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Abstract

Biblio is an adaptive system that automatically extracts meta-data from semi-
structured and structured scanned documents. Instead of using hand-coded tem-
plates or other methods manually customized for each given document format, it uses
example-based machine learning to adapt to customer-defined document and meta-data
types.

We provide results from two document corpuses, a set of scanned journal articles
and a set of scanned legal documents. The first set is semi-structured, as the different
journals use a variety of flexible layouts. The second set is largely free-form text based
on poor quality scans of FAX-quality legal documents. We demonstrate accuracy on
the semi-structured document set roughly comparable to hand-coded systems, and
much worse performance on the legal documents.

1 Introduction

Biblio is a system for automatically extracting information from scanned documents. A
scanned document is an electronic representation of a collection of pages. The electronic
representation typically consists of an image component and an Optical Character Recog-
nized (OCR) component. Electronic documents may be viewed as images, or as text objects,
and contain both representations. Documents may be annotated with additional informa-
tion in an extensible format (XML). For example, documents may contain hyperlinks, tables,
logos, line art, or other automatically recognized information. A document may be as small
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as a receipt, or as large as a thesis. Users annotate documents which Biblio uses to learn
how to classify documents and extract user-specified information.

The space of documents contains a range of document structure types from highly struc-
tured forms such as invoices or tax returns through partially structured business letters to
unstructured text. Biblio was designed to make it easy to add the ability to automatically
extract information from the full range of document types. The current version of Biblio
works with highly structured and partially structured documents.

The goal is to identify the document type, and then to recognize the relevant meta-data
embedded in the document. A chief design goal was maximal flexibility and adaptability,
with zero document-type-specific coding of any sort. This is achieved via statistical and
machine learning techniques. Another design goal is fast operation during recognition, with
the assumption that training might be done during off-hours and if necessary could consume
significant computational resources.

Most machine learning methods attempt to learn, or fit a model to, a R” +— R™ function.
Unfortunately, it is difficult to map whole documents into a fixed-size R™ vector in a way
that captures sufficient semantic information to make meta-data recognition and extraction
possible. The Biblio architecture breaks documents down into a fixed size blocks using sliding
windows and layout information to facilitate this requirement.

Processing is done in several phases, with each phase typically analyzing the document in
greater detail at a finer resolution. Various alternatives are pruned at each step to minimize
the overall required computation.

Biblio operation has two major modes: training and recognition. The training system adap-
tively modifies the system based on user feedback and input. The recognition system classifies
documents it has been trained to recognize. Biblio is intended to be an automated system
with as little user interaction as possible. In addition, Biblio does not require the user to
understand anything about how Biblio works; all user-interactions are in terms of items that
are of interest to the user, such as defining or specifying document and document-specific

types.

The user interacts with Biblio indirectly through a document browser. While viewing a
document, the user can specify the type of the document (e.g. “bank statement” or “journal
article”) and may establish new document types. Each document type has an associated
list of meta-data types (e.g., “account number”, “author”). The browser allows the user
to highlight text on the document and indicate that the highlighted text is of a particular
meta-data type. Users can also define new meta-data types for a particular document type.
The browser will save the user-specified document type along with the meta-data in the doc-
ument. Later Biblio can use that information during self-training to improve its recognition
capabilities.



During document acquisition, as part of the scanning process, Biblio will annotate documents
with the information that it recognizes. Users can over-ride the automatically generated
annotations, correct mistakes, or add information using the document browser. Biblio may
use the modified document during re-training to improve its performance. Recognition run-
time requirements are stringent since it is expected that the user is waiting for the processing
to complete.

The training system requires extensive processing and is expected to run without user guid-
ance. It utilizes the sample (user annotated) documents and the document types along with
their associated meta-data types to generate the data structures and systems utilized at
run-time by the recognition system.

The next section describes prior work in document classification. Section three discusses
the machine learning and information retrieval technologies on which Biblio relies, including
neural networks and support vector machines. In sections four and five, we give a description
of the system and the major software components. Section six delineates our experimental
setup for testing Biblio while section seven reports on results of those experiments. We
conclude in section eight along with a discussion of future work.

2 Prior Work

A great deal of work on document classification and analysis has been done in the areas
of document management systems and document recognition (e.g., page decomposition and
optical character recognition). In this article we are concerned with techniques for identifying
the type of a new document from some set of known document types. This is intended for a
document understanding system that puts no prior conditions on the documents presented
to the system. This contrasts with much of the current work (e.g. [18] and the proceedings
of ICDAR, DAS), which often focuses on only one or more well defined document types.
For example, title pages of books [33], journals [11], business cards [32], business letters
[6, 36, 35], or office documents [23]. In each of these articles, the specific semantic or
structural characteristics of the particular document type under consideration is exploited
to analyze the document contents. There have also been a number of more general systems
proposed which deal with multiple document types. Lam [12] presents a general document
understanding framework (see also Srihari [26]) which contains different processing elements
for different document types. However, it appears that document types are separated by
some kind of identity string printed on the document itself and subsequently recognized by
the system, rather than structure-based type detection.

