
RESULTS:  MULTIBEAM AUV ACOUSTIC EXPERIMENTS

TRANSDEC FACILITY, SPAWAR SYSTEMS CENTER, SAN DIEGO, CA

10 & 11 MARCH 2003

Executive Summary

This report documents findings of the acoustics experiments run on the Multibeam AUV on 10 & 11 March 2003 at the Transdec Facility at SPAWAR Systems Center, San Diego.  The purpose of this report is to document experiment findings making them available for use during subsequent performance analysis efforts conducted for individual acoustic components of the Multibeam AUV. This report does not attempt to answer the performance questions directly.  The Transdec facility offered broadband pulse and large data record acquisition capabilities not currently available at MBARI.  The large anechoic test tank available at the Transdec facility did not provide significant advantage over the test tank available at MBARI.  Key experiments enabled at the Transdec facility were the AUV shell material attenuation experiments (enabled by the broadband pulse capability) and the actuator noise experiments (enabled by the long data records achievable at the facility).  The long data records (2 secs at 500 ksamp/sec) let us record a full noise sequence as elevator and rudder actuators moved between 0( and ( 15(, and between ( 15( and 0(, all in separate experiments.   Hydrophones were positioned according to Figure 1.  Figure 1 also indicates the locations of all acoustic sources.  Detailed hydrophone and source information is provided in the text near Figure 1.  The companion spreadsheet
 to this report lists a summary of the experiment protocols and the parameters for each experiment.  Key figures are included in Appendix A of this report.  A comprehensive set of figures is available electronically
.  Findings from the experiment include:  1) Low attenuation of the AUV shell material (<0.5 dB/cm for frequencies ranging between 1 kHz and 150 kHz). 2) The broadband contribution of the thruster.  Specific frequencies were hard to judge but contributions remained mostly below 90 dB (30 dB above the noise floor) and mostly below 300 kHz.  The thruster also contributes a strong low frequency component that can be observed most clearly in the time domain plots.  This component occurs at frequencies on the order of 100 Hz and was observed to reach approx 110 dB in one experiment using hydrophone ITC1007SNalpha (the only hydrophone employed in the experiments calibrated to these low frequencies).  Our sense is that the contributions are due mostly to the turbulent flow of water over the hydrophones by water drawn through the AUV by the thrusters.  Although these low frequencies are out of the frequency range of all onboard acoustic systems, strong low frequency components can cause clipping of higher frequency components in preamplifiers preceding high pass filtering blocks in poorly designed equipment.  3) Strong noise contributions from the rudder and elevator actuators.  Data set DATA_36 demonstrated a 127 dB contribution at about 105 kHz when the elevator was moved from 0( to +15(.  Contributions below 30 kHz appear to remain below about 90 dB.  The duration of the noise event is on the order of 700 msec, potentially removing the benefit of the 15 msec integrator in the USBL input signal path.  The full character of these signals can be appreciated in the time domain, spectrogram, and power spectral density plots in the figures provided in Appendix A.  Ultra Short Baseline (USBL), Sub Bottom Profiler (SBP), and Side Scan Sonar, low frequency (SSL) sources were also driven and their signals recorded.  The only surprise here was that the Side Scan Sonar, high frequency (SSH) function was found to be inoperable.  Most promising of our findings was the low attenuation of the shell material.  This is however in contrast to some previous quick and dirty experiments conducted at MBARI using narrowband sources.  The recent experiments conducted with broadband sources are more believable but we will still want to revisit the attenuation question and better understand the discrepancies between these and previous experiments.  Of greatest concern is the high-level noise signals contributed by the actuators, and to a lesser extent, by the thruster.  These systems are asynchronous and operate almost continuously.   The high signal levels (up to 127 dB) have great potential to corrupt other desired signals. The highest actuator noise signal levels are seen at about 100 kHz and are therefore of great concern to the performance of the 120 kHz side scan sonar.  The actuator and thruster noise should be further characterized and actuator and thruster redesign considered.

Figure 1:  Hydrophone and Source Positions
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Methods

Hydrophones were soft mounted at the following positions.  The positions are shown in figure 1.  These positions did not change during the experiment and are often used as a simple means to identify hydrophones throughout the text of this document.

H1 - Transdec Facility’s ITC 1042 hydrophone SN 616 centered in the tailcone section.

H2 - Transdec Facility’s ITC 1007 hydrophone SN alpha near 19-30 kHz USBL.

H3 - Reson TC4014 hydrophone SN 1602046 near 300 kHz DVL.

H4 - Reson TC4014 hydrophone SN 0202101 at Multibeam location (MB not installed) - 200 kHz range.

H8 - Reson TC4034 hydrophone SN 2401312, 1 meter to starboard of the AUV in the plane containing the horizontal midline of the AUV.

