
PASSIVE FATHOMETRY IN AUSTRALIAN WATERS

Md. Jahangir Alam, Elanor H. Huntington, and Michael R. Frater

School of Engineering and Information Technology,
University College

University of New South Wales
Canberra ACT-2600, Australia

ABSTRACT

Cross-correlation function (CCF) between the ocean ambient
noise (OAN) fields received at two hydrophones gives esti-
mate of Green’s function (GF) between those two hydrophone
positions, which helps in the passive estimation of the bot-
tom profile of the ocean called a passive fathometry. Wind
generated ambient noises on the ocean surface mostly con-
tribute to the estimation of passive fathometry. According to
the literature this estimation can be improved using broader
bandwidth. In the shallow waters near Australia, biological
noise is a major component of the broadband OAN field and
dominant at low wind speeds because Australian waters are
warmer and include a large amount of tropical water which
makes them a better place for marine life. In this paper, the-
oretical analysis of the CCF between OAN fields in the pres-
ence of shrimps is presented. The effect of broadband shrimp
noise on the passive fathometer is demonstrated using exper-
imental data which shows that in the presence of strong bio-
logical activities, only the lower band of the ambient noise
is useful in the passive fathometer. Experimental analysis
has been performed using both conventional delay and sum
(DS) and adaptive minimum variance distortionless response
(MVDR) beamforming techniques where the latter technique
gives superior estimation.

Index Terms— Passive fathometry, Cross-correlation,
Ocean Ambient Noise (OAN), Shrimp, Depth estimation,
SNR, Resolution, MVDR, Delay and Sum (DS), Beamform-
ing

1. INTRODUCTION

Bottom profiling of the ocean is one application of geo-
acoustic inversion and is performed by cross-correlating the
acoustic signals received by the hydrophones[1, 2, 3, 4, 5].
It includes estimating the depths of the ocean’s bottom and
sub-bottoms which often results in an acoustic image of the
seabed.

In a passive technique, the cross-correlation of wind-
generated surface noise between two or more hydrophones
gives an estimate of the bottom profile of the ocean which

is named as ”passive fathometry” [1, 6, 7, 8] and based
on extracting the Green’s Function (GF) from the ambient
Noise Cross-correlation Function (NCF) [6]. The GF be-
tween two points can be extracted from the derivative of the
cross-correlation between the Ocean Ambient Noise (OAN)
received at those two points [9, 10, 11]. and the better the
estimate of the GF, the better the estimate in the passive
fathometer.

Two figures of merit for estimating the GF are the SNR
and the resolution of the Cross-Correlation Function (CCF)
[12, 10, 13, 14]. One of the requirements of improving the
SNR and resolution of the CCF is that a large amount of OAN
is needed [10, 13, 15], to collect which there are a number
of ways. It has been shown that significant averaging of the
NCF is needed for the better estimation of the GF if the noise
is recorded at two hydrophones [16, 13, 11, 17, 18, 19, 15],
although this requires long recording time. Another way is to
use an array of hydrophones in which signals from different
pairs of hydrophone are averaged to improve the SNR of the
CCF [6, 12, 1]. The number of elements of an array can be
increased to increase the SNR of the CCF [6, 20, 13], which
makes the array physically large. However, the increase of
the number of elements does not increase the resolution of the
correlation because the resolution is dependent on the band-
width of the noise field [9]. However, array processing is
limited by the usable bandwidth of the noise field. Until re-
cently, it was thought that the bandwidth cannot be larger than
the design frequency of the array [6] due to spatial aliasing,
even though the SNR and resolution can be improved by in-
creasing it [12, 14, 13]. Nonetheless, some recent works have
shown that this bandwidth can not be increased beyond a cer-
tain point due to the adverse effect of shrimp noise, in particu-
lar, in Australian waters [21]. This is because OAN generated
in shallow Australian waters is dominated by the sound gener-
ated by shrimps lying on the seabed and the signals generated
by biological activities are considered as overheads in esti-
mations [21]. Passive estimate of ocean depth in Jervis Bay,
NSW, Australia in the presence of shrimp noises is analysed
in [21] using conventional Delay and Sum (DS) beamform-
ing.
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In this paper, a comparative experimental analysis of pas-
sive depth estimation in Australian waters using conventional
DS beamforming and adaptive Minimum Variance Distor-
tionless Response (MVDR) beamforming is presented and it
is shown that the latter technique results better estimate than
former. This is because, unlike DS beamforming, MVDR
beamforming technique concentrates on the vertically prop-
agating signals while rejecting noises coming from other
directions [20, 8, 22]. Theoretical analysis presented in [21]
is extended in this paper to include off axis wind-generated
surface noises and shrimp noises.

