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This paper proposes an approach to the vectorization and repre-
sentation of large-size document images. The approach is based 
on a modified run-length image representation and line-by-line 
processing scheme with a limited amount of image line stored in 
memory. Within this approach fast one-pass algorithms for thin-
ning and transformation of a large-size thinned image in vector 
form are suggested. A hierarchical data structure for the represen-
tation of these images in vector form, which stores in compact 
form all the needed information about connected components, 
segments, and feature points, is suggested. The process steps for 
obtaining this data structure are described. The defects which can 
exist in the vector representation are extracted and an algorithm 
for their reduction is given. Experimental results are also 
shown. © 1994 Academic Press, Inc. 

I. INTRODUCTION 

The process for automatic input and conversion of doc-
uments (engineering drawings, schematic diagrams, map 
drawings, etc.) into digital vector models for CAD sys-
tems and geographic information systems (GIS) is very 
important in many applications. Systems to solve this 
task have been developed by Boatto et al. [1], Vaxiviere 
and Tombre [2], Kasturi et al. [3], and others. Overviews 
of techniques for document images processing and inter-
pretation have been presented by Kasturi and Siva [4], 
and shortly thereafter by Hofer-Alfeis and Maderlechner 
[5]. 

One of the main problems in processing documents is 
that their large size (A2/A1) requires a large amount of 
computer memory. To reduce memory volume, different 

coding techniques are used. A powerful and popular cod-
ing technique for binary images is run-length (r-1) coding. 
The description of line-by-line processing and realization 
of some preprocessing operations on this representation 
has been presented by Rutovitz [6] and Piper [7, 8]. How-
ever, to obtain acceptable time characteristics, most of 
the systems use powerful workstations or specialized 
hardware. But for wide practical use, it is necessary to 
have systems based on general purpose computers with 
low cost. 

The document interpretation technology can be di-
vided into two main processes: raster-to-vector transfor-
mation (r-t-v) of a binary image for the purpose of obtain-
ing its structural representation, and recognition of 
primitives, graphical elements, scenes, and 3-D objects. 
Most of the existing systems use intermediate vector rep-
resentation for the object recognition which is the inter-
face between these two processes and makes it possible 
to formalize high-level processing and increase its speed. 

As an input we consider large-size 2-D line-drawings 
containing linelike objects, i.e., elongated objects, which 
have considerably greater length than width (Various line 
types, characters, symbols, and so on). There are differ-
ent approaches to the representation of an intermediate 
vector model, which are based on skeleton (Kasturi et al. 
[3], Suzuki and Yamada [12], Sakauchi and Ohsawa [15]), 
contour (Pferd and Ramachandran [9]), or mixed repre-
sentation of image objects (simultaneous use of skeleton 
and contour representation, Espelid [10]). For the vector-
ization and recognition of line-drawings with linelike ob-
jects, the skeleton representation is most convenient. 
The only restriction is that we must not lose information 
(especially on line thickness). 
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For vectorization and data base acquisition, many al-
gorithms have already been developed (see for example 
Suzuki [13], Shih and Kasturi [14], Pavlidis [16], Naka-
yama et al. [17]). The approaches used for engineering-
drawing processing usually detect critical points at the 
first step, and then extract arcs and conics, and the re-
maining parts are approximated using polygonal approxi-
mation. An example of this approach is given by Naga-
samy and Langrana [11]. Toriwaki et al. [18] describe an 
approach to extracting features from thinned images us-
ing distance transformation of line patterns . But for map 
drawings and for hand drawings, those approaches can-
not be used for the following reasons: 

—the drawings have different object types, such as 
symbols, characters, lines, and regions; 

—the objects have different shapes, scales, and fonts, 
and they can also rotate; 

—the objects can be crossed and joined and can have 
other relations. 

These differences of line-drawing objects show that the 
extraction of critical points will not be convenient for 
further object recognition. Usually for the description of 
these drawings, feature points (nodes and end points) are 
extracted and used. An example of map-drawing vector 
data structure is given by Suzuki and Yamada [12, 13]. 
We use a similar approach and give another variant of 
data structure with fast algorithms for obtaining it. 

