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Abstract. The Eye-RIS family is a set of vision systems which are conceived for single-chip integration using CMOS technologies. The Eye-RIS systems employ a bio-inspired architecture where image acquisition and processing are truly intermingled and the processing itself is realized in two steps. At the first step processing is fully parallel owing to the concourse of dedicated circuit structures which are integrated close to the sensors. These circuit structures handle basically analog information. At the second step, processing is realized on digitally-coded information data by means of digital processors. Overall, the processing architecture resembles that of natural vision systems, where parallel processing is made at the retina (first layer) and significant reduction of the information happens as the signal travels from the retina up to the visual cortex. This chapter outlines the concept of the Eye-RIS systems used within the SPARK project, these are, the Eye-RIS v1.1 vision system based on the ACE16K smart image sensor (used within the first half of the project) and the Eye-RIS v1.2 vision system which supersedes the v1.1 and is based on a new generation of smart image sensors named Q-Eye. Their main components, features and experimental data that illustrate its practical operation are presented as well in this chapter.



8.1 Introduction CMOS technologies enable on-chip embedding of optical sensors with data conversion and processing circuitry, thus making possible to incorporate intelligence into optical imagers and eventually to build vision1 systems in the form of CMOS chips. During the last years many companies have devised different types of CMOS sensors with different sensory-pixel types and different levels of intelligence. These CMOS devices are either targeted to replace CCDs in applications where smartness is important or to make optical sensing and eventually vision feasible for applications where compactness, power consumption and cost are important. Most of these smart CMOS optical sensors follow a conventional architecture where sensing is physically separated from processing and processing is realized by using either PCs or DSPs (see Fig. 8.1). Some of the 1



Vision is defined as the set of tasks to interpret the environment from the information contained in the light reflected by the objects in such environment. It involves signal acquisition, signal conditioning, and information extraction and processing. Sensor intelligence refers to the incorporation of processing capabilities into the sensor itself.



P. Arena and L. Patan`e (Eds.): Spatial Temporal Patterns, COSMOS 1, pp. 351–369. c Springer-Verlag Berlin Heidelberg 2009 springerlink.com 
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intelligence attributes embedded by these sensors are related to signal conditioning and typically include: • • • • •



Electronic shutter and exposure time control; Electronic image windowing; Black calibration and white balance; Fixed Pattern Noise (FPN) cancellation; Etc.



Other intelligence attributes are related to information processing itself and are supported by libraries and software to cover typical image processing functions and to allow users implement image processing algorithms. Note that in the conventional architecture of Fig. 1 most of the intelligence is far from the sensor. Hence all input data, most of which are useless, must be codified in digital form and processed. On the one hand, this fact stresses the system requirements regarding memory, computing resources, etc.; on the other, it causes a significant bottleneck in the data-flow.



Fig. 8.1. Conventional Smart Image Sensor Concept



Such way of processing is actually quite different from what is observed in natural vision systems, where processing happens already at the sensor (the retina), and the data are largely compressed as they travel from the retina up to the visual cortex. Also, processing in retinas is realized in topographic manner; i.e. through the concourse of structures which are spatially distributed into arrangements similar to those of the sensors and which operate concurrently with the sensors themselves. These architectural concepts, borrowed from nature, define basic attributes of the Eye-RIS vision system. In particular: • realization of the processing tasks by an early processing step followed by a post processing step; • incorporation of the early processing structures right at the sensor layer; • concurrent sensing and processing operations through the usage of either topographic or quasi-topographic early-processing architectures.
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Some of these attributes, particularly the splitting of processing into pre-processing and post-processing, are also encountered in the smart camera Inca 311 from Philips. This camera embeds a digital pre-processing stage based on the so-called Xetal processor [4]. As a main difference to this approach, in the Eye-RIS vision system pre-processing is realized by using mixed-signal circuits distributed in a pixel-wise area arrangement and embedded with the optical sensors. Because pre-processing operations are realized in truly parallel manner in the analog domain, power efficiency and processing speed of the Eye-RIS system are both very large. Specifically, the last generation sensor/pre-processor used at the Eye-RIS, the so called Q-Eye, exhibits a computational power of 1 250GOps2 with a power consumption of 4mW per GOps.



