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Abstract

Project MEMORIAL [3] is aimed at developing a new
technology for creating Web based information systems us-
ing interactive electronic documents extracted from their
paper originals with advanced optical character recogni-
tion tools. A multi-phased digital document life-cycle de-
velopment model is proposed to assure high quality of the
process and its final product.

1. Introduction

Image analysis and pattern recognition techniques are
capable today of converting practically any kind of well
structured and legibly printed documents into highly in-
teractive Web documents. For example, the META-E
project [4] has been concentrating on printed books and
journals, which consist of such elements as chapters, sub-
chapters, page numbers, running heads, graphs, captions,
etc. The MEMORIAL project [3] reported in this paper
have been focusing on the analysis of less structured ma-
chine typed documents. Such documents may constitute
just typed sheets of blank paper, or be more complex forms
mixing printed and typed text and graphical borders with
hand-written annotations, signatures, rubber stamps and
photographs. Moreover, typed original and carbon copy
pages may include characters which are of different color,
overstricken, shifted, only partially visible, etc. Due to a
physical condition of a document some portions of the text
may also be blurred with stains, punch holes, torn out edges,
corners and other noise-like effects.

In order to tackle these problems in a systematic way the
MEMORIAL project has introduced a stepwise approach to
the development of an interactive electronic document from
its analog paper origin. By ”analog” we mean a typed piece
of paper, by ”electronic” we mean fully interactive docu-
ment, described in XML and suitable for any standard Web
browser. In between we have to deal with various forms of

”digital” (binary image) document page representation. The
proposedDigital Document Life-Cycle (DDLC) model con-
sists of phases, each one involving well defined processes
and products of controllable and predictable quality levels.

2. Digital Document Life Cycle development

Phases of the DDLC model, outlined in Figure 1, in-
clude:qualification of a paper original for digitization,dig-
itization of a document page to get a page image,segmen-
tation of a document page image into regions of content,
extraction of each region content into an XML file,accep-
tance, and finally exploitation of an electronic document
page.

Qualification; The quality of a selected paper document
depends on its context of use throughout the entire cycle.
There are four basic aspects of data quality to be consid-
ered in this regard:complexity, originality, background, and
content quality. Complexity reflects its semantical quality
by characterizing retrieveability of the information, its com-
pleteness, conformance to other document standards, stabil-
ity and fidelity.Originality of a document refers to its prin-
cipal point of origin, its relationship to other documents in
the archive, traceability, etc. Finally,background andcon-
tent quality refer to its physical suitability for scanning and
OCR processing, as documents may exhibit different de-
grees of fatigue.

A set of selected documents may be satisfactory for some
of these aspects, and at the same time inadequate for others,
making the digitization process hard to access, so it is nec-
essary to find a way for balancing conflicting requirements
for input data quality by deriving objective evaluation crite-
ria. These criteria involve specially defined quality metrics
to measure the indicated document aspects.

A methodology for measuring quality of documents
across DDLC phases is introduced in Section 3 and 4; be-
fore that let us first complete quality analysis of the remain-
ing phases of the cycle presented in Figure 1.
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Figure 1. Quality driven Digital Document Life Cycle development

Digitization; A first step to get better recognition re-
sults is the adaptation of the scanning technology to a group
of documents similar to the process. Optical filtering with
glass filters and different illumination have been tried in the
project in order to improve the recognition rate of poor print
quality documents. Wavelength discrimination was used
with relative wide band pass.

Other issues of image quality involves capabilities of ex-
isting OCR tools. Most of ready to use off-the-shelf OCRs
require binary (black and white) input images. However, it
seems impossible to get good results of recognizing blurred
characters when using only binary images [3]. The spe-
cializedDigital Document Workbench (DDW) toolset being
developed in the MEMORIAL project is aimed at handling
color images before transforming them into binary image
OCR inputs.

Segmentation; Known algorithms for text image sepa-
ration from graphics are rather restrictive in the type of ac-
cepted documents and cannot be directly applied to machine
typed texts. One problem for example is that graphics in
the analyzed page image is the portion of (handwritten) text
illegible for optical recognition. On the other hand, such
information shall be saved for the future, when eventually
more powerful algorithms for recognizing handwritten text
may be discovered. Therefore page content segmentation
must involve contextual analysis of its layout and structure
to isolate illegible portions of a document page from regions
with a readable content. Moreover, the latter must provide
sufficient information for each region to ease as much a pos-
sible the textual content extraction.