In this paper, a special data structure is suggested 
which makes it possible to describe all basic characteris-
tics of objects and their components compactly and 
which is oriented to the structural recognition of objects. 
To obtain the data structure for large-size document im-
ages, a special approach based on storing only an image 
stripe in a computer memory and performing all opera-
tions on this stripe has been developed. Fast one-pass 
algorithms for thinning large-size images and for transfor-
mation of a labeled thinned run-length image into its vec-
tor form are suggested. The possible defects which can 
appear after the vectorization process are considered and 
an algorithm for their reduction is briefly described. 
Results of experiments are also shown. 

2. GENERAL PRINCIPLES OF RASTER-TO-VECTOR 
CONVERSION 

Raster-to-vector conversion of document images with 
linelike objects usually includes the following basic steps: 
noise reduction, thinning, object feature extraction, and 
transformation to vector form with simultaneous infor-
mation recording to a data base. R-t-v conversion of 
these images can be divided into two main processes: 
preprocessing, consisting of noise reduction and thin-
ning; and vectorization, which transforms a thinned im-
age to vector form. The last step is very important be-
cause it influences the quality of received objects and 
their recognition. This step depends on the general strat-
egy of the processing, on the image quality after thinning, 
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FIG. 1. The image-processing scheme. 

and on the recognition task. In other words, it depends 
on what we want to obtain as the output. 

To realize r-t-v conversion of large-size document im-
ages in a restricted computer memory we use modified 
run-length image representation and a line-by-line pro-
cessing scheme (Ablameyko et al. [20]). R-l representa-
tion makes it possible to develop fast processing algo-
rithms with low computational cost. Instead of the length 
of intervals (as in the standard representation) we use x-
coordinates at the beginning and the end of black runs, 
which allows direct realization of the operations on the 
analysis of neighboring pixels on the adjacent lines. 

All algorithms in raster-to-vector transformation are 
based on the same principles. We consider that the result 
of any operation to any line is fully defined by only a few 
adjacent lines. These lines (image stripe) are stored in the 
special buffers of a program. Each program has access to 
all of these lines and can check, process, and change their 
pixels using some basic techniques. The lines in the stripe 
are processed from bottom to top. The stripe conse-
quently moves across the whole image from top to bot-
tom and all the operations are performed during this 
move (Fig. 1). Therefore, we obtain that after every 
stripe inspection the corresponding operation is fully exe-
cuted for the top line in the stripe. The line is removed 
from the stripe and moves to the next processing func-
tion. A new bottom line is introduced in the stripe. 

3. THINNING AND VECTORIZATION OF 
DOCUMENT IMAGES 

3.1. Thinning 

The algorithms based on direct application of r-l for 
skeleton extraction were suggested by Pavlidis [16] and 
Piper [8]. These algorithms are fast, but in some cases the 
generated skeletons are not of high enough quality. That 
is why we use a thinning algorithm based on the known 
Hildich algorithm [19] to produce good-quality thin lines, 
and modify it for our image representation and process-
ing scheme. It also allows us to calculate the thickness of 
8-connected objects. 

In the stripe, w + 3 lines are stored, where w is a 
maximal thickness of objects. All lines in the stripe are 
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enumerated from bottom to top. Thinning is performed 
from the first line (bottom) to the last line (top). An object 
in every line of the stripe is processed a different number 
of times. The lowest line is completely unthinned and the 
highest one is fully thinned; all middle lines are partially 
thinned. 

Every line has two descriptions: a main interval de-
scription and an auxiliary pixel description. We use both 
descriptions because only a limited number of lines are 
stored in memory. The first description processes only 
black pixels and ignores white and completely thinned 
runs. This description is re-formed after each thinning 
iteration (image line inspection). The second description 
(one byte per pixel) is used to store object thickness and 
form 3 x 3 masks. We use the following pixel labels: 
positive values denote object thickness in corresponding 
pixels ; nonpositive values denote the number of the thin-
ning iteration on which these pixels have been deleted. 

For thinning one line, two adjacent lines (lower and 
upper) are used. To process the current line, the process-
ing of its unthinned intervals is performed. Interval pro-
cessing is a sequential analysis of its pixels. Under pixel 
analysis a 3 x 3 mask which represents a 9-bit situation 
code is formed (Fig. 2a). To form this code, bits are set to 
1 for pixels whose labels are positive or equal - к , where 
к is the thinning iteration number. To analyze the next 
interval pixel, the 9-bit code is transformed as shown in 
Fig. 2b and the values in the right column denoted as " ? " 
are formed. On a base of 9-bit code, an 8-bit mask is 
formed (Fig. 2c) and is used as input to a 256-element 
look-up table. 

