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Abstract

In this paper, we propose a camera system
which translates Japanese texts in a scene.
The system is portable and consists of four
components: digital camera, character im-
age extraction process, character recogni-
tion process, and translation process. The
system extracts character strings from a
region which a user specifies, and trans-
lates them into English.

1 Introduction

There are many texts in various scenes: signboards,
marks, indicators, and so on. Quite a lot of them
give us important information: instructions, warnings,
explanations, and so on. For example, characters in
Figure 1 (a) give us an order, *lLZ# (tomare, stop)”.
Natives have no problem to read them. However, it is
not easy for foreigners to read them. Especially, it is
more difficult when the characters are not their own.
To solve this problem, we developed an experimen-
tal system which we call translation camera. The sys-
tem translates texts in scene images which are taken
with a digital camera. In this paper, we describe the
outline of our system and a method for recognizing
and translating texts in scene images.

2 Texts in Scene Images

2.1 Related Work

There are many attempts have been done on char-
acter recognition in document images [Sakai 93]. On
the contrary, there are only a few researches on charac-
ter recognition in scene images [Choi 90] [Takizawa 95]
[Ohya 94][Ueba 96]. It is because there are the follow-
ing problems on character recognition in scene images:
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it is not easy to obtain the clear contrast between
character pattern strings and their background,

* character pattern strings are often disturbed by
noises, and

* texts in scene images have a wide variety of the
characters and the layouts.

Moreover, the aims of the previous works are generally
the automatic detection and extraction of character
pattern strings in scene images. However, in the mo-
bile application, a user has no difficulty in specifying
a text in a scene image which he wants to translate.
As a result, the aim and approach of our research are
different from those of the previous works.

2.2 Important Texts in Scene Images

Texts in scene images represent many kinds of infor-
mation. Especially, the following kinds of information
are important:

+ instruction (e.g. “ILE N (fomare, stop)” in Fig-
ure 1 (a)),

+ warning (e.g. “BAEMEEEE (romen touketsu chui,
mind the frozen road)” in Figure 1 (b)),

« explanation (e.g. “=&R®EE (Sanjo Keihan)" in
Figure 1 (¢)), and

« name (e.g. “M:X® (shokasen, fireplug)” in Fig-
ure 1 (d)).

Foreigners want to read texts which represent these
kinds of information. As a result, in this study, we
are concerned with the translation of these texts in
scene images.

It should be noted that even foreigners may dis-
tinguish texts in scenes which represent these kinds
of information although they do not understand what
the texts represent. It is because these texts have the
following features:
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{c) Explanation

{d} Name

Figure 1: Texts in scene images which represent important information

* colors of character pattern strings and their back-
ground are uniform, respectively.

e characters are written in bold letters or similar
letters, and

* texts are written in a straight line (horizontally
or vertically).

As a result, we use these features for recognizing char-
acters in scene images.

3 Character Recognition and Transla-
tion for Texts in Scene Images

In this chapter, we describe the processes of character
recognition and translation for texts in scene images.
Figure 2 shows an output of our system. The system
shows the result of character recognition and transla-
tion when a user specifies a text region and push the
button "translate". As shown in Figure 3, the system
works in this way:
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1. auser specifies a text region,

2. the system extracts character pattern strings from
the specified region in the binarization process,

3. the system recognizes the extracted character
pattern strings with OCR, and

4. the system translate the results of the character
recognition process.

3.1 Manual Operation for Specifying Text
Region

As mentioned previously, there are some attempts have
been made at the automatic detection of character
pattern regions in scene images. However, in our sys-
tem, the character pattern regions are specified not
automatically but by manual operation. The reasons
are as follows:

» If an objective text region is not specified ex-
plicitly, the system may translate not only the
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Figure 2: An example translation of a text in a scene image

objective text but also unnecessary texts. For * character pattern strings are often disturbed by
example. Figure 1 (c) contains not only a bus noises.

indicator but also many other signboards. To solve these problems, we use binarization process

[Otsu 79] for the character recognition. [Otsu 79. gives

» Texts in scene images should be translated as niion. |
us a good threshold for the binarization of a gray

soon as possible. It is because important texts

should be understood, on the spot and at once. image. From this, we extract the character pattern
But. automatic detection of character regions strings from the specified region in this way:
generally needs much time. 1. the system converts the color image of the spec-

. . . . . . ified region into the gray image.
* interactive processing is available in mobile com- & gray imag

puting. 2. the system obtains the threshold for the biria-
rization using 'Otsu 79 method.

3.2 Character Pattern String Extraction 3. the system converts the gray image of the spec-

ified region into the binary image using the ob-

As mentioned in Section 2.2. character pattern strings .
P £ tained threshold.

which give us important information have the feature:
the colors of the character pattern strings and their 4. the system extracts the character pattern strings
background are generally uniform color, respectively. from the binary image.

In spite of this, it is difficult to recognize these char-
acter pattern strings in scene images. The reasons are
as follows:

Figure 4 shows an result of binarization using the
threshold which is obtained by using [Otsu 79] method.

