the
corpora [21]. The related ParlaMint project8 brings together Parla-CLARINbased national corpora. Parliamentary materials have also been transformed
into the form of LD when creating the LinkedEP [27] system on the European
Parliament’s data, the Italian Parliament9 , the LinkedSaeima for the Latvian
parliament [4].
The materials of PoF have been digitized in various contexts but are difficult
to use, as they have been produced separately from different periods and stored
in different formats [25]. The usability of the materials is also hampered by
their varying quality and lack of descriptive data [13]. Language corpora have
been published on parliamentary debates, such as the Parliamentary Corpus
of FIN-CLARIN’s Language Bank10 [15] which covers the years 2008––2016. It
contains the speeches in a linguistically annotated form and also synchronized
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links to original plenary session videos [18]. The Voices of Democracy project
has produced a research corpus that includes plenary minutes in 1980–2018
annotated grammatically as well as interviews of veteran MPs conducted by
the PoF after 1988 [1]. The minutes of the parliamentary debates from 1991 to
2015 can also be found in the International Harvard Parlspeech Corpus [23], but
we have identified gaps in the coverage in this corpus.
Some of the most popular open source OCR tools for historical printed texts
are Tesseract11 , OCR4All [24] and OCR-D [2]. In Finland, the most OCR efforts
have been focused on newspaper material [5] and [12]. A comprehensive postcorrection survey is presented in [19].
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Fig. 1. The graph shows percentages of language representation in speeches through
years. The blue line shows the percentage of Finnish text and the red dashed line the
percentage of Swedish data. The graph has been calculated on a sentence level.
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The OCR Pipeline

This section presents the OCR pipeline used in transforming the Finnish debate
corpus 1907–1999 into LD.
Data sources The parliamentary speech data is provided in three different
file formats. Parliamentary sessions from the period 1907-1999 have been scanned
and made available as PDF files. Later data is already in machine-readable
formats, with sessions from 1999-2015 in HTML and from 2015 onward in XML
format.
The PDF documents are of good quality, which simplified the OCR process.
However, the data around 1920 is very noisy with occasional skewed pages. All
the data is printed in modern Latin fonts, with a slight variation throughout the
time. When it comes to formatting, early minutes are printed in a single column.
However, most of the data is in double-column format. In earlier documents,
11
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double columns were separated with a black line and in later ones with white
space.
The Process We OCRed the data with Tesseract 4, with pre-trained Finnish
and Swedish models. The main reasons to choose Tesseract were the availability
of high accuracy pre-trained models that can recognize a large variety of modern
fonts, as well as the possibility to use multiple language models at the same time.
Skipping the training part enabled us to do the OCR rather quickly and
the multi-language support was especially important because the parliamentary
speeches in Finland are given mainly in two languages, Finnish and Swedish
(both official languages of Finland). Fig. 1 shows the percentages of Finnish and
Swedish languages in the speeches through the time.
The first step in the OCR process was to transform PDF files into images.
According to Tesseract documentation12 , Tesseract should be working best on
images that have a DPI of at least 300 dpi. We performed initial testing on a
small amount of data with different image resolutions and found out that we get
the best OCR results at the resolution of 350 dpi. Both lower and, surprisingly,
higher image resolutions resulted in poorer OCR. Once we had the images ready,
we performed the recognition with Tesseract, using -l fin+swe option, which
prefers Finnish as the recognition language but can also recognize Swedish.
As we were dealing with a large dataset (324,333 page images), we had to
perform the recognition using CSC’s (CSC -– IT Center for Science13 ) supercomputer Puhti14 . It not only supports using GPU’s for computing, but also allows
to submit as many as 100 SLURM batch jobs in parallel (array jobs). Once the
parallel system was set up (on average around 3,200 pages were recognized on
one GPU at the time) the OCR duration was measured in hours (5-8 hours,
depending on the size of a job). When taking into account queuing time for the
resources, the entire recognition process was done in only a couple of days.
Post-correction and Transformation into Parla-CLARIN
To gather all speeches of the Finnish Parliament in the 20th century we used
pattern recognition and regular expressions on the plain-text version of the OCR
results. The OCRed results were satisfactory as they were, but to enhance the
reliability of the gathered data we performed a few manual corrections to the
OCR results. Each transcript of a plenary session started with a title row that
spanned the whole page, whereas the rest of the document was mainly split
into two columns. Due to this, the title was sometimes split into two rows or
otherwise corrupted in the results. As one file included several transcripts, one
after another, these title rows and the information they contained (date, session
number) were central in connecting speeches to correct sessions. With a helper
script, all distorted title rows were located and manually corrected.
After corrections, we created Python scripts to scrape all relevant data from
the OCRed text files. First, we gathered speeches and their metadata in CSV
format. Then the data went through several automated correction and enrich12
13
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ment steps. A central part of the enrichment was retrieving speaker information
from an external Members of Parliament (MP) dataset [16] as the transcripts
contained only each speaker’s title and surname. The correct person was found
based on the scraped surname and session date only, so for correct linking, the
names needed to be correct. Hence the majority of the correction efforts went
into fixing speaker names and titles that had been distorted in the OCR process
(e.g. Procopé had become Procop&).
Typical correction steps were: Handling of missing or extra whitespaces (MinisteriHuttu → Ministeri Huttu, Ministeri Lin n ain maa → Ministeri Linnainmaa), removal of extra trailing characters, such as special characters, and replacing some systematically recurring errors, such as a common surname ending
qvist having become gvist. If the corrections weren’t enough to find the right
match, we would pick the closest match from the list of all possible surnames
from the MP data set.
Finally, we transformed the speeches into two parallel data sets: (1) an RDF
(Resource Description Framework ) [20] format speech knowledge graph, forming
linked data and (2) an XML corpus formed according to the Parla-CLARIN v0.2
specification [7]. More on this transformation can be read from [25].
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Fig. 2. Word accuracy rates (WAR, %) on Finnish and Swedish speeches. Speeches
before 1999 are from OCRed material and after 1999 from already digital documents
in HTML and XML formats
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Results