Rest of the paper is organised as follows. Section two de-
scribes theoretical analysis of passive fathometry in the pres-
ence of shrimp noise. Section three explains experimental
results and section four concludes the paper.

2. THEORETICAL ANALYSIS

In the passive fathometry, depth of the seabed can be es-
timated from the delay difference between the direct and
the bottom reflected paths of the OAN coming from sur-
face end-fire region and received at two vertically separated
hydrophones, if the speed of sound is known [6, 23].

Now, the depth of the sea-bed D is given by

D =
∆τdr × c+ ds

2
+ dt (1)

where ∆τdr represents the delay difference between direct
and bottom reflected paths which can be measured from the
NCF [21], ds is the distance between two consecutive hy-
drophones and dt is the depth of the top hydrophone. Speed
of sound c can be calculated using equation 2 as

c = 1449.05 + 45.7(
Tc
10

)− 5.21(
Tc
10

)2 + 0.23(
Tc
10

)3

+ (1.333− 0.126(
Tc
10

) + 0.009(
Tc
10

)2)(Sc − 35)

+ 16.3Zc + 0.18Z2
c

(2)

where c, Tc, Sc and Zc are the speed of sound, water tem-
perature in oC, salinity and depth in km respectively.

The passive fathometer described in [21] assumes that
only a point noise source from surface end-fire region con-
tribute to the OAN. However, in practice, surface noise
sources are uniformly distributed and there are other types
of noise sources that contribute to the frequency range of the
OAN we are interested in and affect passive fathometer. In
this section, we theoretically analyse the CCF of the OAN in
the passive fathometer considering off-axis surface noise and
biological noise, in particular shrimp noise. Since shrimps
usually lie on the seabed in a shallow water area and wind-
generated noises are generated in the surface, they will be
treated as a sheet of noises on the sea bed and surface respec-
tively. In this analysis, it is considered that wind generated

surface noise and shrimp noise contributes linearly to the
OAN, which allows to calculate the noise fields and correla-
tions for the shrimp noise and add it to those for the surface
noise. Overall noise field and cross-correlation is then given
by

φω = φsuω + φshω (3)

Cω = Csuω + Cshω (4)

where φsuω and φshω are the noise contribution to OAN
from surface noise and shrimp noise respectively andCsuω and
Cshω are the correlation corresponding to surface noise fields
and shrimp noise fields respectively. Mathematical deriva-
tions of Csuω and Cshω are demonstrated separately in this sec-
tion.

2.1. Cross-correlation of surface noise fields

We consider a situation in which uniformly distributed wind-
generated surface noises are recorded at two vertically sep-
arated hydrophones where hydrophones (S1 and S2) posi-
tioned at (z1, r1) and (z2, r2) in a cylindrical coordinate sys-
tem and, thus, r1 = r2. The noise fields received at the hy-
drophones consist of direct signals and reflected signals from
the seabed and surface. In the mathematical derivation, only
the direct and first bottom-reflected signals are considered to
contribute to the noise fields. This is because the first bottom
reflection is sufficient to describe the passive fathometer using
cross-correlation and subsequent reflections suffer from in-
creased attenuation compared to first bottom reflection, hence
little impact on the performance of passive fathometer. The
geometry of the noise distribution and its bottom reflection
image are shown in Figure 1 [6].

