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Abstract

The map recognition is one of interesting subjects to
distinguish the meaningful information automatically
from map images and consiruct resource data in infor-
mation systems such as GIS (Geographic Information
System). However, it is difficult to identify individual
information because the map components are mutu-
ally intersected or overlayed, and because the proper-
ties of map components are not well de;{ined. In this
paper, we propose an eztraction method of character
strings from color urban map images. The characteris-
tic in our method is to validate the identified character
strings with map composition rules. Qur recognition
process is composed of two phases: eztraction of char-
acter sirings; and classification of character strings.
The extraction phase is organized by a bottom-up ap-
proach, based on the measurement/estimation among
pizels, while the classification phase is composed by
means of a top-down approach, based on the interpre-
tation/yalidation among map components.

1 Introduction

The map recognition has been investigated as one
of interesting and important subjects with a view
to distinguishing various kinds of meaningful in-
formation automatically and composing the distin-
guished information as resource data for construc-
tion of application-specific information systems such
as GIS (Geographic Information System). Until to-
day, various approaches/methods have been proposed
with respect to this subject, but they are not always
perfectlfy applicable. This is because the graphic prop-
erties of map components are not well defined and map
components themselves are not distinguished clear}
by the intersections and overlays among them(1-3].
The subject on map recognition can be maily divided
into two research domains: road extraction and ex-
traction of character strings[3-6].

In the recognition of character strings, one problem
is that several sizes (or fonts) of characters are used;
and another is that the string directions are differ-
ent by strings such as street names, building names,
area names, subway station names, bus stop names,
etc. Until today, several researches have been reported
with respect to this recognition problem of characters
or character strings(3-6]. Many of these researches
selected binary-level or gray-level map images as the
grocasing targets. O.Shiku et al. proposed a method

ased on the voting mechanism, which counts up the
number of pixels allocated in templates of character
sizes4]. Also, A.Nakamura et al. proposed an extrac-
tion method of character strings, using the dictionary
of character strings{5]. These methods do not always
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provide the generality, but are useful to the recogni-
tion of character strings for application-specific urban
map ima.gesclli]. K.Gyothen et al. proposed an extrac-
tion method of characters and character lines, based
on multi-agents paradigm[6]. This method is success-
ful on the basis of coordination/negotiation mecha~
nism among agents, which are cooperatively organized
so as to check up candidates of character strings as-
signed inherently to individual agents from a global
point of view. However, in this method it is not easy
to cooperate among agents effectively less individual
agents are appropriately assigned to the corresponding
candidates.

On the other hand, we propose an experimental
method to recognize character strings on the basis of
map composition rules such as properties of individual
map components and relationships among map com-
ponents. In our method the validation mechanism is
supported under such map composition rules with a
view to checking up by a top-down means whether
character strings, which were extracted by a bottom-
up means with respect to geometrical features and
heuristics, are consistent to other information. In or-
der to achieve this paradigm explicitly, we used color
urban map images. In color urban maps, the color in-
formation is generally applied so as to make individual
map components clear and assist easy readings.

2 Outline of Processing

Qur objective is to extract character strings from
color urban map images and identify the roles of char-
acter strings in urban maps: street names, building
names, area names, etc. In this case, character strings
are extracted heuristically with respect to the drawing
rules, and the meaningful classification is done reliably
on the basis of individual properties of map compo-
nents and the mutual relationships among map com-
ponents. Figure 1 shows an example of color urban
map image.
2.1 Feature of our color urban map

The map components are possibly distinguished by
the kinds of colors: for instance,

o white: road

o black: character (for building names, street
names, area names, etc), railway line

¢ dark-blue: bus route, subway route and their sta-
tion/stop names

o others: areas (by yellow, pink, orange, sky-blue,
etc), parks (by green).

