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INTRODUCTION

BACKGROUND

Traditional hydrophone arrays with linear configurations'
cannot spatially discriminate the location of cetacean
vocalizations.

Previous sea trials on small research vessels showed that
volumetric array prototypes with spatially-arranged

METHODS cont:

SEA TRIALS - Evaluating Prototype Performance

hydrophones could successfully localize cetacean groups in
three-dimensions2. Excessive noise occurred at speeds higher

than 6 knots.

APPROACH

Conducted 7 field tests on vessels ranging from 65-209 ft

Data collected:
Wav file recordings — assess flow noise levels

Accelerometer data — measure array rotational
orientation

StarOddi sensor data — measure array tilt/orientation

Modifications to prototypes implemented based on data
analysis results

X-ARRAY PROTOTYPE

RESULTS

* The X-array and torpedo
array prototypes proved
to be handled easily
during deployment and
retrieval on small and
large vessels.

FLOW NOISE

X-ARRAY

Spectrograms display relative differences in noise levels between
volumetric prototypes at 5 knots, post-modifications.
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Comparison of noise
spectra between
volumetric prototypes
and a linear array at

Spectrum Level
(dB re: counts 2/Hz]

Linear Oil Array
Torpedo Array |
XArmay

tow speeds up to 7 kts

104 Fom 5000 NPT = 00
Frequency [Hz]
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* Re-design a volumetric array that can:

1. Operate from large vessels at 10 kts

Discriminate sounds from all directions

Produce low flow noise and maintain stability

Be easily handled by a single person

Be compatible with existing NMFS PAM systems!

RESEARCH and DEVELOPMENT

X-ARRAY @

Aluminum Strut
1271,562"C

| omersan | .
!
S

Initial Results

= PVC array body cracked

= High levels of flow / vibrational noise, noise increased
with higher speeds

= Significant rotational movement (accelerometer data)

Modifications

= Replaced PVC body with aluminum body
Potted hydrophone pods with polyurethane
Secured hydrophone cables inside struts
Extended one pair of struts to go cm

= Increased amount of lead weight in lower strut

Post-Modification Results
* Aluminum body remained intact
= Flow noise improved up to g kts, remained high < 7 kHz

TORPEDO PROTOTYPE

= Improved rotational movement for speeds up to 6 kts
(StarOddi sensors)

Roll Angle (degrees)

Plots of the StarOddi
sensor data
measuring the roll
angle of each
prototype from a
large vessel

Higher speeds were
not maintained due
to high flow noise
levels from each
prototype

TORPEDO ARRAY

SolidWorks modeled two prototype designs.

q\ X-ARRAY

¢ Pressure

surface plot

TORPEDO ARRAY
+ Velocity cut
plot

= FloWorks simulations of fluid flow at 10 kts from different
angles predicted values of torque, pressure, and shear stress.

Initial Results

= Outer shell flooded easily upon immersion

= Low levels of flow noise

= Significant rotational movement
(accelerometer data)

Modifications

= 4fin structure added to aft end for
stabilization

= 1 fin made of bismuth lead

Post-Modification Results

= Continued low flow noise levels up to g kts

= Improved rotational movement, but varied
at different speeds (StarOddi sensors)

Internal PVC Structure
for Hydrophones
2’

forward end

Vents for
Flooding Outer Shell  Flooding
PVC Array Body

Tow cable with
connectors

with 4 fins |

g

Volumetric prototypes were equipped with the following internal electronics: High Tech Inc. hydrophones (HTI-96-min ), an

Adafruit triple axis accelerometer (ADXL335), and a Keller America pressure sensor for depth measurements (PA7FLE).

NMES systems.

Teledyne Impulse underwater connectors (MHDM-26-CCR) were incorporated for the compatibility of prototypes with current

= Achieved vast improvements in the performance of both
prototypes, but further modifications to the design are

needed to:

= Increase functionality at 10 kts from larger vessels
= Collect more reliable data of rotational orientation

= Improving localization using volumetric arrays may
enhance the utility of passive acoustics and significantly

contribute to cetacean researchs.