This figure shows that a sheet of noise is generated at z′

depth below the surface and a bottom image at 2D− z′ depth
from the surface, where D is the depth of the seabed. Here,
the seabed is considered as a rigid body which means that
its acoustic impedance is higher than that of the water and,
thus, there is no phase change in the reflected signals [24].
The noises coming from all over the surface contribute to the
noise fields received at the two hydrophones (S1 and S2)) and
these two noise fields are a function of the GF retrieved from
them. The GFs can be obtained using the method of images
[6, 23].

It is considered that random surface noise sources are
placed at (r′, z′) points of the noise plane in the cylindrical
coordinate which is denoted as Ssuω (r′) in the frequency do-
main, where the horizontal displacement is r′ = (x′, y′). The
source function (Ssuω (r′)) is not dependent on the depth of
the noise plane (z′), because z′ is constant for all the noise
sources.
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Fig. 1. Geometry of surface noise distribution and image for-
mulation [6]

The noise field (φsuω (r, z)) at point (r, z) due to all the
noise sources from the surface noise plane is [6, 25]

φsuω (r, z) =

∫
Ssuω (r′)Gsuω (r, r′, z, z′)dr′

where Gsuω (r, r′, z, z′) is the GF for surface noise plane.
The noise fields received at hydrophones S1 and S2 for

the sheet noise sources at the depth of z′ are expressed as

φsuω (r1, z1) =

∫
Ssuω (r′)Gsuω (r1, r

′, z1, z
′)dr′ (5)

φsuω (r2, z2) =

∫
Ssuω (r′′)Gsuω (r2, r

′′, z2, z
′)dr′′ (6)

where Gsuω (r1, r
′, z1, z

′) and Gsuω (r2, r
′′, z2, z

′) are the GFs
at hydrophones S1 and S2 for the sheet surface noise source
which can be represented in integral representation as

Gsuω (r1, r
′, z1, z

′) =
1

2π

∫
Gsuω (k, z1, z

′)e[iK(r1−r′)]dK

(7)

Gsuω (r2, r
′′, z2, z

′) =
1

2π

∫
Gsuω (k′, z2, z

′)e[iK(r2−r′′)]dK ′

(8)
where Gsuω (k, z1, z

′) and Gsuω (k′, z2, z
′) are the GFs at

hydrophones S1 and S2 respectively in the wavenumber do-
main.

Therefore, the noise fields of equation 5 and 6 can be ex-
pressed as

φsuω (r1, z1) = 1
2π

∫
Ssuω (r′)

∫
Gsuω (k, z1, z

′)e[iK(r1−r′)]dKdr′

(9)
φsuω (r2, z2) = 1

2π

∫
Ssuω (r′′)

∫
Gsuω (k′, z2, z

′)e[iK(r2−r′′)]dK ′dr′′

(10)
The cross-spectral density is simply the ensemble average

of the multiplication of two frequency domain noise fields
after conjugating one. Therefore, the cross-spectral density
(Csuω (r1, r2, z1, z2)) of the noise fields received at S1 and S2

is expressed as

Csuω (r1, r2, z1, z2) =< φsuω (r1, z1)× φsuω (r2, z2)∗ >

=
1

(2π)2

∫ ∫
< Ssuω (r′)Ssuω (r′′)conj > dr′dr′′

[ ∫
Gsuω (k, z1, z

′)e[iK(r1−r′)]dK

]
×
[ ∫

Ssuω (r′′)

∫
Gsuω (k′, z2, z

′)e[iK(r2−r′′)]dK ′
]∗

(11)
where ∗ in the superscript indicates complex conjugate

operation. In equation 11, < Ssuω (r′)Ssuω (r′′)conj > is the
correlation function of the surface noise sources denoted as
Nsu(s) which is spatially dependent on only the separation
(s = r′ − r′′). Now, by expressing the noise field points
through the difference between the displacement vectors, that
is, Rr = r1− r2, the cross-spectral density can be denoted as
Csuω (Rr, z1, z2) and expressed as [25]

