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Abstract—In July 1999, an at-sea experiment to measure the
focus of a 3.5-kHz centered time-reversal mirror (TRM) was conducted in three different environments: an absorptive bottom, a reflective bottom, and a sloping bottom. The experiment included a
preliminary exploration of using a TRM to generate binary-phase
shift keying communication sequences in each of these environments. Broadside communication transmissions were also made,
and single-source communications were simulated using the measured-channel response. A comparison of the results is made and
time reversal is shown to be an effective approach for mitigating
inter-symbol interference caused by channel multipath.
Index Terms—Communications, phase conjugation, time
reversal.

I. INTRODUCTION

A

TIME-REVERSAL mirror (TRM) has been implemented
in the laboratory [1] and [2] and in the ocean [3]–[6]. The
application of time-reversal methods (phase conjugation in the
frequency domain) for underwater acoustic communications has
already been suggested [2], [5], [7] and some calculations for a
3500-Hz pulse with a kilohertz bandwidth has [8] demonstrated
the temporal multipath recombination and sidelobe suppression
needed for underwater communications.
Though much progress has been made in ocean acoustic
telemetry in the past 30 years, reliable high-speed communications have remained elusive [9]. Adaptive channel equalization
has been used in coherent underwater acoustic communication
systems to deal with the inter-symbol interference (ISI) caused
by time varying dispersive multipath environments [10], [11].
Time reversal is an approach that can be used independently
of or in conjunction with adaptive channel equalization. The
temporal compression of the time-reversal focus reduces the
dispersion caused by the channel. The spatial focus of the
TRM mitigates the effects of channel fading. Therefore, the
receiver would not need spatial diversity, i.e., an array of
receiving sensors. Thus, a TRM could be used in conjunction
with a relatively simple receiver consisting of a single-channel
adaptive equalizer which would have the benefit of reducing
the overall complexity of the receiver structure when compared
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Fig. 1. TRM experiments were performed off the west coast of Italy. The TRM
was deployed in 110–130 m deep water from the R/V ALLIANCE and the PS
was deployed off the R/V Manning 11 km away. Measurements were made off
the northern coast of Elba and near Formiche di Grosseto.

to that of a multichannel adaptive equalizer. Furthermore,
since the time-reversal focus degrades slowly as the ocean
changes, adaptive channel equalization could extend the period
of reliable communication. Investigating the use of a TRM
in conjunction with a single channel adaptive equalizer is a
current area of research.
This paper will discuss a July 1999 experiment in which
an acoustic source/receiver array transmitted communication
sequences to a vertical receiver array (VRA) that was 11 km
away. Communication sequences were transmitted in two
shallow-water environments ranging from 110 to 130 m water
depth. The first was north of Formiche di Grosseto, the second
was off the northern coast of Elba as shown in Fig. 1. Using
a probe source (PS) frequency of 3500 Hz, a vertical focus
of less than 10 m was achieved at the desired focal depths of
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60 and 80 m. Short broadside and time-reversal communication sequences were transmitted in the two environments.
Single-source communications were also simulated using
experimentally measured channel responses. Time reversal
is a two-way communications technique, first measuring
the channel response with a PS, and then transmitting the
communication sequences. Both single-source and broadside
communications are one-way transmission techniques. The
time-reversal approach is shown to be an effective approach
for ISI due to channel multipath. However, the data are limited
and are not sufficient for a statistical bit-error analysis. Single
source transmissions were the most prone to the negative effects
of dispersion. Section II provides an overview of the theory of
time reversal. Section III will discuss the experimental setup,
data, and communications results for both range-independent
and range-dependent sloping environments. Section IV will
contain concluding remarks.
II. THEORY OF TIME REVERSAL
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Fig. 2. Time-reversal experimental setup. The time-reversal mirror was
deployed from the R/V ALLIANCE. Communication sequences were
transmitted from the time-reversal mirror (SRA) to the VRA collocated with
the PS deployed from the R/V MANNING.

