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Abstract

This paper deals with a first evaluation of the effi-
ciency and the robustness of the real-time " v-disparity”
algorithm in stereovision [1] for generic road obstacles
detection towards various types of obstacles (vehicle,
pedestrian, motorbike, cyclist, boxes) and under ad-
verse conditions (rain, glowing effect, noise and false
matches in the disparity map). The theoretical good
properties of the "v-disparity” algorithm - accuracy,
robustness, computational speed - are experimentally
confirmed. The good results obtained allow us to use
this stereo algorithm as the onboard perception pro-
cess for Driving Safety Assistance : conductor warning
and longitudinal control of a low speed automated ve-
hicle (using a second order sliding mode control [2])
in difficult and original situations, at frame rate using
no special hardware. Results of experiments - Vehicle
following at low speed, Stop'n'Go, Stop on Obstacle
(pedestrian, fallen motorbike, load dropping obstacle)
- are presented.

1 Introduction

In the context of Driving Safety Assistance, onboard
road obstacles detection is an essential task. Stere-
ovision can be used in this purpose, but stereo al-
gorithms are often not robust and fast enough to be
used efficiently in the automotive context where me-
teorologic and lightning conditions are difficult (rain,
glowing effect) and where the obstacles detection pro-
cess must be performed in real time. Nevertheless,
the stereo algorithm detailled in [1] (called the "v-
disparity” algorithm) presents theoretical good proper-
ties to be a generic, robust and real time (using no spe-
cial hardware) road obstacles detection process. This
paper deals with an experimental evaluation of the "v-
disparity” algorithm towards various types and under
various meteorologic and lighting conditions, and its
use for the longitudinal control of an automated vehi-
cle. The paper is organized as follows.

Section 2 presents our experimental protocol. Sec-
tion 3 summaries the "v-disparity” algorithm, and the
method used for robustly detecting generic obstacles.
Section 4 evaluates the efficiency of this algorithm for
detecting different classes of obstacles and the accu-
racy of the measurement of the obstacle distance. Sec-
tion 5 shows the robustness of the method against ad-
verse conditions and its low sensibility to noise and
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false matches. Lastly, section 6 presents the results
of experiments about the longitudinal control of a low
speed automated vehicle (based on a second order slid-
ing mode control) using the " v-disparity” algorithm for
obstacles detection and distance computation.

2 Experimental protocol

Fig. 1 presents the stereo sensor used for the exper-
iments (top), the left CCD camera (bottom left), and
the configuration area used for the evaluation of the
obstacle distance accuracy (bottom right). After con-
figuration, the image planes are parrallel : the epipo-
lar geometry is rectified (epipolar lines correspond to
scanning lines in the images of the stereo pair). The
parameters of the stereo sensor are b = 1.03 m, h = 1.4
m, # = 9.75°, f = 8.5 mm, t, = t, = 7.2 um. The
resolution of each image is 380 x 289 pixels (%PAL).
Computar™ auto-iris lenses and a Matroz™™ Me-
teor II board are used for grabbing images on a PIV
1.4 GHz PC computer running under Microsoft Win-
dows 2000 ©). With this configuration the disparity
range investigated is [0, 150] pixels.

£ focal lenght of the lens
1, : size of the pixels in u
1, : size of the pixels in v

Figure 1: Stereo sensor (top). Left camera (bottom
left). Configuration area (bottom right).
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Figure 2: Framework (left) and exemple of implemen-
tation (right) of the "v-disparity” algorithm.

3 The ”v-disparity” algorithm

The "v-disparity” algorithm is described in details
in [1]. A framework for our obstacles detection process
is presented in Fig. 2 (left). Our current implementa-
tion of this framework is as follows (see Fig. 2 (right)).
First, non-horizontal edges are extracted from the two
images of the stereo pair and matched (using normal-
ized correlation) in order to obtain a sparse disparity
map. Then, disparity is accumulated along scanning
lines in order to obtain the "v-disparity” grey image
(see also Fig. 8 (top)). In the "v-disparity” image,
scene plane of interest with equation Z = aV¥ + d is
projected along the following straigh line [1]:

((v—wvg)(acosf+sinf)+alasinf—cosf))

‘ (1)
where A is the disparity, v is the ordinate of a pixel in
the image coordinate system, vp is the ordinate of the
center of the image, and o = J— J—

- ah —d

The road is characterised as a set of planes and ob-
stacles are characterised as vertical planes. Thus, ex-
tracting straight lines in the "v-disparity” image leads
to extract road surface and obstacles. All needed in-
formation for performing generic obstacles detection is
then deduced : longitudinal profile of the road surface
(not necessary planar), horizon line location, obstacle-
road contact point.

4 Detection of various types of obsta-
cles

Six types of obstacles (see Fig. 3) are used for the
evaluation of the distance computation accuracy and
for the confidence value computation : a 1.90m high
pedestrian, a 1.75m high cyclist, a 1.50m high vehicle,
a fallen motorbike, a 0.7 x 0.7 x 0.4m box, and a 0.3 x
0.3 x 0.2m box. Every obstacle is positioned along the
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Figure 3: The six obstacles used for evaluation of dis-
tance computation accuracy, located at 10 meters from
the vehicle (see text).

axis of the vehicle, at the following distances : 3m, 5m,
10m, 15m, 20m, 25m, 30m, 35m, 40m. The weather is
cloudy.