Csuω (Rr, z1, z2) =
8π2q2

k2(z′)

∫ ∞
0

Gsuω (kr, z1, z
′)Gsuω (kr, z2, z

′)∗

J0(kr|Rr|)krdkr
(12)

where q2 is considered the strength of the source function and
correlation function can be expressed in the form of a delta
function as [26]

Nsu(s) =
4πδ(s)

k2(z′)
. (13)

The Bessel function J0(kr, Rr) = 1 for the vertically sep-
arated hydrophones that disappears from equation 12 due to
the use of a vertical array of hydrophones in the passive fath-
ometer.

Considering the source at z = z′ and a bottom image of
the source at z = 2D− z′, the GFs at hydrophones S1 and S2

are expressed as [23]

Gsuω (kr, z1, z
′) =

eikz(z1−z
′)

4πikz
+
eikz [(D−z1)+(D−z′)]

4πikz
(14)



Gsuω (kr, z2, z
′) =

eikz(z2−z
′)

4πikz
+
eikz [(D−z2)+(D−z′)]

4πikz
. (15)

Substituting the expressions of the GFs from equa-
tions (14) and (15) in equation (12), the cross-spectral density
can be expressed as

Csuω (z1, z2) =
8π2q2

k2(z′)(4π)2

∫ ∞
0

[
eikz(z1−z2)

k2z
+
eikz [(z1+z2−2D)]

k2z

+
eikz [(2D−z1−z2)]

k2z
+
eikz(z2−z1)

k2z

]
krdkr

(16)
The vertical wavenumber, kz , can be defined as kz =√
k2 − k2r . After changing the dependent variable from kr to

kz , the cross-spectral density in equation 16 can be expressed
as

Csuω (z1, z2) =
−q2

4k2(z′)

∫ k

0

[
eikz(z1−z2)

k2z
+
eikz [(z1+z2−2D)]

k2z

+
eikz [(2D−z1−z2)]

k2z
+
eikz(z2−z1)

k2z

]
kzdkz

=
−q2

4k2(z′)

∫ k

0

[
eikz(z1−z2)

kz
+
eikz [(z1+z2−2D)]

kz

+
eikz [(2D−z1−z2)]

kz
+
eikz(z2−z1)

kz

]
dkz

(17)

2.2. Cross-correlation of shrimp noise fields

In this analysis, direct and first surface reflected paths from
shrimp noises are considered to be received by the hy-
drophone array, as although other paths are available, they
are weak in comparison. A shrimp noise sheet and its surface
image are considered at z = D and z = −D respectively as
shown in Figure 2.

The noise signals generated by shrimps and received at
hydrophones S1 and S2 can be expressed as

φshω (r1, z1) = 1
2π

∫
Sshω (r′)

∫
Gshω (k, z1, D)e[iK(r1−r′)]dKdr′

(18)
φshω (r2, z2) = 1

2π

∫
Sshω (r′′)

∫
Gshω (k′, z2, D)e[iK(r2−r′′)]dK ′dr′′

(19)
The superscript sh represents quantities arising from noise
generated by shrimps.

From equations 11 to 12, the cross-spectral density can be
expressed as

Cshω (Rr, z1, z2) =

∫
q2Nsh(s)e−iKsds

∫
Gshω (kr, z1, D)Gs(kr, z2, D)∗

J0(kr|Rr|)krdkr
(20)
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Fig. 2. Geometry of shrimp noise distribution and image for-
mulation

where Ns(s) is the source correlation function of the shrimp
noise field. Considering a sheet of shrimps at z = D and its
surface image at z = −D, the GFs at hydrophones S1 and S2

are expressed as

Gshω (kr, z1, D) =
eikz(D−z1)

4πikz
− eikz(D+z1)

4πikz
(21)

Gshω (kr, z2, D) =
eikz(D−z2)

4πikz
− eikz(D+z2)

4πikz
. (22)

A negative sign in the second term of the GF is observed be-
cause of the phase change in the surface-reflected signal [25].

