
CINTAL - Centro de Investigação Tecnológica do Algarve

Universidade do Algarve

Calibration of Dual Accelerometer Vector Sensor

N. Pinto and S.M. Jesus

Rep 04/20 - SiPLAB

September 23, 2020

University of Algarve tel: +351-289244422
Campus de Gambelas fax: +351-289864258
8005-139, Faro, cintal@ualg.pt
Portugal www.cintal.ualg.pt



Work requested by CINTAL
Universidade do Algarve, Campus de Gambelas
8005-139 Faro, Portugal
Tel: +351-289244422, cintal@ualg.pt, www.cintal.ualg.pt

Laboratory performing SiPLAB - Signal Processing Laboratory
the work Universidade do Algarve, FCT, Campus de Gambelas,

8005-139 Faro, Portugal
tel: +351-289800949, info@siplab.fct.ualg.pt,
www.siplab.fct.ualg.pt

Project EMSO-PT
Title DAVS calibration report
Authors N. Pinto and S.M. Jesus
Date September 23, 2020
Reference 04/20 - SiPLAB
Number of pages 59 (fifty nine)
Abstract This report discusses the acoustic calibration of the Dual Ac-

celerometer Vector Sensor (DAVS) carried out at the Arsenal
do Alfeite acoustic tank, in Lisbon, on 17th and 18th of Novem-
ber 2016. This is a revision of previous report SiPLAB 4/17
of April 2017 [1], with a more comprehensive description of
the tank limitations as well as the signal path and process-
ing steps for obtaining calibrated curves for sensitivity and
directivity in the band 0.5 to 4 kHz. Additional results from
previously unprocessed data, not included in the previous re-
port, are given for accelerometers data captured when device
Z axis is pointing to the source.

Clearance level UNCLASSIFIED
Distribution list SiPLAB(1), CINTAL(1)
Total number of copies 2 (two)

Copyright Cintal@2020

Approved for publication

A.B. Ruano

President Administration Board



Contents

Cover 1

Abstract 1

1 Introduction 2

2 DAVS calibration test at the Arsenal tank 3
2.1 Theoretic propagation times for the Arsenal tank . . . . . . . . . . . . . . 3
2.2 DAVS sensitivity test . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4
2.3 DAVS directivity test . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6

3 DAVS signal path 8
3.1 DAVS hydrophone forward and backward signal path . . . . . . . . . . . . 8

3.1.1 Voltage at hydrophone terminals . . . . . . . . . . . . . . . . . . . 9
3.1.2 DAVS hydrophone pre-amplifier gain . . . . . . . . . . . . . . . . . 9
3.1.3 DAVS hydrophone programmable gain amplifier (PGA) . . . . . . . 10
3.1.4 DAVS hydrophone single ended to differential . . . . . . . . . . . . 10
3.1.5 DAVS hydrophone ADC / WAVE file . . . . . . . . . . . . . . . . . 10
3.1.6 DAVS hydrophone full forward and backward path . . . . . . . . . 11

3.2 DAVS accelerometer forward and backward signal path . . . . . . . . . . . 11
3.2.1 Accelerometer sensitivity . . . . . . . . . . . . . . . . . . . . . . . . 11
3.2.2 DAVS accelerometer PGA, single ended to differential and AD-

C/WAVE file . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 12
3.2.3 DAVS Accelerometer full forward and backward path . . . . . . . . 12

4 DAVS Calibration - Data Processing 14
4.1 DAVS sensitivity analysis methodology . . . . . . . . . . . . . . . . . . . . 14
4.2 DAVS sensitivity analysis . . . . . . . . . . . . . . . . . . . . . . . . . . . 15
4.3 DAVS directivity analysis methodology . . . . . . . . . . . . . . . . . . . . 17
4.4 DAVS directivity analysis . . . . . . . . . . . . . . . . . . . . . . . . . . . 18

4.4.1 Directivity diagram at 2 kHz . . . . . . . . . . . . . . . . . . . . . . 18
4.4.2 Directivity diagram at 3 kHz . . . . . . . . . . . . . . . . . . . . . . 19
4.4.3 Directivity diagram at 4 kHz . . . . . . . . . . . . . . . . . . . . . . 19

5 Results and Conclusions 22

Bibliography 24

Appendices 25
A DAVS additional formulas . . . . . . . . . . . . . . . . . . . . . . . . . . . 25

