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Abstract mentation. The velocity vectors are iteratively calculated
from the spatio-temporal derivatives of the image. Given

We present a new smart sensor architecture for visual méat the sensor works continuously, the iteration count can
tion - optical flow - estimation. As the system operates in ré2e reduced to one. Hence, the algorithm is implemented as a
al-time it is very well suited for collision avoidance onPpipeline with feedback path.
autonomous mobile platforms. The core of the system is anThe major advantage of our implementation is, that we
ASIC in standard digital CMOS technology, which forms #@rocess image data synchronously, pixel by pixel, while we
pipeline with feedback path for on-line image processing€ad out the sensor’s front end. This reduces the response of
The presented implementation was tested on image fram&¢ sensor to the time needed to read less than 5 image lines.
of 128 x 128 pixel size. Various efforts were necessary to fit all processing steps into

the pipeline structure:

An autonomous vehicle - as MORIA [6] - augmented * shift registers before mask operations
with visual motion sensors should be capable to navigate* dual ported SRAMs for temporary frame memory
through an unknown and changing environment. It must * parallelization of datapaths
identify a possible collision danger with a dynamic object to Following a top-down methodology we synthesized the
correct its navigation track in real-time. The important visuASIC using VHDL. A VHDL-testbench modelling the sys-
al information needed is first any movement and second tfigm’s behaviour was developed to handle the high through-
speed and direction of it - represented through the opticRUt of data and to visualize the sensor’s output for
flow field. From the optical flow a possible area of collisionverification.
and the time-to-impact can be estimated that on its turn trig- The area of the fabricated ASIC is 47 fam 0.7 um
gers an avoidance manoeuvre. CMOS. The test results confirm the simulations. A through-

For a collision avoidance system a short processing tinfeut of 50 frames/s is achieved with the used seeing surface
is a major constraint. As a consequence, the integration B/GA15 [2].
low-level image processing tasks, like optical flow estima-
tion, on a special purpose sensor is essential. In addition tReferences
sensor output has to fit commercially available modules for
further high-level processing steps mentioned above (e.d1] J. L. Barron, D. J. Fleet, and S. S. Beauchetémformance
time-to-impact). To be integrated on a mobile platform, the of Optical Flow Techniquesnternational Journal of Comput-
sensor needs to be small, robust, and of low power con- €r Vision, 1994. _
sumption. Taking into consideration these requirements wél B- Dierickx, D. Scheffer, G. Meynants, W. Ogiers, and J.
developed our new hardware architecture. Vlummens.Random addressable active pixel image sensors

. AEFPAC/EUROPTO96, 1996.
Current developments of optical flow sensor systems ar[g] B. K. P. Horn and B. G. SchuncRetermining Optical Flow
focused on two different approaches: First, biologically mo="" 4 sicia Intelligence 17. 1981

tivated sensors with processing and sensor elements inth H. Inoue, T. Tachikawa, and M. InakRobot Vision System

grated on a single chip [5], where only prototypes with afew * \ith a Correlation Chip for Real-time Tracking, Optical Flow

pixels (max. 26 x 26) have been fabricated; second, compu- and Depth Map GeneratiofProc. IEEE Int. Conf. on Robot-

ter systems augmented with special circuits like correlation ics and Automation, 1992.

processors (e.g., [4]), which are quite complex and hencfs] C. Koch, and H. LiVISION CHIPS - Implementing Vision Al-

not suited for mobile vehicles. gorithms with Analog VLSI Circuit$EEE Computer Society
Based on an overview over optical flow algorithms pre-  Press, 1995.

sented by Barron et al. [1], we review these methods agalfl H- Surmann, J. Huser und L. PeteksFuzzy System for In-

under hardware related aspects. The algorithm of Horn and 900" Mobile Robot NavigatiarProc. IEEE Int. Conf. on

Schunk [3] is chosen as best suited for an efficient imple- Fuzzy Systems, 1995.
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