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Abstract—An acoustic Digital MONitor (DMON) has been in-
tegrated into a Seaglider autonomous underwater vehicle to serve
as a general-use tool for passive acoustic sensing of marine mam-
mal vocalizations. The system is being developed as a complement
to conventional ship-based cetacean survey methods. The acoustic
system includes three omnidirectional hydrophones, one located on
centerline of the aft payload hatch and one on each wingtip. An on-
board real-time detector has been implemented to record an audio
sample if ambient noise has risen above a user-prescribed signal-
to-noise ratio (SNR) threshold level. The data size and the number
of detections are available in semi-real time, and the acoustic data
are retrieved upon recovery of the instrument. Because the DMON
system interfaces with the Seaglider firmware, the glider pilot has
the capability to modify several operational parameters governing
the collection of acoustic data while the glider is deployed to tailor
the data recording to the desired mission objectives. This imple-
mentation is referred to as the Seaglider Customizable Sampling
Configuration (SCSC) DMON and has recorded a wide variety of
cetacean vocal activity offshore the Hawaiian Islands.

Index Terms—Bioacoustics, gliders, passive acoustics.

I. INTRODUCTION

G LIDERS are relatively low-cost, low-power autonomous
instrument platforms that have become ubiquitous tools

for ocean sensing, with applications ranging from collecting
oceanographic temperature measurements to military surveil-
lance. For ocean acoustic applications, gliders equipped with
acoustic recording devices can complement or be used in place
of more traditional moored systems or ship-based receivers.
Gliders are well suited to passively and persistently sample a
marine ecosystem using acoustic methods, and passive acoustic
recordings on gliders could give valuable insight into assessing
population abundances of vocalizing marine mammals.

Manuscript received June 3, 2016; revised October 21, 2016; accepted De-
cember 5, 2016. This work was supported by the Pacific Islands Fisheries Sci-
ence Center Program Office Advanced Sampling Technology Working Group
of NOAA under Awards NA14NMF4540352 and NA10NMF4540136, and by
the University of Hawaii Joint Institute for Marine and Atmospheric Research.

Associate Editor: J. Potter.
L. J. Van Uffelen is with the Department of Ocean Engineering, University

of Rhode Island, Narragansett, RI 02882 USA (e-mail: loravu@uri.edu).
E. H Roth and B. M. Howe are with the Department of Ocean and Resources

Engineering, University of Hawaii at Manoa, Honolulu, HI 96822 USA.
E. M. Oleson is with the NOAA Pacific Islands Fisheries Science Center,

Honolulu, HI 96818 USA.
Y. Barkley is with the University of Hawaii Joint Institute for Marine and

Atmospheric Research, Honolulu, HI 96822 USA and also with the NOAA
Pacific Islands Fisheries Science Center, Honolulu, HI 96818 USA.

Digital Object Identifier 10.1109/JOE.2016.2637199

Visual ship-based surveys are often used for abundance esti-
mates of marine mammal stocks. This method is limited by the
fact that only marine mammals at or near the surface are counted.
Acoustic monitoring has the advantage that it can track animals
while they are diving and vocalizing, not just at or near the
surface within visual range. Visual survey methods also require
extensive ship and personnel time and resources, resulting in
prohibitive costs.

Although acoustic sampling with a glider is not analogous to
ship-based line-transect approaches due to the slow travel speed
of the glider, using gliders for acoustic observations of animal
presence still has great value, and statistical methods need to be
developed to use glider detections to estimate cetacean abun-
dance [1]. Because gliders are semi-autonomous, they require
less ship and personnel time and can be deployed for months at
a time, enabling surveys over a broad area. Gliders also operate
around the clock and in rough ocean conditions, which could
interfere with more traditional methods of observation [2]. Glid-
ers could also be sent into regions that are difficult to access by
ship, such as Arctic regions including ice-covered areas [3], [4].

