Accepted Manuscript

Fast Heterogeneous Computing Architectures for Smart Antennas

Marc Reichenbach, Max Kasparek, Konrad Haublein,
Jan Niklas Bauer, Mohammad Alawieh, Dietmar Fey

Pll:
DOI:
Reference:

To appear in:

Received date:

Revised date:

Accepted date:

S1383-7621(16)30202-8
10.1016/j.sysarc.2016.11.004
SYSARC 1391

Journal of Systems Architecture

5 February 2016
23 September 2016
9 November 2016

1]

77
73

Please cite this article as: Marc Reichenbach, Max Kasparek, Konrad Haublein, Jan Niklas Bauer,
Mohammad Alawieh, Dietmar Fey, Fast Heterogeneous Computing Architectures for Smart Antennas,

Journal of Systems Architecture (2016), doi: 10.1016/j.sysarc.2016.11.004

This is a PDF file of an unedited manuscript that has been accepted for publication. As a service
to our customers we are providing this early version of the manuscript. The manuscript will undergo
copyediting, typesetting, and review of the resulting proof before it is published in its final form. Please
note that during the production process errors may be discovered which could affect the content, and
all legal disclaimers that apply to the journal pertain.


http://dx.doi.org/10.1016/j.sysarc.2016.11.004
http://dx.doi.org/10.1016/j.sysarc.2016.11.004

Fast Heterogeneous Computing Architectures for Smart
Antennas

Marc Reichenbach®*, Max Kasparek®, Konrad Haublein®, Jan Niklas Bauer?,
Mohammad Alawieh?, Dietmar Fey?®

@ Department Computer Science, Chair of Computer Architecture,
Friedrich-Alezander- Universitat Erlangen-Nirnberg (FAU)
b Fraunhofer Institute for Integrated Circuits (IIS)

Abstract

The usage of locating systems in sports elevates match and training analysis
to a new level. By tracking players, balls and othér sports equipment during
matches or training, the performance of playersdcan be analyzed, the training
can be adapted and new strategies can be developed. The radio-based Red-
FIR system equips players and balls in soccerswith miniaturized transmitters,
while antennas distributed around the playing field receive the transmitted ra-
dio signals. A cluster computer processes\thesersignals to determine the exact
positions based on the signals’ Time Qf Arrival (TOA) at the back end.

While such a system works well, it is,neither scalable nor inexpensive due
to the required computing cluster. Also the relatively high power consumption
of the GPU-based cluster is sub optimal. Moreover, high speed interconnects
between the antennas and’the ¢luster computers introduce additional costs and
increase the installation effort. However, a significant portion of the computing
performance is not required fotr the synthesis of the received data, but for the
calculation of thesunigiie TOA values of every receiver line.

Therefore, in:this paper we propose a smart sensor approach: By integrating
some intelligence into the antenna (smart antenna), each antenna correlates the
received signal independently of the remaining system and only a comparably
small amount of resulting data is sent to the backend. While the idea is quite
simple, the question of a well suited computer architecture to fulfill this task
inside the smart antenna is more complex. Therefore, this paper provides an
¢valuation of embedded architectures, such as FPGAs, GPUs, ARM cores as well
as,a many core CPU (Epiphany), regarding processing performance and energy
consumption. Additionally, we show that performance and energy consumption
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