The theory behind time reversal [7], [12]–[14] has been
presented earlier. time reversal can be seen as implementing a
matched filter of the impulse response of the waveguide [15].
is transmitted from a source in a
When a known signal
waveguide, it is convolved with the impulse response of the
and the signal
is received
waveguide,
source/receiver
on the th element of the TRM, an array of
and retransmits the time
transducers. The TRM receives
. Thus, time reversal
reversed version of the signal,
implements a linear matched filter yielding the autocorrelation
of the impulse response of the waveguide. The signal received
, can be written as
back at the original source location,
(1)
The strength of the time-reversal focus depends on the
number of echoes received and the number of TRM elements
. For illustration purposes, first consider a simplified case
equal amplitude
where the impulse response is made up of
echoes. Presuming the multipath structure is not periodic, the
autocorrelation of this multipath has a peak level that is
times higher than the sidelobes. Combining the autocorrelation
elements and assuming the sidelobes
functions from all
occur at different times, we have a peak to sidelobe gain of
. However, in realistic waveguides, later multipaths
typically are attenuated heavily and thus contribute little to the
total field [16]. In general, longer impulse responses increase
the peak to sidelobe ratio but also increase the temporal span
of the sidelobes. In the context of applying time reversal to
communications systems, this means there will be a trade off
between increased peak to sidelobe ratio and increased ISI.
The resolution and sidelobe suppression issues for time reversal are the same as they are for linear broadband matched
field processing [17], since match field processing is the computational implementation of time reversal [18]. A simple way
to compute resolution is to recognize that a water-column spanning array can produce a vertical focus on the order of the water
depth divided by the number of contributing modes. In many

Fig. 3. Downward refracting sound-speed profiles were measured by taking
CTD casts from the R/V ALLIANCE in both the Elba and Formiche areas.

Fig. 4. Two-layer geoacoustic models for: (a) Formiche di Grosseto (slow
bottom); (b) north Elba (fast bottom), in the Mediterranean [22].

environments, the highest modes correspond to the later multipaths arriving in the impulse response. Receiving more multipaths indicates that the higher modes are strongly contributing
to the pressure field and a sharp resolution can be achieved [19].
A dense array reduces the sidelobes of the time-reversal focus
[20]. As previously mentioned, increasing the number of TRM
elements , increases the number of averages and improves
the time-reversal focus. From the modal point of view, a more
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Fig. 5. Panels (a) and (b) show the channel response from a 2-ms, 3.5-kHz PS pulse received by the TRM are shown in . The PS was 80 m deep near Formiche
and 60 m deep north of Elba. The received channel responses are time reversed and retransmitted from the TRM. The time-reversed signal refocuses both spatially
and temporally, back to the original PS locations as shown in panels (c) and (d):.

dense TRM samples the water column sufficiently to capture
and retransmit the higher order modes that contribute to sidelobe suppression.
III. EXPERIMENTAL RESULTS
The experimental setup already has been discussed in detail
previously [5], [21] and is shown in Fig. 2. A PS is nearly collocated with a VRA which has 32 elements with 3-m spacing.
The PS has a center frequency of 3.5 kHz which corresponds
to a wavelength ( ) of 0.43 m in the ocean. The source receive
array (SRA) consists of 29 source/receiver transducers with an
inter-element spacing of 2.78 m for a total aperture of 78 m or
181 . The transducers essentially have a bandwidth of 1 kHz
centered at 3.5 kHz. The PS in Fig. 2 transmits a 2-ms pure
tone pulse centered at 3.5 kHz. The signal is received on the
SRA, digitized, time reversed (phase-conjugated) and retransmitted. The turn-around time from PS ping to retransmission
was approximately 2 min. The backpropagated time series will
refocus at the PS location where the VRA will be used to measure the vertical structure of the field. The VRA element closest
to the PS depth will be used as the single element receiver in
our TRM communication system. Sound speed profiles for the
two experimental environments, Elba and Formiche, are shown
in Fig. 3. Their respective bottom properties are shown in Fig. 4
[22]. The Formiche area has an absorptive bottom and the area
near the northern coast of Elba has a more reflective bottom. A

Fig. 6. Block diagram of the single element BPSK receiver system. The
received signal and noise are separated into their quadrature components. The
output of the receiver, every T
2 ms, is the position of a single bit in the
complex plane. The logical decision is the closest Euclidean distance to either
i. The original bit was coded with a phase of 90 representing either a 1
or 0.