REFERENCES A

“Rankin, S, et al. (2013) A guide to constructing hydrophone arrays for passive acoustic data
collection during NMES Shipboard Cetacean Surveys. NOAA-TM-NMFS-SWESC-s11.

“Southall, B, et al. (2012) Biological and Behavioral Response Studies of Marine Mammals in
Southern California, 2011 (‘SOCAL-1"). Final Project Report.

“Zimmer, W. M. (2015) Range estimation of cetaceans with compact volumetric arrays. Journal of

the Acoustical Society of America 134:3, 2610-2618.

A special thanks to Sulaman Ahmed for dedicating his senior thesis to drawing and
modeling our designs, to the engineer team, Dave Price and Scott Jenkins, for building
the prototypes, and to Jennifer Keating and Emily Griffiths for their crucial roles in
each sea trial. Funding for developing and testing the volumetric arrays was provided
by Advanced Science Technology Working Group (ASTWG) of the National Oceanic

and Atmospheric Administration.
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INTRODUCTION

BACKGROUND

=

Traditional hydrophone arrays with linear configurations'
cannot spatially discriminate the location of cetacean
vocalizations.

Previous sea trials on small research vessels showed that
volumetric array prototypes with spatially-arranged
hydrophones could successfully localize cetacean groups in
three-dimensions2. Excessive noise occurred at speeds higher
than 6 knots.

APPROACH

* Re-design a volumetric array that can:

1
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METHODS cont:

SEA TRIALS - Evaluating Prototype Performance

Conducted 7 field tests on vessels ranging from 65-209 ft

Data collected:
Wav file recordings — assess flow noise levels

Accelerometer data — measure array rotational
orientation

StarOddi sensor data — measure array tilt/orientation

Modifications to prototypes implemented based on data
analysis results

RESULTS

* The X-array and torpedo
array prototypes proved
to be handled easily
during deployment and
retrieval on small and
large vessels.

FLOW NOISE

X-ARRAY PROTOTYPE

X-ARRAY

= Spectrograms display relative differences in noise levels between
volumetric prototypes at 5 knots, post-modifications.

3|

= Comparison of noise
spectra between
volumetric prototypes
and a linear array at
tow speeds up to 7 kts

Spectrum Level
(dB re: counts 2/Hz]

Linear Oil Array
Torpedo Array |
XArmay

104 Fom 5000 NPT = 00
Frequency [Hz]

Operate from large vessels at 10 kts

Discriminate sounds from all directions

Produce low flow noise and maintain stability

Be easily handled by a single person

Be compatible with existing NMFS PAM systems!

5

RESEARCH and DEVELOPMENT

X-ARRAY @

TORPEDO ARRAY

SolidWorks modeled two prototype designs.

¢ Pressure
surface plot

q\ X-ARRAY p

TORPEDO ARRAY
+ Velocity cut
plot

= FloWorks simulations of fluid flow at 10 kts from different

angles predicted values of torque, pressure, and shear stress.

Hydrophone Pod
,675"C

Aluminum Strut
1271,562"C

| omersan | .
!
S

Initial Results

= PVC array body cracked

= High levels of flow / vibrational noise, noise increased
with higher speeds

= Significant rotational movement (accelerometer data)

Modifications

= Replaced PVC body with aluminum body
Potted hydrophone pods with polyurethane
Secured hydrophone cables inside struts
Extended one pair of struts to go cm

= Increased amount of lead weight in lower strut

Post-Modification Results
* Aluminum body remained intact
= Flow noise improved up to g kts, remained high < 7 kHz

TORPEDO PROTOTYPE

= Improved rotational movement for speeds up to 6 kts
(StarOddi sensors)

Roll Angle (degrees)

Plots of the StarOddi
sensor data
measuring the roll
angle of each
prototype from a
large vessel

Higher speeds were
not maintained due
to high flow noise
levels from each
prototype

