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Detection of Pedestrian Crossing using Bipolarity and Projective
Invariant
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Abstract

A novel image-based approach for detecting pedestrian
crossings to enhance the safety and mobility of blind people
while crossing a road is described. This is achieved through
bipolarity-based segmentation and projective invariant-
based recognition. A thorough evaluation of the proposed
approach was conducted using 100 real images with and
without crossings. It was found that the proposed technique
perform with 96% accuracy and with no dangerous error.

1 Introduction

According to the World Health Organization statistics, ap-
proximately 40 million people are blind all over the world
[1]. Independent navigation is the main barrier for these
vision-disabled people. Usually, blind people use a white
cane as a travel aid. The range of detection of special pat-
terns or obstacles using a cane is very narrow. To improve
the versatility of the white cane, various devices have been
developed such as the SONICGUIDE [5], the Mowat sen-
sor [2], the Laser cane [4] and the Navbelt [9]. However,
these devices are not able to assist the blind at a pedestrian
crossing. Some traffic lights have beepers, which prompt the
blind person to cross the road, when it is safe to do so. But,
such equipment is not available at every crossing; perhaps,
it would take too long for such equipment to be installed
and maintained at every crossing. Blind people obviously
can not see, but can hear. The arrival of fast and cheap digi-
tal portable laptop computers with multimedia computing to
convert audio-video streams in real time opens new avenues
to develop an intelligent navigation system for blind people.

For a safe road crossing, at first a blind person needs the
information about the location of a crossing i.e. whether
his frontal area is a crossing or not, then an idea about its
length and the state of traffic lights. Previously, we devel-
oped crossing length measurement techniques [6], [7], [11],
which are based on an assumption that the image contains a
crossing. Therefore, detection of the existence of a crossing
is an important preprocess.

Stephen Se [10] first proposed a pedestrian crossing de-
tection by grouping lines and checking for concurrency us-
ing the vanishing point constraint. However, a thorough
evaluation of this technique is not performed yet and also the
technique is working slow and far from real time. Meijer’s
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[8] “vOICe” consisting of a head-mounted camera, stereo
headphones and a laptop, is the only commercially avail-
able vision based travel aid that uses 1-to-1 image-to-sound
mapping. Though it can recognize the walls, doors etc., but
pedestrian crossing detection technique is still absent in it.

In this paper, the existence of crossing is detected
by bipolarity-based segmentation and projective invariant-
based recognition. To confirm the effectiveness of the pro-
posed method, experiment is performed using 100 real im-
ages with and without crossings.

2 Detection Principle

In a crossing, the usual black road surface is painted with
constant width periodic white stripes. In Japan, the width of
each white or black band is 45 cm. Some images of real
road scenes containing pedestrian crossings are shown in
Figs. 2(a)-2(e). The size of images is (width x height) =
(640 x 480) pixels. The crossing pattern can be treated as
bipolar region.

The proposed technique includes three major steps. First,
extraction of the candidate crossing area based on bipolarity
feature. Then checking the candidate area for the appropri-
ateness of its position in the image as well as crossing di-
rection, as the technique is searching for a frontal crossing.
Second, extraction of feature points on the central vertical
line of the candidate area. Third, taking the final decision of
crossing or not crossing using projective invariant. As bipo-
larity and projective invariant features are used as the main
tools in the proposed algorithm, we describe successively
these two in the following subsections.

2.1 Bipolarity

We denote the intensity distribution of an image block as
po(x). If the block contains only black and white pixels,
then po(x) can be written as po(x) = ap;(x)+ (1 — o) pa(x),
where 0 < o < 1, py(x) is the intensity distribution of black
pixels and p;(x) is the intensity distribution of white pixels.
Let define some variables as:

Mi :/” xpi(x)dx, o} :/"" (x— w)*pi(x)dx, (i=0,1,2),
(1)



where y; and o;” represents mean and variance, respectively.
Using the above relations, we can write 6> as

of=act+(1-a)os+a(l—a)(u —w)* 2)
Equation (2) shows that the total variance consists of the
weighed sum of variances and the difference of means. If
o ~ a(l —a)(u — p2)?, then po(x) can be said almost
bipolar. So, we define the bipolarity v as