It is easy to identify map components individuall

by these color proporties. We show the results of blaci



and dark-blue images, separated under YSH transfor-
mation means, in Figures 2 and 3. Characters are
clearly separated in comparison with the original map
image in Figure 1. For example, in Figure 2 (of black-
colored map image) symbols for indicating buildings
are together included. Also, in Figure 3 (of dark-blue-
colored map image) bus/subway routes and their at-
tended symbols are observed. We can arrange the fea-
tures of characters and character strings as follows:

1. In black-colored map image, street names, build-
ing names, area names, railway station names,
block numbers, ete are included;

. In dark-blue-colored map image, station/stop
names in bus/subway routes, street numbers, and
blunch numbers are included;

. Building names associate the corresponding
building symbols near to themselves;

. Area names are surrounded, color by color, with
the corresponding colored areas;

. Sizes of characters are different by their roles of
map components;

. Station/stop names associate the corresponding
symbols near to themselves;

. String directions of station/stop names are ap-
proximately allocated along the directions of their
routes.

b B = S | B L]

2.2 Processing flow

Our method is fundamentally organized under
the validation mechanism: the hypotheses are
first generated, string by string, on the basis
of properties of character:ﬁcharacter—strings, and
then the hypotheses are validated with respect to
the geometric/spatial relationships among character-
strings/other-map-components. In Figure 2, we can
cla,ssi%y the character strings into building names if the
character strings are associated with building symbols
close to themselves. For example, if a character string
"AAFE" could be related to the symbol * ¥ ” (this
symbol indicates a post office in Japanese map)}, this

aracter string can be regarded as the post office
name. Also, if a character string " KAFH " could
be surrounded with one colored area, this character
string can be looked upon as the area name.

Figure 4 illustrates our processing flow. As dis-
cussed above, our processing flow is divided into three
phases: preprocessing, extraction of character strings,
and classification of character strings. In the prepro-
cessing phase, individually filtered color map images
are generated from the original color urban map im-
age, using YSH transformation. The black-filtered and
dark-blue-filtered color map images are mainly used to
extract and classify character strings, hereafter. In the
extraction phase, first character regions are individu-
ally extracted from the previously filtered map images,
using some techniques in the ordinary character recog-
nition. Next, character strings are heuristically com-
posed from character regions with respect o the prop-
erties of individual characters. In the classification
phase character strings are identified/classified into
map information with individual meaningful roles.
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3 Extraction of Character Strings

This phase is composed of two steps: extraction
of character regions; and identification of character
strings.

3.1 Extraction of character regions

The extraction step is necessary to distinguish the
areas corresponding to characters. In this urban map
6 kinds of character sizes are used. This constrain is
very useful to identify characters with different sizes
effectively. Namely, this fact is applied strongly to
merge and partition some candidates for character-
like regions even if they are intersected, overlayed, or
separated (i.e. "AK” and "E " in "E”,"H” and "%
" in ¥ & ", etc). Also, these character sizes are used to
describe different map components. Table 1 shows the
correspondences between character sizes and meanings
of map components.

This extraction step consists of four procedures: es-
timation of character regions, merging of intersected
character regions, merging of separated character re-
gions, and arrangement of character regions by char-
acter sizes. The estimation of character regions is per-
formed by using 8-connection method. Figure 5 is the
result of character regions arranged/normalized so as
to make up individual character regions reasonably in
case that character regions are mutually overlayed.

3.2 Identification of character strings

The length of character strings illustrated in ur-
ban maps is, in many cases, 2 or 3[6]. Of course, the
strings of 3 or more characters are always used because
the character strings are representative names for real
existing objects in maps. Here, we consider mainly
character strings whose length is 2 or 3. If the length
is 4 or more, we can consider repeatedly by dividing
into (3,2) or (2,3): (3,2) represents that the length of
the first string is 3 and the length of the second string
is 2; and the third character is included at once in
both strings. Thus, we extract appropriate character
strincgg on the basis of various relationships between
two characters or among three characters.

(1) Relationships between two characters

e connectivity: two characters of the same string
are mutually close.
» similarity of size: sizes of two characters in the
same string are almost similar or same.
(2) Relationships among three characters

o linearity: three characters in the same string are
allocated on the same line.