A.1 Hydrophone Sensitivity . . . . . . . . . . . . . . . . . . . . . . . . . 25
B DAVS Sensitivity Waveforms . . . . . . . . . . . . . . . . . . . . . . . . . . 26

B.1 Y Axis Sensitivity at 1 kHz . . . . . . . . . . . . . . . . . . . . . . 26
B.2 Y Axis Sensitivity at 2 kHz . . . . . . . . . . . . . . . . . . . . . . 28

III



IV CONTENTS

B.3 Y Axis Sensitivity at 3 kHz . . . . . . . . . . . . . . . . . . . . . . 29
B.4 Y Axis Sensitivity at 4 kHz . . . . . . . . . . . . . . . . . . . . . . 31
B.5 Z Axis Sensitivity at 0.5 kHz . . . . . . . . . . . . . . . . . . . . . . 32
B.6 Z Axis Sensitivity at 1 kHz . . . . . . . . . . . . . . . . . . . . . . 34
B.7 Z Axis Sensitivity at 2 kHz . . . . . . . . . . . . . . . . . . . . . . 35
B.8 Z Axis Sensitivity at 3 kHz . . . . . . . . . . . . . . . . . . . . . . 37
B.9 Z Axis Sensitivity at 4 kHz . . . . . . . . . . . . . . . . . . . . . . 38
B.10 Y Axis Accelerometer voltage waveforms . . . . . . . . . . . . . . . 40
B.11 3 Axis Accelerometers voltage waveforms for Y axis experiment . . 41
B.12 Z Axis Accelerometer voltage waveforms . . . . . . . . . . . . . . . 42
B.13 3 Axis Accelerometers voltage waveforms for Z axis experiment . . 43

C DAVS Directivity Waveforms . . . . . . . . . . . . . . . . . . . . . . . . . 44
C.1 Directivity Comparison . . . . . . . . . . . . . . . . . . . . . . . . . 44
C.2 Setup 1 at 2 kHz . . . . . . . . . . . . . . . . . . . . . . . . . . . . 45
C.3 Setup 1 at 3 kHz . . . . . . . . . . . . . . . . . . . . . . . . . . . . 47
C.4 Setup 1 at 4 kHz . . . . . . . . . . . . . . . . . . . . . . . . . . . . 49
C.5 Setup 2 and 3 at 2 kHz . . . . . . . . . . . . . . . . . . . . . . . . . 51



List of Figures

2.1 Theoretical propagation times for the Arsenal tank, with transducers
at mid depth and various source - receiver distances (X axis). Note
that the top and bottom re
ected times are overlapped. . . . . . . . . 4

2.2 Sensitivity experiment setup for Z axis test. . . . . . . . . . . . . . . . 6
2.3 Setup placement for Y axis sensitivity experiment. . . . . . . . . . . . 6
2.4 Three setups and placement of devices used for directivity measure-

ments. Note that the clockwise and then the counter clockwise rotation
were used for the experiments. . . . . . . . . . . . . . . . . . . . . . . . 7

3.1 DAVS hydrophone signal path: from sensor (left) to digital WAVE �le
(right). . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 9

3.2 Accelerometer signal path: the accelerometer (left) to the digital WAVE
�le (right). . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 12

4.1 Obtained hydrophone (left graph) and accelerometer sensitivities (right
graph), for the 2 used orientations (Y and Z pointing to source) . . . . 16

4.2 Comparison of sensor sensitivities (Y axis pointing to source) between
values obtained in the report [1] and those obtained on the present report. 16

4.3 Directivity diagram at 2 kHz with CW and CCW rotation data plotted
(Y-Z plane axis only). . . . . . . . . . . . . . . . . . . . . . . . . . . . 19

4.4 Directivity diagram at 3 kHz with CW and CCW rotation data plotted
(Y-Z plane axis only). . . . . . . . . . . . . . . . . . . . . . . . . . . . 20

4.5 Directivity diagram at 4 kHz with CW and CCW rotation data plotted
(Y-Z plane axis only). . . . . . . . . . . . . . . . . . . . . . . . . . . . 21

B.1 DAVS hydrophone and reference hydrophone waveforms and RMS val-
ues for Y axis 1 kHz (Reson hydrophone near source) . . . . . . . . . . 26