8.2 The Eye-RIS Vision System Concept Eye-RIS is a generic name used to denote the bio-inspired vision systems from AnaFocus. These systems are conceived for on-chip integration of all the structures needed for: • • • • •



Capturing (sensing) images; Enhancing sensor operation, such as to enable high dynamic range acquisition; Performing spatial-temporal processing; Extracting and interpreting the information contained into images; Supporting decision-making based on the outcome of that interpretation.



The Eye-RIS are general-purpose, fully-programmable hardware-software vision systems. They are complemented with a software layer and furnished with a library of image processing functions which are the basic instructions for algorithm development. Two generations of these systems have been already devised and used within the SPARK project (Eye-RIS v1.1 and v1.2) in a road-map towards single chip implementation (Eye-RIS v2). All these generations follow the architectural concepts depicted in Fig. 2. The main difference between the concept in Fig. 8.2 and the conventional one depicted in Fig. 1 comes from the “retina-like” structure placed at the front-end in Fig. 8.2. This “retina-like” front-end stage is conceptually depicted as a multi-layer one. In practice it is a multi-functional structure where all the conceptual layers depicted in Fig. 2 are actually realized on a common semiconductor substrate. These functions include: • 2-D image sensing. • 2-D image processing. Programmable tasks in space (across the spatial pixel distribution) as well as in time are contemplated. • 2-D memorization of both analog and digital data. • 2-D data-dependent task scheduling. • Control and timing. itemAddressing and buffering the core cells. • Input/output. 2



GOps = Giga operations per second.
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Fig. 8.2. Eye-RIS system Conceptual Architecture with Multi-functional Retina-like Front-end



• Storage of user-selectable instructions (programs) to control the execution of operation sequences. • Storage of user-selectable programming parameter configurations. Note from Fig. 8.2 that the front-end largely reduces the amount of data (from F to f ) which must first be codified into digital representations and then processed. At this early processing stage many useless data are hence discarded through processing and only the relevant ones are kept for ulterior processing. Quite on the contrary, in the conventional architecture of Fig. 1 the whole data amount F must be codified and processed. This reduction of data supports the rationale for advantages of the Eye-RIS vision system architecture. In order to quantify the advantages let us calculate the latency time needed for the system to react in response to an event happening in the image. In the case of Fig. 8.1, conv



t |LAT = t acq + N × R × t A/D + N × t com p + t



proc



(8.1)



Where N is the number of pixels in the image, R is the number of bits employed for coding each pixel value, tact is the time required for the sensors to acquire the input scene, tA / D is the per-bit conversion time, tconv is the time needed to compare the new image with a previous one stored in memory as to detect any change, and t proc is the time needed to understand the nature of the change and hence prompt a reaction. Although the exact value of the latency time above may significantly change from one case to another, let us consider for reference purposes that most conventional systems produce values in the range of 1/30 to 1/50 sec. Similar calculations for Fig. 8.2 yield, Eye−RIS



t | LAT = t acq + M × R × t A/D + t com p + t



proc



(8.2)



Where M denotes the reduced number of data obtained after early processing. Comparing the latency times for figures yield,
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Fig. 8.3. Conceptual Block Diagram of the Eye-RIS v1.2 Eye−RIS



conv



t |LAT − t | LAT = (N − M) × R × t A/D + (N − 1) × t com p



(8.3)



Since typically it is N >> 1, the equation above can be simplified as, Eye−RIS



conv



t |LAT − t | LAT ≈ (N − M) × R × t A / D + N × t com p



(8.4)



Also, since in most cases the number of changes to be tracked will be small, we can assume that M 
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