Initial Results

= Outer shell flooded easily upon immersion

= Low levels of flow noise

= Significant rotational movement
(accelerometer data)

Modifications

= 4fin structure added to aft end for
stabilization

= 1 fin made of bismuth lead

Post-Modification Results

= Continued low flow noise levels up to g kts

= Improved rotational movement, but varied
at different speeds (StarOddi sensors)

Internal PVC Structure
for Hydrophones
2’

forward end

Vents for
Flooding Outer Shell  Flooding
PVC Array Body

Tow cable with
connectors

with 4 fins |
added

g

Volumetric prototypes were equipped with the following internal electronics: High Tech Inc. hydrophones (HTI-96-min ), an

Adafruit triple axis accelerometer (ADXL335), and a Keller America pressure sensor for depth measurements (PA7FLE).

NMES systems.

Teledyne Impulse underwater connectors (MHDM-26-CCR) were incorporated for the compatibility of prototypes with current

= Achieved vast improvements in the performance of both
prototypes, but further modifications to the design are

needed to:

= Increase functionality at 10 kts from larger vessels
= Collect more reliable data of rotational orientation

= Improving localization using volumetric arrays may
enhance the utility of passive acoustics and significantly

contribute to cetacean researchs.

REFERENCES A

“Rankin, S, et al. (2013) A guide to constructing hydrophone arrays for passive acoustic data
collection during NMES Shipboard Cetacean Surveys. NOAA-TM-NMFS-SWESC-s11.

*Southall, B, et al. (2012) Biological and Behavioral Response Studies of Marine
Southern California, 2011 (‘SOCAL-1"). Final Project Report.

“Zimmer, W. M. (2015) Range estimation of cetaceans with compact volumetric arrays. Journal of

the Acoustical Society of America 134:3, 2610-2618.
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modeling our designs, to the engineer team, Dave Price and Scott Jenkins, for building
the prototypes, and to Jennifer Keating and Emily Griffiths for their crucial roles in
each sea trial. Funding for developing and testing the volumetric arrays was provided
by Advanced Science Technology Working Group (ASTWG) of the National Oceanic

and Atmospheric Administration.
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INTRODUCTION METHODS cont.

SEA TRIALS - Evaluating Prototype Performance I

BACKGROUND FLOW NOISE
= Traditional hydrophone arrays with linear configurations' X-ARRAY
cannot spatially discriminate the location of cetacean = Conducted 7 field tests on vessels ranging from 65-209 ft
vocalizations.

Previous sea trials on small research vessels showed that
volumetric array prototypes with spatially-arranged
hydrophones could successfully localize cetacean groups in
three-dimensions2. Excessive noise occurred at speeds higher
than 6 knots.

= Data collected:

Wav file recordings — assess flow noise levels

* The X-array and torpedo
array prototypes proved -
to be handled easily
during deployment and
retrieval on small and
large vessels.

Spectrograms display relative differences in noise levels between
volumetric prototypes at 5 knots, post-modifications.

Accelerometer data — measure array rotational
orientation

StarOddi sensor data — measure array tilt/orientation

3|

Linear Oil Array
Torpedo Array |
XArmay

104 Fom 5000 NPT = 00
Frequency [Hz]

= Comparison of noise
spectra between
volumetric prototypes
and a linear array at
tow speeds up to 7 kts

= Modifications to prototypes implemented based on data
analysis results

Spectrum Level
(dB re: counts 2/Hz]

X-ARRAY PROTOTYPE

Plots of the StarOddi

APPROACH

* Re-design a volumetric array that can:

1. Operate from large vessels at 10 kts

Hydrophone Pod
,675"C

Initial Results

= PVC array body cracked

= High levels of flow / vibrational noise, noise increased
with higher speeds

sensor data
measuring the roll
angle of each
prototype from a
large vessel

Roll Angle (degrees)