B.2 Accelerometer waveforms and RMS values for Y axis 1 kHz . . . . . . 27
B.3 Accelerometer waveforms for all axis at 1 kHz . . . . . . . . . . . . . . 27
B.4 DAVS hydrophone and reference hydrophone waveforms and RMS val-

ues for Y axis 2 kHz (Reson hydrophone near source) . . . . . . . . . . 28
B.5 Accelerometer waveforms and RMS values for Y axis 2 kHz . . . . . . 28
B.6 Accelerometer waveforms for all axis at 2 kHz . . . . . . . . . . . . . . 29
B.7 DAVS hydrophone and reference hydrophone waveforms and RMS val-

ues for Y axis 3 kHz (Reson hydrophone near source) . . . . . . . . . . 29
B.8 Accelerometer waveforms and RMS values for Y axis 3 kHz . . . . . . 30
B.9 Accelerometer waveforms for all axis at 3 kHz . . . . . . . . . . . . . . 30
B.10 DAVS hydrophone and reference hydrophone waveforms and RMS val-

ues for Y axis 4 kHz (Reson hydrophone near source) . . . . . . . . . . 31
B.11 Accelerometer waveforms and RMS values for Y axis 4 kHz . . . . . . 31
B.12 Accelerometer waveforms for all axis at 4 kHz . . . . . . . . . . . . . . 32
B.13 DAVS hydrophone and reference hydrophone waveforms and RMS val-

ues for Z axis 0.5 kHz . . . . . . . . . . . . . . . . . . . . . . . . . . . 32
B.14 Accelerometer waveforms and RMS values for Z axis 0.5 kHz . . . . . 33

V



VI LIST OF FIGURES

B.15 Accelerometer waveforms for all axis at 0.5 kHz . . . . . . . . . . . . . 33
B.16 DAVS hydrophone and reference hydrophone waveforms and RMS val-

ues for Z axis 1 kHz . . . . . . . . . . . . . . . . . . . . . . . . . . . . 34
B.17 Accelerometer waveforms and RMS values for Z axis 1 kHz . . . . . . 34
B.18 Accelerometer waveforms for all axis at 1 kHz . . . . . . . . . . . . . . 35
B.19 DAVS hydrophone and reference hydrophone waveforms and RMS val-

ues for Z axis 2 kHz . . . . . . . . . . . . . . . . . . . . . . . . . . . . 35
B.20 Accelerometer waveforms and RMS values for Z axis 2 kHz . . . . . . 36
B.21 Accelerometer waveforms for all axis at 2 kHz . . . . . . . . . . . . . . 36
B.22 DAVS hydrophone and reference hydrophone waveforms and RMS val-

ues for Z axis 3 kHz . . . . . . . . . . . . . . . . . . . . . . . . . . . . 37
B.23 Accelerometer waveforms and RMS values for Z axis 3 kHz . . . . . . 37
B.24 Accelerometer waveforms for all axis at 3 kHz . . . . . . . . . . . . . . 38
B.25 DAVS hydrophone and reference hydrophone waveforms and RMS val-

ues for Z axis 4 kHz . . . . . . . . . . . . . . . . . . . . . . . . . . . . 38
B.26 Accelerometer waveforms and RMS values for Z axis 4 kHz . . . . . . 39
B.27 Accelerometer waveforms for all axis at 4 kHz . . . . . . . . . . . . . . 39
B.28 Y axis accelerometers voltage comparison. . . . . . . . . . . . . . . . . 40
B.29 Y axis accelerometers voltage waveforms for easy comparison. Each

�gure represent the captured waveforms from Y axis experiment, for
the 4 used frequencies. . . . . . . . . . . . . . . . . . . . . . . . . . . . 41

B.30 Z axis accelerometers voltage comparison. . . . . . . . . . . . . . . . . 42
B.31 Z axis accelerometers voltage waveforms for easy comparison. Each

�gure represent the captured waveforms from Z axis experiment, for
the 4 used frequencies. . . . . . . . . . . . . . . . . . . . . . . . . . . . 43

C.1 Accelerometers directivity plot (for comparison) . . . . . . . . . . . . . 44
C.2 Accelerometers response for setup 1 CW (left) and CCW (right) at 2

kHz . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 45
C.3 Accelerometer waveforms and heading information for setup 1 CW at

2 kHz . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 46
C.4 Accelerometer waveforms and heading information for setup 1 CCW at

2 kHz . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 46
C.5 Accelerometers response for setup 1 CW (left) and CCW (right) at 3

kHz . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 47
C.6 Accelerometer waveforms and heading information for setup 1 CW at

3 kHz . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 48
C.7 Accelerometer waveforms and heading information for setup 1 CCW at