Marine mammal signals were recorded in 2006 in Monterey
Bay using a simple (i.e., on or off) acoustic recording system
integrated into a Seaglider [5]. Now, two commercially avail-
able types of gliders have each had acoustic recorders installed,
and are being deployed expressly for the purpose of record-
ing marine mammal vocalizations: the Seaglider, designed at
the Applied Physics Laboratory at the University of Washing-
ton (Seattle, WA, USA) [6] and commercially available through
Kongsberg Maritime (Kongsberg, Norway); and the Teledyne-
Webb Slocum glider [7].

A passive acoustic system for Seaglider has been imple-
mented and proven to be effective for monitoring beaked whales
[8]. This system records acoustic data continuously below a
specified water depth using a single hydrophone and trans-
mits information on the detection of beaked whale echolocation
clicks via Iridium satellite when the glider surfaces between
dives.

Results of acoustic detections using a Digital MONitor
(DMON) integrated in a Slocum glider have also been reported
[9], [10]. Low-frequency (up to 2 kHz) baleen whale vocaliza-
tions were recorded on the DMON using a single hydrophone
in the Gulf of Maine, and parameters of the detections were
sent back to shore in near-real time. Marine mammal vocal-
izations were also recorded during a localization test using a
DMON mounted on a Wave Glider platform, developed by Liq-
uid Robotics, Inc. [11], [12].
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The DMON electronic card set was developed at the Woods
Hole Oceanographic Institution (Woods Hole, MA, USA) from
its predecessor the DTAG, an autonomous acoustic monitoring
tag designed to be attached via suction cup to the dorsal area of
a cetacean [13]. The DMON is intended to be an open design
licensed under the GNU General Public License (software) [14]
and Creative Commons (hardware).

Here, we describe the first integration of a DMON acoustic
recorder into a Seaglider. Whereas the marine mammal acous-
tic recorders discussed above were designed for specific de-
tection types, i.e., high-frequency beaked whale calls [8] or
low-frequency baleen whale calls [10], the focus of this imple-
mentation is to develop a general-use passive acoustic recorder
that captures the vocal activity of a variety of cetacean species
for persistent monitoring. Every marine mammal survey or mis-
sion does not have the same objective, and the focus of this
implementation, denoted here as the Seaglider Customizable
Sampling Configuration (SCSC) DMON, is to provide a frame-
work for a variety of mission objectives.

The SCSC DMON allows users to prescribe a mixture of con-
tinuous recording and detection-based recording depending on
their specific application. The system could be used to canvass
a new area to see which species are present or to determine
the primary constituents of a region’s soundscape. The system
could be also be turned off until it reached an area of interest
to conserve on data storage. Because glider mission duration is
limited by battery constraints and data storage requirements for
sampling high-frequency marine mammal vocalization data, a
distinct advantage of the SCSC DMON is the ability through
software to select and save only a subset of the data.

The system was designed to be configurable for a variety
of mission objectives but it was also designed so that it could
be modified during a mission. Although this would not be ad-
visable during a standard survey, where recording parameters
should be consistent, there are many applications where it is
an advantage to be able to modify the recording parameters
based on mission feedback. Several parameters were developed
to be configurable by the glider pilot in near-real time using the
Seaglider command interface to control acoustic data recording.
These parameters allow the pilot to tune the amount of data that
is recorded throughout a mission, allowing the pilot to focus on
particular times or locations in the mission plan or to stretch out
the recording to the desired mission duration.

An SNR threshold detector was implemented to reduce the
storage of data that likely do not contain signals of interest.
This simple detector was chosen as a general proof of concept,
but more specialized detectors could be developed for particu-
lar species (e.g., [10]). The DMON system was chosen because
of its open-source design and ability to accommodate new al-
gorithms and detectors. The system was designed for expan-
sion with the vision that other tools could be added within the
SCSC DMON framework and could be shared in a repository
to be implemented by a community of users for species-specific
surveys.

The integration of the DMON into a Seaglider including tech-
nical specifications is outlined in Section II, the parameters that
govern and customize the acoustic sampling are described in

Fig. 1. The three hydrophones on the Seaglider on the wing tips and on the
aft payload hatch (top). Expanded view of a hydrophone with mounting bracket
on a wing tip (bottom).