H9 - Reson TC4034 hydrophone SN 1101051, 1 meter in front of the AUV nose in the plane containing the horizontal midline of the AUV.

All hydrophones were cabled, through appropriate preamps (Table 1), back to the Transdec Facility’s data recording system.

	Table 1: Transducer and Preamp Information.

	Location
	Location Description
	Transducer
	Preamp/Connector Box
	Capacitance Setting
	Resistance Setting

	H1
	Tailcone
	ITC 1042 SN 616
	Transdec Preamps and Filters see experiment spreadsheet for details
	NA
	NA

	H2
	USBL
	ITC 1007 SN alpha
	Transdec Preamps and Filters see experiment spreadsheet for details
	NA
	NA

	H3
	DVL
	Reson TC4014 SN 1602046
	Reson EC6073 SN 5000-024 (connection box)
	NA
	NA

	H4
	Multibeam
	Reson TC4014 SN 0202101
	Reson EC6073 SN 4100001 (connection box)
	NA
	NA

	H8
	Starboard at 1 meter
	Reson TC4034 SN 2401312
	Reson CCA 1000 SN 1999008 (preamp)
	3.3 nF
	1 Gohm

	H9
	Bow at 1 meter
	Reson TC4034 SN 1101051
	Reson CCA 1000 SN 1999003 (preamp)
	3.3 nF
	1Gohm


Acoustic Sources Existed at the following positions:
H1 - Tailcone thruster and elevator and rudder actuators.

H2 - 19-30 kHz USBL.

H3 - 300 kHz DVL.

H5 - 7-12 kHz SBP 

H6 - 300 kHz DVL.

H7 - 120 kHz and 420kHz Side scan sonar 

H10 – LXT Pinger.

Acoustic Cross Talk Experiments

Important permutations of the acoustic source to receive hydrophone combinations were conducted.  These are documented in the companion spreadsheet (footnote page 1) to this document.  Representative figures are given below in Appendix A.  These figures are identified by their data file names as generated during the experiment and documented in the spreadsheet.  A comprehensive data set is available in electronic format (footnote page 1).

The need to move quickly during our limited experiment window at the Transdec facility led us to collect only one data record per permutation.  Averaging of multiple data records to reduce noise is therefore not possible.  Spectrogram and Power Spectral Density analysis was added to better extract useful information from the data.  The calibrated time domain plots (middle left plot of the time domain and spectra plots), essential to full understanding of the effect a noise contribution might have on acoustic system performance (cross talk), are unfortunately too noisy to read effectively in most cases.  The spectrogram, PSD, and all spectra are calibrated.  Spectral quality is better understood in these plots but the inherent filtering and averaging involved in their production of course affects their magnitudes.  All time domain segments were Blackman windowed prior to spectral analysis.  The lengths of these windows varied depending on the specific analysis performed.

Figure Types

Three figure types can be seen.  Examples of each are provided for dataset “DATA_1” at the beginning of Appendix A.

Time Domain, Spectrogram, and PSD Plots

· Upper Left - Raw uncalibrated time domain data.

· Lower Left – Calibrated Spectrogram with frequency axis restricted to hydrophone calibration limits or less.

· Upper Right – Uncalibrated PSD.  Actually, it is calibrated within the hydrophone calibration range.

· Lower Right – Calibrated PSD, restricted to hydrophone calibration range or less.

Time Domain and Spectra Plots

· Upper Left - Raw uncalibrated segment of time domain data.

· Upper Right- Uncalibrated Spectra of the segment to the left.

· Middle Left – Calibrated segment of time domain data (best reference for peak pressure assessment)

· Middle Right – Calibrated spectrum of segment to left (The time domain segment is calculated from this calibrated spectrum via inverse DFT.

· Lower Left – Expanded view of the time domain segment shown in the Middle Left plot (hand selected to show dominant features when present).

· Lower Right – Expanded view of the spectrum shown in the Middle Right figure.

Hydrophone Calibration Data Plots

These are not of great interest to most readers but are provided such that some readers can better understand SNR character of the data acquisition system.

· Upper Left – Raw calibration data in dB re: 1 Volt per micro-Pascal.

· Upper Right – Zero extended calibration data (actually the data is extended with the limit value available at each end of the calibration data set).

· Lower Left – Resampled calibration data (resampled by linear interpolation to match the frequency axis used in the analysis).

· Lower Right – Resampled calibration data converted to units of micro-Pascal per volt.