3 kHz . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 48
C.8 Accelerometers response for setup 1 CW (left) and CCW (right) at 4

kHz . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 49
C.9 Accelerometer waveforms and heading information for setup 1 CW at

4 kHz . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 50
C.10 Accelerometer waveforms and heading information for setup 1 CCW at

4 kHz . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 50
C.11 Accelerometers response for setup 2 CW (left) and setup 3 CCW (right)

at 2 kHz . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 51
C.12 Accelerometer waveforms and heading information for setup 2 CW at

2 kHz . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 52
C.13 Accelerometer waveforms and heading information for setup 3 CCW at

2 kHz . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 52



List of Tables

2.1 Time that re
ections take to reach receptor transducer (propagation time
for re
ections, in ms). At green color the �rst re
ection reaching trans-
ducer. The steady state zone of the direct signal at the receiver (see table
2.2) should last less than this time to avoid interferences. . . . . . . . . . . 4

2.2 The duration of a direct pulse (in ms), measured from the beginning of
transmission to the end of reception. Cell colors represents the interfer-
ences: no overlap (white), one re
ection overlapping signal (yellow), two
re
ections overlapping (red). . . . . . . . . . . . . . . . . . . . . . . . . . . 5

4.1 Files used for sensitivity calculations and obtained sensitivities and RMS
voltages . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 16

4.2 Files used for directivity calculations and some additional information: fre-
quency, angles of rotation, rotation direction and setup used. . . . . . . . . 18

VII



Abstract

This report discusses the acoustic calibration of the Dual Accelerometer Vector Sensor
(DAVS) carried out at the Arsenal do Alfeite acoustic tank, in Lisbon, on 17th and 18th of
November 2016. This is a revision of previous report SiPLAB 4/17 of April 2017 [1], with
a more comprehensive description of the tank limitations as well as the signal path and
processing steps for obtaining calibrated curves for sensitivity and directivity in the band
0.5 to 4 kHz. Additional results from previously unprocessed data, not included in the
previous report, are given for accelerometers data captured when device Z axis is pointing
to the source.
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Chapter 1

Introduction

Precise calibration of underwater acoustic devices requires relatively complex and time
consuming procedures. In particular, the fact that sound speed in water is approximately
�ve times faster than in the air, and that water impedance is low compared to most other
materials, provides a setting where tank controlled tests are di�cult, if not impossible,
at low frequencies of interest. Depending on the tank dimensions and structure, it is
common for frequencies lower than 1 kHz not to be supported. To complicate matters
further, to our knowledge there are no internationally accepted standards for vector sen-
sor hydrophones' calibration. Most procedures adopted for acoustic vector sensors are
adapted or derived from pressure only hydrophone calibration experience.

The Dual Accelerometer Vector Sensor (DAVS) was developed at CINTAL during EU
H2020 project WiMUST in 2016-17 [2] and tested at sea during WiMUST project wide
experiments in Sines in 2017 and 2018 [3]. A preliminary DAVS calibration test was
performed at the Arsenal do Alfeite facilities, in Lisbon, on 7 and 8 November 2016 [1].
The main objectives of those measurements were to obtain calibrated responses for the
hydrophone and accelerometer components of the DAVS recorder and their behaviour
after encapsulation into the �nal device. In the present report we intend to describe in
higher detail the procedures taken during the test, process and show results of the data
included and also other data not included in the previous report, as well as to set the
limitations of the calibration procedures related to the physical characteristics of the tank,
the equipment and the methodologies adopted.

This report is organized as follows: chapter 2 details the experimental tank conditions,
together with equipment setup and limitations. Chapter 3 describes the signal path inside
DAVS from transducer terminal up to the WAVE digital �le, both for the acoustic pressure
and the accelerometer sensors. This turns out to be an important step since DAVS is an
integrated acquisition system, and therefore there is no direct access to the transducer
output. Chapter 4 details how the results were obtained from the measurements. The
used data �les for sensitivity and directivity are described, for reference. The method
used for sensitivity calculation is detailed and the results presented. Additional detailed
plots and �gures are included in the appendices. Finally, chapter 5 concludes this report
and makes some considerations for future calibration experiments.
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Chapter 2

DAVS calibration test at the Arsenal
tank

The Arsenal do Alfeite is a Portuguese Navy base and harbor located in the town
of Almada, in the south margin of Tagus river, just in front of Lisbon. The anechoic
test tank is a facility located inside the base and comprises a 8 m long by 5 m wide and
a 5 m deep basin, fully equipped with remote controlled sliding bridges and dry wells
for equipment testing and installation. In our case, the reference comparison method was
used. Data was acquired from DAVS and from two reference Reson TC4033-6 hydrophones
for further analysis. The next sections present an overview of the tests performed and
additional information about the tank itself.