Extraction; Respective regions defined in a template
document are gradually filled with information extracted by
the OCR tool under the control of a document analysis tool
of the DDW toolset. In order for this scheme to work a doc-
ument page image must be cleaned off background noise,
in a process calledbackground cleaning, and the characters
must be rebuilt in a process calledcharacter improvement.

Acceptance; Carefully selected parameters of processes,
and metrics measured for each respective DDLC phase
product enable objective quality evaluation of a digital doc-
ument built-up from individual region contents. The Goal-
Question-Metric method [1] used in DDLC has been imple-
mented in a form of a quality evaluation tool QED described
in Section 4. An important feature of QED is that archivists
monitoring individual phases of DDLC do not have to be ex-
perts in scanning, background cleaning, character improve-
ment, etc. Actual ”tuning” of process parameters for each
respective phase can be performed by an expert. When the
tuning is complete, e.g. upon evaluating a set of bench-
mark documents, the respective parameters can be stored in
a database; further evaluation may be performed then by an
archivist using QED that can mimic the expert.

Exploitation; Extracted page content constitutes a sort
of an enlivened electronic document page image. Pieces of
scanned graphics and textual objects have the appearance
of a scanned image, but could also be manipulated as if
they were a word processing application. For example, even
though users are presented with a document image, they can
select text from the document, search for and highlight tar-
get terms and perform annotations. Annotations may pro-
vide such functionality as for example active manipulation
of documents to which they are attached, re-attachment to
any other document the one can be linked to, reaction to
changes in the underlying document, etc.

With such a functionality, a machine typed paper doc-
ument may be converted into an interactive Web page, or
become a component of some larger dynamically created
virtual document.

3. Visual GQM

In order to evaluate quality of a digital (yet non-
interactive) as well as an electronic document (already ac-
cepted for exploitation) a sequence of standard steps is re-
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Table 1. GQM metrics for paper documents
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quired, namely identification of (business)goals, definition
of qualitymetrics, selection of automaticmeasurement pro-
cedures, collection of quality data, and decision making
based on metrics values.

The main goal is to improve quality of documents cre-
ated during the life cycle, in a way similar to the software
life-cycle.It means that for each phase of the cycle, quality
of it’s output document should equal at least the quality of
it’s input document.

For example, in the digitization phase (see Figure 1) the
input document is a paper page ready for scanning. Before
that, however, we may want to have a closer look at the
original page paper sheet. Based on the visual examination
of the sheet we may distinguish and mark on its scanned
image adjacent areas of various quality, which in our view
may influence further processing of this page scan. Let the
allowable range of categories beV L (very low), L (low),
M (medium),H (high) andV H (very high), represented
respectively by numbers 1 through 5.

According to the GQM standard a set of questions and
possible answers should be determined first. For electronic
documents there are three respective categories of ques-
tions, concerning respectively document complexity and
originality, background quality, and content quality; see Ta-
ble 1 which combines these categories of questions with
possible answers and values of metrics. Based on that a
questionnaire pointing out the most important quality pa-
rameters of the scanned page may be prepared. With such a
questionnaire a meaningful and systematic analysis of each
marked area of the selected paper page can be performed,
and the overall page quality assessment derived as an av-
erage of all relevant areas. Next, when preparing for the
segmentation phase a document template layout can replace

the questionnaire. Now, instead of answering questions for
each identified region a resultant estimate can be calculated
automatically as an average value of all respective portions
of the page areas (previously marked during the qualifica-
tion phase) that intersect with the selected region. Owing
to easy to use and intuitive manipulation of region location
and size, a quality of the template itself can be tuned to the
best possible level. We call this refinement aVisual GQM
(VGQM). Further on, during subsequent phases, the qual-
ity of such a ”tuned” region can be traced, by using metrics
relevant to the actual phase. For example, pixel distribution
metrics may be used to assess the content of a region prior
to character extraction, and character error rate prior its ac-
ceptance. Finally upon acceptance, the same region of the
original page, now converted into an electronic document
may be evaluated from the point of view of its functionality
and usability.