=

6

6

reflective bottom produces greater multipath dispersion than an
absorptive bottom.
Measurements were made in both range-dependent and
range-independent environments. We will first discuss the
range-independent results. Panel (a) of Fig. 5 shows the
Formiche channel response recorded on the TRM. The PS
was at 80-m depth at 11-km range. The sediment layer around
Formiche has a lower sound speed than the water column, and
energy tends to become trapped within it. Thus, the Formiche
area is minimally dispersive with few multipath arrivals so the
original 2-ms pulse has spread only a few milliseconds. The
Elba channel was excited by the same PS and recorded in panel
(b). The PS was at a depth of 60 m and at 11-km range. The
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Fig. 7. Communications time series received on the VRA 11 km away from the TRM. Data-derived simulations of transmissions from a single source are shown
in panels (a) and (b). One-way broadside communication sequences are shown in panels(c) and (d). Two-way time-reversal transmissions are shown in panels
(e) and (f).

Elba area has a reflective bottom resulting in many multipath
arrivals. The TRM recorded the initial 2-ms pulse as well as
20-ms of dispersive multipath arrivals. Panel (c) shows the
time-reversed pulse as received by the VRA in the Formiche
environment. Thus, the Formiche channel response shown in
panel (a) has been time reversed and retransmitted and received
on the VRA. The acoustic field has been compressed both
spatially and temporally back to the original PS depth of 80 m.
Panel (d) shows the Elba time-reversal focus at the PS depth of
60 m.
A. Communications—Range Independent
We first will consider transmitting communication sequences
in two range-independent environments. Binary-phase shift
keying (BPSK) was used to encode digital information in the

phase of a transmitted pulse with a bit rate of 500 b/s. Each
2-ms pulse represents either a 1 or 0 by changing the phase
of the pulse by 180 . All decoding was done with a single
element, synchronized integrate-and-dump receiver shown in
Fig. 6. No array processing or adaptive channel equalization
was used. The depth of the PS will be considered the desired
target depth for communications. Thus communication results
will be shown for a reception depth of 80 m near Formiche
and 60 m near Elba. The bit-error rate cannot be measured
statistically since the sequence length is only 50 b. Therefore,
only an initial preview of the potential of time reversal applied
to communications can be presented here. The short 50-b span
of the communication sequence was only due to equipment
limitations and not channel physics. Section III-A-1 will
discuss communications from a point source to a VRA receiver
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element. Section III-A-2 will discuss communications from the
source array to a VRA receiver element using broadside transmissions. Section III-A-3 will discuss communication from the
source array to a VRA receiver element using time-reversal
transmissions.
1) Simulation of Single Source Transmissions: Simple
one-way acoustic communications can be carried out by a
single source transmitting to a single receiver element. Due
to limited experimental time, communication sequences sent
by a single source were not made. Simulations of these communication sequences were made from the measured channel
responses shown in panels (a) and (b) of Fig. 5. In each case,
the 50-b BPSK communication sequence was synthesized by
taking 50 copies of the channel response, each separated by
2 ms, and encoding them with either a 1 polarity with no
additional noise. This simulated single source communication
sequences are shown in panels (a) and (b) of Fig. 7 for the
Formiche and Elba areas, respectively. Because of the limited
multipath in the Formiche area, there are few dispersive arrivals
and therefore little ISI. Using the simple receiver design in
Fig. 6, we were able to correctly receive 50/50 b that were
transmitted. There is greater ISI in the Elba area because of
the large number of multipaths. Only 40/50 b were correctly
received. Note also that the received acoustic energy has been
spread vertically across the water column.
2) Broadside Transmissions: Another method of one-way
communications is to use all the elements of the SRA to
transmit the same communications sequence on all channels
simultaneously (i.e., a broadside beam). Broadside transmission excites preferentially only the first few waveguide modes.
For the purpose of communication, transmitting a single mode
would suppress dispersion and therefore ISI. Exciting exactly
a single mode in shallow water experiments has proven quite
difficult and requires more complicated feedback control systems [23]. After propagation, attenuation further emphasizes
the lower order modes. At the depth of the first mode peak
there is little dispersion and high SNR since the first mode
dominates the field. But off this peak, the other lower order
modes are contributing significantly to the total field and, thus,
there is dispersion and ISI. The same 50-b BPSK communication sequence, consisting of 50 individual 2-ms pulses, was
transmitted using all 29 sources of the TRM with each source
transmitting at the same level. The experimental results from
this one-way transmission in the Formiche and Elba areas
from the TRM to the VRA are shown in panels (c) and (d),
respectively of Fig. 7. Note how the acoustic energy is lower
in the waveguide and in the Formiche area can be seen to take
on the shape of the first mode. Using the same single-element
receiver design at the PS depth, we were able to correctly
receive 50/50 of the transmitted bits from both the Formiche
as well as the Elba data. While broadside transmissions can
suppress dispersion, they concentrate energy vertically at the
peak of the first mode which might not be the desired receiver
position.
3) Time-Reversal Transmissions: Time-reversal communications is a two-way method that takes advantage of the focusing
ability of the time-reversal mirror. A channel is excited by a PS
and its channel response can be recorded as shown in Fig. 5