Substituting the expressions for the GFs from equa-
tions 21 and 22 in equation 20 and changing the dependent
variable from kr to kz , the cross spectral density due to
shrimp noise fields can be rewritten as



Cshω (Rr, z1, z2) =

∫
q2Nsh(s)e−iKsds

∫ k

0

−1

2× (4πkz)2[
eikz(z2−z1) − e−ikz(z1+z2)

− eikz(z1+z2) + eikz(z1−z2)
]
kzdkz

(23)
Considering the signal generated by shrimp as a series of

impulses, the correlation function Nsh(s) is expressed as

Nsh(s) =Npδ(s) +

Np∑
i=2

Np∑
j=i

δ(s+ dclickj − dclicki−1 )

+

Np∑
i=2

Np∑
j=i

δ(s+ dclickNp−j+1 − dclickNp−i+2)

(24)

where the signal produced by a shrimp consists of Np
number of clicks and is given by

Np∑
i=1

δ(dclicki ) (25)

where dclicki is the position of the ith click in the shrimp
signal.

Figure 3 shows the conceptual graphical sketch ofNsh(s)
along with the received signals produced by a shrimp. Hori-
zontal axis of the sketches are expressed in distance.
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Fig. 3. (a) represents signal produced by a shrimp received at
S1 (top) and S2 (bottom); and (b) represents cross-correlation
between them

Figure 3(a) shows signals coming from a single shrimp
received at S1 and S2 where signal received by S2 traverse s
distance more than S1 and Figure 3(b) represents the correla-
tion between them. In Figure 3(b), the longest peak generated
at −s position represents the first term of equation 24. The
other peaks in positive and negative directions represent the
second and third terms of equation 24 respectively.

2.3. Cross-correlation of combined noise fields

Now, considering that the combined noise field consists of
wind-generated surface noise and shrimp-generated bottom
noise, and using equations 12 and 20, the cross-spectral den-
sity is given by

Cω(Rr, z1, z2) =
q2

2k2(z′)

∫ ∞
0

Gsuω (kr, z1, z
′)Gsuω (kr, z2, z

′)∗krdkr

+

∫
q2Nsh(s)e−iKsds

∫ ∞
0

Gshω (kr, z1, D)Gshω (kr, z2, D)∗krdkr

+

∫
q2Nsu−sh(s)e−iKsds

∫ ∞
0

Gsuω (kr, z1, z
′)Gshω (kr, z2, D)∗krdkr

+

∫
q2Nsu−sh(s)e−iKsds

∫ ∞
0

Gshω (kr, z1, D)Gsuω (kr, z2, z
′)∗krdkr

(26)
where Nsu−sh() represents the source correlation between
the wind-generated surface noise field and shrimp-generated
bottom noise field. Since these fields can be approximated
as random noise and an impulse-like signal respectively,
Nsu−sh() is actually a random signal. The third and fourth
terms in equation 26 are the main contributors to the noise part
of the overall cross-correlation which implies that the SNR
will be worse than previously thought. The first and second
terms are derived from equations 23 and 17 and represent the
correlation peaks generated in the overall cross-correlation
which implies a spurious peak that does not contribute use-
fully to bottom profiling.

3. EXPERIMENTAL ANALYSIS

Experiment has been conducted at shallow water near Jervis
bay, NSW, Australia where seabed is rocky and depth mea-
sured by an active sonar (Lowrance GlobalMap 3500c) is
15.2m. A 4-hydrophone array is deployed underwater with
the bottom hydrophone at a depth of about 6.5 m from the
surface and the spacing between consecutive hydrophones
50 cm. Bruel and Kjaer 8104 hydrophones are attached to
a 5.5m long nylon rope of 8mm diameter using duct tape to
form an array which is hung from a float on the surface using
1 m long shock cord. A PVC plate of diameter 0.5m is also
hung horizontally from the bottom part of the array to prevent
the movement of the plate on the effect of surface fluctuation.
Since the strength of OAN is low, a RESON VP2000 voltage
pre-amplifier with a 50 dB gain is used to amplify the ocean
noise before recording. Each 50 s of data slot is recorded at



a sampling rate of 192 ksps and the data acquisition device
UA101 captures the OAN. The UA101 has 10 input chan-
nels, four of which are used to record four channels of data
simultaneously. The experimental setup is shown in Figure 4.
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Fig. 4. Experimental setup

The array setup used in the experiment is shown in Fig-
ure 5.