For each obstacle at every distance, the ”v-
disparity” image is computed, the obstacle (charac-
terised by a vertical plane) is detected, the road sur-
face is evaluated and the road-obstacle contact point
is computed. The distance D between the vehicle and
the obstacle is given by :

b(a cos@ — (v, — vp)sinf)
A

where v, is the ordinate of the road-obstacle contact
point in the image.

D= (2)

Fig. 4 and 5 show the distance computation results.
Since the disparity precision is currently one pixel, the
two theoretical curves that define the theoretical range
(upper and lower) of the distance evaluation are drawn
on the figure. The difference between the reference dis-
tance and the computed one is 0.7% at 3m and 14% at
40m. It shoud be noticed that the actual computed dis-
tance values are mostly in the theoretical range. The
out-of-range values concern distances less than 20m,
where the plane characterisation of the obstacles is not
precise enough. However, the error between the ref-
erence distance and the computed distance does not
exceed 7%. Others stereo systems has been experi-
mentaly evaluted in [3], [4] and [5].

The confidence value is computed by adding all the
"v-disparity” grey values for pixels belonging to the
same obstacle. In order to avoid any false detection,
an obstacle is considered to be detected only if the
confidence value is above a threshold set to 20 in our
system.
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Figure 4: Distance computation accuracy.
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Figure 5: Distance computation accuracy.

Fig. 6 shows the confidence value results for all the
obstacles. This confidence value increases the higher
is the obstacle, when the obstacles distance decreases,
and when the number of non-vertical edges of the ob-
stacles increases. It should be noticed that the confi-
dence value of the little box and the motorbike is under
20 when the distance is above 30m. This is mainly be-
cause the heigh of these obstacles is low.

5 Detection under adverse conditions

The system has been tested intensively under vari-
ous and adverse meterologic conditions (glowing effects
due to sun, rain). Experiments shows that the system
is merely affected by such conditions until the obstacle
is visible. Fig. 7 shows examples of detection under ad-
verse conditions. In both cases the obstacle (a vehicle)
is perfectly detected.

Moreover, experiments of gaussian noise addition
and good matches removal (replaced by randomized
false matches) in the disparity map show that the "v-
disparity” algorithm goes on working efficiently even
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Figure 6: Confidence value.

when there is 96% noise addition or 80% good matches
removal (see Fig. 8. top : the reference disparity map
and corresponding "v-disparity” image - middle : 96%
gaussian noise addition - bottom : 80% good matches
removal) for a vehicle located at 20m. In both cases,
relevant information can still be extracted and the ob-
stacle detection process is efficient. These experiments
do not represent perfectly the real noise that can affect
the disparity map (which is more likely to be corre-
lated noise) but gives an idea about the robustness of
the algorithm.

For all the experiments, the tests and the evalua-
tions carried out, computation time does not exceed
40 ms.

Obstacle distance #2713

Figure 7: Detection of obstacle under rainy (top) and
glowing (bottom) conditions.



6 Longitudinal control of a low speed
automated vehicle

The algorithm has been implemented onboard and
first tested as a warning system to inform the driver
that an obstacle was located at less than 2 seconds
from his vehicle : a warning area was drawn on the
road image (see Fig. 7). The algorithm has then been
combined with a control module in order to perform au-
tomated longitudinal control at low speed automated
(based on a second order sliding mode control). Vari-
ous and difficult situations of Driving Safety Assistance
has been tested : Vehicle Following at Low Speed,
Stop'n’Go, Stop on Obstacles (pedestrian, fallen mo-
torbike, load dropping obstacle). Figs. 9, 10 and 11
show the results of Vehicle Following at Low Speed,
Stop'n’Go, Stop on pedestrian. Results regarding Stop
on fallen motorbike and Stop on load dropping obsta-
cle are similar to the ones shown in Fig. 11. As we
can see on the curves, the desired interdistance and
the measured interdistance are close to each other.

7 Conclusion

This paper has presented a first evaluation and ex-
perimental results that confirm the theoretical good
properties of the "v-disparity” algorithm [1]. Distance
computation accuracy and confidence have been eval-
uated. Moreover, the presented experiments show that
stereovision can be used as a robust perception pro-
cess for various situations of Driver Safety Assistance
at frame rate using no special hardware. Tests of emer-
gency braking and collision avoidance at higher speed
will be carried out soon. Future work will also be con-
cerned with the evaluation of the system in night con-
ditions.
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Figure 8: Robustness towards gaussian noise and false
matches in the disparity map (see text). Relevant in-
formation can still be extracted.
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Figure 9: Vehicle Following: comparison between mea-
sured and desired interdistance.
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Figure 10: Stop'n’Go: comparison between measured
and desired interdistance.
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Figure 11: Stop on pedestrian: comparison between
measured and desired interdistance.





