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1 Introduction

Document Image Understanding encompasses the
technology required to make paper documents equiv-
alent to other computer exchange media like floppies,
tapes, and cdroms. The physical reader of the paper
document is the scanner just like the physical reader
of the floppy is the floppy drive and the physical read-
er of the tape cartridge is the tape cartridge drive, and
the physical reader of the cdrom is the cdrom drive.

But document image understanding can involve
more than just reading the character strings on a pa-
per document and putting them in a format of our fa-
vorite word processing system. For documents have on
them information just like floppies have information.
But the information on a floppy is relatively simple.
Its structure is typically just a set of files. But paper
documents have a much more complicated structure.
For example a business letter has a sender’s address,
a receiver’s address, a date, an opening salutation, a
body, a closing, and a signature. A technical docu-
ment has a title, one or more authors, an abstract, key
words, technical sections, displayed equations, tables,
graphs, illustrations, footnotes, page numbers, a ref-
erence list, the conference or journal or institution of
publication, and a date. And the purpose of inputting
a technical document or letter into a computer is not
just to transform it into computer readable form, but
to put it in a form by which its information can be
queried. Hence determining what kind of document
it 1s and determining its logical structure: what areas
are non-text or text, determining the read order of the
text blocks, and determining information like title, au-
thor, etc. constitute important aspects of document
image understanding.

Understanding paper documents is further compli-
cated by the fact that paper documents not only hold
information which is put in character strings. But the
information can be in a drawing or in graphics. So un-
derstanding line drawings, engineering line drawings,
perspective projection drawings, graphs, and special
kinds of document like music scores are all part of
document image understanding,.

In this survey we restrict ourselves to documents
such as business letters, forms, and scientific and tech-
nical articles such as those found in archival journals
and technical conferences. Understanding such doc-
uments involves estimating the rotation skew of each
document page, determining the geometric page lay-
out, labeling blocks as text or non-text, determining

the read order for text blocks, recognizing the text of
text blocks through an OCR system, determining the
logical page layout, and formatting the data and infor-
mation of the document in a suitable way for use by a
word processing system or by an information retrieval
system.

Document image understanding work not covered
in this survey include machine printed character recog-
nition, hand printed character recognition, cursive
script recognition, musical score recognition, map in-
terpretation, engineering drawing interpretation, on-
line character recognition, script determination, lan-
guage determination, contextual character recogni-
tion, word recognition, graphic drawing interpreta-
tion, postal address location, and table understand-
ing.

Papers covering all areas of document image can be
found in the 1st and 2nd International Conference on
Document Analysis and Recognition [ICDAR] (1991
and 1993), the 1992, 1993, and 1994 Annual Sympo-
siums on Document Analysis and Infomation Retireval
sponsored by the University of Nevada, Las Vegas, and
the International Conferences on Pattern Recognition
[ICPR]. The brevity of the space for this survey ne-
cessitates that many papers from these conferences are
not mentioned. Surveys of document image analysis
and document image understanding can be found in
(Casey and Nagy, 1991; and Tang et. al. 1991).

2 Geometric Page Layout

A geometric page layout of a document image page
is a specification of the geometry of the maximal ho-
mogeneous regions and the spatial relations of these
regions. A region is homogeneous if all its area is of
one type: text, or figure etc. and each text line of
the page lies entirely within some text region of the
layout. Formally, a geometric page layout & = (R, 8),
where R is a set of regions and S is a labeled spatial
relation on the set R of regions. A region R = (T, 6),
where T" defines the type of the region and  is the pa-
rameter vector of values for the region (see Table 1).
The parameter vector can as well include uncertainty
for any of the parameters. Uncertainty can be a pa-
rameter standard deviation, or a tolerance interval -
probability pair, or for the entire parameter vector the
uncertainty can be specified by a covariance matrix.

The labeled spatial relation S C R x R x £ con-
tains triples (Ry, Ry, L), where R; 1s one region, R, is
a second region, and L is a label. The triple means
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circle radius, position of center
ellipse major and minor axis length, major axis orientation, center position
square side length, orientation of one side, center position

rectangle | two side Tengths, orientation of first side, center position

polygon | number of sides, side lengths, orientation of Arst side, center position

Table 1: Typical Values For Region Types and Asso-
ciated Parameter Vectors

that region R; stands in relation I with respect to
Ry. L can be atomic, taking values like inside of, mu-
tually erclusive of, or overlapping with. Or L can be
complex taking values like the difference between the
X-coordinate of the center of side i of region R, and
the X-coordinate of the center of side j of region Ry
is between oy and ay.

