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Abstract: We propose a new approach for tracking circular traf-
fic signs from image sequences to improve the performance of traffic
sign detection, by reducing search region and suppressing misdetection
caused by temporal occlusion or poor quality of image. Our proposed
tracking, called two-layered blobs tracking, does not require an accurate
model of the fixed object-moving camera system, which is essential in
the Kalman-Filter tracking. The experimental results show that the
proposed approach could track the circular traffic signs from a moving
camera effectively, without any restrictions on speed and movement of
the vehicle, and camera installation, thus it is easy to be implemented
in real situation.
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1 Introduction

Road traffic signs are designed to regulate traffics and provide useful in-
formation to drivers when they are driving on the street. Due to weather
conditions, environment disturbances or human errors, misdetection of those
signs could lead to traffic accidents. Traffic sign recognition systems, an in-
telligent vision system for recognizing traffic signs, will help the driver to
recognize traffic signs early and accurately.

Many techniques have been developed to recognize traffic signs using a
single image [1, 2]. Detection of traffic signs in only a single image has three
problems [3]: a) information about positions and sizes of traffic signs, which
is useful to reduce the computational time, is not available; b) it is difficult to
detect a traffic sign correctly when temporary occlusion occurs; and c¢) cor-
rectness of the detection is hard to verify. In [3, 4, 5], image sequences were
utilized for recognizing traffic signs. Tracking using the Kalman-Filters were
adopted to track traffic signs in [3, 4] to allows a drastic reduction of the
search region with respect to the single image case. In fact, if the location
and size of a traffic sign in frame (¢) is known, the search region in frame
(t 4+ 1) could be centered on the area around the predicted location and size
of the sign as illustrated in Fig. 1.

Tracking in the previous works assumed that the vehicle moves straight
with a constant speed [4, 5] or the speed of the vehicle and the physical
sizes of road signs are known [3]. Violations of those assumptions are treated
as errors of the supposed models. The Kalman-Filter works well when the
accurate model is available. However, it is not common unfortunately in the
real situation.

To overcome the difficulty of the approach with the Kalman-Filter, we
propose a new approach called two-layered blobs tracking. Blob tracking is
usually used to track moving objects like people, vehicles, or balls [6, 7, §]
by matching blobs defined as bounding boxes representing the foreground
(moving) objects, from two successive frames. Our approach differs from the
existing blob tracking [6, 7, 8] in two ways: a) our application tracks fixed
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Frame (f+1)

Search region Search region

Fig. 1. Ilustration of tracking for reducing search region.

objects from a moving camera, and b) our system could track blobs which
are not in the successive frames.

2 Blob tracking

In the cases of the Kalman-Filters tracking, positions and sizes of traffic
signs in frame (t+ 1) are predicted after the signs in frame (¢) are recognized.
Once they are predicted in frame (¢ + 1), the search region to detect the
signs is concentrated on the area determined based on those predictions.
Our approach does not predict the positions and the sizes of signs in frame
(t+1). Instead, blob tracking is used to assign blobs in frame (¢ 4 1) to the
ones in the previous frame (t) or (¢t — k), k > 1, which have already been
recognized as traffic sign candidates. Using this method, traffic signs could
be tracked without developing an accurate model for the prediction.

In the research, only circular signs with red color border and blue and
white colors inside the circle are treated, however the proposed method
could be expanded to cope with the other signs accordingly. At first, a red
color thresholding [9, 10] is employed, and a connected component labeling
is applied to create blobs layer-1. Using these blobs, the spatial informa-
tion (bounding boxes) of signs is determined. Then a blue color threshold-
ing [9, 10] is applied to sub-images inside the bounding boxes to create blobs
layer-2. Blobs layer-1 and the blobs layer-2 are illustrated in Fig. 2.
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Fig. 2. Two layer blobs: (a) Original image; (b) Blobs
layer-1; (c) Blobs layer-2.
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Then, tracking is performed by matching blobs between frames. During
tracking, the latest tracked blobs are stored in a temporary memory. Blobs
in frame (¢ + 1) are matched with those in the temporary memory, which
holds the latest tracked blobs. Thus, when a sign disappears in particular
frames, it could be tracked in the next frame when it appears again.

3 Blob matching

In the traffic sign tracking, signs are tracked from a camera that moves for-
ward, possibly very fast. Therefore, the sizes of blobs are expected to increase
from frame to frame, and the positions might change according to the move-
ment of the vehicle. In addition, due to the temporal occlusion and/or missed
sign detection, blobs in frame (¢ + 1) may not have a corresponding blob in
frame (¢), but may have the one in frame (t — k), k > 1, in our system. With
all of the above situations, the existing blob matching [6, 7, 8], which assume
that the sizes and positions of blobs to be matched are close, would not work
effectively.