IEEE JOURNAL OF OCEANIC ENGINEERING, VOL. 27, NO. 3, JULY 2002

Fig. 8. Performance results are shown for the three BPSK communication
types as decoded by the single-element receiver. The left-hand column
contains data from Formiche, where the PS (receiver) is at 80-m
depth, while the right-hand column contains data from Elba, where
the PS (receiver) is at a 60-m depth. (a) and (b) Performance results
for data-simulated-one-way-single-source communications. (c) and (d)
Results for one-way broadside communications. (e) and (f) Results for
two-way-time-reversed communications.

Fig. 9. Experimental setup for the upslope Elba communications experiment.
The bathymetry changed from 112 m to 32 m over the 10-km range.

on the TRM. No data transmission is taking place during the
PS ping capture phase. Time-reversed BPSK encoding uses the
time-reversed channel response as a single bit, encoded with either a 1 polarity. The communication sequence is normalized
by the maximum amplitude (across all time and depth). The entire time-reversed channel response is copied every 2 ms, with
the copies substantially overlapping each other. After transmission through the ocean, the individual bits are compressed nicely
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Fig. 10. (a) Channel-response data in the range-dependent Elba upslope environment. The original 2-ms pulse has spread about 40 ms. (b) Time-reversed focus
received on the MFA. The original PS was located at a depth of about 22 m. (c) Reception of the broadside transmission. (d) Reception of time-reversal transmission.
(e) and (f) Scatter plots for broadside and time reversal, respectively.

back to their original 2 ms duration as shown in panels (e) and
(f) of Fig. 7. Note the focus of energy at the desired PS depth.
The scintillation seen in the time-reversal communication transmission is caused by the constructive and destructive interference of the sidelobes of each separate time-reversal focus. The
time-reversal focus from the Elba area has more sidelobes thus
produces a more complicated scintillation. Again, 50/50 of the
transmitted bits were received correctly and decoded at the PS
depth for both the Formiche and Elba data.
4) Symbol Scatter Plots: The performance results for the
three transmission types in the Formiche and Elba areas are
shown in Fig. 8 as scatter plots of the estimated data symbols for
BPSK encoding. The real and imaginary outputs of the receiver
shown in Fig. 6 for each bit are depicted as dots in the complex
plane. Recall that the receiver is a single element collocated
with the PS. Without noise or ISI there would only be two
points, 180 degrees apart in the complex plane, representing
a received “1” or a “0.” The left hand column presents data
from Formiche, while the right hand column presents data from

