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h i g h l i g h t s

• A complete and feasible framework from printed forms to data service is proposed.
• An automatic form data extraction and structuration approach is presented.
• A usable prototype system integrating heterogeneous printed resumes is implemented.
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a b s t r a c t

Printed forms contain rich information in business process and daily life. However, tremendous heteroge-
neous printed forms containing same categories of information are difficult to manage and share, which
lead to massive data in printed forms remaining waste. To automatically integrate and share these data
remarkably improves the efficiency of enterprises, the key problem is how to extract heterogeneous data
in printed forms and integrate them for quick use. To solve this issue, we propose a framework that
discovers semantic links in printed forms and generates data services for easy datamanagement and rapid
data sharing in the enterprise systems. First, amultiple-OCR-based form recognition approach is proposed
to make forms computer-readable. Next, forms are modeled into semi-structured data using structure-
based semantic link discovery and refining with massive data. Then, a linked data model is built by table
matching to align data. Finally, data services are generated based on the linked data model. A series of
experiments on printed resumes are conducted, and the results illustrate our framework performswell in
recognition rate, link discovery accuracy, data compression ratio and data resource accuracy. A prototype
system is presented to illustrate the feasibility of the proposed framework.

© 2017 Elsevier B.V. All rights reserved.

1. Introduction

The forms are one of the most commonly used data carriers
in business and daily life: HRs need to select qualified candidates
for the company by looking through hundreds of various resumes
a day, auditors need to go through hundreds of heterogeneous
balance sheets to find mistakes, travel agents provide different
kinds of itineraries for different travelers. There are still millions
of printed forms, even though digitalization revolution has been
developed for tens of years. The rich information in the printed
forms is still useful and irreplaceable. In the era of the Internet,
information is power. Better data integration and sharing mean
more efficient work and further bring more benefits. Therefore,
the rapid and convenient information retrieving, communication
andmanagement become themost significant processes valued by

* Corresponding author.
E-mail addresses: sharonhanz@sjtu.edu.cn (H. Yu), hmcai@sjtu.edu.cn (H. Cai),

zj1129@sjtu.edu.cn (J. Zhou), jiang-lh@cs.sjtu.edu.cn (L. Jiang).

the enterprises. Thus, digitalizing printed forms and extracting rich
information for data integration and sharing will greatly benefit
the enterprises by improving the efficiency of data communication
and management.

However, with no unified standard or template, people turn to
use heterogeneous forms to describe instances in same categories,
such as resumes(F1, F2 in Fig. 1), balance sheets (F3 in Fig. 1),
itineraries (F3 in Fig. 1). These forms have several notable features.
To that end, (1) They are heterogeneous in both structure and
semantics. Take F1 and F2 in Fig. 1 as an instance, these two
forms are both resumes but have different organizing structures
and diverse property fields(gray-background cells in form). Fur-
thermore, among these fields some have diverse expressions but
semantically represent the same concept, like Self-evaluation
in F1 and Self-assessment in F2. (2) Forms are loosely con-
nected. Compared to long text, there are no sentence components,
syntax, and grammars in forms but only form lines and discrete
expressions with almost no connection words like ‘‘is’’, ‘‘for’’, etc.,
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Fig. 1. Common printed form examples.

which leads to the third feature that (3) forms are not computer-
understandable. Due to these features, there are no automatic ap-
proaches to deal with data in printed forms. Meanwhile, manually
reading and processing these forms cost a large amount of time and
man power to cope with these forms and utilize data from these
forms for further use. The core problem we are faced with is how
to extract and integrate heterogeneous data from printed forms.

The problem can be resolved into four key problems to solve:
(1) We need to recognize forms and transfer them into computer
files, which is an OCR issue. There already exist some sophisticated
OCR techniques, such as Tesseract [1] that allows data training to
obtain better performance in particular cases, and ABBYY1 that
widely supports rich-text documents. However, these OCR engines
perform unsatisfyingly in recognizing form format documents. (2)
We want the computers to automatically understand expressions
in forms and semantic relations among them, which is a semantic
link discovery problem. Nowadays, much semantics research has
been done on linked data, for examples, key discovery [2], associ-
ation discovery [3] and long-text analysis based on open data [4]
and context [5]. However, the solution to semantic discovery on
forms has not been proposed yet. (3) How tomerge heterogeneous
forms with various fields into a single linked data model, which
is similar to the table-matching problem. Some [6] matches short
tables to open data, some [7] matches data from different open
data sources, and some [8] matches terms incrementally. Our
matching target is large and rich forms, which is different from
above approaches. However, thematchingmethods can be learned
from former research. (4) How to provide data services based on
the linked data model, which is a data service generation problem.
R.T. Fielding’s RESTful [9] is a widely used and lightweight web
service architecture. Based on it, some sophisticated approaches

1 http://ocrsdk.com/.

from ontology [10] and general data model [11] to data service are
proposed and applied in practice.

In this paper, we propose a complete framework for generating
data services from heterogeneous printed forms. First, we combine
two OCR techniques for the form recognition. Then, we propose
a new semantic link discovery approach to model the forms au-
tomatically. Next, we use table matching approach and build a
linked data model to store all form instances. Finally, we provide
data service based on the linked data model, including basic data
services like retrieving and search, plus special services like data
homogenization and evaluation. Furthermore, we conduct a series
of experiments on our framework and build a prototype system
based on the framework to reflect the feasibility and usability. The
contributions of this paper can be summarized as follows:

• A feasible framework is designed for first to generate data
services from heterogeneous printed forms. It is a complete
process from printed forms directly to data services that has
not been proposed before.
• An adoptable data extraction method is presented. First,

an improved form recognition approach is proposed. Then
a two-phase semantic link discovery method is applied to
generate relation model. Both methods perform acceptably
in experiments and are usable in practice.
• Data integration and service generation are first applied

in printed forms and a prototype system is implemented
illustrating the usage of the framework.

The paper is organized as follows: First, Section 2 introduces the
framework of our approach, and Section 3 illustrates the details of
methods used in the framework. Then, Section 4 shows how we
conduct experiments and the results. Section 5 presents a proto-
type system based on our framework. Finally, Section 6 introduces
related works and Section 7 concludes the whole paper.
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