Section III, data from the field deployments are presented in
Section IV, and concluding remarks and future directions are
laid out in Section V.

II. INTEGRATION OF THE DIGITAL MONITORING DEVICE

A Seaglider is a buoyancy-driven autonomous underwater ve-
hicle (AUV) that travels between the surface and depths up to
1000 m in a sawtooth pattern. The pitch and roll of the Seaglider
are adjusted by shifting an internal mass, and its effective buoy-
ancy is altered by pumping oil between an internal reservoir
and an external bladder. When the Seaglider is at the surface
between dives, it acquires a global positioning system (GPS) fix
and transmits log files and profile data back to an onshore base
station computer via Iridium communication, and also receives
pilot commands to change sampling or flight parameters.

Three custom hydrophones were mounted on the Seaglider,
one on each wingtip and one in the center of the glider on an aft
payload hatch, with approximately 1-m spacing between each
element (Fig. 1). Two were midfrequency hydrophones opti-
mized to operate in the range 100 Hz–50 kHz, with a sensitivity
of −167 V/µPa rms. The third was a high-frequency phone
designed to operate from 1 to 160 kHz with a sensitivity of
−173 dB re 1 V/µPa rms. The system’s 16-b analog-to-digital
converter samples at 120 kHz on the midfrequency channel and
240 kHz on the high-frequency channel.

The hydrophones were cabled individually through bulk-
head connectors on the aft end of the Seaglider pressure hous-
ing. The cabling extends to the electronics in the nose sec-
tion of the Seaglider where the DMON card set electronics,
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DMON internal battery, and a real-time clock (RTC) board
are mounted near the glider main board electronics. The glider
and SCSC DMON communicate bidirectionally using ASCII
printable characters through an RS-232 serial interface. An
external auxiliary USB cable allows for direct communication
with the SCSC DMON firmware while the glider pressure case
is sealed. This can be used to set up a mission, bench test prior
to deployment, and download data files postmission.

The SCSC DMON acoustic system was adapted to draw
power from the glider’s 10-V battery pack by trickle-charging
a dedicated rechargeable lithium-ion battery. The USB cable
also provides a means of recharging the DMON battery on the
bench when the glider housing is sealed. The SCSC DMON
requires approximately 45 mA at input. The power requirement
is 150 mW during sampling, although the consumption is 450
mW due to losses from a linear voltage regulator. The status of
the Seaglider’s 10-V battery can be monitored during a mission
by the glider pilot at each surfacing. The addition of a remote
power relay also gives the pilot the capability to cycle power on
the SCSC DMON remotely if necessary during a glider mission.

The SCSC DMON draws less than 1 µA while in the sleep
state between duty cycles, contributing to energy conserva-
tion during a dive. A Dallas chip (Maxim Integrated model
DS1339A) with a real-time alarm clock (RTC) for duty cycling
was added on a separate custom printed circuit board to wake the
SCSC DMON up for recording by way of a hardware interrupt.

The DMON clock is synchronized to the glider’s clock, which
is synchronized to GPS at the beginning and end of each dive
profile. The timestamps for both the SCSC DMON and the
glider are saved as metadata to allow examination of offsets and
to apply corrections based on drift rates if necessary. Timestamp
errors of up to 50 ms, with a root mean square (rms) of 23 ms,
were measured in the laboratory.

The SCSC DMON acoustic system uses the Seaglider for
near-real-time communication during a mission using the Au-
tonomous Loggers Interface (ALI). The ALI is a configurable
serial sensor interface provided by the Seaglider manufacturer
that allows new smart instruments to be added to the Seaglider
without writing new binary drivers or modifying source code.
This interface is governed by a configuration file (.CNF),
which contains definitions of parameters for sampling, clock-
synchronization, data download, etc.

