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Tutorial Overview

As the radio frequency spectrum congests, the optical medium provides an attractive alternative,
supplying ample and easily-reusable spectral resources. Optical wireless communications that use
light to carry information through a tetherless channel can offer Gbps connectivity to wireless users.
This tutorial covers the essential characteristics of optical wireless systems to provide
communications engineers the ability to work within this exciting field. State-of-the-art system
design, performance, and applications are described. The tutorial will cover a range of theoretical
and practical aspects of optical wireless communications including indoor and outdoor links:

Outline of applications: We will begin with an outline of the range of applications of optical wireless
communications. This will emphasize the two best known areas — indoor optical wireless and free
space optics (FSO) but will also mention other applications such as chip interconnect, satellite and
deep space communications, and underwater communications. A summary of key potential
advantages and drawbacks of an optical wireless approach compared with other techniques will be
given.

Introduction to optical transmitters and receivers: We will next describe the components of typical
optical communication systems. The properties of both lasers and LEDs as optical transmitters will
be described in detail. The photodetectors used in receivers will be described and the difference
between direct detection and coherent reception discussed. The differences between imaging and
nonimaging receivers will be discussed and the importance this has in MIMO applications. The
important noise mechanisms in optical wireless systems will be described.

Performance metrics and modulation techniques: Many of the metrics routinely used in RF wireless
communications are not directly applicable or are not useful. This section will discuss the key factors
in measuring the performance of optical wireless systems. Because of the different characteristics of
optical systems, modulation techniques developed for RF systems are not useful or are not
optimum. The key modulation techniques for optical wireless communications will be introduced
and their characteristics described.

Free Space Optical Communications: Important aspects of FSO will be introduced. We begin by
presenting models of the lineof-sight atmospheric channel under various weather conditions. We
review the requirements and impact on system performance of the acquisition, pointing and
tracking (APT) subsystem. Challenges and benefits that can be obtained by using multiple
transceivers in a MIMO configuration will be explored. Recent developments and current areas of
research will be discussed.

Visible Light Communications: The introduction of lighting LEDs has created a new opportunity to
create very high data rate wireless systems. In this section an up-to-date overview of research on
indoor visible 2 light communications will be provided. Other emerging applications such as vehicle
to vehicle communications will be described.

Experimental techniques and challenges: There have been a number of recent papers describing
experimental work on all aspects of optical wireless communications. From the communications
viewpoint, the most critical part for system level design and testing is the unique sounding and



measurement techniques for optical wireless channels, including channel impulse response, path
loss, large-scale and small-scale signal fading statistics. These metrics may vary from indoor to
outdoor scenarios. This section will describe some key recent experiments and measurement
techniques to better capture channel characteristics, and in some cases particle-wave dual
properties. Analytical and experimentally validated models will be presented. Then communication
system performance measurement techniques will be covered. Implementations of data
modulation/demodulation, coding/decoding, pre-/postprocessing of transmitted and received
signals will be introduced, followed by some key challenges.

Question and Answer Session and Discussion of the Key Research Challenges: The tutorial will
conclude with a question and answer session and a panel discussion by the three presenters of what
they consider the key research challenges in optical wireless communications.
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