A look-up table contains a description of all possible 
situations and actions which should be performed for the 
central pixel of a mask. We extract two classes of situa-
tions (Fig. 3). Situations of the first class can be pro-
cessed on a base of formed "parallel" masks (Fig. 3a), 
containing black pixels on the kih iteration. To process 
situations of the second class, it is necessary to use "se-
quential" masks (Fig. 3b) containing black pixels on the 
(к + l)st iteration (labels of these pixels are positive). 
Types of additional checks for processing situations of its 
class are coded in the look-up table. 
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FIG. 3. The examples of thinning-situations classes: (a) the first 
class, (b) the second class. 

In the result of pixel analysis, deletable pixels are de-
leted from interval description and labeled —k; labels of 
non-8-contour pixels are incremented by 1. If all interval 
pixels are completely thinned, this interval is marked and 
not analyzed further. 

It is known that some unthinned parts can remain on 
the image after the thinning operation (Fig. 4), which 
influences the vectorization step. To guarantee the ab-
sence of nonthinned image parts and to facilitate the task 
of node extraction, postprocessing of completely thinned 
lines is performed. In the result, all non-4- and 8-contour 
pixels are deleted (Fig. 4). 

After thinning we obtain a labeled skeleton, where 
every run has its own label corresponding to the thick-
ness of the object part. Objects on this image have an 8-
connectivity type. An example of the thinning of an engi-
neering drawing is given in Fig. 5. Note that every pixel 
has an object thickness which is not shown in this figure. 

We consider the following elements of the labeled 
thinned image: connected components (CCs), segments 
of a CC—parts of a CC (connective pixel set)—bounded 
by feature points, and end and node points. The thick-
ness of every object in this image is equal to one pixel. 
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FIG. 2. Pixel analysis scheme: (a) 9-bit code of situation; (b) trans-
formation of 9-bit code to process the next pixel; (c) forming 8-bit mask. 

3.2. Vectorization 

As an input for the vectorization step we consider a 
thinned image with labeled skeletons, represented by 
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FIG. 4. Result of postprocessing. 
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modified run-length coding. In the result of vectorization, 
the following elements of the labeled thinned image are 
extracted: feature points of the thinned image—end and 
node points; segments of connected components—parts 
of CCs (8-connective pixel sets) bounded by feature 
points. 

Vectorization is performed in one image inspection. 
The vectorization method includes two basic techniques: 
situation processing and segment following in scan-line 
mode. Consider these techniques in more detail. 

Situation Processing. In the situation processing we 
use a 3*3 window. That is why the image stripe, used for 
vectorization, consists of only three adjacent lines. 

For the definition of the type of the central point of the 
window, the crossing number CN given by Hildich [19] is 
used. Here 

if CN = 1, the analyzed point is an end point; 
if CN = 2, the analyzed point is a connective point; 
if CN > 2, the analyzed point is a node point. 

In the last case, the CN also shows how many 
branches meet in the central point of the window. 

Depending on the position of the pixels in the window, 
the following situations exist in the thinned image: 
branch beginning and end, continuation and merging of 
branches, splitting (beginning of double branch), a node, 
and an isolated point (Fig. 6). Codes for all these situa-
tions are stored in the look-up table and used for the 
decision taken. 

All situations are divided into two groups: situations on 
single-pixel intervals and situations on much longer inter-
vals (Fig. 7). In the first case the result of pixel processing 
is defined immediately by using codes from the look-up 
table, while in the second case it is necessary to analyze 

of a thinned image. 

intermediate interval pixels. The peculiarity of an 8-con-
nected thinned image is that in the middle of a long inter-
val it is possible to meet only situations like crossing. 
These situations can be easily detected by analyzing runs 
of two adjacent lines. In the simple case (without cross-
ing) long intervals can be processed as combinations of 
situations at the beginning and the end of a run. For the 
more complex cases (with crossing) the situations in the 
beginning, the middle, and the end of a run are processed 
sequentially. 

