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Abstract. This paper presents an ongoing project aimed at the development of a versatile and
powerful model-based computer vision system. The basic processes and typical data representation
to be nsed at each of its coustituent levels as well as their possible implementations are also discussed

in some detail.

1 Introduction

Although the current and future importance of com-
puter vision can hardly be disputed, the development
of computer vision systems - CVSs — with ability
comparable to that of the primate vision system —
PVS - has proven to be an elusive ohjective despite
all the researches and developments in the field. The

principal reasons commonly identified as barriers to -

general and powerful computer vision include: (a)
lack of understanding about the PVS [Marr (1982)],
which has been emulated from the very beginning
of computer vision, (b) the memory and processing
power allowed by the current integration technologies
are believed Lo fall short of those which are actually
needed and (c) the grey-level and spatial sampling
resolutions are by far too coarse [Binford (1981)].

Another criticism to the developments in com-
puter vision is that the performance of the involved
techniques has not been properly and formally as-
sessed as it has, for instance, in digital signal pro-
cessing [Binford-Jain (1991)]. It is commonly be-
lieved that the achievement of more intelligent CVSs
is conditioned to integrated advances in all of the
previously identified fronts [Marr (1982)]; dedicated
and simplified ('VSs have proven to be a valuable
test tube for experimenting with new principles, al-
gorithins and architectures.

An important strategy to be considered for the
development of (CVSs is the integration of top-down
and hottom-up approaches [Marr (1982)]; which im-
plies that particular attention should he paid to the
design and implementation of a control structure able
to provide effective bidirectional data exchange be-
tween the various CVS processing levels. Not less in-
portant is the early identification of the bottlenecks
in the adopted archifecture, in order to allocate the
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hardware resources in such a way as to achieve a rea-
sonable balance between the processing rates ol each
level [Closta-Slaets (1991)].

The current paper presents a discussion about
a project aimed at developing and implementing a
complete and versatile CVS, trying to follow the guide-
lines above while avoiding the identified shortcom-
ings. Particular attention is focussed on the cross-
fertilization principle, where insights are gathered
from biological systems in order to design better com-
putational techniques, which can eventually lead to
advances also in biological vision. The CVS is in-
tended to be designed and implemented gradually
from a stmple system for polyhedra recognition to-
wards more powerful and versatile systems through
the addition of new techniques and processing levels,
more powerful hardware implementation, and con-
sideration on other image features such as texture,
colour, other curves, motion and even integration
with other senses such as audition. It is important to
observe that the present approach will not be limited
to the emulation of natural mechaunisms; for instance,
it is easter to derive the distances of the objects in an
image by using a telemetric systemn such as a those
based on laser-scanning, e.g. [(Gonzaga-Roda (1990)],
rather than inferring it by stereoscopy.

The following sections provide an overview of
the processes, typical data representation and archi-
tectures to be adopted in each of the intended CVS
constituent levels: special attention is paid to the
preliminary polyhedra recognition ('VS presented in
Figure 1.

2 Tmage Acquisition and Pre-Processing

In the PVS, the image is acquired and pre-processed
by 1he eyes and elementary structures such as lateral
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Figure 1: Block diagram of the preliminary CVS.

geniculate nuclei and superior colliculli. Particularly
interesting features to be found at this level include:
the eye tracking ability, the separate vision systems
respectively defined by cones and rods and the very
high spatial resolution for image acquisition: there
are about 6.10°% cones and 120.10° rods in each eye
[Lindsay~Norman (1977)] providing a substantially
hetter sampling than in conventional computer vi-
sion systems. An important property of the primate
visual system is that it is rather less tolerant to trans-
lation than generally believed: the eye can only anal-
yse the small part of the visual area projecting onto
the fovea — the analysis of te whole image is achieved
through eye scanning movements.

Typical computations in this level include inage
acquisition and pre-processing (e.g. noise reduction,
histogram equalization), which implies a substantiai
amount of data to be stored and processed. How-
ever, such processings are usually local and relatively
simple and thus suitable for parallelization. Special
attention must be paid to designing ways of allowing
the visual representations at this level to be effec-
tively accessed by higher-levels processes.

