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Abstract— Color has proved to be an important feature to
be exploited for road signs detection on images; however, not
all road signs have distinctive color characteristics. This paper
presents a shape-based approach for Italian de-restriction signs
detection; the developed algorithm uses a black band extractor
to highlight regions of interest, where a circle shape detection is
performed. Tracking is used in order to increase reliability. The
obtained detector is robust to different illumination conditions
and shadows, and can manage different kinds of noise and
perturbation. Despite its sensitiveness, the detector showed few
false positives during performed tests.

I. INTRODUCTION

Providing systems for automatic signs detection is an
important task to support drivers and improve safety on the
road: in fact, by means of its visual code a road sign provides
information that the driver should never miss, about either
road conditions, dangers or proper behavior to be observed.

Road signs are usually painted with distinctive colors
and many authors have used color-based detectors [2]-[5];
in [1] we presented a vertical traffic sign recognition system
based on a three-step algorithm that uses color segmentation,
shape recognition, and neural network to detect and classify
almost all Italian traffic signs. The color-based approach faces
difficulties when trying to detect European de-restriction
signs ( [2], [3]) and in particular Italian ones (figure 1):
the white color of this kind of signs is not a distinctive
feature because it is not different from that of many elements
in the image (e.g. the asphalt of the road) so that a color-
based approach is not suitable to detect region of interest. On
the other hand, in the development of a system capable to
communicate current restrictions in any moment, discarding
a de-restriction sign corresponds to give a false positive:
in fact, a speed limit detection system would continue to
consider valid the limitation ended by the de-restriction sign,
and receiving wrong information would induce the driver to
distrust the system.

To address this problem, a circular traffic sign detector
based on shape detection could be a correct solution [6].
Anyway processing the whole image searching for circular
shapes can be a difficult and expensive task, especially
considering that the same system is already running the
algorithm to detect the other signs. For these reasons, the
proposed algorithm detects region of interest identifying
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Fig. 1. Examples of de-restriction signs treated by the algorithm.

patterns compatible with the other distinctive feature of the
Italian de-restriction sign: the skewed black band. Then, since
different elements generate pattern of this kind, the imple-
mented algorithm searches around the candidate bands the
circle corresponding to the edges of the sign. Additionally,
the output is checked by means of tracking, which validates
the sign when it is detected at least in two frames. The
algorithm has been tested on 640x480 and 752 x480 images
taken with a 1/3 inch sensor camera mounting a 6mm focal
length lens.

The remainder of this paper is organized as follows. In
Section II we present the black skewed band extractor. Sec-
tion III describes the circle shape detector. The implemented
tracking is illustrated in section IV. Section V provides
some experimental results, while section VI is devoted to
the discussion. Conclusions are drawn in Section VIIL.

II. SKEWED BAND DETECTION

For each row of a grey-scale image, the band of a de-
restriction sign causes a bright-dark-bright transition from
the white background on the sign to the black band and
back to the white background: in this case the distinctive
feature of the band is not represented by its brightness, but
by the couple of opposite grey level variations at its side
borders. Coping with a similar problem, [7] presents a lane-
markings extractor based on the fact that the width of the
line to be detected is in a small range of values: for each
row of the image, this range is determined in function of
the expected width, that depends on the perspective in the
image, and considering a little variability of the line marking
width in the real world. The compatibility of the features
found with a real line width is determined at this stage.
Similarly, in our approach it is considered that the width
of a de-restriction sign band can vary (it depends on the
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(a) De-restriction sign to be detected. (b) Derivative image: red and green highlight respectively negative and positive grey level variations. (c)

LDL image: for better visualization the values, that represent the width of the band found, are normalized to the maximum possible value and multiplied
by 255. (d) The labels found. (e) Graph of the values in a section of a row of the derivative image. (f) In this bent sign the left side is shaded and its
brightness differs from that of the right side: with a restrictive threshold the LDL pattern would not be validated.

distance of the sign from the camera), but, unlikely [7],
the width can be considered correct only after consideration
about the ratio with the vertical length of the band it belongs
to. For this reason, the proposed algorithm highlights, for
each row of the image, center of regions between a negative
and a positive variation in the image rows, creating a Light-
Dark-Light (LDL) image that contains information about the
width of the features found. Vertical chains of continuous
and coherent pixels in the LDL image are then examined in
order to select elements compatible with a black band of a
de-restriction sign.