Segments following. Under branch following, special 
buffers are filled. They are used for assembling and stor-
ing information about every segment. At the beginning of 
a branch one or two buffers (for double branch) are re-
served. All branches are numbered in the order of detec-
tion. Then the buffers can be merged or split depending 
on the situation processed. When, for example, two 
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FIG. 6. Types of vectorization situations: (a) branch beginning; (b) 
end of branch; (c) continuation; (d) merging of branches; (e) splitting; (f) 
a node; (g) an isolated point. 



VECTORIZATION AND REPRESENTATION OF IMAGES 249 

I I 
I I 
I I 
x 
I 
I 
I 

I I 
I I 
I I 
xxxxxx 

I I 
i I 

I I 

FIG. 7. Two groups of vectorization situations: (a) single-pixel in-
terval; (b) long interval. 

branches are merged, the information from one buffer is 
transferred to another one and the resulting branch is 
numbered by the minimal (from two possible variants) 
number; a merging of branches with equal numbers de-
notes the end of segment following. Under branch follow-
ing, a primary approximation using the Freeman code is 
performed. This means that a pixel which has the same 
Freeman code and thickness as the previous pixel is not 
recorded in the buffer. If the buffer overflows the ex-
tracted part of the segment is written to the output file; 
parts of the same segment are connected by references. 

After image inspection, processing of vectorized data 
is performed. During the processing, parts of segments 
are joined and approximated by polylines. Simulta-
neously some segment characteristics (average thick-
ness, length, gabarits, etc.) are computed. 

4. DESCRIPTION OF VECTOR REPRESENTATION 

When line drawings are produced, special rules are 
used to define an object representation. These rules de-
fine length, thickness, situation of object parts, and so 
on. Therefore from a line drawing it is necessary to ex-
tract a special set of object characteristics (semantical 
information) which will be useful for object recognition 
and to store this information in a special database. Fur-
thermore, for the recognition of a wide class of objects, a 
structural approach which makes it possible to represent 
a complex pattern by its simpler subpatterns is often 
used. In our case, this approach requires segment extrac-
tion and structural description of a line drawing in terms 
of segments and their relations. 

For the automatic recognition of line drawings it is 
necessary to have as full information as possible about 
objects and their characteristics. On the other hand, su-
perfluous information increases memory volume and pro-
cessing time. It is necessary to choose a compromise 
between these restrictions. 

In accordance with the three types of elements in the 
thinned image (CCs, segments, and feature points), we 
suggest three-level representation of vector form. The 
first level contains information about connected compo-
nents and their characteristics; the second level, about 
segments with characteristics; and the third level, about 
feature points and their arrangement. 

Let us consider each level in more detail. The charac-
teristics of a CC described on the first level can be repre-

sented by geometrical and structural parameters. We use 
the following geometrical parameters: the coordinates of 
a minimal box parallel to axes which include the CC, and 
a CC perimeter which is the sum of all segments' lengths. 
These parameters can be used to separate text and graph-
ics. The structural parameters contain the quantity of 
internal contours and feature points. 

The segments are described on the second level. There 
are open segments (with end points and nodes) and 
closed segments (without these points). The segment de-
scription includes the characteristics and metrics. We use 
the following characteristics: thickness, length, and the 
type of a segment. The description of a segment type 
consists of the description of the start and end point 
types. Metrics include the point coordinates of an ap-
proximated line. This makes it possible to obtain vector 
representations of line-drawing objects and to build prim-
itives such as circles and arcs (in CAD systems). 

The third level contains the descriptions of feature 
points. This level has been specially introduced, because 
an object's topology is often more important information 
than its geometry. We separate the descriptions of the 
nodes and the end points. The nodes are used to describe 
connections between segments of the same CC. The node 
description includes the point coordinates, quantity, and 
numbers of segments connected in this node. We use the 
end points for the description of the disposition of seg-
ments belonging to different CCs. This is necessary for 
complex object recognition and scene analysis. 

In the recognition task, the direct inspection of all seg-
ments is impossible due to very large quantity of seg-
ments. For the reduction of complexity and processing 
time, the set of all end points is separated into rectangular 
subregions. The size of these subregions is chosen as 512 
x 512 pixels or another size which is chosen as 2k (k = 1, 
2, . . .). For the description of the end point set for every 
subregion, a one-directional list structure is used. The 
description of every point includes a pointer to the next 
point in the same subregion. This pointer is equal to the 
segment number or zero (for the last point). The same 
techniques can be used for the representation of node set. 

