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ABSTRACT

Keywords

STATE is a multimodal tool for document processing and text transcription. Its graphical front-end can be easily connected to different text recognition back-ends. New features and improvements
are presented in this work: the interactive correction of one word in
the transcribed line has been improved to reestimate the entire transcription line using the user feedback and speech input has been integrated in the multimodal interface enabling the user to also utter
the word to be corrected, giving the user the possibility to use the
interface according to her preferences or the task at hand. Thus, at
the current version of STATE, the user can type, write on the screen
with a stylus, or utter the incorrectly recognized word, and then,
the system uses the user feedback in any of the proposed modalities to reestimate the transcribed line so as to hopefully correct
other errors which could be caused by the mistaken word the user
has corrected.

Multimodality, Interactive pattern recognition, Computer assisted
transcription, Handwriting text recognition, Ancient documents,
Speech recognition

1.

INTRODUCTION

The main libraries and document archives are digitizing their
collections. Most of them are scanning the documents and publishing the resulting images without their corresponding transcriptions. This seriously limits the usefulness of this digitizing efforts
as tasks as simple as textual searches are impossible using only the
images. Although the performance of conventional Optical Character Recognition (OCR) systems is sufficient for modern printed
documents, it is very poor on ancient or handwritten documents.
Thus, when a high quality transcription is required, it has to be
manually obtained or at least validated and corrected by experts, resulting in a very expensive, time consuming, and error-prone task.
The use of assisted transcription tools, which integrate specialized
OCR or handwritten text recognition (HTR) engines able to take
into account the user feedback, is very helpful to reduce the human
effort.
The STATE system [2, 4, 8] has been designed from the perspective that automatic recognition cannot be perfect on handwritten or
ancient printed documents and human help will be required in order
to transcribe them accurately. It has been designed as a multimodal
tool for assisted document processing and text transcription, which
intends to improve the existing printed and HTR systems by enabling the adaptation to particularities of each book or period style
in a very flexible way: it is very easy to learn new glyphs, new lexicons, new language models and so on. Moreover, in the current
version of STATE, the recognition systems for online handwritten
characters and continuous offline handwritten text are leaders in
performance at international level [6, 9, 1].
In previous versions of the STATE system, the user could introduce text in the STATE system by typing it or by writing it directly

Categories and Subject Descriptors
H.5.2 [User Interfaces]: Input devices and strategies; I.7.5 [Document Capture]: Optical character recognition (OCR); J.5 [Arts
and Humanities]: Literature-Ancient document transcription

General Terms
Documentation, Human factors
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Figure 1: User-interaction cycle with STATE via keyboard, stylus, or voice.
on the screen using a stylus. The version presented in this work
allows the use of speech to correct a word (as is done in other platforms [3]) in addition to the keyboard and the stylus.
An interactive feedback has also been added into the current version of STATE: when the user finds a mistake, the incorrectly transcribed word is corrected. Usually, the presence of a transcription
mistake is followed by more transcription errors since the search
has been guided by a wrong word history thereafter. This is the
reason why reruning the HTR system with the updated information
might also recover these mistakes and, hopefully, reduce the number of errors in the same line. To do so, the HTR system is fed with
the consolidated prefix (the part of the transcribed line just before
the wrong word), the suggested correction candidate(s), and the
task language model. The cycle starts again when the user marks
another error at the same line, page or document. Figure 1 outlines
a user-interaction cycle with STATE via keyboard, stylus, or voice.
We have developed the platform in close collaboration with historians and document archive institutions, paying special attention
to their suggestions and having in mind the possibility of using
multimodal interfaces which can reduce the effort necessary to interactively correct transcription errors. The freedom of the user to
change the input entry methods (typing, writing with a stylus, or
speaking) may help to adapt to different user preferences, to reduce
the fatigue and to increment the productivity.

front-end and the back-end are separate processes, possibly in different machines, that communicate via web services.
The front-end of STATE is designed to work with projects. The
user selects one project and can open simultaneously as many different pages as desired. For each page, a pipeline of three stages
is built: the Image Conditioner, the Layout Manager, and the Line
Transcriber (see some screenshots in Figure 2). These stages are
accessible through the tabs on the left of the window. The tabs on
the top correspond to the pages currently open. On right, a series of
thumbnails gives access to all the pages of the document. The tab
named “Main” is used to control the overall aspects of the project
and the application. The order of the stage tabs is designed after the
order of usual workflow on a page: first, the page is conditioned (a
set of image processing tools are applied to it); then, its layout is
detected; finally, each line in the page is transcribed.
The Image Conditioner and the Layout Manager offer a similar interaction behavior: both show a view of the page and let the
user act on it by executing commands. The Image Conditioner offers commands to remove noise and to enhance the text in the image. The Layout Manager offers commands to automatically detect
and to interactively edit the layout (lines, columns, and text flows).
Finally, the Line Transcriber allows the user to obtain transcriptions of the lines using a recognition engine and to interactively
correct these transcriptions. A detailed description of each part can
be found in previous communications [2, 4, 8].

2. SYSTEM OVERVIEW

3.