A temperature sensor is also deployed at the same depth
of the array to measure water temperature at that place which
is used to calculate the speed of sound. The speed of sound is
calculated using equation 2 where the temperature at the loca-
tion of the experiment is 20oC measured by temperature sen-
sor, the salinity of the water is 35.30 PSU [27] and the depth
of the measurement is 5m. Using these parameters, speed of
sound is calculated as 1521.9 m/s.

Since depth at the experimental location is 15.2 m and
the hydrophones S1 and S2 are about 5 and 5.5 m below the
surface respectively, the delay difference between the direct
path at one hydrophone and reflected path at the other is 13.1
ms.

The CCF of the equalised OAN fields of bandwidths
(1kHz-20kHz) are processed using both DS and MVDR
beamforming techniques and shown in Figure 6.

Results show that large bandwidth (1-20kHz) noise fields
does not give estimation of the depth, in particular at Aus-
tralian shallow water due to the presence of strong sounds

!

Fig. 5. Array used in the experiment; the equipment is laid
out in same order as fig 4 with S1 at the top of the photograph

produced by shrimps which resembles with the experimental
results shown in [21].

Because of the strong biological noise at higher frequen-
cies, only the lower band of the OAN may be used to test the
passive fathometer. M. Siderius used the passive fathometer
with a frequency band of 200 to 1500 Hz and DS beamform-
ing with an array of 32 elements to estimate the bottom profile
of the ocean [6]. For comparison purposes, we use the same
lower frequency band in this analysis. A bandpass filter (200-
1500 Hz) is applied very carefully on the received noise field
because, if applied directly to the noise field of the high band-
width (96 kHz), it might be numerically unstable. Therefore,
the received noise fields are low-pass filtered and then down-
sampled at the ratio of 10:1 to achieve an effective bandwidth
of the noise field of 9.6 kHz and a sampling rate of 19.2 ksps
which helps to take the noise field of the frequency band from
200 to 1500 Hz.

After applying DS beamforming using the four hy-
drophones in the array, the resultant cross-correlation of the
equalised noise fields (200-1500 Hz) is shown in Figure 7.

In this beamforming, hydrophone S1 is used as reference
which results a path difference of 20m between direct and
reflected paths at S1. Therefore, a correlation peak is ex-
pected at about 13.40 ms away from the correlation centre
after beamforming. Although figure 7 shows a correlation
peak at about 13.5 ms, a strong low-frequency signal can
still be observed in the correlation because delay and sum
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Fig. 6. (a) and (b) represent cross-correlations of equalised
noise fields of 1-20kHz using DS and MVDR beamforming
respectively

beamforming cannot remove strong horizontally propagating
low-frequency signals from the noise field. However, MVDR
beamforming can overcome this problem and a time domain
cross-correlation after adaptive processing is shown in Fig-
ure 8.

Figure 8 shows a correlation peak at about 13.5 ms with a
better SNR than that shown in Figure 7. In Figure 8, four
strong correlation peaks are also observed near correlation
centre where two consecutive peaks are 0.67ms apart. These
peaks are generated due to the correlation of direct path sig-
nals coming from end-fire region on the surface while per-
forming correlation between upward and downward beams
in MVDR beamforming. This is because, a part of strong
direct path signal is present in the upward beam as leakage
along with bottom reflected signals. Ringing produced by
these four strong peaks interfere with the peak representing
depth as shown in Figure 8. This interference can be recov-
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Fig. 7. Cross-correlation of equalised noise fields (200-1500
Hz) after DS beamforming using 4-hydrophone array

ered either with an increase of ocean depth or by placing the
array at a shallower depth because the correlation peak rep-
resenting ocean depth moves away from correlation centre in
both of those cases.