The integrated SCSC DMON can be tested on the bench us-
ing the logger interface portion of the Seaglider hardware menu.
Commands to wake up the SCSC DMON recorder ($ADWAK),
begin sampling ($ADBEG), stop sampling ($ADSTP), down-
load an ASCII file via serial dump ($ADPRT), and put the glider
to sleep ($ADZZZ) can be sent to the SCSC DMON using the
Seaglider command interface. The DMON clock can also syn-
chronize with the glider’s GPS-synchronized time ($ADTIM).

These same commands are transmitted automatically from
the Seaglider to the SCSC DMON during each dive of a mis-
sion to invoke basic functionality and trigger specific processes.
A set of status commands also allows the SCSC DMON to
interrogate the status of the glider during a glider dive at the
outset of a SCSC DMON duty cycle. The SCSC DMON can
obtain the dive number ($ADDIV), the glider depth in meters

Fig. 2. Power spectral density for a single detection on December 20, 2013 at
22:04:58 UTC, sent back from the glider via Iridium satellite communication.

($ADDEP), the temperature from the glider’s conductivity and
temperature sensors ($ADTEM), and the glider vertical veloc-
ity ($ADVEL), as measured by the glider’s pressure sensor. The
command $ADCNT keeps track of the number of times the
duty cycle begins, and therefore the number of SCSC DMON
log files. These parameters are stored in electrically erasable
programmable read-only memory (EEPROM) and are written
into a summary file at the end of each dive.

An onboard high-performance, low-power, fixed-point
digital signal processor (DSP; Texas Instruments model
TMS320VC5509A) has the ability to do processing on sampled
data. A simple SNR threshold detector was implemented to trig-
ger recording of potential signals of interest and is described in
more detail in the next section. The DSP can also calculate a
power spectral density (PSD) for a segment of recorded data
(Fig. 2). It is programmed to perform the calculation on a 136-
ms segment of data using a 1024-point fast Fourier transform
(FFT) with a Hanning window. The PSD data are also stored in
EEPROM and written to the summary file.

For each SCSC DMON duty cycle, the summary file is written
and passed to the Seaglider to be transmitted to the onshore base
station computer via Iridium along with the Seaglider log file
during glider surfacing events. The SCSC DMON file updates
the number of duty cycles that have been performed as well
as the available space remaining on the flash memory. It also
contains information on the number of detections made during
each phase of the duty cycle and prints the data for the PSDs for
qualifying detections.

Data from each SCSC DMON duty cycle are compressed
using D3 lossless compression [15] and saved as a single data
file and stored on the SCSC DMON’s flash memory until the
data are retrieved upon glider recovery. This implementation
currently has 32 GB of nonvolatile flash memory.

A log file for each SCSC DMON duty cycle is also generated
and stored for retrieval upon recovery of the Seaglider. This file
contains more detailed information on each duty cycle including
timing information for each detection.
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Fig. 3. An example of a glider dive profile (black) including five duty cycles
(#237-241). The active period of the duty cycle consists of three phases. The
first phase is a continuous sample (red), and the other phases are detection-based
recordings on only midfrequency phones (phase 2, green) or both midfrequency
and high-frequency phones (phase 3, magenta). This example was Seaglider
Dive 53, starting at 22:45 UTC on December 16, 2013. The duty cycle was set
at 60 min, with 15 min in the active phase.

Several parameters governing the SCSC DMON acoustic
sampling are configurable by the glider pilot during a mis-
sion using the Seaglider command file. These parameters are
described in more detail in the next section. The glider pilot
also has the option to turn the SCSC DMON off completely,
to only sample above a specified depth, or to turn it on only
during the descent phase or only during the ascent phase of a
glider dive.

III. ACOUSTIC SAMPLING

The SCSC DMON acoustic sampling system was designed
to be customizable by the glider pilot. The current implemen-
tation utilizes one of the midfrequency channels and the high-
frequency channel. The pilot has the ability to alter six acoustic
sampling parameters, described below.