For the physical realization of this representation, we 
use three files. The first file contains segment and node 
descriptions and is represented as a direct access file with 
fixed length records (Fig. 8b). Every record is separated 
into three parts according to the three description levels 
(Fig. 8a). 

For storing and computing information about CCs, we 
mark all segments belonging to one CC using a one-direc-
tional closed list structure. By analyzing this list, the CC 
characteristics can be easily computed. 

The third level—information about feature points—is 
recorded in the last record part. This part is divided into 
two subparts (for beginning and end feature points). In 
particular, the node number (if the segment is bounded by 
a node) and a pointer to the next end point in the same 
subregion (if the segment is bounded by an end point) are 
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FIG. 8. An example of vector representation. 

stored in these subparts. Since nodes are important for 
object recognition, their descriptions are stored in a spe-
cial file place, after the last segment description. The 
records corresponding to the nodes have a special struc-
ture. 

The second file contains metrics (segment point coordi-
nates) (Fig. 8c). The connection between two files is per-
formed by references which are stored in the elements of 
the first file records. The separate storing of these two 
files is convenient for segment analysis. 

In the third file, a 2-D array containing the list of the 
headers of a point set belonging to every subregion is 
stored (Fig. 8d). 

An example of a data structure for a simple image is 
given in Fig. 8. 

5.1. Defect Reduction 

Usually after thinning, some small object defects exist 
on the image. These defects appear due to the noise on 
the initial image or to digitization artifacts. There are two 
ways to eliminate these defects: to reduce them on the 
raster image or in the vector form. The first case requires 
multiple inspection of the image or storing one byte per 
pixel. It is time- and memory-consuming and needs to be 
realized on powerful computers. The second case has the 
disadvantage that it is necessary to form a vector descrip-
tion of the defects and then to detect and reduce them. 
But it can be easily realized on ordinary computers and 
does not take large memory. We take the latter approach. 

Our experience shows that there are several types of 
defects (Fig. 9): 

—a gap or sufficiently small distance between two end 
points of successive segments; 

—a short branch or a short segment type (node-end 
point); 

—a short segment type (node-node), the result of thin-
ning; 

—a short loop; 
—an isolated segment or a short segment type (end-

end points). 
An algorithm for defect reduction is based on the anal-

ysis of feature points and segment parameters. It deletes 
the defects in an indicated order, because deleting pre-
vious ones reduces the set of remaining defects. The al-
gorithm changes the description of segments and points. 
The main operations of the algorithm are deleting and 
connecting segments and points. The first operation is 
intended for labeling those segments and points which 
must be deleted from the output data base. The second 
one is intended for the connection of two segments into 
one. 

For gap extracting, a list of feature points is analyzed. 
A distance between each two end points is verified. If the 
analyzed distance is less than a given threshold, the end 
points are deleted from the list and the two segments are 
merged together. 

Defects of the second and third types are extracted by 
analysis of a node list. All segments connected at each 

5. FORMING FULL VECTOR REPRESENTATIONS 

The preliminary vector representation is obtained after 
the vectorization step. It includes information about seg-
ments and feature points. Then two following steps are 
used to form a full vector representation: 

—defect (structural noise) reduction; 
—forming of full description. 
Let us consider these steps in more detail. 

FIG. 9. The defect types: (a) a gap; (b) a short branch; (c) a short 
closed segment; (d) a short loop; (e) a short isolated segment. 
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node are analyzed. If the segment has a length less than a 
threshold and is a required type, it is deleted from the 
segment list and the node is also deleted (for the second 
type) or two nodes are merged together (for the third 
type). 

Loops and isolated segments are extracted by analyz-
ing a segment list and by using a given segment type and a 
length threshold. A detailed description of the algorithm 
is given in Semenkov et al. [21]. Of course, the quantity 
of deleted defects depends on the parameters used 
(length of a segment or a gap and segment type). The 
threshold for the defect length is given a priori. These 
parameters depend on the scanning resolution, the size of 
objects, etc., and make it possible to delete defects in 
vector representation. Only those defects which exceed a 
given length can stay in the model. 