STATE is a flexible system that comprises a graphical front-end
that can be easily connected to different text recognition back-ends.
This flexibility arises from the way the connection is achieved: the

The Line Transcriber handles pen, keyboard, mouse, and speech
input. It can be comfortably used with a Tablet PC, digitizing tablet,
pen-sensitive screen, or microphone. Figure 2 shows the GUI of
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MULTIMODAL TRANSCRIPTION

Figure 2: An overview of STATE. Top row: Image Conditioner and Layout Manager; bottom row: Line Transcriber.
set with these new symbols. A detailed description of this
recognition engine can be found in [6].

the Line Transcriber. It gives access to the transcription of the lines
corresponding to a text flow. The lines can be presented isolated
as seen on the figure or in the context of the image of the page. In
either case, an initial version of the transcriptions can be obtained
from the recognition engine. When corrections are needed, the user
can directly type them, write them with a stylus, or utter the correct
word (see Figure 1). Moreover, the samples (line images and their
corresponding transcriptions) that have been validated can be used
by the system to adaptively improve the recognition engine.
Checking the transcriptions is quick and easy when the Line
Transcriber shows the text transcriptions under the graphical view
of each line (Figure 2). The user has at her disposal different ways
of correcting the transcription:

3. To add the speech correction feature, we have used the standard Automatic Speech Recognition (ASR) provided by Microsoft. Using a stylus or a mouse, the user can mark the
incorrect transcribed word. After that, using a microphone,
the user utters the correct transcription and the ASR system
recognizes it, returning an N -best list of the best candidates,
along with a confidence value. The HTR system receives via
web service the whole text line image and optionally the user
feedback information which comprises the consolidated prefix and the information relating the corrected word (which,
in case of being corrected by speech or by stylus may also
include scores or confidence measures about the recognition
hypotheses) so the HTR system will propose an improved
transcription as described later in more detail.

1. Direct writing over the transcription is handled by capturing
electronic ink and feeding it to the recognition engine1 . The
text or gestures so recognized are integrated in the transcription.

4. Pen-based input is appropriate when the user is checking a
transcription and must correct a few errors, but it can be tiresome if the user must provide a full transcription or there are
many errors in the automatic transcription. To help in these
cases, the user can use the keyboard or the mouse to move
a cursor, navigate from line to line, and also type, copy or
paste text, etc.

2. For single character corrections, the user can employ our own
pen input panel which handles gestures and ink. The Microsoft Ink Input panel from the .NET 3.5 platform could
have been used, but we decided to build our own online isolated character recognition engine and input widget for the
sake of flexibility and extensibility. Some fonts, like those in
ancient documents, include glyphs which are not recognized
by standard online handwritten text recognizers. Our peninput panel can be adaptively trained enriching its training

4.

INTERACTIVE HTR

In this work, a particular case of multimodal interaction is proposed where only one word is corrected by means of keyboard,
stylus, or speech at each user-interaction, and where that correction
influences on the rest of the line.

1
Standard recognition engine provided by Windows has been used
in this part.
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The front-end communicates with a back-end recognition engine
in order to find the transcription of a line image. This communication is performed by means of a web service described in [8].
The current version of STATE has two recognition systems: one
based on Nearest Neighbor Search that has proven useful for ancient printed fonts [2] and another recognition system based on
Hidden Markov Models hybridized with Artificial Neural Networks
(HMM/ANN) or conventional Hidden Markov Models (HMMs)
for unconstrained offline handwritten text [1, 9].
The HMM decoder has been adapted in order to deal with the assisted transcription paradigm and the web service message to communicate with it has been extended. After a sentence has been corrected, there is a prefix (we call it the consolidated prefix), that is
considered correct. The idea is that the message sent to the decoder
includes the image of the line together with this consolidated prefix. How do we decide which is this prefix? In general, we assume
that the cursor position indicates that the words up to and including the cursor position are correct. This way, the user can validate
a prefix of any length. For the case of speech input we have introduced a slight variation: the consolidated prefix extends to the
word prior to the corrected word and the decoder receives the prefix
together with information from the ASR engine. This information
comprises the most probable word together with a list of alternatives and their confidences. This approach allows the synergistic
use of two input modalities, audio and image.
The integration of these feedback features into our HTR decoder
is done in a language model agnostic way, that is, there is no adaptation of an n-gram language model so as to cope with the consolidated prefix as proposed in [7]. Instead, the consolidated prefix is used by the decoder to force the system to transitate by this
prefix path during the first stage of recognition, but the language
model probabilities are computed as usual. When available, the
confidence measures provided by the ASR are combined with the
probability corresponding to the image. In this way, any type of
language model such as a combination of several NNLMs as done
in [9] can also be transparently used with this method.

stylus, or speaking) to reduce fatigue or to follow the preference of
the human transcriber, incrementing productivity.
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5. OUTLINE OF THE DEMONSTRATION
In order to show the proposed speech interactive feature, we have
recorded a video (which can be found in the Videos page of the HITITA project official website http://hitita.uji.es) showing the STATE system when working in an unrestricted handwritten
task from the IAM database [5]. In the demonstration, the user
loads and prepares a project to be transcribed, and it can be seen
some examples of how to interactively correct the transcription by
keyboard, stylus, or speech.

6. CONCLUSIONS
We have presented the current version of the STATE system for
assisted transcription of handwritten documents which incorporates
an interactive interface for correcting errors in transcriptions. A lot
of effort has been put in usability aspects and the application can
be controled with mouse, keyboard, stylus, and speech.
The design of the interface and its adaptability to new fonts and
writing styles allow a great reduction of the transcription effort.
Moreover, STATE is currently in use by different institutions and
companies and the feedback from real users (historians and document archive institutions) is very positive and valuable to improve
the current version of the STATE system, taking special attention to
the ergonomics of the final system, incorporating multimodal interfaces that can reduce the effort necessary to correct transcription
errors and can allow to change the interface (typing, writing with a
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