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EIERARCHICAL REPRESENTATION OF OPTICALLY SCANNED DOCUMENTS

George Negy and Sherad Seth

University of Nebreska-Lincoln

INTRODUCTION

The objective of the research to be pursued is to
develop & scheme for representing raster—digitized
(scenned) documents. The representation is to retain
not only the spatiel structure of & printed document,
bot should alsc fecilitste actometic labeling of various
components, such as text, figures, subtitles, and figure
ceptions, &nd allow the extraction of important rela—
tionships (such as reading order) among them. Intended
spplicetions include (1) date compression for document
trensmission and archival, and (2) document entry,
without rekeying, into editing, formetting, 2nd informa-
tion retrieval systems.

Severel recent developments render such &n sttempt
particulerly timely. The advent of public dstz netvorks
bhes hastened the establishment of stendeards for digital
fecsimile (Castigan 78). The selection of the optimeal
deta compression method for economical trznsmission
depends on the sccurate identificstion of the type of
peterisl being trensmitted: algorithms that work well
or text are different from those thet work well on lime
drewings, or on half-tone photogrephs (Tinmg 80). Digi-
tel docmment archivel using nmew mess—storage devices
(Bell 78) is beginning to rivel the cost—effectiveness
of microfilm, particulerly when the costs of indexing
are teken into considerstiom.

Word-processing systems form the backbone of office
autometion: their effectiveness for modifying meterisal
existing only on paper is, howvever, severely limited by
the cost of rekeving. Similarly, the cost of date entry
is the primary limitation on the use of computerized
informstion retrievel systems in, for exsmple, full-text
searches of pztents and legsl case histories. These
spplicetions differ from those described above in the
need to sctuelly encode the printed symbols into their
ASCII or EBCIDIC representstions instesd of retsining
only their graphic form.

An eerly sttempt to extend stendard optical charzcter
recognition (OR) techniques tc unformatted documents is
described in (Negy 68). A more comprehensive approach
to document anslysis, which 'essists the user in encod-
ing printed documents for computer processing’ was
reported by & team from IBM (Wong 1982). Their inten—
tion is to provide an interasctive tool, including an
optical scenner and a high-resclution display. While we
sgree wholehesrtedly that this is probebly the most
irmediete and practical solution to the problem, im this
project we emphesize formal techniques thst are, at
least in principle, ameneble to complete zutomation.

Other research pertinent to our objectives includes
those aspects of optical character recognition which
desl with the classification of isolated symbols, as
reviewed in (Negy 82), and the growing literzture on
picture grammers (Neresimhsn 64, Pfaltz 69) and scene
anslysis (Levine 81). We will take it for granted that

suiteble cheracter recognition and imsge dsta compres—
sion elgorithms are available to our system. We have,
however, developed our own formelism for psge represen—
tation becanse we believe that documents form & very
special class of imsges for which date structures,
grammars and algorithms cepeble of dealing with com
pletely erbitrary pictures would be inefticient.

PROPERTIES OF DIGITIZED DOCI/MENTS

By 'docuzment’ we understend a relsted collection of
printed peges, on peper or microform, such &s a tech-
nical journzl or = report. Here we will consider only
single—page documents.

The page is scanned by an optical digitizer opersting in
s raster mode (Negy 83). The scen resolution is dicta-
ted by the nmber of samples required to represent the
finest essential detzil on the page: for a two-level
(black-snd—white) scanner, 400 lines per inch (62.5
micron spestizl sempling intervel) is considered adequate
end has beern adopted as & stendsrd for high—quelity fac-
simile. A letter-sized page is therefore represented by
2 3200 x 4000 element binsry arrey, or 13 million bits.
We sdopt the convention that ome-bits correspomnd to
inked portions of the pzge, and zero-bits to the back-
ground.

The structursl elements of the page — colummns, para—
graphs, titles, tigures, lines of text, printed symbols -
are generelly laid out in rectangular blocks. Forther—
more, and this observation is crucial, the blocks can
glmost elweys be divided into gromps in such a way that
blocks that are adjacent to one another within & group
heve one dimension in cammon. Consequently, most pzges
cen be pertitioned into nested rectangular blocks by
means of the simple rules described in the next section.
We conjecture that this type of 'modular’' layout is so
common precisely becsuse it can be specified relatively
simply with both conventionel and digital composition
devices.

