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Free-space optical (laser) communication has now tran-
scended the technology maturation phase to the point of ter-
restrial and Earth-orbiting satellite links now being deployed
operationally. The multitude of successful technology demon-
strations since 1995 have led to the understanding that free-
space laser communications can be reliably operated in
certain short-range to long-range backhaul communications.
It is a powerful tool in the telecom technology tool box, and
by no means a technology that makes previous telecom
technologies obsolete.

The primary benefit of laser communication arises from
the narrow beam divergence of the laser, as related to its
multi-THz frequencies. These benefits can be applied to
substantially increase communications capacity by delivering
one-to-three orders of magnitude higher data rate for approx-
imately the same mass and power consumption of con-
ventional long-range telecom links. Typical transmit/receive
(telescope) aperture diameters are a fraction of those of
antennas for lower-frequency communications systems.

Currently, the unregulated optical spectrum provides
another major benefit over highly-to-lightly regulated radio fre-
quency (RF), microwave, and millimeter-wave frequencies.
Building-to-building free-space optical links are now common-
place worldwide. The European Space Agency (ESA) is now
making operational use of the commercially available trans-
ceivers from Tesat Spacecom in low-earth-orbit to high-earth-
orbit links. Sub-Gbps links have been demonstrated from the
moon orbit, and deep-space laser communications technol-
ogy demonstrations have been planned by both NASA and
ESA. Underwater optical communication is also gaining in
popularity. Remarkably, traditional government funding for
laser communications research has been substantially aug-
mented by the high-technology entities who seek to apply
this technology to providing connectivity to the remaining
3 billion or so population of the world who have either no
access or very poor access to the Internet.

This special section ofOptical Engineering comprises four-
teen papers that cover developments in different aspects of
optical communications technology, providing insight into
current areas of research. The fourteen papers (out of twenty-
two submitted) fall into four general categories: components,
channel characterization, architecture/modeling/analysis, and
satellite links.

Components papers include: inertial-based multiloop con-
trol of fast-steering mirrors, by Tian et al.; impact-ionization-
engineered avalanche photodiode arrays, by Ferraro et al.;
space qualification of a 1550-nm high-power fiber-laser trans-
mitter, by Gupta et al.; and two-dimensional beam steering
using a thermo-optic silicon photonic optical phased array,
by Rabinovich et al.

Channel characterization papers include: scintillation record-
ing and playback in free-space optical links, by Rabinovich
et al.; cross-beam scintillation in underwater medium, by
Baykal; investigation of adaptive optics performance from
propagation channel characterization with a small optical
transponder, by Petit et al.; and average symbol error rate
MQAM in generalized atmospheric turbulence and misalign-
ment errors, by Sharma.

The architecture and simulation papers include: joint relay
selection and link scheduling in a cooperative free-space
optical system, by Tan et al.; demonstration of a variable-
data-rate free-space optical communication architecture using
efficient coherent techniques, by Geisler et al., and perfor-
mance analysis of multiple-input multiple-output free-space
optical systems with partially coherent Gaussian beams and
finite-sized detectors, by Gökçe et al.

The satellite link papers include: a nanosatellite optical
downlink experiment, by Clements et al.; planning constraints
of low-grazing-altitude GEO-LEO laser links based on in-orbit
data, by Sterr et al.; and coherent receiver design based on
digital signal processing in optical high-speed intersatellite
links with M-phase-shift keying, by Schaefer et al.
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