PHASE CONTROL

A Slow-Light Laser Radar (SLIDAR)
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ight detection and ranging (LIDAR) is used
in a variety of remote sensing applications,
such as measuring atmospheric properties,
detecting chemical and biological agents and
surveilling vehicles.1 The key performance
parameters of a LIDAR system include its
transverse and longitudinal resolutions.
Similar to imaging systems, the far-field
transverse resolution of LIDAR depends on
the aperture size of its emitter. Recently,
multi-aperture systems have been studied for
various applications, such as high-performance
telescopes and high-power lasers. Compared to
a single large aperture, multi-aperture systems
can achieve a larger effective aperture size—in
other words, fine far-field transverse resolution,
without the need for heavy and slow optomechanical components.
Since the signals from different emitters
need to be coherently combined in the farfield, a multi-aperture LIDAR requires precise
optical phase control of every emitter’s output.
Furthermore, a LIDAR working in a pulsed
mode faces an additional challenge. When
the beam is steered far off from the direction
normal to the emitter array plane, the emitters
at one side of the system become closer to the
far-field target than those on the other. Thus,
the signal pulses sent from different emitters
may no longer overlap in time when they reach
the far field. Such a group delay mismatch will
degrade both the longitudinal and transverse
resolutions. Thus, it is crucial to dynamically
correct the group delay mismatch such that the
pulsed signals emitted from different channels
are always aligned properly in time when they
reach the far field.
Earlier this year, we proposed and demonstrated a multi-aperture slow-light laser radar
(SLIDAR) system.2 We incorporate two independent fiber-based tunable slow light mechanisms, namely dispersive delay and stimulated
Brillouin scattering (SBS) slow light, to realize
dynamic group delay compensation while the
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system scans in two orthogonal directions.3,4 We
also use a heterodyne locking scheme to control
the optical phase of the output of each emitter.
We use three emitters arranged in a rightangle 2-D pattern. Such an arrangement contains
all of the conceptual difficulties of a multichannel system. Specifically, it requires simultaneous implementation of two types of slow light
mechanisms as well as optical phase locking.
When the system is pointing at off-axis
directions, the group delay mismatch will
result in significant signal broadening, indicating serious degradation in longitudinal
and transverse resolutions. When the 2-D
group delay control units are turned on, the
mismatch is compensated well and there is no
pulse broadening in the returned signal. With
our demonstration of all the key techniques,
the implementation of a full-fledged SLIDAR
system becomes straightforward. OPN
The authors acknowledge Corning Inc. for their loan
of the DCF module, and G. Gehring, E. Watson and
L. Barnes for helpful discussions. This work was
supported by the DARPA/DSO Slow Light program.

Researchers
Zhimin Shi (zshi@
optics.rochester.edu),
Aaron Schweinsberg and Joseph E.
Vornehm
The Insitute of Optics,
University of Rochester,
Rochester, N.Y., U.S.A.
Robert W. Boyd
The Insitute of Optics,
University of Rochester,
and University of Ottawa, Ontario, Canada.

References
1. P.S. Argall and R.J.
Sica. “LIDAR,” in
Encyclopedia of
Imaging Science
and Technology, J.P.
Hornak, ed., Wiley,
N.Y. (2002).
2. A. Schweinsberg et
al. Opt. Lett. 37, 329
(2012).
3. A. Schweinsberg et
al. Opt. Express 19,
15760 (2011).
4. Z. Shi et al. Phys.
Lett. A 374, 4071
(2010).

DECEMBER 2012 OPTICS & PHOTONICS NEWS

51