A. Light-Dark-Light pattern search

To point out the grey level intensity variations, the algo-
rithm applies a simple derivative filter with form (-1 0 1) on
the image, obtaining a derivative image (fig. 2b).

For each row occupied by the de-restriction sign, the black
band generates in the derivative image a specific pattern
formed by:

o anegative peak, caused by the light-dark transition from
the background on the sign to the band;

o a set of close-to-zero values, generated by the nearly
constant value pixels within the band; the width of this
region depends on the distance of the sign from the
camera (and on the camera setup);

o a positive peak, caused by the dark-light transition from
the band to the background on the sign.

To detect this pattern the algorithm scans from left to right
the rows of the derivative image, obeying the rules explained
in the following.

When a pixel with a negative value is found, a threshold
is created (discriminative threshold) to discriminate among
negative, close-to-zero and positive values. The discrimina-
tive threshold is set in proportion to the peak (absolute) value
in a right neighborhood of the pixel.

The state diagram in figure 3 is then followed:

o After having received the first negative value and created
the discriminative threshold, the system passes from
state O to state 1, where the width of the negative peak
is measured.

o When the first close-to-zero value is received, the system
passes from state 1 to state 2, where the width of

the nearly constant area is measured (i.e. the supposed
width, expressed in pixel, of the band).

o Then, when a positive value is received, the system
passes from state 2 to state 3, where the width of the
positive peak is measured;

« Finally, when a non-positive value causes the system to
exit from state 3, the pattern is validated if:

— the transitions into and out from the band are quick
enough (namely, if the width of the negative and
the positive peak are under a certain threshold);

— in the original image the brightness of the region
on the left of the band and the brightness of the
region on the right of the band are similar. We
found that the threshold used to determinate this
similarity cannot be set too restrictive because both
of particular lighting conditions (see figure 2f)
and of drawings that may be present to specify the
ended prescription.

o A validated pattern is coded in a new image, named
Light-Dark-Light (LDL) image, turning on a single pixel
at the same coordinates of the center of the sequence
found, giving it a value corresponding to the width of the
close-to-zero sequence. In this way, in the LDL image
the band becomes a segment with nearly constant value
(see figure 2c).

o If the sequence from state O to state 3 is not correctly
followed, the system drops to state 0 or 1 as shown in
the diagram.

A shady sign placed on a light background (figure 2a)
generates a particular graph of the values in the rows of the
derivative image as shown in figure 2e: the highest negative
and positive peaks are caused by the transition from the
light sky in the background to the sign and then back to
the background. On the other hand, the band of the de-
restriction sign causes two smaller peaks, in the middle of the
higher ones. When the highest negative peak is processed, it
generates a discriminative threshold higher than the smaller
peaks, so that they are considered close-to zero. In this way
the pattern generated by the band would be discarded. To
avoid this, when the system is in state 2, if the number of
counted close-to-zero values exceeds a threshold the system
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Fig. 3. LDL state diagram.

drops in state 0 and the processing restarts from the pixel on
the right of the last negative peak detected (point A in the
graph). The drawback of this choice is that the band can not
be detected if it appears too wide in the image, i.e. if the
sign is too close. With the configuration used for testing, the
system proved to be able to detect the band when the sign
was further than about 4 meters.

B. Labeling

A de-restriction sign band is described by a vertical contin-
uous area with constant width. In the LDL image this feature
is coded as a vertical segment with nearly constant value, that
is detected through the labeling process as explained in the
following.