Attenuation Measurements

Attenuation measurements were conducted by the insertion loss method.  A broadband source and receiver pair were placed at a separation distance of about 3 meters and held fixed at this separation distance.  Two experiments were conducted.  One without any shell material in the acoustic path, and one with a single 4 mm thick sample of shell material in the acoustic path.  The sample was a hemi cylindrical section of the shell material of a DORADO midsection.  Datasets 59 & 60 were used to generate the attenuation plots for the figure using hydrophone ITC1007SNalpha, and datasets 61 & 62 were used for the attenuation plot using hydrophone ITC1042SN616.

Experiment Participants

MBARI

Mark Sibenac, Farley Shane, Robert Fuhrmann, Bill Kirkwood, Paul Chandler

SIO

Robert Zimmerman

Transdec Facility SSC-SD

Howard McManus

Conclusions

The primary conclusions from this analysis were included in the Executive Summary section.  Considerable detail exists in each of the output data files.  Readers should use the companion spreadsheet as a guide to the pertinent output data files and review them when addressing specific questions.  The data collected, analyzed, and presented in the output data files is significant but by no means comprehensive.  Full analysis of the acoustic characteristics of the Multibeam AUV was not attempted during these experiments.

Appendix A:  Figures

List of Figures

DVL as Source

Pg7, DATA_1 Signal, Spectrogram, and PSD. DVL received on hydrophone H4 (MB location) (5kHz to 500kHz)

Pg8, DATA_1 Signal and Spectra Set 1 (first of two pulses). DVL received on H4 (MB location) (5kHz to 500kHz)

Pg9, DATA_1 Signal and Spectra Set 2.(second of two pulses) DVL received on H4 (MB location) (5kHz to 500kHz)

Pg10, DATA_1 Hydrophone calibration function (The hydrophone calibration data for hydrophone H4).

Pg11, DATA_5 Signal, Spectrogram, and PSD. DVL received at H4 (MB location) (5kHz to 500kHz)

Pg12, DATA_6 Signal, Spectrogram, and PSD. DVL received at H8 (1 m to stb) (5kHz to 500kHz)

Noise Floor Measurement (Dorado Electronics Running)

Pg13, DATA_9 Signal, Spectrogram, and PSD. Noise Floor received at H4 (MB location) (5kHz to 500kHz)

Thruster as Source

Pg14, DATA_19 Signal, Spectrogram, and PSD. 300 rpm thruster received at H3 (DVL location) (5kHz to 500kHz)

Actuators as Sources

Pg15, DATA_30 Signal, Spectrogram, and PSD. 0( to -15( elevation actuator received at H2 (USBL location) (1kHz to 25kHz)

Pg16, DATA_32 Signal, Spectrogram, and PSD. 0( to -15( rudder actuator received at H2 (USBL location) (1kHz to 25kHz)

Pg17, DATA_33 Signal, Spectrogram, and PSD. 0( to +15( rudder actuator received at H2 (USBL location) (1kHz to 25kHz)

Pg18, DATA_36 Signal, Spectrogram, and PSD. 0( to +15( elevator actuator received at H3 (DVL location) (5kHz to 500kHz)

Pg19, DATA_36 Signal and Spectra. . 0( to +15( elevator actuator received at H3 (DVL location) (5kHz to 500kHz)

Pg20, DATA_38 Signal, Spectrogram, and PSD. 0( to +15( rudder actuator received at H3 (DVL location) (5kHz to 500kHz)

Pg21, DATA_38 Signal and Spectra. . 0( to +15( rudder actuator received at H3 (DVL location) (5kHz to 500kHz)

USBL as Source

Pg22, DATA_52 Signal, Spectrogram, and PSD. USBL received at H2 (USBL location) (1kHz to 25kHz)

Pg23, DATA_53 Signal, Spectrogram, and PSD. USBL received at H4 (MB location) (5kHz to 500kHz)

SBP as Source

Pg24, DATA_54 Signal, Spectrogram, and PSD. SBP running 2 15 20 @ 10% power received at H2 (USBL location) (1kHz to 25kHz)

Pg25, DATA_55 Signal, Spectrogram, and PSD. SBP running 2 15 20 @ 50% power received at H2 (USBL location) (1kHz to 25kHz)

Pg26, DATA_56 Signal, Spectrogram, and PSD. SBP running 2 15 20 @ 100% power received at H2 (USBL location) (1kHz to 25kHz)

Pg27, DATA_57 Signal, Spectrogram, and PSD. SBP running 2 10 20 @ 100% power received at H2 (USBL location) (1kHz to 25kHz)

SSL as Source

Pg28, DATA_58 Signal, Spectrogram, and PSD. SSL running 122 22 FM @ 100% power received at H4 (MB location) (5kHz to 500kHz)

Shell Material Attenuation

Pg29, ATTENUATION DATA for hydrophone ITC1007SNalpha (1kHz to 40kHz)

Pg30, ATTENUATION DATA for hydrophone ITC1042SN616 (35kHz to 150kHz)
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