In Wenzel [35] documents are represented as directed graphs with vertices given by the
compounds obtained from a segmentation algorithm. This technique allows both document
type identification and document meta-data classification by using graph isomorphisms to
find the best match in existing document databases. Note that this technique is similar to



the constraint solving approach used by Lam [12], which could equally be used to classify
document types. Another scheme for processing general document types is presented in
Taylor [29], but once again the problem of automatically determining the type of a new
document is not broached. In Casey [4], an input document is classified as one of a number
of known form types by matching the lines found on the page with the form type database.
This procedure relies on the fixed structure and scale of the documents involved.

The work most similar to ours is Wnek [37], which employs automatically generated docu-
ment templates using inductive learning from annotated example documents.

CiteSeer [13] analyzes PostScript and PDF documents to extract meta-data and citation
information. It uses hand-coded parsing and recognition engines to extract both document
meta-data such as author, title and date, and citations to other documents.

3 Machine Learning and Information Retrieval

Biblio exploits techniques from both machine learning (neural networks and support vector
machines) and information retrieval (term weighting methods in text retrieval) to perform
document recognition.

Machine learning can be described abstractly as a black box that predicts a vector of outputs
when given vector inputs. Generally this involves a “training” phase, and an operation or
prediction phase. During training, the system is exposed to a number of input vectors
together with the desired output vector. The system uses these examples to “learn” how to
respond to inputs. During operation the system is simply given the input vector and it uses
its stored knowledge to predict the output vector.

One key element of Biblio’s design goals are that it can operate independently without a
skilled operator tuning the machine learning system(s). Most neural network and support
vector machine implementations require the user to tune one or more parameters to obtain
the optimal performance. Since this was not possible in our case, we either developed
or adopted techniques to automatically control and optimize the machine learning meta-
parameters.

3.1 Support Vector Machines

Support vector machines are a kernel-based approach to machine learning [3, 5, 30, 19]. We
used the publicly available system, LIBSVM, as the support vector machine engine. LIBSVM
includes four kernel functions: linear, polynomial, radial basis function (RBF), and sigmoid.
We used the RBF kernel function which is defined as:

RBF k(i,7) = e~ "1#-7" (1)



During training, Biblio’s SVM engine creates input vectors representing the words found
in the training documents. Biblio uses the RBF kernel function with autonomous SVM
parameter selection [28] to create a set of support vectors for each type of known meta-
data. These vectors are then stored along with the parameter settings to be used during the
recognition phase.

3.2 Evolutionary Neural Networks

Neural networks are an example of a machine learning technology. Biblio uses Hplinet[27]
for both training and operation. Hplinet is an artificial neural network package with an
evolutionary mechanism for automatically configuring network architecture based on ideas
from Yao [38]. It employs training algorithms that do not require user defined parameters,
such as BFGS [2] and LBFGS [14], while using techniques from evolutionary algorithms to
search for the optimal network architecture. The networks use a Generalized Feed-Forward
architecture. It also uses committees of networks in order to increase the stability of predic-
tions.

Hplinet uses gradient-based training techniques to train networks for a given architecture
and training set. Depending on memory availability, the system switches between full quasi-
Newton training (BFGS), and a limited memory version (LBFGS). The major difference
between these two algorithms is that BFGS stores an approximation of the full inverse
Hessian matrix of the network function with respect to the network weights (nLink by nLink
elements), whereas LBFGS ignores the off-diagonal elements and stores only the diagonal
of this matrix. The LBFGS algorithm pays a penalty in convergence time, but does offer a
reasonable alternative in low memory situations.

The network architecture must also be chosen. This means determining the number of
hidden nodes and the structure of the links connecting input, output, and hidden nodes.
The size and complexity of the architecture is generally a good measure of the complexity
of the output function, and it can have a dramatic effect on both the duration of training
time and the accuracy of the resulting network.

It is well known that neural networks often converge to local minima in the error surface,
and that different initial weight configurations can lead to networks of identical architectures
giving quite different solutions on the same training data. In addition, neural networks often
have areas of the input space where they perform very well, but they may have areas where
they perform poorly because the network has not learned to represent the function accurately
in that region of the input space. A more stable overall solution can be obtained by training
multiple networks and combining them into committees.

Committees are groups of neural networks, often trained on the same data but with different
initial weight settings. During runtime each network is given the data and their outputs are
combined to form a final output using any of a number of possible methods, such as voting.