The width of the band of the de-restriction sign depends on
its distance from the camera; since the detection is unreliable
from excessive distances, a pixel can be considered “seed” of
a label only if it represents a width of the band corresponding
to a sufficiently close de-restriction sign, i.e. if its value
in the LDL image is above a fixed threshold. This limits
the maximum detection distance to about 20 meters with
the configuration used for testing. The label is expanded
iteratively examining the three pixels below the last added
to the label. Note that only one of these pixels can be on,
since by construction two pixels on in the same row of the
LDL image are divided by at least two pixels off (considering
the diagram in figure 3).

While expanding a label, statistics regarding the values of
the labeled LDL image pixels are collected; to avoid detection
and validation of black stripes with non-constant width, a new
pixel is added to a label only if its value is close to the most
frequent value among the pixels already included in the label.

The threshold used to find the seed pixel of the label is
not applied during expansion, so that a band can be detected
even if it is only partially of the required width. However, the
seed pixel may be found not at the top of the band: since the
expansion of the label is only downwards, the resulting label
may miss its uppermost part. For this reason, after completing
the labeling downwards, the seed of the label is expanded also
upwards, following the same rules and using the statistics

(a) (®)

Fig. 4. (a) Example of labeling results. (b) A broken label.

already collected. Finally, to cut off elements that are too
short, the algorithm verifies that a label has a size greater
than an adequate threshold. Figure 2d and figure 4a show
two examples of labeling results.

C. Validation and union of label

As figure 4a shows, at this point all elements that describe
a black band (such as tree trunks and branches, windows,
telephone cords, poles, etc) are labeled as candidate to be
de-restriction sign bands. Moreover, elements drawn inside
the de-restriction sign may act as noise sources at this stage,
causing a partial miss-recognition of the Light-Dark-Light
pattern previously presented; this failure entails the detection
of a label split in two parts (fig. 4b).

To address these problems, the algorithm starts discarding
elements that are too long, i.e. labels whose li?gf,’; ratio is too
high; then labels with a l;?gf,’; ratio in a restrictive range near
the ideal one (estimated to be 8) are immediately selected for
next step (sect. III).

To solve the problem concerning the detection of broken
labels, still unselected labels are examined to check if they
can be joined in order to generate a label with an adequate
l;?gf: ratio. When the upper bound of a label is near to
the lower bound of another label, the algorithm calculates
the distance, on x-axis, between the upwards prolongation of
the upper bound of the bottom label and the lower bound
of the top label; if this result is lower than a threshold then
the labels are joined. If the obtained label has a l;?gf,? ratio
compatible with the ideal one, it is selected for the next step.

Since the band of an Italian de-restriction sign is skewed,
before proceeding the algorithm checks that the geometrical
inclination of the selected labels is close to the ideal value

(estimated to be -0.12 radians).

III. CIRCLE DETECTION

In the next step, the algorithm verifies the presence of a
circle, caused by the edge of the sign, around the selected
labels. In the case studied we do not need to know the circle
position nor its size, but just its presence, and the following
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Fig. 5. Circle Hough Transform (CHT) in presence and in absence of a
circle. To better comprehension the results are drawn normalizing the values
to the highest one and multiplying them by 255.

(@) ®) ()

Fig. 6. (a) Sign with only partially visible edges. (b-c) Example of mask
applied during CHT computation. The mask limits wrong contributes caused
by the band and by the drawn indication.

simplifications (properties) have been applied for the search
of circles:

1) We already know where the circle should be, so that
the search region is limited.

2) The circle center is expected to be in the middle of the
band found.

3) We have an estimation of the expected circle diameter,
given by the length of the band found.

Exploiting property 1, the algorithm identifies a bounding
box around each detected band, i.e. a square region that is
supposed to contain a circle; each bounding box is cropped
from the input image and rescaled in order to obtain a 30x30
image, used to compute a Circle Hough Transform (CHT, see
figure 5). The presence of a circle produces a concentration
of high values in the central area of the bounding box; on
the other hand, if the bounding box does not contain a circle,
this concentration is missing.