5.2. The Full Description Forming 

The first level seems to be redundant, but it makes it 
possible to quickly obtain the information which can be 
used for symbol extraction and recognition, separation of 
text from graphics, and other tasks. Also, in map pro-
cessing, it is necessary to have full information about 
connected components. The first level description is per-
formed in one inspection of a segment file. To detect all 
segments belonging to one CC, a stack technique and 
special labels are used. In the results of this process, 
every segment has a label which shows its affiliation to a 
certain CC. 

The last step of this process is fragmentation of the end 
point set. It allows reduction of the computational time 

a 

FIG. 10. An example of (a) an initial 

under the recognition process. A detailed description of 
these steps is given in Semenkov et al. [21]. 

Finally, a database containing information about CCs, 
segments, and feature points is obtained. 

6. EXPERIMENTAL RESULTS AND DISCUSSION 

The software realizing the vectorization step and the 
above-mentioned data structure was implemented for the 
processing of maps and engineering drawings. The input 
binary images were different layers of geographical maps 
and engineering drawings with sizes from A4 to A2 digi-
tized with resolution of 20 pixels per 1 mm and 300 DPI. 
The initial engineering drawings are shown in Fig. 10a. 
Figure 10b shows their vectorized form with the ex-
tracted arrows. Figure 11 shows the result of vectoriza-
tion for an isoline layer. 

The execution time for every operation usually does 
not exceed a few tens of seconds. The total time depends 
on the number of objects, their length, and some other 
parameters. The average time for the vectorization of line 
drawings of A4 format (without noise reduction) is ap-
proximately 2 min on an IBM PC/AT 386 computer. The 
map layers with size 500 x 600 are thinned in 3 min and 
are vectorized in 4 min. The data structure occupies 390 
Kbytes, which contain information about this layer, rep-
resented by solid and broken lines, text, and special sym-
bols, whose size is 350 x 400 mm and contains on the 
average 4000 segments and nodes. After defect deletion 
and final representation forming, which are performed in 
about 2 min, the result files contain about 3000 segments 
and knots (about 300 Kbytes). 

i 

drawing and (b) its vectorized form. 
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Further processing of map drawings (reconnection of 
broken isolines, interpretation of crossing line signatures, 
recognition of text strings and special symbols, etc.) 
showed that this representation contains in compact form 
all the information needed for the automatic interpreta-
tion of line drawings. Existing neighborhood finding tasks 
are solved with good algorithmic complexity and time in 
the recognition of complex objects and scenes. This data 
structure is flexible enough, simply modified, and makes 
it possible: 

—to store in compact form all the information needed 
about connected components, segments, and feature 
points on the three levels; 

—to connect elements from different levels and to 
have information about the relations between elements 
on the same level; 

—to easily detect and delete object defects in vector 
form; 

—to reduce recognition time due to a specially orga-
nized structure and to use both semantic and structural 
information for object recognition. 

The main difference of this approach from those al-
ready proposed are: 

—an effective pipeline oriented scheme for large-size 
image processing based on a processing image stripe and 
algorithms for r-t-v transformation based on a set of local 
operations and the same principles; 

—fast one-pass algorithms for thinning and vectoriza-
tion of large-size thinned images; 

—extraction and reduction of object defects in vector 
form, which can appear after thinning; 

—a special database structure which stores in compact 
form all the information needed for object recognition 
and has the above-mentioned differences. 

The suggested processing scheme can be easily real-
ized in pipeline architecture using a simple transputers 
chain. 

7. CONCLUSION 

A special data structure for the representation of 
thinned 2-D lined-drawing images in vector form has 
been proposed. It stores in compact form all information 
about connected components, segments with their char-
acteristics, and feature points needed for structural rec-
ognition. An effective pipeline oriented scheme for pro-
cessing large-size document images has been presented. 
Fast one-pass algorithms for thinning and for thinned im-
age vectorization in the restricted computer memory 
have been suggested. The object defects in vector form 
have been extracted and an algorithm for their reduction 
has been described. The results of the processing have 
also been shown. 

The supposed data structure can be applied to process 
maps, engineering drawings, PCB analysis, etc. 
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