1) Duty cycle interval: The number of minutes in duty cycle
(7–120), including a period of quiescent low-power sleep
state and an active sampling/detection period. The duty
cycle begins in the quiescent state to limit false-detections
caused by glider-generated self-noise from pumping oper-
ations as the glider leaves the ocean surface at the outset of
a dive and following an apogee. Depending on the length
of time chosen for the duty cycle and the glider dive depth,
the SCSC DMON can cycle several times during a single
glider dive (Fig. 3).

2) Active sampling interval: The number of minutes (5–99)
in each duty cycle dedicated to active sampling and de-
tection. The active sampling interval must necessarily be
at least 2 min less than the duty cycle interval; that is, the
minimum amount of time for the SCSC DMON to spend
in the quiescent state is 2 min.
Each active sampling interval of a duty cycle is divided
into three dive phases (Fig. 3). The first dive phase is

continuous recording and accounts for 1/5 of the total ac-
tive sampling interval. The second dive phase accounts for
3/5 of the total active sampling interval. During the second
phase, the midfrequency phone is triggered using the SNR
threshold detector and event-based recordings are made
on the midfrequency channel only. The remainder of the
time is phase 3, which also consists of detection-based
recordings from the midfrequency channel, but data are
recorded on both midfrequency and high-frequency chan-
nels. This configuration was chosen to assess performance
in the various modes, but these dive phases can be recon-
figured before a mission with minimal modification of the
source code.
Fig. 4(a)–(c) has active sampling intervals of 30, 15, and
10 min, respectively. The phase 1 continuous recording is
easily discernable as the solid block of recording at the
beginning of each spectrogram and its duration is pro-
portional to the designated active sampling interval and
therefore lasts 6, 3, and 2 min for the three different active
sampling durations presented in Fig. 4. The remainder of
each active sampling interval of the duty cycle is detection
based.

3) SNR detector threshold: The threshold SNR (12–35 dB)
that is considered a detection. The background noise level
used in the SNR is calculated from a moving-average
power estimator with a time constant of 6 s [14]. Signal
power must exceed the dynamically estimated background
noise level of the current data record by the given SNR
threshold for the signal to be determined a detection and
for recording to occur.
Increasing the SNR detector threshold would limit the
number of detections and the amount of data recorded,
thereby increasing the mission duration if the limiting
factor is storage capacity.
Trains of echolocation clicks are apparent in the phase 1
recording periods shown in Fig. 4(a) and (c), for which
the SNR detection threshold was set at 20 dB, and con-
sequently there was a very high detection rate. This was
not the case for the recording shown in Fig. 4(b), which
contains relatively few detections and actually had a lower
SNR detection threshold value of 18 dB.

4) PSD threshold: The level in decibels (0–20) above the
SNR threshold for which the digital signal processor will
perform a power spectral density (PSD) measurement. If
the PSD threshold is set to 0, a PSD will be returned for
each detection.
In the event of numerous consecutive detections, increas-
ing the PSD threshold can save on the amount of data
transmitted back ashore via Iridium, thereby reducing the
cost of communication and the time that the glider spends
transmitting data at the surface. The PSD does not provide
a great deal of information about a particular detection,
but obtaining PSDs in semi-real time can help the glider
pilot gauge the overall health of the recording system. In
general, PSD data should exhibit the low-frequency em-
phasis akin to the Wenz curves [16], which describe the
underwater ambient noise spectrum (Fig. 2).
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Fig. 4. Three examples of SCSC DMON active phase duty cycles recorded on the midfrequency channel at different times throughout the Kona deployment.
Spectrograms were created using short-time Fourier transform and are shown as power spectral density (PSD) as a function of time. File start times were 05:29:16
UTC December 21, 20:06:15 UTC December 18, and 15:36:17 UTC December 12 for (a), (b), and (c), respectively. The time and frequency axes are consistent
between the three examples. The active portion of the duty cycles are 30 min, 15 min, and 10 min for (a), (b), and (c), respectively, and the corresponding lockout
values were 40, 45, and 15 s. The snippet length is 10 s for all three examples. Dark blue indicates times when the SCSC DMON was not recording. The red arrow
points to clicks in the phase 1 recording, and the red box indicates the detection shown in more detail in Fig. 5.

