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Abstract

Disability of visual text reading has a huge impact on the
quality of life for visually disabled people. One of the most
anticipated devices is a wearable camera capable of finding
text regions in natural scenes and translating the text into
another representation such as speech or braille. In order
to develop such a device, text tracking in video sequences is
required as well as text detection. The device needs to group
homogeneous text regions to avoid multiple and redundant
speech syntheses or braille conversions. An automatic text
image selection is also required for better character recog-
nition and timely text message presentation.

We have developed a prototype system equipped with a
head-mounted video camera. Particle filter is employed for
fast and robust text tracking. We have tested the perfor-
mance of our system using 1,730 video frames of hall ways
with 27 signboards. The number of text candidate regions
is reduced to 1.47%.

1. Introduction

We human beings make the most of text information in
surrounding scenes in our daily lives. Disability of visual
text reading has a huge impact on the quality of life for
visually disabled people. Although there have been sev-
eral devices designed for helping visually-impaired people
to “see” objects using an alternative sense such as sound and
touch, the development of text reading devices is still at an
early stage. One of the most anticipated devices is probably
a wearable camera capable of finding text regions in natural
scenes and translating the text into another representation
such as speech or braille.

Another device is a helper robot that can recognize char-
acters in human living spaces and read out the text informa-
tion for the user. Some robots with character recognition ca-
pability have been proposed so far [2, 3, 4, 6, 8]. Iwatsuka
et al. proposed a guide dog system for blind people [2].
We developed a text capturing robot equipped with an active
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camera [8]. In the robot applications, camera movement is
constrained by some simple and steady robot movements.
On the other hand, the movement of a wearable camera is
basically unpredictable. A robust text tracking method is
required to develop a text capturing device.

Some duplicate text strings may appear in the consecu-
tive video frames. Recognizing all the text strings in the
images is computationally impractical. More importantly,
the camera user would not want to hear repeatedly a syn-
thesized voice originated from the same text. Merino and
Mirmehdi presented a framework for real-time text detec-
tion and tracking and demonstrated a system [5]. We also
presented a wearable camera system with text tracking ca-
pability [9]. The text tracking performance was not so sat-
isfactory and a lot of improvements are still needed. In ad-
dition, the timing of the text message presentation is very
important on a wearable system. In many situations, the
camera user want to hear the text messages while he/she is
close enough to a signboard and before passing by it. The
system should have a capability of selecting a text image
good enough for character recognition at an appropriate mo-
ment.

In this paper, we present an improved wearable cam-
era system with automatic text image selection. The sys-
tem is equipped with a head-mounted video camera. The
text strings are extracted using the revised DCT-based
method [1]. The text regions are then grouped into image
chains by a text tracking method based on particle filter [9].

In Section 2, we present the overview of our camera sys-
tem and the algorithms used. In Section 3, the text tracking
algorithm is given. The text image selection and filtering
methods are described in Section 4. Section 5 describes ex-
perimental results and performance evaluations.

2. Wearable Camera System

Figure 1 shows the prototype of the wearable camera sys-
tem which we have constructed. The system consists of a
head-mount camera (380k-pixel color CCD), an NTSC-DV
converter, and a laptop PC with Core2Duo 1.06GHz proces-
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Figure 1. Wearable Camera System.

sor running Linux. The NTSC video signal is converted to
DV stream and the video frames are captured at 352 x 224-
pixel resolution. The processes in the proposed system are
as follows.

1. Partition each frame into 16 x 16-pixel blocks.
2. Extract text blocks using revised DCT feature.

3. Generate text candidate regions by merging adjoining
text blocks.

4. Text tracking : Create chains (groups) of text regions
by finding the correspondences of the text regions be-
tween the (n — 1)th frame and the nth frame using
particle filter.

5. Filter out non-text regions in the chains.

6. Select some text images that appear to be good for
character recognition in each chain.

Our current system is not equipped with a character
recognition process, since we are concentrating only on text
detection, tracking, and image selection.

We have employed the revised DCT-based feature pro-
posed in [1] for text extraction from scene images. High-
wide (HWide) frequency band of the DCT coefficient ma-
trix is used. The discriminant analysis-based thresholding
is also used. The blocks in the image are classified into two
classes; “text blocks” whose feature values are greater than
the automatically found threshold, and “non-text blocks.”