A Manhattan page layout is one where the regions
of the page layout are all rectangular and the rect-
angles are in the same orientation. Hence after an
appropriate page rotation the sides of the rectangles
will all be either horizontal or vertical. Furthermore,
each pair of rectangles either is mutually exclusive or
one contains the other.

Fujisawa and Nakano (1990), Higashino et. al.
(1986), and Yu et. al. (1993) discuss page layout rep-
resentations which are specializations of the formalism
presented here.

The purpose of a text-block segmentation is to de-
termine a page layout whose regions cover the page
such that each region, excluding its holes, (the regions
which it contains), is entirely a text region or a non-
text region and such that in each text region no text
line is fragmented. Regions which have been identified
as text regions can then be given to an OCR system to
produce the computer readable text within the region.

Many of the algorithms for determining geometric
layout employ the operations of mathematical mor-
phology. Although the original algorithm developers
generally do not describe their algorithms in terms of
mathematical morpholgy and were probably not aware
that their algorithm han anything to do with math-
ematical morphology, our description will utilize the
operations of mathematical. This will allow us to be
brief and precise.

Early work on page segmentation was done by Wahl
et. al. (1982). They use a technique called the con-
strained run length smoothing algorithm. It actual-
Iy consists of a morphologically closing of the doc-
ument image with a horizontal structuring element
of specified length (they used 300) intersected with
a morphological closing of the document image with a
vertical structuring element of specified length (they
used 500). The intersection is then morphologically
closed with a horizontal structuring element of spec-
ified length (they used 30). The bounding rectangles
of the connected components of the resulting image
constitute the block segments. Features of the blocks
include the area of the connected component of the
block, the number of black pixels in the block on the
original document image. the mean horizontal black
run lengths of the original image within the blocks,

and the height and width of the bounding rectangle of
the block. Text areas are classified into tezt, horizon-
tal solid black lines, graphic and halftone images, and
vertical solid black lines. No measure of performance
is given.

Nagy and Seth (1984), and Nagy et. al. (1986)
employ an X — Y tree as the representation of a page
layout. The root node of an X — Y tree is the bound-
ing rectangle of the full page. Each node in the tree
represents a rectangle in the page. The children of a
node are obtained by subdividing the rectangle of the
parent node either horizontally or vertically, with hor-
izontal and vertical cuts being alternately employed
in successive levels in the tree. Hao et. al (1993)
describe a variation on this technique.

Fisher et. al. (1990) sample a 300dpi document im-
age by a factor of 4 and use the run length smoothing
algorithm. They then compute the connected com.
ponents of the run length smoothed image. The con-
nected components and their bounding boxes consti-
tute the blocks of the geometric page layout. They
extract connected component features such as compo-
nent height, width, aspect ratio, density, perimeter,
and area for classifying each block as texf or non-text,

Lebourgeois et.al. (1992) sample the document im-
age by a factor of 8 vertically and 3 horizontally. Each
pixel on the sampled image corresponds to an 8x3 win-
dow on the original image. If any pixel on the 8x3
window of the original image is a binary one then the
sampled image has a binary one in the corresponding
pixel position. Then the sampled image is dilated by
a horizontal structuring element to effectively smear
adjacent characters into one another. Each connect-
ed component is then characterized by its bounding
rectangle and the mean horizontal length of the black
runs. Connected components having a vertical height
within given bounds and mean horizontal run length
within given bounds are then labeled as a text lines
and outside the given bounds are labeled as a non-
text lines. Components assigned as text regions are
then vertically merged into larger blocks using rules
taking into account alignment. Blocks are also subdi-
vided to separate their horizontal peninsulas. No mea-
sure of performance is given but an indication that the
method needs improvement was stated.

Bloomberg (1991) uses morphological operations on
the document image at various resolutions to deter-
mine identify font style for each word. Class labels
include bold, italic, and normal. The method employs
a small vertical dilation followed by a close open se-
quence to remove noise followed by a hit and miss
transform to identify seed points of characters in the
italic class or bold class. Then the words which are in



italic or bold can be delineated by conditionally dilat-
ing the seed with a precalculated word segmentation
mask. No accuracy performance results are given.

