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Prof. Helmut Bolcskei - Research Highlights

Communication Theory

Keywords

« Communication and Information Theory

« Mathematical Signal Processing

« Applied and Computational Harmonic Analysis

Current research interests and activities

« Compressed sensing and matrix completion

« Analysis and processing of high-dimensional data
« Learning in networks

« Capacity of wireless communication systems

« Frame theory

Focus

The Communication Theory Group (CTG) in the Communication
Technology Laboratory performs research on theoretical, applied, and
algorithmic aspects of the following areas: Information theory,
mathematical signal processing, applied and computational harmonic
analysis. We apply advanced concepts in probability theory, statistics, and
functional analysis to gain insights on practical problems, sometimes
going all the way to hardware implementation and system evaluation.

Mobile wireless Internet

With the advent of smart phones mobile wireless Internet systems will
have to offer huge throughput and coverage improvements within the
next decade. The key technologies to realize these improvements are
multiple-input multiple-output (MIMO) wireless communication and
interference management. Fig. 1depicts the short-term average
throughputs across the cell area achievable in the downlink of a wireless
cellular system employing different antenna configurations (T x R
denotes a setup with T antennas at the base station and R antennas at
the terminal).
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Figure 1.
MIMO cellular systems offer significantly increased coverage and
capacity.

The goal of CTG's research in this area is to contribute i) to a thorough
understanding of interference in wireless networks and ii) to the design
of interference management and MIMO wireless techniques that can
meet the demands mandated by future mobile Internet systems. Our
work in this field is subdivided into three different areas, namely
information-theoretic analysis, transmitter/receiver design (signal
processing algorithms and coding), and finally the VLSl implementation
of algorithms.

Fig. 2 shows a soft-output MIMO sphere decoder ASIC based on the
single-tree search paradigm invented and implemented in close
collaboration between CTG/ETHZ and IIS/ETHZ.

Figure 2:

Layout of a single-tree search-based soft-output sphere decoder ASIC
manufactured in 0.25 um technology

Analysis and processing of high-dimensional data

The next major challenges in I1&C technology arise from the massive (and
continuously increasing) amounts of data that need to be processed in
modern information technology applications. In 2007 the amount of
information created world-wide exceeded the total available storage
space world-wide (Source: IDC). Our work in this area aims at developing
theoretical foundations for finding structure in high-dimensional data
and exploiting this structure for information processing. The
mathematical tools used in this area include harmonic analysis,
probability theory, estimation theory, information theory, Banach space
geometry, approximation theory, and learning theory.

For more information on our research group and our projects please see
www.nari.ee.ethz.ch/commth/