Elba. Panels (a) and (b) show performance results for simulated
one-way single source communications. Panels (c) and (d)
show one-way broadside communication results. Lastly, panels
(e) and (f) show performance results for two-way time-reversal
communications. The small scatter depicted in (a) is caused
by the small dispersion of the Formiche environment. For
Formiche, the broadside transmission in (c) and the time-reversal transmission in (e) show comparable results. For Elba,
the simulated single source transmission results in (b) show
large scatter since we wish to receive at a depth where very
little of the signal energy is located. Comparing the broadside
results in (d) to the time-reversal results in (f), shows that there
is an improved grouping in the time-reversal scatter plot.
B. Communications—Range Dependent
Range-dependent measurements were made in the upslope
region off the northern coast of Elba. The channel is characterized by many multipath arrivals. Fig. 9 shows that during
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Fig. 11. The number of bits correct out of 50 transmitted, versus depth for the
three transmission types in the three environments. The horizontal dashed line
is the depth of the PS.

this portion of the experiment, the TRM was deployed from the
drifting R/V ALLIANCE in 112 m water depth. The medium
frequency array (MFA), a short 6-m long array with 0.18 m
spacing, was used instead of the VRA to give a high resolution look at the TR focus. Deployed from the side of the anchored R/V MANNING, the MFA and PS were nearly collocated in shallow water 32 m deep. The two ships were separated
by 10 km.
Panel (a) of Fig. 10 shows the 2-ms PS pulse spreads to about
40 ms as received by the SRA. The time-reversal focus shown
in panel (b) is at the original PS depth of about 22 m with a
vertical focal size less than 1 m. The water column not spanned
by the array is depicted in light blue. Although the best foci
were obtained during the upslope experiment, the communications data were collected during a time of fast drifting, so the
results are somewhat out of focus. The reception at the MFA of
the broadside transmission is shown in panel (c). The energy is
spread through the water column. The reception of the time-reversal transmission is shown in panel (d). Panel (e) shows the
scatter plot from broadside transmission and panel (f) shows the
the scatter plot results for time reversal transmission. A tighter
grouping can be seen in the time-reversal results. In the broadside transmission, 43/50 b were decoded correctly while for the
time-reversal transmission, 50/50 b were decoded correctly.
C. Communications—Channel Fading
Often, it is impractical to have an array of receiver elements
that span a large enough portion of the water column to mitigate channel fading For example, an autonomous underwater
vehicle has a limited vertical aperture for receiving elements.
The effect of channel fading on the three transmission types can
be seen in Fig. 11 as a function of the number of bits correct out
of 50 versus depth. The PS depth is shown as a dashed line. The
single-source transmission has energy distributed throughout
the water column and was subject to dispersion. The broadside transmission will excite the lower order modes and especially the first mode. After propagation, the weakly excited
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modes are attenuated. By looking at Fig. 11, it can be seen that
the broadside communication works best around the peak of