2. Discriminate sounds from all directions * Significant rotational movement (accelerometer data) e e

3. Produce low flow noise and maintain stability Alumi S ! . ~  Torpedo Array ’ .

4. Be easily handled by a single person L s"r:: " / s Modifications ) ) HltgherAsEeAedsdvx:re
5. Be compatible with existing NMFS PAM systems* - 7 e = Replaced PVC body with aluminum body X not maintained due

to high flow noise
levels from each
prototype

Potted hydrophone pods with polyurethane Y
Secured hydrophone cables inside struts

Extended one pair of struts to go cm
Increased amount of lead weight in lower strut

| METHODS B

RESEARCH and DEVELOPMENT

Lead-filled strut

. G Post-Modification Results
o * Aluminum body remained intact
i = Flow noise improved up to g kts, remained high < 7 kHz
= Improved rotational movement for speeds up to 6 kts
(StarOddi sensors)

= Achieved vast improvements in the performance of both

/Tx/’ = TORPEDO PROTOTYPE prototypes, but further modifications to the design are
/ needed to:
/ = Increase functionality at 10 kts from larger vessels
- / Initial Results Internal PVC Structure = Collect more reliable data of rotational orientation

- . . for Hydrophones
= Outer shell flooded easily upon immersion ">

= Low levels of flow noise
= Significant rotational movement
(accelerometer data)

Improving localization using volumetric arrays may
enhance the utility of passive acoustics and significantly
contribute to cetacean researchs.

forward end

X-ARRAY @ TORPEDO ARRAY

Vents for
Flooding Outer Shell

Flooding

SolidWorks modeled two prototype designs. Modifications PVC Array Body
= 4fin structure added to aft end for ‘w" i
stabilization R REFERENCES ANDIACKNOWLEDGEMENTS
= 1 fin made of bismuth lead connectors

\ \ “Rankin, S, et al. (2013) A guide to constructing hydrophone arrays for passive acoustic data
X collection during NMES Shipboard Cetacean Surveys. NOAA-TM-NMFS-SWESC-s11.
*Southall, B, et al. (2012) Biological and Behavioral Response Studies of Marine
Southern California, 2011 (‘SOCAL-1"). Final Project Report.

Post-Modification Results
= Continued low flow noise levels up to g kts

with 4 fins 5 = Mammals in

4\ = Improved rotational movement, but varied added “Zimmer, W. M. (2015) Range estimation of cetaceans with compact volumetric arrays. Journal of
X-ARRAY | H] TORPEDO ARRAY at different speeds (StarOddi sensors) the Acoustical Society of America 134:3, 2610-2618.
+ Pressure ' « Velocity cut
surface plot plot

A special thanks to Sulaman Ahmed for dedicating his senior thesis to drawing and
modeling our designs, to the engineer team, Dave Price and Scott Jenkins, for building
the prototypes, and to Jennifer Keating and Emily Griffiths for their crucial roles in
each sea trial. Funding for developing and testing the volumetric arrays was provided
by Advanced Science Technology Working Group (ASTWG) of the National Oceanic
and Atmospheric Administration.

Volumetric prototypes were equipped with the following internal electronics: High Tech Inc. hydrophones (HTI-96-min ), an
Adafruit triple axis accelerometer (ADXL335), and a Keller America pressure sensor for depth measurements (PA7FLE).
Teledyne Impulse underwater connectors (MHDM-26-CCR) were incorporated for the compatibility of prototypes with current
NMES systems.

= FloWorks simulations of fluid flow at 10 kts from different
angles predicted values of torque, pressure, and shear stress.
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INTRODUCTION

BACKGROUND

= Traditional hydrophone arrays with linear configurations'
cannot spatially discriminate the location of cetacean
vocalizations.

= Previous sea trials on small research vessels showed that
volumetric array prototypes with spatially-arranged
hydrophones could successfully localize cetacean groups in
three-dimensions2. Excessive noise occurred at speeds higher
than 6 knots.