Saitoh and Pavlidis (1992) proceed sampling by
8 vertically and 4 horizontally and then extracting
the connected components. They then classify each
component into tezxt, text or noise, diagram or table,
halftone 1mage, horizontal separator, or vertical sep-
arator, using block attributes such as block height,
height to width ratio, and connectivity features of the
line adjacency graph, and whether there are vertical
or horizontal rulings. Page rotation skew is estimated
from a least squares line fit to the the center points of
blobs belonging to the same block. Blocks are subdi-
vided based on the vertical distance between lines in
a block, and the height of the lines in a block. The
technique was tried on 52 Japanese documents and 21
English documents. No quantitative measure of per-
formance was given.

Hinds et. al. (1990) sample a 300dpi document
image by a factor of 4 and compute from it a burst
image. A burst image can be obtained from the dis-
tance transform or the erosion transform of the docu-
ment image using a 2 pixel vertical (horizontal) struc-
turing element for portrait (landscape) mode images.
The burst image selects only the column (row) relative
maximum pixels of the erosion transform. They then
compute the Hough transform of the burst image, in-
crementing each Hough bin by the value of the pixel
in the burst image, providing its value is less than 25.
The rotation skew of the image is then determined
by searching the Hough parameter space for that bin
having the largest accumulated value. Its angle is the
rotation skew angle. They tested the technique on 13
document images. and correctly determined the ro-
tation angle on all the images. The interline spacing
on one document image was not correctly determined
and the landscape/portrait mode was incorrectly de-
termined on 5 document images.

Pavlidis and Zhou (1991) determine the geometric
page layout by analyzing the white areas of a page by
computing the vertical projection and looking for long
white intervals from the projections. Then the column
intervals are converted into column blocks, merging
small blocks into larger blocks. Blocks are clustered
according to their alignments and the rotation angle
estimated for each cluster. The column blocks are then
outlined. Finally, each block is labeled as text or non-
text using features such as ratio of the mean length of
black intervals to the mean length of white intervals,
the number of black intervals over a certain length,
and the total number of intervals. No performance
results are given.

Baird (1992) discusses a computational geometry
technique for geometric page layout by finding the
maximal rectangles covering the white ares of the
page. The rectanglar regions not covered by the max-
imal sized white rectangles then constitute regions
which can then be classified as text or non-text.

Amamoto et. al. (1993) determine the geometric
page layout by operating on the white space of the
sampled document image. They open the white space
of the sampled document image tith a long horizontal

structuring element and open it with a long vertical
structuring element. The union of these two openings
then constitute the white space of the blocks. The
blocks are then extracted from this white space. They
decide that a block is a text block if the length of the
longest black run length in the vertical and horizontal
directions is smaller than a given threshold. A decision
is made whether the writing is horizontal or vertical
based on the number Ng of blocks whose width is
greater than twice its height and the number Ny of
blocks whose height is greater than twice its width.
If Ny > Ny, then the decision is horizontal writing,
Else vertical writing. Each block is then assigned a
class label from the set: fezt, figure, image, table, and
separation hine. No performance results are given.

O’Gorman (1992) discusses what he calls the doc-
strum technique for determining geometric page lay-
out. This technique involves computing the k-nearest
neighbors for each of the black connected components
of the page. Each pair of nearest neighbors has an
associated distance and angle. By cluster the compo-
nents using the distance and angle features, the geo-
metric regions of a page layout can be determined,

Ishitani (1993) determines the rotation skew angle
as that direction in which the variance of the complex-
ity of the white-black transitions is greatest. Specifi-
cally, they define a set of lines for each angle. The dif-
ference between successive angles is .01 degree. Then
they measure each line’s complexity where complexity
is defined as the number of white-to-black transition-
s along the line. The variance of the white-to-black
transition counts is then determined. The angle which
maximizes this variance is the estimated rotation skew
angle. They report that this measure does not have
difficulties with document pages which have large ar-
eas of non-text. The method was tested on 40 300dpi
document images taken from magazines, newspapers,
manuals and scientific journals. They report that the
rotation angle was measured to within an accuracy of
.12 degrees.

Hirayama (1993) develops a technique for deter-
mining the geometric layout structure of a document
which begins by merging character strings into tex-
t groups. Border lines of blocks are determined by
linking edges of text groups. Then blocks which have
be oversegmented are merged and a projection profile
method is applied to the resulting blocks to differen-
tiate text areas from figure areas. Hirayama reports
that on a data set of 61 pages of Japanese technical pa-
pers and magazines 93.3% of the text areas and 93.2%
of the figure areas were correctly detected.