the first mode. This is because the first mode dominates, thus
fighting dispersion and channel fading. Away from the peak of
the first mode, the other excited modes begin to contribute significantly to the field and there is significant dispersion in the
signal. Broadside transmission works well at the peak of the first
mode but that might not be where the receiver is located. Time
reversal provides control over the the vertical acoustic energy
distribution thus potentially facilitating communication with receivers at any depth. The number of bits correct versus depth for
time reversal tends to reproduce the focal shape.
Another characteristic of time reversal is that the focus
quickly decays, both in depth and temporal focus, at positions other than that of the PS. This suggests that a receiver
attempting to listen at another location would not benefit from
the SNR and dispersion reduction available at the time-reversal
focus.
IV. CONCLUSION
We have shown that as a matched filter to the channel impulse response, time reversal potentially is an effective communications technique that mitigates the ISI caused by multipath
dispersion. Preliminary evidence demonstrates a substantial advantage of time reversal over one way single source communications and, to a lesser extent, advantage over one-way broadside
(nearly single mode) communications.
The time-reversal approach enables focusing the transmitted
energy in both range and depth. Furthermore, it was demonstrated that focusing of communication sequences can be accomplished over substantial range-dependent bathymetry.
REFERENCES
[1] M. Fink, “Time reversal mirrors,” in Acoustical Imaging, B. F. Jones,
Ed. New York: Plenum, 1995, vol. 25, pp. 1–15.
[2]
, “Time reversed acoustics,” Phys. Today, vol. 50, no. 3, pp. 34–40,
1997.
[3] A. Parvulescu and C. S. Clay, “Reproducibility of signal transmissions
in the ocean,” Radio Elect. Eng., vol. 29, no. 1, pp. 223–228, 1965.
[4] A. Parvulescu, “Matched-signal (‘mess’) processing by the ocean,” J.
Acoust. Soc. Amer., vol. 98, no. 2, pp. 943–960, 1995.
[5] W. A. Kuperman, W. S. Hodgkiss, H. C. Song, T. Akal, C. Ferla, and D.
Jackson, “Phase conjugation in the ocean: Experimental demonstration
of an acoustic time-reversal mirror,” J. Acoust. Soc. Amer., vol. 103, no.
6, pp. 25–40, 1998.
[6] W. S. Hodgkiss, H. C. Song, W. A. Kuperman, T. Akal, C. Ferla, and
D. Jackson, “A long range and variable focus phase-conjugation experiment in shallow water,” J. Acoust. Soc. Amer., vol. 105, no. 3, pp.
1597–1604, 1999.
[7] D. R. Jackson and D. R. Dowling, “Phase conjugation in underwater
acoustics,” J. Acoust. Soc. Amer., vol. 89, no. 1, pp. 171–181, 1991.
[8] W. A. Kuperman, W. S. Hodgkiss, H. C. Song, P. Gerstoft, P. Roux, T.
Akal, C. Ferla, and D. R. Jackson, “Ocean acoustic time reversal mirror,”
in Proc. 4th Eur. Conf. Underwater Acoustics, 1998, pp. 493–498.
[9] D. Kilfoyle and A. Baggeroer, “The state of the art in underwater
acoustic telemetry,” IEEE J. Oceanic Eng., vol. 25, pp. 4–27, Jan. 2000.
[10] M. Stojanovic, J. A. Capitovic, and J. G. Proakis, “Phase-coherent digital
communications for underwater acoustic channels,” IEEE J. Oceanic
Eng., vol. 19, pp. 100–111, Jan. 1994.
[11]
, “Adaptive multichannel combining and equalization for underwater acoustic communications,” J. Acoust. Soc. Amer., vol. 94, no. 3,
pp. 1621–1631, 1993.
[12] D. R. Jackson and D. R. Dowling, “Narrow-band performance in underwater acoustics,” J. Acoust. Soc. Amer., vol. 91, no. 6, pp. 3257–3277,
1992.