The depth of the ocean can be estimated from equation 1
as

20.54 + 0

2
+ 5 = 15.27 m

where dt=5 m, ∆ddr=20.54 m and ds=0 for reference hy-
drophone S1.

Since five different sets of data have been recorded, esti-
mations from all of them are shown in table 1.

Table 1. Depth estimation from different sets of data

Data set

Position of correlation
peak representing
depth (ms)

Estimated
depth (m) Errors (m)

1 13.5 15.27 0.07

2 13.58 15.33 0.13

3 13.58 15.33 0.13

4 13.42 15.20 0

5 13.42 15.20 0

Standard deviation of the estimations from different sets
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Fig. 8. Cross-correlation of equalised noise fields (200-1500
Hz) after MVDR beamforming using 4-hydrophone array

of data is 0.065m and mean measurement error is 0.066m.
At the beginning of the experiment, the depth of the exper-
iment was measured as 15.2 m using an active sonar which
shows good agreement with the passive estimation of the
depth. However, slight variations might be observed due to
the uneven rocky seabed and drifting of the hydrophones with
ocean current.

In the experimental analysis described, power equalisa-
tion combined with MVDR beamforming significantly im-
proves estimations of the depth of the seabed, as shown in
Figure 8. From this figure, we can say that, using power
equalisation and MVDR beamforming, a 4-hydrophone ar-
ray provides a good estimate of the depth of the seabed using
the frequency band of 200 to 1500 Hz. Although the large-
bandwidth OAN is recorded to improve the SNR and reso-
lution of the estimation in the passive fathometer, the noise
fields at higher frequencies do not contribute to the passive
fathometer due to the dominance of shrimp noises in shallow
Australian waters.

However, the lower frequency band of 200 to 1500 Hz still
shows consistency with theory shown in [28]. The SNR and
resolution with respect to the bandwidth of the noise field are
shown in Figure 9. The SNR is calculated as the ratio of the
power of the correlation peak generated at about 13.5 ms to
the variance in the correlation noise generated between 25 ms
and 50 ms from the cross-correlation in Figure 8, and the reso-
lution is calculated as the width (zero-crossing) of the correla-
tion peak generated at about 13.5 ms in the cross-correlation.

Figure 9 shows that the relationship among the SNR, res-
olution and bandwidth is broadly consistent theories. Fig-
ure 9(a) shows that up to 1500Hz bandwidth SNR increases
with an increase in bandwidth and it goes down for further
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Fig. 9. Experimental SNR and resolution of correlation func-
tion with respect to bandwidth

increase of bandwidth due to shrimp as sound produced by
them starts dominating in higher bandwidth. It also shows
that both SNR and resolution using MVDR beamforming give
better results compared to DS beamforming in the presence
of shrimps, in particular, at higher frequencies. The SNR
and resolution shown here is the average of five sets of data
recorded from the same location.

4. CONCLUSIONS

The theoretical analysis of the passive fathometer in the pres-
ence of off-axis wind generated surface noise and shrimp
noise, which affects estimations of the depth of the ocean,
is explained in this paper. It is experimentally shown that
the passive fathometer works well at a depth of about 15
m and on rocky bottom areas using equalised noise fields



and MVDR beamforming in a 4-hydrophone array with a
reasonable averaging time of 50 seconds. It is also shown
that adaptive MVDR beamforming gives better estimations
than conventional DS beamforming when keeping all other
parameters the same. The SNR and resolution are both shown
to improve with increased bandwidths of the hydrophones in
the array, until sharp biological noise starts dominating in the
OAN recorded at Jervis Bay, NSW, Australia. Analysis of
the experimental data leads to an important conclusion about
the usable bandwidth of the passive fathometer, that is, it is
limited in Australian waters by broadband shrimp noise but
not by the bandwidths of the hydrophones in the array.
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