2.1 Theoretic propagation times for the Arsenal tank

An important piece of information is the limitations imposed by the physical char-
acteristics of the tank itself due to acoustic re
ections on the lateral walls bottom and
surface. The theoretical propagation times were calculated for the experiments to be
carried out, and considering the dimensions of the tank. This calculations followed the
method described in report [4].

For receiving transducers at mid tank depth, and the projector at a distance of 2 m
from the wall, the propagation time was calculated for source-emitter distances of 0.5, 1,
2, 3, 4, 5 and 6 m, as shown in �gure 2.1. Then, for several combinations of frequency
and pulse length, the pulse duration was found and added to the direct propagation time.
This is the time that a complete pulse takes from the emission till the end of reception,
and any re
ection should take longer than that time in order to avoid interference. For the
Arsenal tank it was found that for frequencies lower than 1 kHz it is impossible to avoid
interference. Table 2.1 shows the time for the re
ections to get to the receiver. Table 2.2
shows the obtained values, for some frequencies and pulse lenght. The duration column
represents the pulse duration in ms for that frequency and number of cycles. Then, the
distance between transducers columns represents the pulse duration plus the propagation
duration, for the distances (0.5 to 7 m). The yellow cells denote at least one re
ection
overlap and the red cells are those with more than one propagation path overlap. It is
important to note that the tank walls are covered all around with anechoic panels that
absorb the acoustic waves and minimize reverberation but, of course, do not completely

3



4 CHAPTER 2. DAVS CALIBRATION TEST AT THE ARSENAL TANK

Figure 2.1: Theoretical propagation times for the Arsenal tank, with transducers at mid
depth and various source - receiver distances (X axis). Note that the top and bottom
re
ected times are overlapped.

Distance between transducers (m) 0.5 1 2 3 4 5 6 7
Wall re
ected propagation time (ms) 7.931 7.5862 6.8966 6.2069 5.5172 4.8276 4.1379 3.4483

Top/Bottom re
ected time (ms) 3.4655 3.5166 3.7139 4.0213 4.4159 4.8766 5.3864 5.9326

Table 2.1: Time that re
ections take to reach receptor transducer (propagation time for
re
ections, in ms). At green color the �rst re
ection reaching transducer. The steady
state zone of the direct signal at the receiver (see table 2.2) should last less than this time
to avoid interferences.

eliminate all re
ected energy. This reverberation may be highly attenuated, and in some
cases where the direct path overlaps with one re
ection, the resulting signal can still
be used to provide a relatively error free measurement. However, for lower frequencies,
we must always take into account that interference exists and can negatively in
uence
the precision of the calculations. As expected, for lower distances between transducers
there is a larger free re
ection time window. This will also depend on the signal pulse
length, which contributes for reducing the a�ordable re
ection free time window. Since
the shorter distances can also a�ect the wave front shape (from plane wave to spherical)
and therefore the far �eld condition, the distance of 2 and 3 m were chosen for the case of
the Arsenal tank. The required pulse length was only evaluated during the experiment,
since it largely depends on the available equipment, and the transient response time it
can achieve.

2.2 DAVS sensitivity test

To determine the DAVS sensitivity, two experiments were performed while changing the
DAVS direction plane pointing to source. The DAVS directions respect the accelerometer
axis, for example, the X axis experiments correspond to the positive X axis of accelerom-
eter. During the afternoon of the �rst day, several measurements were done pointing
DAVS Z axis (Z-Y plane) to the projector at 3 m, as represented in �gure 2.2. The used
projector is the Sensortech SX05 dogbone, connected to an ampli�er (Sensortech SS21)
and to a signal generator (Agilent 33120A). Several pulse lengths were tested but it was



2.2. DAVS SENSITIVITY TEST 5

Freq. Pulse Duration Distance between transducers (m)
(Hz) cycles (ms) 0.5 1 2 3 4 5 6 7
500 5.00 10.00 10.34 10.69 11.38 12.07 12.76 13.45 14.14 14.83
500 10.00 20.00 20.34 20.69 21.38 22.07 22.76 23.45 24.14 24.83
500 15.00 30.00 30.34 30.69 31.38 32.07 32.76 33.45 34.14 34.83
500 20.00 40.00 40.34 40.69 41.38 42.07 42.76 43.45 44.14 44.83