Ittner and Baird (1993) determine a geometric lay-
out by doing skew and shear angle corrections, par-
titioning the page into blocks of text, inferring the
text line orientation within each block, partitioning
each block into text lines, isolating symbols within
each text line, and finally merging the symbols in-
to words. The rotation skew angle is determined by
taking the projections of the centers of the connect-
ed components of the black pixels on the page at a
given angle. The angle is iteratively updated to op-
timize the alignment without having to compute the
projection over each possible angle. After rotating the



image shear is corrected by a similar technique. They
report an accuracy to within 3 minutes of arc indicat-
ing that the method fails perhaps one in one thousand
images. Blocks are determined by the white space cov-
ering technique of Baird (1992). They report that on
100 English document image pages from 13 publish-
ers and 22 styles, 94% of the layouts were correctly
determined. The orientation of text lines in a block
1s determined from the minimum spanning tree of the
connected components of the black pixels. The mod-
e of the histogram of the directions of the edges in
the minimum spanning tree is the orientation of the
text lines in a block. Symbols in a text line are de-
termined by taking the projection in an orthogonal
direction to the text line. The projection profile is
checked for a dominant frequency and the segmenta-
tion into characters is done from the projection profile
with the knowledge of the dominant frequency. To
determine the words in a text line, they determine a
scalable word-space threshold for each text block sep-
arately. Then each text line is independently segment-
ed to distinguish the inter-character spacing with the
inter-word spacing,

Ankindele and Belaid (1993) determine a geometric
page layout that permits blocks to be polygonal as well
as rectangular. The determine the elongated white s-
paces in the document image and then determine the
intersections of these white spaces. Points of intersec-
tion are candidate vertices for a polygonal block. The
polygonal blocks are then extracted from the geome-
try of the intersection points. No performance results
are given.

3 Logical Page Structure

Logical Page Structure involves determining the
type of page (page classification) assigning functional
labels to each block of the page, and ordering the text
blocks according to their read order.

Esposito et. al. (1990) develop a symbolic learning
approach and compare it with a statistical approach
to accomplish page classification. They used a set of
231 pages and a seven page types and obtained 100%
accuracy for 5 classes and 9537’0 and 96% accuracy for
the other 2 classes by a combined statistical and sym-
bolic classification method.

Fujisawa and Nakano (1990) classified 81 Japanese
Patent Disclosure Bulletin 200dpi document image
pages into one of the three classes front page, text page
without figures, or text page with figures with 100% ac-
curacy. In a second test utilizing 106 Japanese Patent
Application 200dpi document image pages, they had
six classes: separator sheet, front page type-I, front
page type-2, claim page, text page, or figure page. The
recognition rate was 98%.

Tsujimoto and Asada (1990) assume that each
block of the geometric page layout contains exactly
one logical class. They organize the geometric page
layout as a tree. Each new article in a document such
as a newspaper begins with a headline which is in the
head block. They find the paragraphs which belong
to the head block by rules relating to the order of the
geometric page layout tree and are able to assign log-
ical structure labels of title, abstract, sub-title, para-

graph, header, footer, page number, and caption. They
worked on 108 document images and correctly deter-
mined the logical structure for 94 document images.

Visvanathan (1990) employs an X —Y tree to repre-
sent the geometric layout and then employed a regular
grammar scheme to label the document image blocks.
Block labels included: title, author, abstract, section
titles, paragraphs, figure, table, footnote, footers and
page numbers. No performance results were given.

Fisher (1991) is an extension of Fisher (1990) and
describes a rule based system to identify the geomet-
rical and logical structure of document images. No
performance results are given.

Ingold and Armangil (1991) describe a formal top-
down method for determining the logical structure.
Each document class has a formal description that in-
cludes composition rules and presentation rules. They
have utilized the technique on legal documents. No
performance results are given.

Chenevoy and Belaid (1991) use a blackboard sys-
tem for a top-down method of logical structure anal-
ysis of a document image. The system is defined in
a Lisp formalism and has a hypothesis management
component using probabilities. No performance re-
sults are given.