¢ equality: three continuous characters in the same
string are located with almost equal gaps.

The result is shown in Figure 6.

4 Classification of Character Strings

The classification phase checks up whether ex-
tracted character strings are not inconsistent as cor-
rect strings and determines what individual character
strings indicate as map components. This classifica-
tion phase is organized under the validation mecha-~
nism, and is divided into three steps: identification
of area names, identification of building names and
identification of bus-stop/ subway-station names.



Stepl:

Step2:

Step3:

Step4:
Step5:

Step6:

Step2:

4.1 Identification of area names

Character strings of area names are generally de-
scribed by maximum sizes of characters and are sur-
roundéd with the areas (refer to the feature 4. in Sec-
tion 2.1 and Table 1). The feature about area name
in Table 1 is not useful if character strings of largest
size are wrongly connected with characters of other
strings. Also, the feature 4. in Section 2.1 means that
the area always surrounds character strings of largest
size. However, the area may not be closed because
the strings break off the boundary lines. Of course,
this feature 4) is a key so that candidates of extracted
strings should be validated as the area names. In order
to make this validation procedure well, we must ex-
tract the corresponding areas themselves clearly, first
of all. The procedure is composed as follows:

Check up colors of areas corresponded to charac-
ter strings. After having got rid of colors of char-
acter strings from corresponding areas for every
area, estimate colors of the remaiders.

Fill in corresponded areas with estimated colors,
respectively.

Extract areas of individual colors. In this case,
areas of same color are not always continuous,
because areas are often broken off by roads.
Estimate width of roads H included in each area.
Expand each area in four directions if same col-
ored areas are found out within width H. As a
result, these areas are merged.

Compute maximum and minimum lengths of
closed areas with same color length in X- and Y-
axes.

Using such colored areas, character strings are val-
idated correctly: if the string is uniquely closed by
extracted area, this string is determined as the area
name. Of course, though the extracted area may con-
tain other strings such as building names, the feature
5. in Section 2.1 (or Table 1) is not satisfied. Fig-
ure 7 is the result of character srings identified as area
names, using the features in Table 1.

4.2 Identification of building names

In our urban map, many of building names asso-
ciate the corresponding symbols (refer to the feature
3. in Section 2.1). We can arrange the geometric
relationships between building names and associated
symbols:in Figure 8. The procedure for checking up
these gepmetrical relationships is composed as follows:

Stepl: Check up the geometrical relationships between
character strings and character/symbol areas lo-
catéd closely to strings. And, compute distance
“d” between center line of character string and
center point of character/symbol area.

“d” is defined as distance between center line
of character string and center point of charac-
ter/symbol area.

“d” is defined as distance between center point of
terminal character area of center line of character
string and center point of character/symbol area.
“d” is defined as same as (b).

Select character/symbol area as associated sym-
bol area if “d” is less than twice of character size
of string. In this case, select associated symbol

(a):
(b):

(0):
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area with minimum distance “d” if many candi-
dates are selected as associated symbol areas.
Figure 9 shows character strings identified as build-
ing names from Figure 7.
4.3 Identification of bus-stop/subway-
station names
It is not difficult to identify bus-stop/subway-
station names from our filtered map image (dark-blue

colored map image in Figure 3). Additionally, these
names are described along the routes.

5 Concluding Remark

We implemented the prototype system on SUN
Sparcstation-10, using the programming language C.
In this experiment, color urban maps o? 1/20,000 are
scanned in 300 dpi and the image size is 500%500 pix-
els. Our recognition method of character strings from
colored urban map images, based on the validation
mechanism, is proved to be effective through experi-
ments. Although currently proposed methods are de-
pendent only on heuristics, our method focused on
the relationships among map components in addition
to the properties of characters.

In our future work, the following subjects should
be investigated: refinement of processing algorithms;
and development of backward control, based on the
cooperation among different identification procedures.
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