+ a striking contrast between the character pat- 3.3 Character Recognition with OCR
tern strings and their background can not be

obtained when the lighting is not uniform. As mentioned in Section 2.2. important texts in scene

images have these features:

- 603-



MT Summit VII

Sept. 1999

USER:

[

specity text region

|

digital ———?[
camera | image
Result _-{

Character Pattern Extraction J

L character pattern

Character Recognition {OCR) ]

Machine Translation

—‘ text
B

Figure 3: Overview of translation camera

(a) input image (gray image}

{b) output image {binary jmage)

Figure 4: A result of the binarization using (Otsu 79) method

e texts are written in bold letters or similar letters,
and

& texts are written in a straight line (horizontally
or vertically).

As & result. there is no need to give consideration to
these problems:

o wide variety of characters (letter forms), and
* wide variety of lavouts

Consequently. OCR module in our system recognizes
character pattern strings just as they are extracted in
the binarization process. We buiit QCR module by
using OCR library [RICOH 95).

3.4 Machine Translation

MT module translate the results of the character recog-

nition process. We used MT system “PENSEE” [Oki 98]

as MT medule in our system.

4 Experimental Results

For evaluating our method, we used 190 texts in
100 scene images in our experiment. The resuits are
shown in Table 1. The performance was 61.1 %. Table
2 shows the causes of the incorrect translation. We
will discuss each process of our system,

Table 1: Results of translation camera

| i success | failure |j total |
[translation | 116 J 74 [ 190 |

Table 2: Causes of incorrect transliation

i Causes ot incorrect translation | text |

character pattern extraction | &8
character recognition P42
mistranslation 24

| total 174 ]

4.1 Character Pattern Extraction Process

There are three causes of the incorrect character pat-
tern extraction:

o the color of the character pattern strings or their
background were not uniform.

& the contrast between the character pattern strings
and their background was not clear.

e character pattern strings were damaged or dirty.

Characters in Figure 5 (a). *# = = — {menyu, menu}".
could not be extracted because the background was

not uniform. To put it more precisely, there are a grain
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(c} cause: the contrast was not clear {d) cause: the text region was damaged

Figure 5: Example images from which the system could not extract character pattern strings correctly

N o
{ eme—
| p— 1

{a} binary image of the text region in Figure 3{a} (b} binary image of the text region in Figure 5(b)

9 920- -

¢) binary image of the text region in Figure 5{c} (cl} binarv image of the text region in Figure 3(d]

Figure 6: Binary images of the specified text regions of the images in Figure 5
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(a) cause: distortion of character pattern strings

(b) cause: similar character

Figure 7: Characters which the system could not recognize correctly

of wood between katakana letters * # " and "=". As

a result, the system extracted this grain of wood in
mistake for a character pattern. Figure 6 (a) shows
the result of the binarization on the specified text
region in Figure 5 (a). Character pattern strings in
Figure 5 (b) and (c) could not be extracted because
the contrasts were not enough. In Figure 5 (b), the
background near the last character “FT (place)” was
darker than the rest. Consequently,“®7"could not be
extracted correctly. On the contrary, the background
of the signboard in Figure 5 (c¢) was tinged with red
because the signboard was exposed to the setting sun.
As a result, the black characters “# 2 i — (takushi,
taxi)” could be extracted while the red characters”??
Y,i2 (noriba. stand)” could not be extracted. Figure
6 (b) and (c) shows the results of the binarization on
the specified region in Figure 5 (b) and (c). Character
pattern strings in Figure 5 (d) could not be extracted
because they were damaged. Figure 6 (d) shows the
result of the binarization on the specified region in
Figure 5 (d).

4.2 Character Recognition Process

The correct recognition score of character recognition
was 91.7 %. The causes of incorrect recognition were
as follows:

+ failures in the character pattern extraction pro-
cess,

+ distortion of the character pattern strings, and
+ existence of the similar character patterns

Texts in Figure 7 (a),"#% % % T3 (moeru gomi. burn-
able garbage)”. was not straight because the sign-
board was bent. To be precise. “"#EA %™ and " T
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sloped forward and backward, respectively. Con-
sequently, “#% 2 % T X 7 could not be recognized cor-
rectly although “#%% 5" and = 3" could be recog-
nized correctly. Texts in Figure 7 (b)."V 7 71> ~
(refarense, reference)", could not be recognized cor-
rectly because the first letter “L " is similar to hira-

gana letter *L”

4.3 Machine Translation Process

The system often failed to translate texts in case c:
long sentences. Also, the system failed when text-
contained a word which is not in the translation dictio-
nary. However, it is good for MT system to translate
a text in a scene image because the sentence struct-
ture tends to be simple. In particular, it is easy to
translate when it consists of only one word. Also,
texts in signboard have many typical expressions. As
a result, EBMT (Example Based Machine Transla-
tion) systems are suitable for this task [Sato 91].

There are one problem which needs to consider
visual context. Usual MT systems are concerned with
only textual context. On the contrary, translation
camera should be concerned with visual context. For
example, the text in Figure 8. “E® (futsuu)”, implies
a door of a “local train”. From this, "&#®" should
be translated as “local train” But. in this experi-
ment, the system translated it as “usual”’because the
system did not use visual context into account. As a
result, for realizing precise translation on translation
camera, we must investigate a method for extracting
visual context from scene images.
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Figure 8: A signboard implies a door of a “local train”
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