After extracting the text blocks, connected components
of the blocks are generated. The bounding box of each con-
nected component is regarded as a text region. The text re-
gions whose area is smaller than four blocks are discarded,
because they are considered to be too small for legible text
strings.

3. Text Tracking Using Particle Filter

3.1. Extraction of text region chains

Text region chain is a group of text regions that seem to
be originated from the same text. A new chain is created
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when a text candidate region without any correspondence
appears in the current frame. A new label is assigned to both
the chain and the region. When a chain of the text candidate
regions is broken in a frame, the chain is terminated and its
validity is examined. If the chain is shorter than 3 frames, it
is regarded as noise and discarded.

3.2. Block-based text region matching

We have employed particle filter for the tracking of text
candidate regions.

The particles are scattered around the predicted center
point of text block in the current frame from the center of
each text block in the previous frame as shown in Figure
2. The particles that fall outside any of the text blocks have
their weight set to zero. If a particle falls into a text block,
its weight is set to the similarity value calculated between
the previous and the current text blocks. The text region
inherits the label from the text image chain which the region
belongs to. In the same way, the source text block inherits
the label from the text region which the block belongs to.
All the scattered particles will have the same label as that of
the source text block.

The similarity s; » between text blocks 1 and 2 is defined
by
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where d > is the distance defined as follows and ¢ is a small
value (¢ = 1) to avoid divergence.

Cumulative histogram is used as a measure to evaluate
the dissimilarity between text blocks, since it can represent
color distribution with small computational cost. The cu-
mulative histogram H (z) is given by

H(z) = h(i) @)
=0

where h(i) denotes the normal histogram and ¢ denotes
the intensity. For comparing two cumulative histograms
H, .(z) and Hy .(z), where ¢ denotes one of RGB color
channels, the following city block distance is used.

255

dio = Z Z |H1,c(2) — Ha,c(2)]

c z=0

3)

Weighted centers of the particles are found in the current
frame. The label of the current text block is determined
by finding the weighted center nearest to the center of the
block.

The region label in the current frame is determined by
voting as shown in Figure 3. The most popular label is
found and assigned to the text region. Thus, the chain is
extended.
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Figure 3. Label selection by voting in block-
based text tracking.

The variance of particle’s random walk is set to 13.0.
The number of particles per block is 500. Only the velocity
is taken into account in the particle filter.

3.3. Region merging process

In real applications, we often see undesirable splits of
text blocks as shown in Figure 4. If such a temporal split
occurs, the text region chain breaks up and more than one
chains are detected for the same text.

We have introduced a simple region merging process to
reduce the splits of chains. If the side-to-side distance be-
tween the text regions is lower than a pre-determined thresh-
old o = 1 (block) or the regions overlap each other, they are
merged together. Otherwise a new label is assigned to the
split region which is the most distant from the correspond-
ing region in the previous frame. This simple region merg-
ing process makes the text tracking more robust to the noisy
output of the text detector.

4. Text image selection and filtering

All the text candidate regions belonging to the chains are
examined and the images that seem to be non-text are re-
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Figure 4. Temporary split of text regions.
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Figure 5. Inappropriate text images.

moved using the edge counts method described in [7].

The captured image sequence may contain a lot of text
images inappropriate for character recognition as shown in
Figure 5. Some characters are too small because the camera
is not yet close enough. Some text regions may be too small
due to a failure of text region detection. A part of text image
may be hidden by obstacles. Some images may be blurred
by camera motion.

It is necessary to pick up text images good enough for
character recognition. A good text image is the one that
is large and clear enough, without any obstacle, and taken
in as fronto-parallel as possible. At least one text image
should be extracted from each chain, and fed to the charac-
ter recognition stage. We examine the following six features
to evaluate the goodness of text images.

o [area : Area of text region.

o Fyidih : Width of text region. (Used in our previous

work [9].)

e FppR : FDR (Fisher’s Discriminant Ratio) calculated
when Otsu’s binarization is applied to the text region
image. This value is expected to reflect the clearness
of the edges.

® Fgopel : Sum of the absolute values of the vertical
components of Sobel edge detector divided by the im-
age area. This value shows the average intensity of the
vertical edges.

° Fedgecount : The number of vertical edges in the bi-
narized image. This value is expected to drop when the
text image is too small or unclear.