DEFINITION AND PROPERTIES OF X-Y TREES

Becsuse of its size, one cannot afford to store the
pizel-level dsts (the originsl digitized page array)
more then once. In fact, even the original array msy
have to be stored in same compressed form, such as ron—
length codes. Some mechenism is therefore necessary to
define and menipulste the locetion and extent of the
meeningful constituents of & psge. The dete structure
we use for this purpose is the X-T tree.

Ezch node in the X-Y tree corresponds to a rectangle.
The successors of & node correspond either to 2 set of
rectangles obtesined by horizonte! p=rritions (I—cuts) of
the psrent rectangle, or to &« set of rectangles obtained
by verticel partitions (¥-cuts). Horizontal and verti-
czl subdivisions (X-——cut-sets and Y—cut-sets) alternste
strictly, level by level. The first subdivision may be



arbitrarily set to either horizontal or vertical. The
root of the X-Y tree is the rectangle corresponding to
the entire page. The leaves constitute a tesselation

(tiling) of the page., The relevant properties of the

X-Y tree representation are:

1. The page is zuaranteed to be campletely 'tiled’,
leaving no portion unaccomnted for. Nested subdivisions
appear well suited to the hierarchical structure of
technical and business records.

2. Only rectangles are generated, allowing identical
processing steps at every level.

3. At each level, only a linear (i.e., either horizoo
tal or vertical) subdivision must be considered, which
allows a well-ordered segquential examination of the
blocks.

4. Unlike guadtrees (Samet 80) the method does not
depend on the choice of origin and is more context
sensitive.

5. X-Y trees tend to be shallower than E-D trees
(Bentley 75), where only binary partitions are allowed.
Furthermore, binary partitions do not usumally correspond
to meaningful partitions of a printed page.

6. X-Y trees can be readily extended to three or more
dimensions; this may be advantageous in dealing with
multi—page docmments, and possibly in other applica—
tions.

ADTOMATTIC EXTRACTION OF X-Y TREES USING PAGE GRAMMARS

To obtain the X-Y tree decomposition of a page as a set
of nested rectangles, at sach step of the recursive
process of page decomposition we try to subdivide a
rectangle into smaller rectangles by making cuts along a
predetemmined (horizontal or vertical) direction. The
decision about where the cuts need to be placed is made
by examining a certain number of pixel vectors (beyond
the current one) that run across the width (or height)
of the rectangle being considered for further division.
The process is analogous to detemmining token boundaries
in the lexical scanning phase of compiling (Aho and
Ullman 1977).

At each step the process must decide whether or not a
cut needs to be made, say, immediately before the cur—
rent pixel vector. As in token boundary determination
it may be necessary to sxamine several other pixel
vectors in the vicinity of the current pizel vector and
to undo an earlier decision by backtracking. As a
consequence of the two-dimensional nature of a document,
however, the final boundaries of blocks defining
'tokens’ for the parsing and higher phases are not
determined until the end of the process.

It should be noted that the 'rules’ for making cuts
depend on the context of the rectangle being subdivided.
For example, paragraphs will be separated by a much
wider white space than successive lines within a para-
graph. As another example, consider word and character
segmentation, for which elaborate rules have been
developed for comventional OCR (Hofiman 71).

The final set of rectangular blocks obtained by the
cutting process described above form the terminal sym
bols of a page grammar. Every derivation tree in the
grammar defines a particular decomposition of a page. A
page grammar is a generic tool for directing search for
cuts using a 'knowledge base' which stores specific
information about the rules for cutting at different
nodes of the derivation tree. As we show below for an
example grammar, with a syntax-directed cutting process
the derivation tree for a given page is developed concur
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rently with the definition of block boundaries,

The final product of the application of the lexical
scanning and recursive decomposition process is an I-Y
tree. FEach node of the tree defines implicitly the
sequence of rules that were applied to obtain the block
represented by the node under consideration. The exact
location and size of the block is preserved in an
'extent’ attribute which contains the minimom and marxi-
oum x and y coordinates of the block. The leaves of the
X-Y tree are identical to those of the derivation tree,
and may similarly carry designations such as 'character’
or ‘photograph’.