Many circle detectors based on different kinds of CHT
are proposed in literature. [8] presents an approach based
on the radial symmetry, a variant of the CHT that looks
for pairs of symmetrically oriented edges. Each pair defines
completely a possible circle, and votes for the coherent
center position and radius. This algorithm is fast (13.2 ms
per 240x320 image frame on P3@1.4GHz) and gives high
quality results. Anyway, this method would face difficulties
in case of circle edges partially missing, e.g. caused by image
saturation (fig. 6a). Exploiting the mentioned simplifications
of the case studied, we decided to extend the sensitivity of
our circle detector to address also this situations.

The implemented circle detector is based on a very well
known method [9] that uses Sobel edge phase to reduce to
two the dimension of the Circle Hough Transform. Figure 7
shows a graphical explanation.

Fig. 7. Implemented voting system for CHT: every edge point votes along a
line (dashed red) whose direction is that of the gradient of the image (black
arrow), computed through a Sobel edge detector. Only two sections of the
line are considered, namely those constituted by the points at a distance from
the edge point in the interval (7ymin, "maz) (solid red segments). Tmin
and ryqe are chosen in a neighborhood of the expected radius, which is
obtained following property 3. The segments are drawn in a new image
of the same size using a rastering function inspired from the well known
Bresenham Algorithm [10]. Points A, B and C contribute with one segment
each passing through the center, causing a concentration of votes. The noise
from the background causes a rotation of the Sobel phase for edge point D,
whose votes (solid yellow) will not contribute to the correct detection of the
circles.

Only Sobel edges vote, so that the choice of the threshold
to be used becomes critical. [9] presents the tuning problem
of Sobel and CHT thresholds: it is very difficult to find a set
of parameters that allows the detection of all circles (even
ones with low contrast) without getting false positives. In
our case, being the region of interest very limited, the Sobel
threshold can be kept very low, allowing most of the pixels to
vote and keeping a good 2479 ratio, increasing the number

noise

of cases where the sign can be detected (see figure 8).

| i
) ) (©)

(a

Fig. 8. (a) Sign in light contrast with the background. (b) Using a high
Sobel threshold, in the CHT there are not enough contribution to determine
the center of the circle, while (¢) using a permissive threshold a high quality
CHT is obtained, despite the initial low contrast.

The possibility to keep a low Sobel threshold would not
be available if the CHT had to be computed on the whole
image because many contributes would show up: along with
the computational reasons, this is the main motivation why
the implemented algorithm performs the band detection to
highlight region of interest followed by the circle detection
rather than vice versa.

In [8] the authors also dealt with the problem about the
noise during the evaluation of the edge phase; with the
drawing in figure 7 we want to emphasize a particular but
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Fig. 9. Examples of challenging patterns. (a, ¢) Tree trunks can generate
black stripes compatible with a band of a de-restriction sign, while branches
can form circle-like shapes. Anyway, both patterns are discarded because in
the CHT (c) the center area collects too few votes or (d) the concentration
of votes is not sufficiently compact.

significant case of this problem: because of an edge in the
background, point D has a higher gradient norm with respect
to the other circle border points; however, the edge in the
background causes also a rotation of the gradient, so that
point D gives a noise contribution (drawn in yellow) during
circle detection. It can then be stated that favoring pixels with
higher gradient during the voting process may lead to worse
results.

In order to increase the % ratio, a mask is defined to
exclude all contributes brought by pixels of the input image
expected to belong to the band or to the central zone of the
sign, where a drawing may be present (fig. 6b, 6¢).

A concentration of votes around the center of the CHT
implies the presence of the expected circle. To identify this, a
center area is defined (exploiting property 2) and two checks
are performed:

o The mean value of the pixels in the center area must be
over a threshold (enough positive votes are collected,
see figure 9a, 9b)

o The ratio between the sum of the values in the center
area and in the whole CHT must be over a threshold
(concentration of the votes, see figure 9c, 9d)

Many challenging patterns are discarded during this step,
like the crossing sign in figure 10. Anyway, sometimes
properties 2 and 3 are not verified, causing a miss-detection.
Figure 11 shows an example where the band of the sign
is partially hidden. The detected label is not complete, so
that the circle center and radius are wrongly estimated. This
problem would be solved increasing the size of the region
of interest around the band, and performing circle detection
with less restrictive radius hypothesis and allowing the center
of the circle to be possibly also not at the center of the CHT.