Fig. 5. One example of a SCSC DMON detection of clicks recorded at
05:37:56 UTC on December 21.

5) Audio snippet duration: The length of time (3–59 s) that
is to be recorded for each detection. The snippet length
in each of the three spectrograms shown in Fig. 4 is 10 s.
The triggering event appears within the first 35 ms of the
recording snippet. A single snippet is shown in Fig. 5.

6) Lockout duration: The length of time (4–60 s) beginning
from the time of detection before another detection can
be triggered. The lockout duration must be greater than
the audio snippet duration. For a mission in which the
primary interest is an overview of the species that are
present, a large lockout duration would reduce the number
of detections related to a single event, reducing the data
to be stored.
Fig. 4(a) and (c) exhibits a constant stream of detections,
whereas there are relatively few in Fig. 4(b). Broadband
echolocation clicks are visible upon close inspection of
phase 1 of Fig. 4(a) and (c) and continue throughout phases
2 and 3. The detection-based audio snippets are evenly
spaced due to the lockout period. It is apparent that a new
detection is triggered as soon as the lockout duration has
ended. The lockout for Fig. 4(c) was only 15 s; because
the audio snippet duration was 10 s, the space between
subsequent detection recordings was only 5 s, resulting
in recording a high fraction of the time spent in phases
2 and 3.

The Seaglider is capable of accepting three parameters
via the command file that is downloaded by the Seaglider
via Iridium satellite during a mission. The six parameters
described above were therefore grouped into three glider
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parameters: $AD THRESHOLD, $AD INTERVAL, and $AD
DURATION. The glider parameter $AD THRESHOLD is
a concatenation of the values of the SNR threshold detector
and the PSD threshold, $AD INTERVAL is a concatenation
of the duty cycle interval and the active phase interval, and
$AD DURATION is a concatenation of the snippet duration
and lockout duration values.

If these parameters are not explicitly defined in the glider
command file, the duty cycle interval, active phase interval,
audio snippet duration, and lockout duration all default to the
last value used. The SNR detector threshold defaults to 20 dB
and the PSD threshold defaults to 6 dB. The default values are
also implemented if the input parameters fall outside of the
specified ranges.

IV. FIELD DEPLOYMENTS AND DATA

The glider with integrated SCSC DMON was deployed off
the South shore of Oahu, HI, USA for several short field trials,
followed by a longer mission off the Kona coast of the Big Island
of Hawaii. During the Kona deployment, the glider completed
135 dives from December 9, 2013 until January 2, 2014 and
recorded 28.15 h of audio data (25.47 h on the midfrequency
channel and 2.68 h on the high-frequency channel). The glider
also collected conductivity and temperature data from a Seabird
CT sail as well as fluorometer backscatter data from a Wet-
labs ECO puck to put the acoustic recordings in an ecosystem
context.

The SCSC DMON performed 329 duty cycles, and in to-
tal 3878 SNR detections were triggered on the midfrequency
channel. The number of detections is dependent on the glider-
specified parameters (Fig. 6).

The data were visually analyzed using Raven [17]. Out of
the 3878 detection-based recordings, cetacean signals were
identified in 1856 (48%) of the recordings. The detections
were dominated by dolphin echolocation clicks, which were
found in 1597 of the recordings. Dolphin whistles were found
in 1309 of the recordings, with whistles attributed to black-
fish (false killer whales and short-finned pilot whales) found
in 842 recordings (Fig. 7) and whistles that could not be
classified beyond unidentified dolphin in 467 recordings. Black-
fish whistles were conservatively defined in the frequency band
of 2–7 kHz [18], [19]. Whistles outside this frequency band
were classified as unidentified dolphin whistles. Sperm whale
clicks, humpback whale song, and other baleen whale calls were
identified in 286, 530, and 15 records, respectively. Humpback
song is visible below 1 kHz in the top panel of Fig. 7.

