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Subject
More and more nomadic items embed both control and processing capabilities and one or more radio transceiver. These items include mainly wireless sensor networks (WSN) or more generally the domain of wireless communicating objects. Their common point is that they must operate as long as possible without replacing or recharging batteries. Therefore, energy consumption is the main constraint to be considered in the development of these items. The targeted hardware platform is typically heterogeneous and may include radio transceivers, general-purpose processors (GPP) or digital-signal processors (DSP) associated to co-processing capabilities (e.g. in an FPGA or a dedicated ASIC) for higher energy efficiency.

Wireless applications include many different digital signal-processing (SP) algorithms, especially for radio physical layer, base-band processing or sensor processing. They are usually executed with fixed sample rates and accuracy/bit widths and this leads to a power consumption which can only be reduced by not using the functions. However, in some conditions, reduced sample rates and/or bit widths may be sufficient and could be adapted to the required bandwidth or environment. In many DSPs or reconfigurable hardware this can be used to dynamically reduce the power consumption to small fraction just by using different software or by modifying the hardware. Another possible strategy for reduction of power consumption is to dynamically change the SP algorithm depending on the object environment.

Researches on energy optimization are numerous, and are applied at all levels of design. In this thesis, we propose to consider algorithmic-level optimizations for energy. More precisely, the relationship between computation and communication will be studied from the energy point of view, in order to enable dynamic energy management. As an example, the main question that we will tackle is “How many advanced signal processing techniques can we introduce on a wireless node to reduce the radio transmit power or the global power consumption of the digital processing?”
For this purpose, this thesis aims at defining and implementing new power-aware techniques which can adapt dynamically at run-time:

· the chosen algorithms of the radio physical layer (e.g. modulation, spreading, bit-rate, cooperative strategies, etc.),

· the accuracy (bit-width) of SP algorithms, and

· the transmit power,

depending on some parameters such as:

· radio channel conditions,

· distance between nodes, or

· quality-of-service required by the application.

Depending on the channel condition, some parameters in the physical layer can be modified, modulation scheme can be changed or spreading can be added. This potential will be explored in the thesis.

Moreover, the energy consumption of an application depends on the word-length of the manipulated data and decreasing the data word-length can reduce the energy. Nevertheless, this also reduces the computation accuracy and increases the unavoidable error due to finite word-length computation. We propose to use in this thesis an approach in which the fixed-point specification is adapted dynamically according to the input receiver SNR to save power [3].
To achieve significant additional gains in energy, the external RF block must be able to deliver the signal with the lowest possible transmit power and use the techniques of smart wake-up radios. To balance against low power radio transmission, advanced signal processing techniques (error correction, diversity gain of cooperative MIMO [1,2]) can be used to minimize the energy per useful transmitted bit.

A method for the dynamic adaptation of the system will also be considered in this thesis. This research can build on the concept of “cognitive radio” extending it for a power consumption trade-off and will mainly be applied in the context of wireless sensor networks.

The thesis will also benefit from previous research activities in the team on cooperative MIMO for low power WSN [1,2] and on dynamic precision scaling [3].

Finally, an important issue in the thesis will be to implement the proposed techniques and methods on a real-life prototype. For this purpose, two platforms will be considered. The first is a software radio platform used in the laboratory (adapted from GNU Radio platform) that will enable to implement adaptive techniques in the physical layer. The second one is the PowWow [4] platform for low power wireless sensor network developed at INRIA by the Cairn project-team which include co-processing capabilities in a low-power FPGA. Using PowWow will give the opportunity to test the proposed techniques in the context of a real WSN application.

This thesis takes place within the context of ITEA2 European project GEODES (Global Energy Optimization for Distributed Embedded Systems) and receives funds from this project and from the “Conseil Général de Côtes d’Armor CG22”.
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