Input image

Bounding box

Hough Image

Fig. 10. Example of correct invalidation through CHT.

The performed process causes a small number of false
positives. On the other side many factors (such as blurred
frames) can cause intermittent detection.

Input image

Labeling Hough Image

Fig. 11. Partially hidden band. In the CHT, the concentration is not centered
so that the circle is not detected.

IV. TRACKING

To cope with intermittent detection and with the few false
positives, the presented approach uses a simple tracking
technique, that does not output the detected sign before its
second detection and delete a previously detected sign after
two missed detections. To decide if a previously detected sign
is detected again, the algorithm checks if its bounding box,
moved to an estimated position in the image for the current
frame, overlaps with a sign detected at the current frame. If
more than one sign is detected, old and new signs are coupled
favoring best overlapping scores (OS):

osi:ﬁm ic{l...N}, je{l...M}

where A; is the area of the bounding box of the i-th sign
detected at the previous frame, A; is the area of the bounding
box of the j-th sign detected at the current frame, and Aj;;
is their overlapping area. The position in the image of a
previously detected sign at the current frame is estimated
summing its speed to its last position. This speed is estimated
as the movement (in (x,y) image coordinates) of the center
of the bounding box between two detections of the tracked
sign over the number of frames (1 or 2) past between them.
The example in figure 12 shows a sign tracked over 6 frames.

Although this simple tracking technique works correctly
in most of the situations, image stabilization would help to
improve results in case of road surface irregularities, that are
likely to be present since a speed bumper may be placed
between the restriction and the de-restriction sign. It would
be also interesting to evaluate the results obtainable through
a Kalman filtering, using a model that considers both the
movement of the vehicle towards the sign and the terrain
irregularities.

V. RESULTS

Tested on more than 10,000 day light frames, the algorithm
proved its robustness with 35 Italian de-restriction signs
detected out of 37 and 2 false positives. A detection means
that the sign is found for at least 2 consecutive frames (or
separated by only 1 frame with missed detection). The two
undetected signs are the one with the band partially hidden
(fig. 11) and that shown in figure 13c, that does not have
any contrast with the background so that the circle is not
visible. If the number of detections necessary to send to the

838



(@) ()

(b)

() (0]

Fig. 12. Example of tracking behavior in case of high driving speed (~
90 Km/h, images taken with a 12 Hz frame rate). From top to bottom and
from left to right: (a) The sign is recognized for the first time. (b) The
sign is sent to the output when it is detected for the second time. The two
detections overlap because the sign is still far and the movement in the
image is small. However, at this point, it is possible to estimate the speed of
the sign in the image (by the movement measured) and its expected position
for the next frame: without this expedient it would not be possible to match
the detected sign from (c) to (d) and from (d) to (e), where the movements
are greater than the size of the bounding box. (f) The sign is too close to
the camera (see section II) so that it is not detectable anymore. Anyway the
position of the sign is estimated with good approximation; the bounding box
is kept for one frame and sent to the output. The mismatch at next frame
will cause the bounding box deletion.

output the sign is raised to 3, the statistics becomes 33 correct
detection out of 37 signs with O false positives.

The detection succeeds with different kind of Italian de-
restriction signs (figures 13a, 13b, 13g, 13h and 13j). The
algorithm works correctly if there is contrast between the sign
and the background (also in case of light contrast as shown
in figure 13b), but if the edges of the sign are completely not
visible, the detection fails (figure 13c).

Figures 13n and 130 exemplify the reliability of the
algorithm in presence of many noise elements that generate
patterns compatible with a de-restriction band. The detector
is tolerant to rolled signs and to rolled input images, where
the de-restriction band may not appear as skewed as expected
(figure 13a, 13d); figure 13d also shows a case of successful
detection in presence of a sign partially placed on a saturate
background. Furthermore, the algorithm is robust to shadows
and different illumination conditions (fig. 13e, 13f, 13k, 131),

and can overcome other cases of defective images, such as
blurred images (fig. 131).