Detections that did not include cetacean signals were often
triggered by glider self-noise. This noise is most notable when
the glider is near apogee and near the surface due to motion of
the mass shifter and pumping operations of Seaglider’s variable
buoyancy system. Approximately 20% of the detections clearly
contained broadband glider self-noise. The first several dives in
particular were dominated by glider self-noise, as these were
shallow dives used to trim the glider flight.

The Seaglider also collected environmental measurements
throughout the mission. A fluorometer collected data at 30-s

Fig. 6. The number of SCSC DMON detections as a function of time (4-h
blocks, left axis) is represented by the solid blue line. The red line indicates
the number of these detections that include cetacean signals. The dotted black
line indicates the detection threshold set by the pilot (right axis), which affects
detection rate.

Fig. 7. Spectrograms showing blackfish (2–7 kHz) and humpback (below
1 kHz) calls (top), recorded at approximately 860-m depth and dolphin whistles
(bottom), recorded at approximately 380-m depth. File start times were 01:47:40
UTC and 07:11:17 UTC, respectively, on December 14.

intervals above 200-m depth, and the Seaglider’s conductivity
and temperature (CT) sensor measured temperature and salinity
at 30-s intervals above 200 m and 60-s intervals below 200 m.
An approximately 750-ms tone at 52 kHz was observed in the
acoustic data at the interval of the CT sensor. These tones were
observed in 17% of the detections. This does not necessarily
mean that the detection was triggered by these tones, as they
were often in the later part of the recording snippet, but these
tones are capable of triggering the SNR detector.

V. CONCLUDING REMARKS

The system described here was designed as a general, cus-
tomizable tool for bioacoustic sensing. The configuration chosen
was designed to test different modes of operation as a basic proof
of concept to lead to further development and specialization. De-
velopment focused on the implementation of parameters within
the SCSC DMON source code to allow the user to customize the
acoustic sampling scheme through the Seaglider interface. This
enables the glider pilot/operator to tailor the sampling regime
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to the needs of each particular mission or to change sampling
parameters dynamically based on metadata feedback from each
Seaglider dive.

The parameters described here were developed with the goal
of reducing the amount of recorded data that does not contain
signals of interest, thereby extending mission duration. The ad-
dition of more flash data storage capacity would also further this
goal and is planned for future implementations.

Future directions will also include steps to mitigate false de-
tections due to glider self-noise. There are two approaches that
are being considered for mitigation. The first approach is to filter
out the self-induced noise using signal processing techniques.
The 52-kHz tone is easy to recognize and should be straightfor-
ward to filter out. The broadband noise produced during glider
pumping operations is less uniform, but a detector could be de-
signed to recognize and filter it. The other approach to explore is
the interception of a signal from the Seaglider indicating when
the variable buoyancy system is to perform pumping operations.
This information could then be used to disable the SCSC DMON
detector during these operations to avoid false detections.

A simple SNR detector was used here to demonstrate sig-
nal processing functionality, but specialized detectors could be
added into the processing chain to discriminate signals fur-
ther. Future implementations may include a floating-point DSP,
which could improve performance and enable the application
of more complex filters and other signal processing algorithms,
although this would also require more power, which is a limiting
factor for mission duration.

The vision for the framework described here is a versatile
tool for bioacoustic sensing, where a user could select different
detectors and signal processing algorithms from a community
library, and each mission could be customized to the needs of
that particular monitoring effort.

Three hydrophones were included on the instrument to en-
able recording on both midfrequency and high-frequency chan-
nels alternatively or simultaneously, but this capability was also
added with a look toward the future. Gliders are often used
to monitor temperature and salinity and other oceanographic
parameters where precise measurements of glider position and
orientation are not always necessary, but now gliders are also
being used for ocean acoustics applications for which precise
measurements are necessary [20]. More precise quantification
of the underwater position and orientation of a glider during a
dive could enable the use of multiple phones on a single plat-
form to determine bearing of a signal using time difference of
arrival (TDOA) calculations. As it stands, phones on multiple
platforms can be used for tracking animals or groups of animals.
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