To evaluate the final results, we calculate Word Accuracy Rate (WAR) – the percentage of correctly recognized words – with the Language Analysis CommandLine Tool (LAS) [17]. The tool has been specifically adapted to work well for

Finnish, however, it also offers support for many other languages. It uses Finite State Machines to check which words (in inflected forms) are present in
available morphologies. Since the tool can use only one language for a given
string and because many speeches, especially in early years, were bilingual, we
couldn’t use it on a speech level. Instead, we tokenized speeches with Python’s
nltk.tokenize15 into sentences and performed the recognition on a sentence
level. Conveniently, the tool also performs language recognition.
The results are shown in Fig. 2. The upper (blue) line shows accuracy of the
Finnish data, and the lower (red) one accuracy of the Swedish data. The vertical
line shows the year 1999, before which the data was OCRed and the data after
that was already available in HTML and XMl formats. It can help us determine
the quality/broadness of the used morphology.
Finnish WAR is consistently over 95%, except for the period around 1920
where the scanned images ware exceptionally noisy. Swedish WARs are drastically lower, between 79–93%. However they are also low for the control data
after 1999, clearly showing that the Swedish morphology likely misses many
words used in parliamentary sessions.
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Discussion

It would be intuitive that doing OCR on images with higher resolution would
give better results, but we found that in our case, resolution higher than 350
dpi gives poorer results. Since we used pre-trained models, it is possible that the
models were trained on images of that resolution.
The main reason for the lower accuracy in 1920’s seems to be image quality. It
would be necessary to find a way to remove noise, or possibly train on such noisy
data. It would be interesting to see how much improvement would fine-tuning
with noisy data bring .
In general, the main reason low accuracy of the Swedish data is that the
morphology is quite limited as many words are also not recognized in the native
digital data. Furthermore, we tokenized the data into sentences, but occasionally
Swedish sentences contain some Finnish words. For example, the speaker may
address the parliament in Finnish, and then continue in Swedish. We also don’t
know how well language recognition works. Because Finnish and Swedish are distant languages, it would be better to combine the two morphological transducers
into one and perform the recognition with that instead of tokenizing sentences.
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