Computation times were measured on a P4@2.8GHz sys-
tem processing 640x480 images, examining the principal
tasks of the algorithm separately:

e LDL: derivative image and LDL image computation;

e Labeling: labeling function and checks on labels;

e CHT: circle detection.
The first two tasks require constant times: 6ms for LDL and
2ms for Labeling. For CHT the computation time depends
on the number of bounding boxes to be processed, but it
is nearly constant for each circle detection (450us) because
of the resampling to 30x30 images. In a computationally
expensive frame as that shown in figure 4a (9 regions of
interest detected) the total computation time required by CHT
is 4ms.

VI. DISCUSSION

While danger and prescription signs were designed to be
easily noticeable, de-restriction signs do not need immediate
attention from the driver, so that no peculiar feature was
assigned to them. In this way, their detection becomes very
challenging because it is difficult to perform a search of
regions of interest in the image. We decided to address this
problem with a focused approach, that makes the designed al-
gorithm very centered on this single task. Other more general
approaches are proposed in literature for regions of interest
detection, as white detection algorithms in [2], [11] and
circle detection based. Anyway, none seems to be sufficiently
independent of lighting and background conditions.

The algorithm has been tested on demanding images,
in order to check for its robustness on different lighting
conditions and even to defective images. To achieve an almost
complete detection, thresholds were kept very low causing a
few false positives to appear. Anyway, discarding the cases of
dark, blurred or saturated images, thresholds can be increased
removing these false positives. However, the test set should
be extended, also including images taken by night.

In Europe, the most part of restrictions begun by a sign
are not ended by a de-restriction sign: in fact, an intersection
with another road ends the restriction if the restriction sign is
not repeated after the intersection itself. It should be noticed
that, for these reasons, signs like the ones indicating crossings
and roundabouts define where a restriction is going to end.
Anyway this problem does not seem to be easily addressable
only with vision: even with a perfect intersection detector
it would be almost impossible to distinguish between a real
crossing and a private driveway access. Maps and GPS usage
may help in locating intersections and in determining default
speed limts based on vehicle location (e.g. in town, out town,
or highway).

VII. CONCLUSIONS

This paper describes an algorithm designed specifically to
recognize Italian de-restriction signs, which are not easily
detectable through a color based approach. The algorithm
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De-restriction sign detection (although the algorithm processes the whole image, only the right half of the image is showed for space reasons):

(a) detection of two de-restriction signs in the same image; (b) with light contrast between the sign and the background; (c) without contrast between
the sign and the background, the sign can not be detected; (d) in a rolled image, in presence of partially saturate background; (e) in a dark image; (f)
spot shadows; (g)-(h) end of 50 and 70 km/h speed limit; (i) in a blurred image; (j) sign placed on the ground; (k) top and bottom of the sign differently
enlightened; (/) right and left sides of the sign differently enlightened; (m) smaller, inside a square panel; (n) partially saturated background; (n)-(0) with

trees; (p) false positive.

Fig. 14. Examples of Spanish (left) and German (right) de-restriction signs.

performed well in the tests carried out, with high percentage
of detection and very few false positives. The computation is
fast enough to be performed on the same machine where
another color based traffic sign detector is running. The
range of distances where the sign can be detected strictly
depends on the acquisition system used (e.g. on the focal
length); anyway a de-restriction sign does not need to be
communicated to the driver in a particularly prompt way.

The investigation of this specific case has shown new
opportunities that are going to guide future developments of
our color based detector, e.g. introducing Sobel phase image
analysis for better shape detection and region of interest crop-
ping. Future developments of the de-restriction sign detector
will regard removal of strong assumptions about radius length
and center position during circle shape detection, application
of neural networks to remove the remaining false positives
and to recognize the specific limitation ended by the de-
restriction sign, and extension of the algorithm to detect other
countries de-restriction signs (fig. 14).
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