* Fedgeintensity

tical edge intensity defined as follows. Let W and H

: Sum of the absolute values of the ver-
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Figure 6. Temporal change of a feature value.

be the width and the height of the image, respectively.
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F edgeintensity — { >y Ev(z,y) otherwise
“
where
[0 ifb(z,y) = bz —1,y)
Ey(z,y) = { Ip(z,y) —p(x — 1,y)| --- otherwise
&)
[0 ifb(z,y) = bla,y — 1)
Ev(z,y) = { |p(z,y) — p(z,y — 1)| --- otherwise

(6)
where p(z,y) is the pixel value of the image and
b(x,y) is the pixel value of the binarized image.

Since this feature is not normalized by the image area,
it reflects the image size as well as the edge intensity.

Figure 6 shows an example of the temporal change of a
feature value. In our previous system, the image with the
highest F; 4, is detected after the chain has been termi-
nated, i.e. the text has disappeared from the camera’s view.
There is a delay in message presentation in this case, and
the user will not hear the text message as long as a sign-
board stays in the camera view. We have changed the image
selection algorithm to avoid such a situation. The text im-
age is picked up and passed to the next process stage when
the feature value is at a local maximum and it is the highest
among the past peaks in a chain.

There could still be a long delay while the user is steadily
approaching to a signboard. To deal with the problem, the
system picks up the current text image at every two seconds
in addition to the above mentioned image selection process.
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Figure 7. Results of text region tracking.

5. Experimental Results and Discussions
5.1. Text tracking performance

Experimental images were taken at the hall ways in our
building. Eight signboards exist on the walls in Scene 1. In
Scene 2, there are 19 signboards. A sighted person wore
the camera, and approached every signboard. 1,000 video
frames were obtained in total in Scene 1, and 730 frames in
Scene 2.

Consequently, 5,192 text candidate regions were found
in Scene 1 using the DCT feature. After the text region
tracking, the total number of text images to be passed to the
character recognition stage has been significantly reduced
to 66. Thus, the number has been cut down to 1.27%. In
Scene 2, the total number of regions is 4,503. Table 1 shows
the numbers of extracted text chains and average precessing
times per frame. The region merging process works effec-
tively and the proposed method outperforms our previous
method [9]. Some text tracking results are shown in Figure
7. The text regions are successfully detected and tracked
well.

The average processing speed in Scene 2 without DV de-
coding is 9.3fps (= 1/108msec), which is near real-time.
Some improvements in the implementation may be possi-
ble.

Although the proposed method performs the best so far,



Table 1. Numbers of detected text chains and
processing times.

Scene 1 Scene 2
chains | time | chains time
Previous [9] 86 81 85 105
Proposed method 66 82 77 108
(1.27%) (1.71%)
msec

Table 2. OCR accuracy (%) for each text se-
lection feature.

linear scan | distance change | pan
Farea 90 66 50
Fwidth 100 66 70
FEpR 70 66 30
FSobel 30 66 20
Fedgecount 90 100 70
Fedgeintensity 90 100 70

a lot of duplicate or non-text images can be seen. The value
66 is about 8.3 times of 8 which is the ideal number of text
images. A lot of splits of text region chains can be still
observed. Further improvements will be needed.

5.2. Text image selection performance

To find the best text selection feature, we compared the
character recognition accuracy. In this experiment, we put
a signboard on the wall and captured the images in three
different camera movements. As the first case, the cam-
era is linearly moved from the left of the signboard to the
right. As the second case, the camera is moved forward and
backward in front of the signboard. We examine whether
the feature is useful for preventing the system from taking
small text images by mistake. As the third case, the camera
is horizontally panned. This movement is for introducing
some motion blur. The automatically selected text images
are fed to a commercial OCR engine, Panasonic Yomitori-
Kakumei 9.

Table 2 shows the results. Although Fiqp, in [9] is
the best in the linear scan, the feature allows the system

to pick up a lot of small text images. Fedgecount and

Fedgeintensity are the best among the six features. Fur-
ther analysis is needed to see the difference between these

two features.
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6. Conclusions

We have presented a wearable camera system capable of
automatically finding and tracking text regions in surround-
ing scenes in near real-time. The proposed text tracking
method is based on particle filter and can effectively re-
duce the number of text images to be recognized. In the
experiment in indoor scenes, our system could reduce the
number of text candidate images down to 1.47% on aver-
age. The text image selection method with an edge-based
feature works fine.

Making the text detection and tracking more robust to
quick camera movements, and finding an efficient and user-
friendly method for message presentation are included in
our future work.
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