= ol a)(u - m) 3)

0
Equation (3) implies that 0 <y < 1. If y= 1, there are «, p;
and p, such that 61 = 0, = 0. This means p; (x) = 8(x— ;)
and py(x) = 6(x — ). So, ¥ =1 corresponds to perfect
bipolarity and Y = O represents the absence of bipolarity.
Let,
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Therefore, using (4), one can estimate a lower bound of y
taking o as a parameter. For example, ¥ must be greater
than 0.8 when there are p; and p, such that o = 0.5 and
n>4.

2.2 Projective Invariant

According to projective transformation [3], the cross ratio of
four collinear points’ Euclidean distances
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is invariant, where /;; is the Euclidean distance between two
points i and ;.

Earlier we mentioned that a pedestrian crossing is charac-
terized by equal width periodic white and black stripes. Let
denote the width of each crossing band is b. Consider fea-
ture points, which are edge points of white bands, then using
(5) we can write the projective invariant for four consecutive
feature points of a pedestrian crossing as
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If there are n feature points, we can find (n — 3) projective
invariants using (5). For each projective invariant I(k), k =
1,2,---,n—3, we check whether (k) is within 10% of 0.25.
That means,

‘ I(k)

— — 1.00‘ < 0.10.
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We have used this 10% tolerance on the basis of experimen-
tal data.
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3 Method for Detection of Existence
of Crossing

A block diagram of the proposed technique is shown in
Fig. 1. At first, the color image is converted to a gray scale
image. Then the image is partitioned into equal-size rectan-
gular blocks of size (16 x 16) pixels.

I Color to gray scale conversion |

I Segmentation using bipolarity I

Extract highly bipolar and
wide candidate regions

Fill small areas inside the

candidate and refine

Is the
location of candidate
appropriate?

Is there

feature points
number >=7

any more
candidate?

Invariant
number >= 1

There is a NO
crossing

There is a crossing

Figure 1: Flow diagram of the proposed method.

We follow the following two steps to find the crossing
region candidates.

1. This step identifies homogenous bipolar regions. Seg-
mentation is carried out by merging neighboring blocks
of similar pattern on the basis of intensity distributions.

2. Only keep regions that are sufficiently bipolar and
wide. Calculate the bipolarity of each segmented re-
gion. First, determine the largest region that have bipo-
larity higher than 0.80. Then extract the candidate re-
gions those have bipolarity greater than 0.80 and areas
more than 50% of the largest region’s area.

Then, we follow the following steps in checking each
candidate region.

3. This section refines the segmentation. First, check the
largest area candidate region. If there exists a small
region of different label within this candidate region,
then fill it with same label if its area is less than 5% of
the candidate area. Then refine the bottom boundary
region of the crossing area. The refinement is done by
assigning same label to the pixels on a different label
horizontal line if its leftmost and rightmost pixels lie in
the candidate region.

4. Make sure the region is centered in the image. Check
the position (either it is in appropriate position or too



left or too right or too far w. r. t. the observer) of the
candidate region. If the total candidate region lies in a
position, which is situated within 20% of image width
from the left or right boundaries, then the position of
the candidate region is treated too left or too right, re-
spectively. If y-coordinate of the bottommost point of
the candidate region is situated more than 40% of im-
age height from the bottom boundary, then the position
of the candidate region is treated too far from the ob-
server. If the candidate region is not in an appropriate
location then decide there is no crossing for this can-
didate and go to examine the next candidate region (if
any).

5. As a blind person is interested in detecting the frontal
crossing not the sided one, therefore, estimation of
crossing direction is important. Calculate the crossing
direction [6], [7] using the image content at the loca-
tion of the candidate region with the help of the two-
dimensional fast Fourier transform. If the crossing di-
rection is greater than a threshold (15° is used here on
the basis of experimental data) then decide there is no
crossing for this candidate, as the crossing direction is
too steep and go to examine the next candidate region
(if any).