Here, we propose blob matching using a ring-partitioned method. The
ring-partitioned matching [9] provided a fast and robust matching of images
under problems of scale varying, rotation, and partial occlusion. In the ring-
partitioned matching, image is partitioned into several ring-shaped areas, and
matching between the target and reference images is done by computing the
distance or similarity of the normalized histogram of every ring of images.
The distance between the blob in the current frame and the corresponding
one is calculated as

NO _ _ pN; _ pOi )2
T szz (pNi +qN;  pO; +qO; S

K3

where

pN; is the number of black pixels of the current blob in the ring-i;

qNN; is the number of white pixels of the current blob in the ring-i;

pO; is the number of black pixels of the corresponding blob in the ring-i;
qO; is the number of white pixels of the corresponding blob in the ring-i;

i is a ring number (¢ = 3 in the experiment);

wj is the weighting factor of the ring-i (w; = 1, wy = 1, wg = 0.2 in the
experiment).

4 Experimental results

The proposed technique was evaluated to track red circular signs from image
sequences obtained by a moving video camera installed on a vehicle. In the
experiments, there were no restrictions on the vehicle’s movement and road
conditions. The vehicle was driven freely as usual driving in the natural road
conditions. The frame rate of video camera is 30 fps. There are 1,500 frames
composing 50 sets of traffic signs in different locations. Each set contains 30
frames of image sequences. Fach image is resized to 180 x 240 pixels.

687



IEICE Electronics Express, Vol.4, No.21, 684-689

To evaluate the tracking performance, the false-tracking rate defined as
the ratio of the numbers of false tracked signs (signs are recognized, but they
are tracked as the wrong objects or new objects) to the total numbers of signs
in a set of image sequences (30 successive frames), is calculated for all 50 sets
of image sequences. We compared the proposed method with two primitive
methods: PM-1 and PM-2. PM-1 uses the two-layered blobs and employs
the ring-partitioned matching as used by the proposed method, for the blob
matching. However, the matching is performed for blobs in two successive
frames. In PM-2, blob layer-1 and layer-2 are treated as a single blob and
matched directly. The matching is performed for the blobs in the current
frame and the ones in the temporary memory, the same to the one of the
proposed method.

From the experiment, the false tracking rates of PM-1, PM-2, and the pro-
posed approach are 7.2%, 5.5%, and 1.7%, respectively. This result showed
the effectiveness of the temporary memory and the two-layered blob tracking
proposed in the system.

To show the superiority of our approach from the Kalman-Filter tracking
to overcome the problem of mis-detected signs during tracking, we carried
out the experiment with the Kalman-Filter tracking as used in [3]. Fig. 3 (a)
illustrates the trajectory of the sign tracked from a moving camera using
our proposed method. Fig. 3(b) illustrates the predicted y-coordinates of
the center of the sign obtained by the Kalman-Filter tracking. In the figure,
the predicted and the measured y-coordinates of the center of the signs are
denoted with “dot” (e) and “asterisk” (*), respectively. The bars drawn with
circles (o) represent the predicted vertical sizes of the sign. The bars drawn
with squares (O) represent the measured vertical sizes of the signs.

In Fig. 3(b), sign is temporary mis-detected in frame-9 and frame-10.
In the case of Kalman-Filter tracking, the predicted position and size are
computed and used to predict the position and size of the sign in frame-11
in which sign is detected again. However, the predicted area in frame-11 is
far away from the actual/measurement area. Thus, sign is not detected in
frame-11. In contrast, our proposed tracking could detect sign properly as
illustrated in Fig. 3 (a), because the search region is around the measured
area (no prediction is made) and by introducing the temporary memory.

In order to examine the effects of tracking in reducing computation of the
signs detection process, we compared the detection time of two cases; one is
the case where traffic signs are detected from a single image, and the other
is the case when utilizing the proposed tracking. In the former case, which
is called WOT (a method without tracking), the detection technique [10]
is applied to all the blobs obtained in the image. In the later case, called
WIT (a method with tracking), the same detection technique is applied to
the tracked blobs only. Both WOT and WIT use 50 images chosen arbitrary
from 50 sets of image sequences, one image from each set.

The result of the detection times using MATLAB running on PC Intel
Pentium-4, 2 GHz is 3.27second for WOT and 1.30second for WIT. From
the result, the effect of tracking in reducing computation of the detection

688



IEICE Electronics Express, Vol.4, No.21, 684-689

| ® : Predicted y-coordinate ofthe center ofthe sign

% :Measured y-coordinate of the center ofthe sign
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Fig. 3. (a) Trajectory of traffic sign tracking; (b) Pre-
dicted and measured y-coordinate by the Kalman-
Filter tracking.

process is clearly shown.

5 Conclusion

The system proposed a new approach of blob tracking to track traffic signs
from image sequences. The tracking improved the performance of traffic sign
detection by reducing computation time.

The proposed traffic sign tracking has advantages as follows:

- Even in the case of temporal misdetection, the sign could be tracked prop-
erly after it re-appears again;

- There is no need to make the model (accurate model) of the system,

- The camera could be installed on the vehicle easily, and there is no need to
consider about the inertial navigation system of the vehicle,

- The vehicle could move freely or naturally, there is no need to restrict the
vehicle movement, such as constant speed, straight movement, etc.

Since blobs are extracted by the color thresholding technique, selection of
the color threshold values becomes a crucial task, due to the varying illumi-
nation and poor quality of image sequences. Our future research will address
the improvement of the blob extraction technique.
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