EDELMANN et al.: AN INITIAL DEMONSTRATION OF UNDERWATER ACOUSTIC COMMUNICATION USING TIME REVERSAL

[13] D. R. Dowling, “Phase-conjugate array focusing in a moving medium,”
J. Acoust. Soc. Amer., vol. 94, no. 3, pp. 1716–1718, 1993.
, “Acoustic pulse compression using passive phase conjugate pro[14]
cessing,” J. Acoust. Soc. Amer., vol. 95, no. 3, pp. 1450–1458, 1994.
[15] A. Derode, A. Tourin, and M. Fink, “Ultrasonic pulse compression with
one-bit time reversal through multiple scattering,” J. Appl. Phys., vol.
85, no. 9, pp. 6343–6352, 1999.
[16] P. Roux, B. Roman, and M. Fink, “Time-reversal in an ultrasonic waveguide,” Appl. Phys. Lett., vol. 70, no. 14, pp. 1811–1813, 1997.
[17] A. Baggeroer, W. A. Kuperman, and H. Schmidt, “Matched field processing: Source localization in correlated noise as an optimal parameter
estimation problem,” J. Acoust. Soc. Amer., vol. 83, no. 2, pp. 571–587,
1988.
[18] R. K. Brienzo and W. S. Hodgkiss, “Broadband matched-field processing,” J. Acoust. Soc. Amer., vol. 94, no. 5, pp. 2821–2831, 1993.
[19] S. Kim, G. F. Edelmann, W. A. Kuperman, W. S. Hodgkiss, H. C. Song,
and T. Akal, “Spatial resolution of time-reversal arrays in shallow
water,” J. Acoust. Soc. Amer., vol. 110, no. 2, pp. 820–829, 2001.
[20] W. S. Hodgkiss, W. A. Kuperman, H. C. Song, T. Akal, C. Ferla, and
D. Jackson, “Time reversal focusing with less than a full water column
source array,” J. Acoust. Soc. Amer., vol. 102, no. 5, p. 3171, 1997.
[21] H. C. Song, W. A. Kuperman, and W. S. Hodgkiss, “A time-reversal
mirror with variable range focusing,” J. Acoust. Soc. Amer., vol. 103,
pp. 3234–3240, 1998.
[22] J.-P. Hermand and P. Gerstoft, “Inversion of broad-band multitone
acoustic data from the yellow shark summer experiments,” IEEE J.
Oceanic Eng., vol. 21, pp. 324–346, Oct. 1996.
[23] J. R. Buck, J. C. Preisig, M. Johnson, and J. Catipovic, “Single-mode excitation in the shallow-water acoustic channel using feedback control,”
IEEE J. Ocean. Eng., vol. 22, pp. 281–291, Apr. 1997.

Geoffrey F. Edelmann received the B.S. degree in
physics from the University of California, San Diego,
in 1997. He is currently working toward the Ph.D.
degree at the Scripps Institution of Oceanography,
La Jolla, CA. His current research interests include
acoustics, time-reversal and telemetry.

T. Akal, photograph and biography not available at the time of publication.

609

William S. Hodgkiss was born in Bellefonte, PA, on
August 20, 1950. He received the B.S.E.E. degree
from Bucknell University, Lewisburg, PA, in 1972,
and the M.S. and Ph.D. degrees in electrical engineering from Duke University, Durham, NC, in 1973
and 1975, respectively.
From 1975 to 1977, he worked with the Naval
Ocean Systems Center, San Diego, CA. From 1977
to 1978, he was a faculty member in the Electrical
Engineering Department, Bucknell University. Since
1978, he has been a member of the faculty of the
Scripps Institution of Oceanography, La Jolla, CA, and on the staff of the
Institution’s Marine Physical Laboratory. Currently he is Deputy Director,
Scientific Affairs, Scripps Institution of Oceanography. His present research
interests are in the areas of signal processing, propagation modeling, and
environmental inversions with applications of these to underwater acoustics
and electromagnetic wave propagation.
Dr. Hodgkiss is a Fellow of the Acoustical Society of America.

Seongil Kim received the B.S. and M.S. degrees in
oceanography from the Seoul National University,
Seoul, Korea, in 1986 and 1988, respectively. In
1990, he joined the Agency for Defense Development, Korea, after serving a military duty in the ROK
Army. He is currently working toward the Ph.D.
degree at the Scripps Institution of Oceanography,
La Jolla, CA. His current research interests include
ocean time-reversal acoustics and signal processing.

William A. Kuperman has worked on theoretical
and experimental research in ocean acoustics and
signal processing at the Naval Research Laboratory,
SACLANT Undersea Research Centre, La Spezia,
Italy and the Scripps Institution of Oceanography,
La Jolla, CA. He is a currently a Professor at the
Scripps Institution of Oceanography, and Director of
its Marine Physical Laboratory.

Hee Chun Song received the B.S. and M.S. degrees
in marine engineering and naval architecture from
Seoul National University, Korea, in 1978 and
1980, respectively, and the Ph.D. degree in ocean
engineering from the Massachusetts Institute of
Technology, Cambridge, in 1990.
From 1991 to 1995, he was with Korea Ocean
Research and Development Institute. Presently
he is a project scientist at the Marine Physical
Laboratory/Scripps Institution of Oceanography,
University of California, San Diego. His research
interests include time-reversed acoustics, robust matched field processing, and
wave propagation physics.