APPROACH

* Re-design a volumetric array that can:
1. Operate from large vessels at 10 kts

2. Discriminate sounds from all directions

3. Produce low flow noise and maintain stability

4. Be easily handled by a single person

5. Be compatible with existing NMFS PAM systems'

| METHODS B

RESEARCH and DEVELOPMENT

X-ARRAY @ TORPEDO ARRAY

SolidWorks modeled two prototype designs.

q\ X-ARRAY p

TORPEDO ARRAY
¢ Pressure ' * Velocity cut
surface plot " plot

= FloWorks simulations of fluid flow at 10 kts from different
angles predicted values of torque, pressure, and shear stress.

METHODS cont:

SEA TRIALS - Evaluating Prototype Performance

= Conducted 7 field tests on vessels ranging from 65-209 ft

= Data collected:
Wav file recordings — assess flow noise levels

Accelerometer data — measure array rotational
orientation

StarOddi sensor data — measure array tilt/orientation

* The X-array and torpedo
array prototypes proved
to be handled easily
during deployment and
retrieval on small and
large vessels.

= Modifications to prototypes implemented based on data
analysis results

RESULTS

X-ARRAY PROTOTYPE

Initial Results

= PVC array body cracked

= High levels of flow / vibrational noise, noise increased
with higher speeds

= Significant rotational movement (accelerometer data)

ﬁ!,"f‘; num St e Modifications

7 2 =7 : e = Replaced PVC body with aluminum body

Potted hydrophone pods with polyurethane

Secured hydrophone cables inside struts

Extended one pair of struts to go cm

Increased amount of lead weight in lower strut

Lead-filled strut

. G Post-Modification Results
o * Aluminum body remained intact
i = Flow noise improved up to g kts, remained high < 7 kHz
= Improved rotational movement for speeds up to 6 kts
(StarOddi sensors)

TORPEDO PROTOTYPE

Internal PVC Structure
for Hydrophones
2’

Initial Results

= Outer shell flooded easily upon immersion

= Low levels of flow noise

= Significant rotational movement
(accelerometer data)

forward end

Vents for
Flooding Outer Shell  Flooding

Modifications PVC Array Body
40”L,4” 1D
= 4fin structure added to aft end for \
stabilization

Tow cable with
connectors

= 1 fin made of bismuth lead

Post-Modification Results —~—
= Continued low flow noise levels up to g kts with 4 fins 5 =
= Improved rotational movement, but varied added

at different speeds (StarOddi sensors)

Volumetric prototypes were equipped with the following internal electronics: High Tech Inc. hydrophones (HTI-96-min ), an
Adafruit triple axis accelerometer (ADXL335), and a Keller America pressure sensor for depth measurements (PA7FLE).
Teledyne Impulse underwater connectors (MHDM-26-CCR) were incorporated for the compatibility of prototypes with current
NMES systems.

FLOW NOISE

X-ARRAY

= Spectrograms display relative differences in noise levels between
volumetric prototypes at 5 knots, post-modifications.

3|

= Comparison of noise
spectra between
volumetric prototypes
and a linear array at
tow speeds up to 7 kts

Spectrum Level
(dB re: counts 2/Hz]

Linear Oil Array
Torpedo Array |
XArmay

104 Fom 5000 NPT = 00
Frequency [Hz]

Roll Angle (degrees)

I I S I S I S S e e .
&

needed to:

contribute to cetacean researchs.

Plots of the StarOddi
sensor data
measuring the roll
angle of each
prototype from a
large vessel

Higher speeds were
not maintained due
to high flow noise
levels from each
prototype

= Achieved vast improvements in the performance of both
prototypes, but further modifications to the design are

= Increase functionality at 10 kts from larger vessels
= Collect more reliable data of rotational orientation

= Improving localization using volumetric arrays may
enhance the utility of passive acoustics and significantly

REFERENCES A

the Acoustical Society of America 134:3, 2610-2618.

and Atmospheric Administration.
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INTRODUCTION METHODS cont.

BACKGROUND

Traditional hydrophone arrays with linear configurations'
cannot spatially discriminate the location of cetacean
vocalizations.