Kreich et. al. (1991) describe a knowledge-based
method for determining the logical structure of a doc-
ument image. To obtain the blocks they search for the
largest text blocks because these are the most charac-
teristic elements in the document layout. The search
consists of grouping together the connected compo-
nents which are close enoough to each other. Once
text blocks are determined, lines are found within each
of the text blocks and words within the lines. The de-
termination of document layout structure is based on
interpreting documents and their parts as instance of
hierarchically organized classes. They have defined
over 300 classes for a document image and its parts.
No performance results are given.

Derrien-Peden (1991) describes a frame-based sys-
tem fo the determination of structure in a scientific
and technical document image. The basis of this sys-
tem is a macro-typographical analysis. The idea is
that in a scientific and technical documents, changes
of character size or thickness of type, white separat-
ing spaces, indentation etc. are used to make visu-
al searching for information easier. So the technique
searches for such typographical indications in the doc-
ument and recovers its logical organization without
any interpretation of its semantic content. The first
step is the determination of the geometric page layout
keeping a part of relationship between blocks. The log-
1cal structure determination removes running headers
and footnotes and searches for the text reading order.
Text blocks are then compared to logical models of
classes and each text block is then assigned a class.
No performance results are given.

Yamashita et. al. (1991) use a model-based
method. Character strings, lines, and half-tone im-
ages are extracted from the document image. Vertical
and horizontal field separators (long white areas or
black lines) are detected based on the extracted ele-
ments, then appropriate labels are assigned to char-



acter strings by a relaxation method. Label classes
included: header, title, author, affiliation, abstract,
body, page number, column, fooinote, block and fig-
ure. The technique was applied to 77 front pages of
Japanese patent applications. They reported that the
logical structure for 59 were determined perfectly.

Dengel (1993) discusses a technique for automati-
cally determining the logical structure of business let-
ters. He reports that on a test set of 100 letters, the
recipient and the letter body could be correctly deter-
mined.

Saitoh et. al. (1993) determine logical layout with
text block labels of body, header, footer, and caption.
They tested the technique on 393 document images
of mainly Japanese and some English documents. To
characterize performance they measured the average
number of times per document image an operator has
to correct the results of the automatically produced
layout. They report that on the average 2.17 times
per image areas not suitable for output have to be dis-
carded, .01 times per image mis-classified areas have
to be correctly labeled, and 1.09 times per image does
a text area have to be reset. With respect to text or-
dering they report that it required moving connections
.47 times per image, on the average, making new con-
nections .11 times per image, and re-assigning type of
text .36 times per image.

4 Reflections

It is clear that many of the published papers give il-
lustrative results and hardly any have their techniques
tried out on significant sized data sets. It is certain-
ly the case that since document understanding tech-
niques will be moving to the consumer market, they
will have to perform nearly perfectly. This means that
they will have to be proved out on data sets whose
document pages number in the thousands and that
there must be suitable performance metrics for each
kind of information a document understanding tech-
nique infers. Appropriate performance metrics for ge-
ometric page layout or logical page structure are not
obvious. and they have hardly been discussed, Kanai
et. al. (1993) being an exception. Yet each algorith-
m implicitly incorporates some kind of eriterion to be
optimized.

Publically available document image data sets
whose correct geometric layout and logical layout are
specified for each image in the data set are needed.
Unfortunately, such data sets created by commercial
suppliers of OCR, who are the natural suppliers of doc-
ument understanding software, are kept proprietary.
An example of one significant sized English document
image data base publically available is that of Phillips
et. al. (1993a,b). That data set has over 1000 English
document images from scientific and technical articles
which are labeled with their geometric layout and their
logical structure.

It is interesting that although near perfect perfor-
mance is required, very few of the document under-
standing related techniques develop a method which
given the training data, theoretically optimizes the
performance. This means that document degradation
perturbation models and models to describe document

format variations have not been formulated in a rich
enough, simple enough, or complete enough way to
permit their theoretical use.

Although some models for document degradation
have been published, (Baird, 1993; Kanungo et. al.
1993) none has been validated. This is an importan-
t area to which more attention must be paid. For
with random perturbation models that describe the
range of variations and perturbations in document
that might be encountered, it becomes possible to ex-
tend labeled document image data sets by successively
degrading and perturbing and varying the document
images in the data set and synthetically create larger
data sets for the purpose of document image under-
standing algorithm development and testing. Even
if such models are not completely validated they are
useful since they can often be used to indicate where
an existing document understanding algorithm is the
weakest.
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