Within the I-Y tree, the nodes are labeled by a block-
index B. The block index consists of a sequence of H's
and V's separated by integers. Each H denotes a hori-
zontal cut, and each V denotes a vertical cut. The
integers give the number of cuts in each set, with

'0’" corresponding to a vacuous cut. The block index,
which is built doring the construction of the derivation
tree, also specifies the rule to be used at the next
cut. Each rule is numbered in the binary notation: we
obtain the number of the next cutting rule to be used by
replacing each non—zero integer with "1’ in the block
index and omitting the H's and V's. For example, the
nmber of the rule to be tried on the block with index
1H3V2H4VOH2 is 111101, Two trailing zeros might be used
as a cue to a leaf node.

Attribute Grammar to Determine Block Indices

We present below a simplified example of an attribate
grammar to clarify the ideas discussed in the above
paragraphs. The only attribute used is the block index
which is inherited by a node from its parent inm the
derivation tree. Our attribute grammar, which can be
implemented using a simple stack algorithm, and the
rules for propagsting the block index, are shown below,
The left column shows grammar rules with the attribute
of a symbol shown immediately following the symbol
within parentheses. The right column shows assigmment
rules for the attributes. The underlying page grammar
is best understood by the following association of
meaning to the grammar symbols:

P: ‘page’

x: 'block generstad by a vertical cut’

y: ‘'block generated by a vertical cut’

X: 'procedure for genmerating horizontal cuts’
Y: 'procedure for generating vertical cuts’

It is easily verified that the page grammar confoms to
our rule of alternating cuts in the horizontal and
vertical directions and allows for the possibility of

P = Y(B') B’ :=1V0

Y(B) ::=y(B")XI(B') B’ := if B = {amytning>0 then
{anything>V1 else (last digit
of B incremented by 1)

Y(B) ::= y(B") B’ := if B = (anything>0 then B
else (B with last digit
incremented by 1)

y(B) ::= t(B") B' :=8

y(B) ::=X(p") B’ := BHO

X(p) x(B')X(B') B' := (P with last digit incre—
mented by 1)

X(B) ::=x(p") B' := if B = {anoything>0 then B
else (B with last digit
incremented by 1)

x(B) ::= t(g') B' :=p

x(B) ::=Y(B") g' := BVO

vacuous cuts in a particular direction so that, for
example, a column may be first cut horizontally into
paragraphs using one set of rules and again cut in the
same direction to break paragraphs into lines using
another set of rules.




An example of a caricature of a printed page, its
partial derivation tree, and the corresponding
partial X-Y tree, are shown below. This page hes
two columns, s photograph in the top left cormer, a
figure caption, and equally spaced lines of text.
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The remaining tesk is to associate meaningful document
component labels with each block in the XI-T tree, as
required by the application at hand. TIn general, we
erpect that these component labels will be synthesized
attributes, assigned in a bottarup traversal of the XI-Y
tree. Hence not only the labels of lower—level nodes,
but slso all of the cutting rules used to define 2 block
and, of course, the extent of the block under exsmina-
tion, are available to the component-—labeling algorithm.
For instance, we might have synthesis rules of the
following type:

line: sequence of adjacent character blocks of
same height, separated by character—segment—
ing rule;

paragraph: sequence of blocks of line_of_character of
same length, separated by line_finding rule;

colomn: sequence of paragraph blocks of same width,
separated by paragraph-cutting rule;

photo: large block with approximately equal fre-
guency of 1’ and '0' pixels;

dreving: large block with low frequency of 'l’ pixels.

[

in alternative to be explored here is relaxation label-
ing (Zecker 78).

VALIDATION

Once a hierarchical representation of & digitized
printed page has been obtained with the above method
(or, indeed, amy other method), it is necessary to
determine the faithfulness or accuracy of this represem
tation. We propose to validate a given representation
by coamparing it to the specification according to which
the page was originally generated. A fommal, machine—
readable specification is, however, conveniently svaila-
ble only when the page is generzted using & computerized
docmment-preparation system, which usually consists of &
text editor and a formatter. Among well-known docmment
preparation systems are (Ossana 76, Enuth 79, IBM 79).

Once two hierarchical representations of the same page
have been obtzined, one tram the scanned document and
one from the document-preparaztion system, the level at
which the comparison must be perfommed depends on the
intended spplication. For compression purposes, for
example, it is sufficient to determine whether the
locstions of the black and white areas are identical, to
within a prescribed threshold, in the two representa—
tions. If the system were to be used for the entry of
printed documents into a word-processor, then the
sequence of the alphanumeric characters would be most
important. If, however, &n infommation retrieval appli-
cation were considered, then items such as title,
authors, page numbers, and dates would have to be cor—
rectly lsbeled.
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