1000 5.00 5.00 5.34 5.69 6.38 7.07 7.76 8.45 9.14 9.83
1000 10.00 10.00 10.34 10.69 11.38 12.07 12.76 13.45 14.14 14.83
1000 15.00 15.00 15.34 15.69 16.38 17.07 17.76 18.45 19.14 19.83
1000 20.00 20.00 20.34 20.69 21.38 22.07 22.76 23.45 24.14 24.83
2000 5.00 2.50 2.84 3.19 3.88 4.57 5.26 5.95 6.64 7.33
2000 10.00 5.00 5.34 5.69 6.38 7.07 7.76 8.45 9.14 9.83
2000 15.00 7.50 7.84 8.19 8.88 9.57 10.26 10.95 11.64 12.33
2000 20.00 10.00 10.34 10.69 11.38 12.07 12.76 13.45 14.14 14.83
3000 5.00 1.67 2.01 2.36 3.05 3.74 4.43 5.11 5.80 6.49
3000 10.00 3.33 3.68 4.02 4.71 5.40 6.09 6.78 7.47 8.16
3000 15.00 5.00 5.34 5.69 6.38 7.07 7.76 8.45 9.14 9.83
3000 20.00 6.67 7.01 7.36 8.05 8.74 9.43 10.11 10.80 11.49
4000 5.00 1.25 1.59 1.94 2.63 3.32 4.01 4.70 5.39 6.08
4000 10.00 2.50 2.84 3.19 3.88 4.57 5.26 5.95 6.64 7.33
4000 15.00 3.75 4.09 4.44 5.13 5.82 6.51 7.20 7.89 8.58
4000 20.00 5.00 5.34 5.69 6.38 7.07 7.76 8.45 9.14 9.83
5000 5.00 1.00 1.34 1.69 2.38 3.07 3.76 4.45 5.14 5.83
5000 10.00 2.00 2.34 2.69 3.38 4.07 4.76 5.45 6.14 6.83
5000 15.00 3.00 3.34 3.69 4.38 5.07 5.76 6.45 7.14 7.83
5000 20.00 4.00 4.34 4.69 5.38 6.07 6.76 7.45 8.14 8.83

Table 2.2: The duration of a direct pulse (in ms), measured from the beginning of transmis-
sion to the end of reception. Cell colors represents the interferences: no overlap (white),
one re
ection overlapping signal (yellow), two re
ections overlapping (red).

experimentally determined that 20 cycles were a reasonable value. The frequencies used
for the tone signals were 0.5, 1, 2, 3 and 4 kHz. Two reference Reson TC4033-6 hy-
drophones were used: one at 1 m of the source and the other at 0.5 m of DAVS. These
two hydrophones have a receiving sensitivity of -202 dB//V/� Pa for the used frequency
range. An additional B&K hydrophone, part of the tank equipment, was also placed near
DAVS. All devices were placed at the same depth of 2.5 m, in the middle of the tank. To
capture the reference hydrophones output an Agilent oscilloscope (MSO-X 3014A) was
used and some pulse waveforms captured and stored on a USB pen. DAVS base station
in streaming mode (see user manual [5]) was used and data saved in WAVE �les.

During the second day another group of 10 measurements was performed, using a
similar setup as that for the Z axis but with DAVS Y axis pointing to source, as shown in
�gure 2.3. Tone signals of 0.5, 1, 2, 3 and 4 kHz and changing the pulse length between
20 and 25 cycles, for each frequency setting were transmitted. However, in this second
day, the reference hydrophone near DAVS was removed, since it was noticed that it could
be causing some interference. Only the Reson for monitoring the source emitted signal
was kept in place. After the experiment, just the 20 cycles pulse length was used for the
analysis, since it provided enough steady state cycles for detection and estimation.

The oscilloscope captured one complete pulse and stored the data onto a *.csv format
�le, that contains the 3 input channels and the capture times. This �le has at least 2
columns, the �rst column is the capture time and the other columns the captured channels.
The used channels are identi�ed in the �rst line of the �le, the header line, since the capture
can have only 1, 2 or 3 channels. The second line has the units used, which is seconds for
the time data and Volt for the acquired signals. During the experiment the Reson near
DAVS was plugged to channel 1, the Reson near source was acquired on channel 2 and
the B&K model on channel 3.
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