Previous sea trials on small research vessels showed that
volumetric array prototypes with spatially-arranged
hydrophones could successfully localize cetacean groups in
three-dimensions2. Excessive noise occurred at speeds higher
than 6 knots.

APPROACH

SEA TRIALS - Evaluating Prototype Performance

Conducted 7 field tests on vessels ranging from 65-209 ft

Data collected:
Wav file recordings — assess flow noise levels

Accelerometer data — measure array rotational
orientation
StarOddi sensor data — measure array tilt/orientation

= Modifications to prototypes implemented based on data
analysis results

RESULTS

* The X-array and torpedo
array prototypes proved
to be handled easily
during deployment and
retrieval on small and
large vessels.

X-ARRAY PROTOTYPE

* Re-design a volumetric array that can:
1. Operate from large vessels at 10 kts

2. Discriminate sounds from all directions

3. Produce low flow noise and maintain stability

4. Be easily handled by a single person

5. Be compatible with existing NMFS PAM systems'

| METHODS B

RESEARCH and DEVELOPMENT

X-ARRAY @ TORPEDO ARRAY

SolidWorks modeled two prototype designs.

q\ X-ARRAY p

TORPEDO ARRAY
¢ Pressure ' * Velocity cut
surface plot " plot

= FloWorks simulations of fluid flow at 10 kts from different
angles predicted values of torque, pressure, and shear stress.

Aluminum Strut
1271,562"C

| omersan | .
!
S

Initial Results

= PVC array body cracked

= High levels of flow / vibrational noise, noise increased
with higher speeds

= Significant rotational movement (accelerometer data)

Modifications

= Replaced PVC body with aluminum body
Potted hydrophone pods with polyurethane
Secured hydrophone cables inside struts
Extended one pair of struts to go cm

= Increased amount of lead weight in lower strut

Post-Modification Results
* Aluminum body remained intact
= Flow noise improved up to g kts, remained high < 7 kHz

TORPEDO PROTOTYPE

= Improved rotational movement for speeds up to 6 kts
(StarOddi sensors)

Initial Results

= Outer shell flooded easily upon immersion

= Low levels of flow noise

= Significant rotational movement
(accelerometer data)

Modifications

= 4fin structure added to aft end for
stabilization

= 1 fin made of bismuth lead

Post-Modification Results

= Continued low flow noise levels up to g kts

= Improved rotational movement, but varied
at different speeds (StarOddi sensors)

Internal PVC Structure
for Hydrophones
2’

forward end

Vents for
Flooding Outer Shell  Flooding
PVC Array Body

Tow cable with
connectors

with 4 fins |

g

Volumetric prototypes were equipped with the following internal electronics: High Tech Inc. hydrophones (HTI-96-min ), an

Adafruit triple axis accelerometer (ADXL335), and a Keller America pressure sensor for depth measurements (PA7FLE).

NMES systems.

Teledyne Impulse underwater connectors (MHDM-26-CCR) were incorporated for the compatibility of prototypes with current

FLOW NOISE

X-ARRAY

= Spectrograms display relative differences in noise levels between
volumetric prototypes at 5 knots, post-modifications.

Roll Angle (degrees)

needed to:

REFERENCES A

= Achieved vast improvements in the performance of both
prototypes, but further modifications to the design are

[
. . =30 Linear Oil Array
= Comparison of noise sg » Toado ray |
spectra between e XAy
volumetric prototypes |23 o piiid
and a linear array at |2 £ -10
tow speeds up to 7 kts | =-2 I
e ® oT e
Frequency [Ha]
| | = Plots of the StarOddi

sensor data
measuring the roll
angle of each
prototype from a
large vessel

Higher speeds were
not maintained due
to high flow noise
levels from each

prototype

= Increase functionality at 10 kts from larger vessels
= Collect more reliable data of rotational orientation

Improving localization using volumetric arrays may
enhance the utility of passive acoustics and significantly
contribute to cetacean researchs.
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