6. This section extract feature points and then take the de-
cision on the basis of projective invariants. Binarize
the original image content at the location of the can-
didate region using the mean. Use median filtering of
window size (5 x 5) pixels on the binarized image to
eliminate sporadic noise. Determine the center posi-
tion of the candidate region. Then extract the feature
points (which are the edge points of the white bands) on
the vertical line passing through the center point of the
candidate region. If there are at least 7 feature points,
then go for checking the projective invariant criterion.
This condition ensures that there are more than 3 white
bands exist in the crossing region. Some road marking
(not crossing) consists of three painted stripes. An im-
age of this type is shown in Fig. 2(f). Hence the above
condition will safeguard against false positive detection
result. If there is at least one invariant satisfying the
invariant condition (7) then decide there is a crossing,
otherwise go to examine the next candidate region (if
any).

4 Results and Discussions

To evaluate the performance of the proposed method we
used 100 real images with different backgrounds taken by a
commercial digital camera. Among them, 66 images include
crossing and the rest 34 are of no crossing. Fig. 2 shows
some samples of experimental images. Fig. 3 presents the
different steps of an experimental image of Fig. 2(a) in de-
tecting the existence of a crossing.

The complete result of the detection of the existence of
crossing is summarized in Table 1. From this table, we see
that the proposed algorithm is quite successful in detect-
ing the existence of crossings from real road images. The
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(h)

(2)

Figure 2: Some experimental images: crossing is detected in
(a) and (b), false negative is obtained in (c)—(e), no crossing
is detected in (f)—(h).

Table 1: Crossing Detection Result Summary.

Image with Image without
Decision crossing crossing
crossing 62 0
(Ok) (False positive)
No crossing 4 34
(False negative) (0Ok)
Total number 66 34
of images

method has not made any dangerous (false positive) error
such that it decides the existence of a crossing for a scene
without crossing. For a scene containing crossing where the
white paintings on the crossing are damaged or the scene
contains too few crossing bands - very short crossing (less
than 4 white bands) then it decides nonexistence of crossing
(i.e. false negative). These have happened only in 4 cases.
Among them, 2 cases contain less than four white bands -
an image of these type is shown in Fig. 2(c). A case shown



(d)

Figure 3: Different steps in detecting the existence of a
crossing for the image of Fig. 2(a): (a) bipolarity of each
segmented region, (b) candidate crossing area, (c) binarized
crossing area (d) extracted feature points marked on the im-
age.

in Fig. 2(d) where the white paintings on the crossing are
damaged, gives false negative result. The rest case shown
in Fig. 2(e) also gives false negative result. The segmenta-
tion step could not extract any highly bipolar wide area in
this image, as the white paintings of crossing are done on
unusual pattern of road surface.

If the crossing is occluded by vehicles or other obstruc-
tions then the method fails to detect the crossing. Therefore,
detection of vehicles needs to be included with the present
system as a preprocess. If there are vehicles on the image,
then a message will be delivered to the user to take another
image. In principle, as the technique is using bipolarity, so it
is robust from the viewpoint of different illumination envi-
ronments, such as cloudy, sunny or rainy situations at morn-
ing, noon, afternoon and even evening, if the illumination is
uniform in the image. In the rainy situation, the method is
supposed to be applicable provided crossing stripes are not
occluded by water. Though in the present paper we could
not include images of different illuminations (i.e. images of
evening or night or rainy day), in our future paper we will
report about these situations in details.

5 Conclusions

In this paper, a simple image-based method for the detec-
tion of existence of crossing has been proposed. Experi-
mental results with real road scenes confirmed its effective-
ness. The method has not made any dangerous (false pos-
itive) error such that it decides the existence of a crossing
for a scene without crossing. For a crossing scene where the
white paintings on the crossing are damaged or the scene
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contains too few crossing bands, then it decides nonexis-
tence of crossing (i.e. false negative). These have happened
only in 4 cases among 100 experimental images. We hope
this technique will help in improving the mobility of blind
people. Our final goal is to put the complete road crossing
system in a device like a mobile phone set.
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