4. Document process quality improvement

From the quality point of view, processes describing
each phase of a document life cycle can be characterized
with a relation{< Qi

in, P̄ i, Qi
out > |i = 1, . . . , n}, where

n denotes the number of experiments,P̄ i denotes a vector
of process quality parameters set independently for eachi-
th experiment, andQi

in andQi
out denote measured values

of quality metrics for respectively, input and output docu-
ments. During these experiments vectorP̄ i of process qual-
ity parameters is found, for which the best quality improve-
ment can be achieved. More formally, for each experiment

i = 1, . . . , n we have to calculateQIi = Qi
in

Qi
out

, whereQi
in

andQi
out are calledquality factors. Each quality factor is

defined asQF =
∑5

k=1 k · wk, wherewk represents a re-
gression coefficient (weight) of the resultant value of docu-
ment quality, calculated as a ratio of all sizes of regions of
the same quality level to the total size of all regions.

Table 2. Selected DDLC processes
Phase Process Sample parameters
digitization scanning speed, resolution, illumi-

nation, contrast [5]
segment-
ation

layout
analysis

number of regions, rel-
ative positioning, toler-
ances

extraction region ex-
traction

specified region content
domains

acceptance post OCR % of accepted regions, %
of accepted characters

Process quality parameters for each respective phase of
the document life cycle shown in Figure 1 are given in Ta-
ble 2. Their values and corresponding measurement proce-
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dures can be described with XML files, which specify con-
crete type names of parameters, their range and default val-
ues. Also the name and the respective number of parameters
of each measurement procedure can be specified. Based on
the defined quality relation we can choose parameters that
lead to quality improvement of the document being created.
Based on the respective quality factors, for each phase of
DDLC a relevant decision on proceeding to the next phase
can be worked out with the QED tool.

Quality improvement that can be really obtained there
requires adding to the DDLC development some essential
“external” knowledge provided by a human expert; if only
image processing and automatic character recognition tech-
niques were used, the best what one could get for each phase
would be output qualityQout not less than input quality
Qin, i.e. Qout ≤ Qin. If we want to achieve more, i.e.,
Qout > Qin a provision shall be made for adding knowl-
edge on document semantics, in a form and content rele-
vant to each phase. For example,qualification is aimed at
selecting similar paper documents, constituting a class of
semantically similar documents. Based on that a template
structure of a document class can be defined with a specially
developed template editor tool. Regions of a document can
be specified down to each individual line (composed text) or
cell (tabular text) and further on to words belonging to some
semantical domains defined by the expert. This can effec-
tively narrow down the search space for the OCR and drive
selection of dictionaries in post-OCR processing. More-
over, parametersP i for each phase can be fine-tuned by
a human expert working with a representative sample of a
larger batch of documents. Upon setting up the relevant pro-
cess parameters the remaining portion of documents can be
processed and assessed automatically.

5. QED tool architecture

Figure 2 outlines the general architecture of theQual-
ity Evaluation of Document (QED) tool, which supports the
VGQM method and DPQI procedures; it consists of four
basic components:user interface for defining quality model
and interpretation of commands, library ofdocument qual-
ity evaluation procedures,document process quality im-
provement procedures enabling comparative quality analy-
sis of each DDLC phase, anddocument repository for stor-
ing analyzed documents.

Upon conclusion of a given phase of a document life-
cycle, its current output can be evaluated with VGQM, and
next with DPQI procedures of a subsequent phase, a new
output is produced. Quality of the next phase output is com-
pared to the quality of the previous one, and if the result
is not satisfactory (no improvement observed) phase tuning
is performed, i.e., either DPQI procedures are replaced or
their parameters are modified [2]. The QED tool supports

Document process
quality improvement

(DPQI)

Document quality
evaluation

(VGQM)

user interface

Document repository

Storage of
document
templates

put in take out

QED

Figure 2. Conceptual architecture of QED

each respective DDLC phase and makes this comparison
objective and effective. With the repository for storing in-
termediate document representations it is always possible to
backtrack and re-tune preceding phases.

6. Conclusions

We have defined a quality driven document life cycle de-
velopment, originating from the paper document qualifica-
tion and ending up with exploitation of a corresponding in-
teractive electronic (Web) document. With a special tool
QED developed to support quality assessment of that cycle
it is possible to interactively tune the entire process to obtain
high quality level. Once tuned properly, the development
process can be repeated automatically for a large volume of
documents. Experiments carried out so far with machine-
typed documents indicate that without a predefined docu-
ment template the OCR error rate is about 50% and 70%.
With the layout and region content information introduced
by a human user this error rate is expected to be significantly
reduced.
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