In the preliminary CVS, a non-interlaced cam-
era will be used to acquire images within the pre-
specified resolutions (preliminarly 256 grey-levels and
512x512 images) and the pixels will be sent directly
to the pre-processing stage. Future developments
could include texture/color encoding, cameras capa-
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ble of much higher spatial and grey-level resolutions
and telemetric scanning systems.

3 Low-Level

In the PVS, this level corresponds mainly to the
processes that take place in the retina, whose func-
tion is believed to be specially oriented to edge de-
tection. The importance of the information pro-
vided by the image edge elements can not be over-
stressed [Lindsay-Norman (1977), Marr (1982)], as
illustrated by our ability to promptly recognize faces
in cartoons and charicatures. Also interesting at this
stage is the suggested multi-channel response of the
retina to different spatial frequencies [Marr {1982),
Goldstein (1989), Lindsay-Normau (1977)].

The low level on C'VSs typically includes oper-
ators for edge element detection, ‘thinning’ and tex-
ture representation, this last being commonly based
on Fourier transform. As in the previous level, the
processes within this level must operate over a large
amount of data, typically of O(N?), but, on the other
haud, they are usually simpler than the processes at
the higher levels and more suitable for implementa-
tion in parallel and/or dedicated structures.

The preliminary version will include a simple
edge detector analogous to the Sobel operator, which
will be implemented in dedicated systolic hardware,
sinilar to that described in [Costa—-Sandler (1990)],
in order to allow an execution rate as high as 103
pixels per second. A ‘thinning’ processor may also be
included in order to reduce the amount of redundant
edge elements.

4 Intermediate-Level

In PVSs, intermediate processing occurs at the visual
cortex and includes the detection of bars and corners
which can be or ot in motion [(Goldstein (1989),
Lindsay-Norwman (1977)]. The amount of visual in-
formation, maiuly the edge eleeuts, is commonly
of O(N}) at this stage. Nevertheless, the detection of
bars and corners may still imply substantial process-
ing requirements since the detection of curves with
degree D typically implies processing complexity of
O(NP+1).

An effective and relatively simple technique for
bar detection has been developed [Costa (1992), Costa-
Sandler (1993)] which is based on a variant of the
Hough transform for digital straight-line-segment de-
tection [[lingworth-Kittler (1988)] and which includes
two post-HT processings: (a) a connectedness anal-
ysis which can simultaneously confirm the straight
bars indicated by the Hough transform and deter-
mine their endpoints and a (b) a merging stage which
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links digital straight line segments which are bro-
ken or replicated during the Hough transform. This
framework for digital straight line segment detection
can be implemented without great difficulties in dis-
crete hardware or VLSI in order to achieve high ex-
ecution rate [Costa (1992), Costa—Sandler (1990)].-

Future developments should include the ad-
dition of techmiques for detection of circles and
higher order curves as well as the application of the
Hough transform to derive higher level information
about the relative position of the bars, i.e. paral-
lel/perpendicular bars and intersection between bars
[Wahl-Biland (1986)].

5 High-Level

Unfortunately, unlike in the previous levels, there
are few accurate hiological evidences about the pro-
cesses taking place beyond the visual cortex. There
are indications about neural structures capable of
hand and even face recognition, but almost nothing
is kwown about how they are organized. It is never-
theless accepted that the cortical regions dedicated
to langudge seem to play important role in vision; in
fact more than hall of the overall neocortex is con-
nectect to vision processing [Blakemore (1990)].

C'VS approaches typically adopted at this level
are hased on two principal underlying principles: syn-
tactic processing, such as merging and parsing or the
geometrical /combinatorial transformations and com-
parisons of the data structures supplied by the inter-
mediate level with a database [Lin— Fraser (1991)].

The preliminary version of the intended CVS
will incorporate a syntactic recognizer, possibly to
be implemented in PROLOG or 'y running on a
transputer network, which should be able to provide
a description of objects in the original Image (e.g.
polyhedra, a book, a face, elc) based on the compar-
ison of the digital bars supplied by its intermeditate
level with entries in a database, which characterizes
a model]-based recognition approach. An ongoing al-
ternative line of research consists in using neural net-
works for pattern recognition. Future developments
will include the detection of solids bounded by arcs
of circles or other curves as well as the information
provided by additional features such as texture, color
and motion.

