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ABSTRACT

This paper presenis an itmage reorganization procedure
armed to speed-up and simplify the detection of road
boundaries in automotive road following applications.
Some results of road markings detection in images ac-
quired from the MOB-LAB land vehicle are presented,
together with the description of the current and future
implementations of the reorganization procedure on PA-
PRICA system.

1. INTRODUCTION

Due to the possibility to achieve high performances, the
low-level processing of images is typically demanded to
SIMD processors utilizing a massively parallel compu-
tational paradigm (such as Cellular Automata [7, 8]
or Mathematical Morphology [9, 12]); this means that
each pixel is processed simultaneously and according to
the same updating rule. Nevertheless, a massively par-
allel approach to low-level image processing is meaning-
ful when the image is considered as a mere collection of
pixels, independently of its semantic content (such as
for noise filtering, edge enhancement,...) as shown in
figure 1. On the other hand, if a more complex process-

Data driven filter

edge enhancement,
>\ noise reduction, |T——>

Input Image Output Image

Figure 1: Data-driven filters

ing is required (such as the identification of the road
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boundaries), even the low-level portion of the process-
ing should be driven by some knowledge on the feature
to be extracted and on the expected semantic content
of the image. This is generally accomplished by dif-
ferentiating between the processing of different image
areas (see figure 2).

As an example, let us consider the specific prob-
lem of road boundaries extraction, which is here re-
duced to the detection of road markings. Due to the
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Figure 2: Using a-priori knowledge

perspective effect induced by the specific acquisition
conditions, the road markings vary their width accord-
ing to their distance from the camera, as shown in fig-
ure 3, which presents an image acquired from a mov-
ing vehicle (the MOB-LAB land vehicle [1], integrating
the results of the Italian activities within the Eureka
PROMETHEUS Project). Their variable width sug-
gests to perform different elaborations (matchings with
different sized patterns) in different image areas. Un-
fortunately this differentiated low-level processing can-
not be efficiently performed on SIMD massively parallel
systems, which by definition perform the same elabo-
ration on each pixel of the image.

The perspective effect makes image pixels having
different meanings depending on their position within
the image. For example, a pixel in the lower part of
the image shown in figure 3 represents a few cm? of
the road, while a pixel in the middle of the same image



Figure 3: The original image in the 7 space

represents a few tens of cm?, or even more. Conversely,
the removal of the perspective effect causes each pixel
to represent the same portion of the road. In this way
the road markings width is invariant with their position
within the image, and thus also the feature extraction
procedure (i.e. the size and shape of the matching tem-
plates) is independent of the pixel position.

In order to remove the perspective effect, it is neces-
sary to know the specific acquisition conditions (camera
position, orientation, optics,...) and the scene repre-
sented in the image (the road, which is now assumed
to be flat). This constitutes the a-prior: knowledge.

In this way, the road markings detection can be con-
veniently divided into two steps, as shown in figure 4:
the first (expectation driven), exploiting the a-priori
knowledge, consists of an image reorganization proce-
dure aimed to remove the perspective effect; the second
(data driven), exploiting the sensorial data, is a mere
low-level processing.
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Figure 4: The preprocessing is divided into two steps,
where only the former exploits the a-priori knowledge

The advantage of this subdivision is mainly based
on the possibility to perform efficiently the second step
with massively parallel SIMD architectures, thus in-
creasing the efficiency of the whole system.

2. THE REORGANIZATION PROCESS

The image reorganization procedure can be considered
as a filter performed after the acquisition process and
before the mere low-level processing. It reads the in-
coming image and resamples it, remapping each pixel
toward a different position, producing a new two di-
mensional array of pixels. Figure 5 shows a block dia-
gram of the whole system.

Two Euclidean spaces are defined:

e W € E® defining the 3D world space (world-
coordinate system), where the real scene is rep-
resented;

e I ¢ E? defining the 2D image space (screen-
coordinatle system), where the 3D scene is pro-
jected.

The image acquired by the camera belongs to the 7
space, while the reorganized image 1s defined as the z =
0 plane in the W space (according to the assumption
of a flat road). The correspondence between the two
images is given by the two dual mappings f and ¢

{f: (v,v) €T — (z,y,0)eW (1)
9: (,3,0eW — (wv)el :

which depend on:

the viewpoint (the camera position);

o the viewing direction (the camera orientation);
e the camera angolar aperiure,

e the camera resolution.

Figure 6 shows the relationship between the two spaces
W and 7.
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Figure 6: The relationship between W and 7

Due to its definition, the reorganized image repre-
sents the portion of the road in front of the vehicle as it
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Figure 5: Block diagram of the whole acquisition and processing system.

Figure 7: The reorganized image in the W space

were observed orthogonally. Figure 7 shows the result
of the reorganization process applied to figure 3.

The reorganization process associates to each pixel
P = (z,y,0) of the reorganized image its correspond-
ing pixel @ = (u,v) in the original one. Once the re-
organized image has been obtained, the extraction of
the road markings becomes a simple task. Beside be-
ing easily implementable on any SIMD massively par-
allel processor, the processing [2] of the reorganized
image has the great advantage of resolving efficiently
the main problem of vision-based road following sys-
tems [10, 6, 11]: the presence of shadows on the road
region. Thanks to the data reorganization, the road
markings are represented by quasi-vertical lines of con-
stant width that can be easily selected and extracted
from the reorganized image. The result of this pro-
cessing is shown in figure 8, while figure 9 presents the
superimposition of the previous result onto the original
image (to obtain this image, the inverse of the reorga-
nization procedure has been applied).
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3. PERFORMANCE ANALYSIS

In the road following system currently installed onto
the MOB-LAB [1] land vehicle, the reorganization pro-
cess is implemented in soffware through a look-up ta-
ble. The image is acquired from an external frame-
grabber and stored into its local memory; then, dur-
ing the loading into PAPRICA [4] memory, the image
is reorganized serially (requiring about 200 ms for a
128 x 128 image loading and reorganization); ﬁnally,
PAPRICA performs the low-level portion of the pro-
cessing. In this case, the reorganization process intro-
duces only a small computational overhead due to the
look-up table access.

The second version of PAPRICA system (culrently
under final testing) includes an on-board frame-grabber
accessing directly PAPRICA memory. Here a hard-
ware extension is explicitly devoted to the reorgani-
zation [5]. In this case, the acquisition and the reor-
ganization mentioned above take 20 and ‘about 3 ms
respectively. '

Moreover, the reorganization procedure is now be-
ing ported also to the new PAPRICA-3 [3] system:
exploiting its interprocessor communication network,
PAPRICA-3 has the capability to reorganize each im-
age line in parallel, delivering higher performances than
the previously mentioned serial implementations.

The road markings detection [2] in the reorganized
image is currently implemented and optimized on the
first prototype of the PAPRICA system. The complete
acquisition and low-level processing of a single frame
takes about 120 ms, thus allowing the processing of
about 8-9 frames per second.

4. CONCLUSIONS

In this work a technique aimed to remove the perspec-
tive effect from images acquired by a camera installed
on a moving vehicle has been presented. The main ad-
vantages offered by the discussed data reorganization
process are:



(a)

(b)

(1]

—
)

the possibility to overcome the problem due to
the necessity to perform different processings in
different image areas, and thus the possibility to
make an efficient use of SIMD massively paral-
lel architectures for the low-level portion of the
processing;

the possibility to design and implement on a SIMD
processor an extremely simple and robust low-
level algorithm for the detection of road markings
(a few improvements are listed in [2]).
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