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1. Introduction

Reconfigurable resources can provide substantial field
programmable capability in the wireless autonomous
nodes of an ad-hoc sensor network. The intersection
between distributed systems and reconfigurable ones is a
topic that has not yet been studied methodically. In
previous work [1] we have presented some problems and
challenges in distributed reconfigurable systems and our
on-going research in these topics. The problems are
compounded by the need for low cost solutions and
support for multi-vendor systems. Thus, there is a need to
reconfigure or partially reconfigure individual nodes in
order to alter system behavior, or circumvent non-fatal
errors.

The Parrotfish project is a low cost, distributed
environment for (partial) reconfiguration of distributed
field programmable systems, e.g. sensor networks. In this
paper we present architectures and results in which the
wireless nodes of a distributed system can undergo
runtime task-reversals under triggering from external
conditions, using Bluetooth as a low cost wireless
medium. The project gets its name from the small fish
found in Florida waters, which can change gender as
needed under group dynamics.

2. Wireless communication issues

The choice of Bluetooth as the wireless medium vs.
other options (IrDA, WiFi) was not obvious [2], and was
determined after consideration of several parameters.

Flexibility: In a wide-scale, computationally
demanding environment the exclusive usage of vendor
specific FPGAs may decrease the complexity and
increase the compatibility of the system but it may not
offset its reduced efficiency. Thus, the existence of a
heterogeneous (multi vendor) multi-FPGA system may
sometimes be necessary and therefore a vendor-
independent protocol needs to be used for the wireless
communication, with vendor-specific configuration
support (e.g. file transfers) at the node boundaries. The
communication protocol must be able to sustain
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exchange of processed data and configuration files in an
efficient, reliable and fault tolerant manner.

Addressing: In a point-to-point system, the addressing
protocol can be considered as a trivial issue. On the
contrary, in a point-to-multipoint network topology, the
following issues need consideration:

e At any given time, one node is by default the master
and the rest are slaves.

e The master must have the ability of multicasting and
broadcasting information to the entire network.

¢ Since the network is decentralized, each node must
be able to become the master node of the network.

e The addressing protocol must provide an
identification mechanism for all nodes in the network.

e The addressing protocol fully depends on the number
of nodes deployed in the network.

3. Parrotfish node architecture

The Parrotfish node is partitioned into three inner-
communication layers, initially proposed in [1].

e The “lower” layer (layerl) is the physical and data-
link layer. It consists of the Bluetooth module and its
controller. This layer secures the efficient data transport
between the nodes and is referred to as data link layer. It
fully supports multicasting and broadcasting

e The “middle” layer (layer2) is the control medium of
the sensor node.

e And the “upper” layer (layer3) is the reconfigurable
section.

Layer2 acts as a centralized source for run-time
(re)configuration of the reconfigurable processing-section
and an intermediate between the reconfigurable layer and
the rest of the network. It consists of the HPT (Hardware
Programmer & Tester) [3], an 8-bit microcontroller and a
memory storage unit.

All incoming data from the network that reach the
node are collected by layerl. In turn, the middle layer
“parses” the received data and according to their use,
they are forwarded to the reconfigurable section (layer3)
or kept as needed. Vice-versa, layer2 collects processed
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data and requests from layer3 and either redirects them to
the upper layer for transmission to the network or
processes them. It also has the ability to dynamically
(re)program or read back the configuration bit stream of
the node’s reconfigurable section (layer3).
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Fig 1. Layers of transparency

The architecture of the Parrotfish node offers a level
of transparency between the different layers. Each layer
only communicates with its adjacent layer.

Sensor Node

4. Case Study

The purpose of this case study is to demonstrate the
Parrotfish project’s capabilities mainly in the flexibility
that can provide in a distributed sensor network. The
present Parrotfish project is comprised of two identical
nodes. Each node is capable of performing a single task,
“Task A” or “Task B”, as depicted in Figure 2. The first
task is the implementation of the “game of life” whereas
the second task simply drives a 7 segment display panel.
Each task is completely independent of the other and its
execution requires one full configuration of the
reconfigurable section (layer3) through the HPT with a
configuration file stored in the system’s memory module.

The protocol in this network dictates that each node
must, at any time, execute different tasks. If a node due to
an external factor must change task, the other node must
act accordingly. Since the nodes only contain the
configuration bitstream of the currently executed task, the
HPT apparatus is responsible for “swapping” the
bitstreams between the two nodes. Another rule in this
protocol is that the “task swapping” mechanism must be
dynamic. In other words, each node must be reconfigured
with the other node’s latest execution instance. Task
execution must continue from the exact point where the
other stopped and vice versa.

In order to achieve dynamic reconfigurable
computing it is necessary to allow tasks to be preempted.
On preemption the state of the task should be saved
either by readback (if the FPGAs support it) or through
some other method. Significant work on this area is
mentioned in [4]. The “task swapping” procedure is

controlled by the “middle” layer. The HPTs in the nodes
take a “snapshot” of the FPGAs’ state, through readback,
and store them into their memories respectively. When
the first node verifies the error-free transmission of Task
B’s configuration file, it starts transmitting Task A’s
configuration file respectively. As a following stage, the
HPT apparatus in each node reconfigures the FPGA with
the newly arrived task. As a result, the two nodes have
completely switched tasks, with each node continuing
from the exact point where the other has left.
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Fig 2. Parrotfish nodes.
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