6 Inference Level

According to the classification of vision levels adopted
in this paper, this last level corresponds to the com-
bination of the objects detected by the previous level
in space and time, which, in powerful C'VSs, can also
lead to the determination of the environmental con-
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text and allow the confirmation of uncertainly classi-
fied objects, possibly by demanding new features to
be extracted by the lower levels.

The respective PVS processes taking place at
this level have so far been suggested by taking
into account only psychological evidence [Goldstein
(1989)] and [Lindsay—Norman (1977)]. Actual C'VSs
have not yet reached a stage of development which
comprehensively incorporates the processes in this
level, though inference and contextual analysis have
been often addressed by artificial intelligence.

The preliminary CVS will not include any iu-
ference processing, since it is intended just for poly-
hedra detection. The inference mechanisms to be
incorporated in later versions are still open to fur-
ther research. It is likely that the assessment of the
performance and needs of the preliminary system as
well as the intended applications can contribute to
the specification of this highest level,

7 The Overall Control Structure

A very important part of the PVS is atlention; of
which the closest corresponding structure in €'VSs
is the overall control system or supervisor. Atten-
tion seems to be an inherently selective and sequen-
tial process taking place under control of the highest
levels in the PVS. It can be easily verified that we
analyse images by parts, paying special attention to
those parts which seem to convey more relevant. in-
formation while trying to integrate such parts into
a meaningfull whole. In such a processing strategy,
the lower processing levels are often requested to re-
process parts of the image with refined accuracy.

This kind of selective attention can only be rea-
sonably emulated in a CVS by providing effective
intercommunication between the CVS levels, which
implies that the data structures in any level could
be eflectively accessed by any of the processes in the
overall system, possibly under control of a supervi-
sor. The many data access conflicts which are im-
plied by the adoption of such strategy can be allevi-
ated by partitioning the data structures in each level
(the image, for instance, can be partitioned into uni-
form segments and the bars in separate lists). There
is no definite strategy and architecture defined for
the CVS supervision at the moment, these should
evolve naturally during the analysis of the prelimi-
naty CVS overall operation. It is nevertheless ex-
pected that the CVS will primarily include mainly
feed-forward interconnections hetween adjacent lev-
els and thus perform in a bottom-up fashion, except
for the post-HT connectedness analysis, which re-
quires returns to the edge-detected image.
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8 Concluding Remarks

This communication has discussed the principal as-
pects of an ongoing project aimed at designing and
implementing a complete and versatile model-based
computer vision system. The underlying phylosophy
consists in trying to address as many of the above
identified guidelines .in order to overcome most of
the shortcomings which have been identified in com-
puter vision. The system is intended to e devel-
oped gradually from a simple system for polyhedra
detection through the addition of new processes and
consideration of other image features, which provides
an ideal background for scientific initiation and post-
graduation projects as well as possibilities for collab-
oration with other researchers and institutions with
know-how in specific areas such as psychology, ar-
tificial intelligence and databases. Some contacts
have already been established with research groups
in Sweden (parallel image processors), Japan (neural
networks, artificial intelligence and multiple-valued
logic) and Brazil (neural networks).

Carrently the system includes a complete in-
termediate vision system for digital bar detection,
implemented in OCCAM-2 in a transputer network,
which has already been successfullly applied to sev-
eral tasks in visual inspection [Costa et al. (1991),
Closta et al. (Sep. 1991)], communications [Costa—
Sandler (Sep. 1991)] and image analysis [Costa
(1992)]. Designs of high-performance architectures
for edge element and digital bar detection are ready
[Costa (1992), Costa—Sandler (1990)] and awaiting
resources for their implementation, which will pos-
sibly be done by using discrete logic in order to al-
low easy modification and expansion of the system
while keeping the cost low. Formal and comparative
performance assessments of the involved techniques
by taking into account their execution rate, accu-
racy and robustness, in a similar way to the binary
Hough transform performance evaluation described
in [Costa (1992)], are also intended to be performed
in order to allow the identification of the CVS as-
pects deserving further attention.
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