Preface

The research group on ‘Vision Chips’ of the Institute of Microelectronics of Seville
has an accredited experience of more than 12 years dedicated to the design of CMOS
smart imagers and focal-plane array processors. By conveying some amount of
processing and memory close to the photosensors, we have built computationally
powerful and efficient chips to solve early vision tasks. The philosophy behind is to
adapt the system to the nature of the sensory signal. At the architectural level, we
are exploiting the parallelism that is inherent to low-level vision tasks, dealing with
a large amount of simple raw data. At the circuit level, we are exploiting the device
physics in order to efficienctly implement the required functionalities. For this, we
are taking advantage of the relatively relaxed requirements on accuracy found for
an isolated image pixel. In other words, a big part of the information conveyed by
the visual stimulus is redundant, therefore the conventional scheme in which every
individual pixel value is converted to digital prior to any processing is inefficient.
Our proposal is to send part of the computational load, that one corresponding to a
regular and repetitive ow, to the focal plane where, concurrently with sensing, it can
be carried out by simpler and more efficient circuits. This also avoids realizing too
many data transfers to and from the system memory.

Wireless sensor networks represent a scenario in which efficiency in the compu-
tation is enormously valuable. One of the reasons to implement vision algorithms
right at the sensor node is to avoid a heavy network traffic that will naturally imply
an extraordinary power consumption. Therefore, the implementation of vision at the
sensor node must be done under a restricted power budget, otherwise it would not
make sense. Then, if we are providing a power efficient implementation of the heav-
iest vision tasks together with higher level processing and wireless communications,
we will be establishing the basis for an autonomous network of distributed smart
cameras, capable of implementing co-operative and collaborative vision algorithms.

This book represents a contribution to the design of vision hardware for this type
of autonomous embedded systems. On one hand, power consumption constitutes
the major limitation when it comes to implement this kind of systems. On the other
hand, processing of the visual stimulus demands a heavy computational load to be
handled under strict timing requirements. In order to conjugate these two conflicting
facts, we are proposing a bottom-up approach. Starting at the transistor level, we
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are able to design a very simple processing element. Indeed, this processing element
is nearly useless if isolated. However, when organized as an interconnected array,
it becomes part of a massively parallel processing lattice capable of carrying out
different tasks very fast in a very efficient way. Supported by this array, we move
upwards in our approach and address the design of a vision chip intended to deliver
simplified scene representations at ultra low energy cost. This chip is especially
suitable to be integrated into a mote, the elementary autonomous embedded system
of wireless sensor networks. The final step in our bottom-up approach is related to
the application of vision-enabled motes to a specific case: early detection of forest
fires. All in all, the contributions of this work can be summarized by the following
points:

* An ad-hoc design of vision hardware based on massively parallel analog focal-
plane processing is proposed as the means to reach very high power efficiency in
vision-enabled WSN nodes.

» Different processing primitives are defined in order to achieve focal-plane
image simplification. All of them are supported by time-controlled linear dif-
fusion and reconfigurable image plane division, featuring a power-efficient VLSI
implementation.

* Despite the nonidealities of MOS transistors working in the ohmic region, a
MOS-based RC network is capable of performing linear diffusion with moder-
ate accuracy. Furthermore, a design methodology for these networks has been
developed in conjunction with an on-chip calibration process.

e A very compact circuitry capable of computing the image energy on a set of pixels
is proposed.

* A QCIF-resolution vision chip prototype is reported. This chip, experimentally
tested and fully functional, implements the processing primitives just mentioned
above. Excellent results are achieved in terms of speed, area and power consump-
tion, becoming a very competitive alternative when compared to similar chips
found in the literature.

* This prototype has been integrated into a commercial WSN node, consuming only
the 5.2% at most of the whole power consumption of the resulting vision-enabled
wireless platform.

* A new framework based on vision-enabled WSNs is proposed to carry out early
detection of forest fires. This framework presents better temporal and spatial
resolution than current camera-based automatic systems.

The book is organized in seven chapters. In Chap. 1, the context for this work is
introduced. A survey on vision-enabled WSN nodes is depicted in Chap. 2. Chapter 3
analyzes different primitives for image simplification based on focal-plane operators.
Chapter 4 considers the VLSI implentation of linear diffusion and Chap. 5 reports
the features of the vision chip that will be at the core of the system. Chapter 6 is
dedicated to the description of a vision-enabled wireless node based on the already
reported sensor chip. Finally, Chap. 7 deals with the details of a case study: early
detection of forest fires.
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