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Searching for objects, especially small ones, moving under water near its the free surface, is always not an
easy task. Designing tools for the detection of such targets is a real challenge when the possibility of a terrorist
attack is a real threat. This paper presents some aspects of diver detection by means of acoustics methods, both
active (side scan sonar) and passive ones (linear receiving antenna). This approach is quite e�ective because divers
can use both breathing apparatus operating in the closed-loop (so-called rebreathers), and popular open-circuit
breathing (exhalation of used air or a breathing gas mixture into the water).
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1. Introduction

Detection of objects that are living organisms with
respiratory system suitable for breathing in a gaseous
environment during their activity in water is a speci�c
task [1]. They must have a device that supplies air or a
breathing gas mixture in order to stay under water for an
extended period of time. Classical units to supply the hu-
man respiratory system consist of a cylinder containing
compressed air or a breathing gas mixture and a pres-
sure reduction unit. The most common are two coupled
reduction systems adjusting pressure to the respiratory
system.

Commonly used breathing apparatus for diving works
in the following way. Compressed breathing means is
adjusted to the pressure adapted to the human respira-
tory organs at given depth. Air exhaled directly into
water creates a cloud of gas bubbles that are the source
of acoustic waves and also the perfect re�ector for the in-
cident acoustic waves, due to the very large di�erence of
acoustic impedance of air and water. The detection range
for a diver will depend strongly on the target strength
and very little data are available in the literature on this
topic [2].

Security of marine infrastructure such as bridges,
ports, harbor facilities, etc. is of increased importance
[3]. A threat to these facilities can come from scuba
divers and acoustic methods for detection of such divers
are being investigated.

Acoustic methods have been extensively used to lo-
cate and identify underwater objects [4]. These appli-
cations include locating ships and underwater vehicles
[5�7], �nding shipwrecks [8], imaging sediments [9] and
imaging bubble �elds. Acoustics is the most e�ective tool
for monitoring this environment because the sound has
the ability to propagate over long distance in water [10].
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The main unknown in assessing the possibility to use a
sonar to detect divers is their target strength.
In this case, two methods can be used for detecting

this kind of target. One of them uses passive observation
methods by means of a linear or spatial antenna com-
posed of detectors (hydrophones) that allow tracking a
diver. This is a relatively universal method having ad-
ditional advantage that the object is tracked without its
knowledge.
The other type of observation is the use of active meth-

ods involving the acoustic scanning of the observed area.
In this case, the secondary source of the wave incident
on the diver will be �oating gas (air) bubbles as well as
pressurized gas cylinders. In addition, the diver's body is
a good object re�ecting sound waves, in particular when
a diver wears a diving suit called the dry one, and it is
the rule in the case of cold water.
In the case of systems with closed circuit breathing

where there is no e�ect of gas bubbles, the secondary
sources (parts re�ecting sound waves) are mainly gas
cylinders, breathing circuit, and the body of the diver.
In such a situation, active methods are more e�ective,
with particular emphasis on the waves re�ected from the
axially symmetric containers such as gas cylinders, both
single and double.
In the following part of the paper, results of measure-

ments for all the aforementioned cases will be presented.

2. Target strength of diver

Target strength is one of the most important param-
eters of the object in active method of underwater ob-
servation. The diver is more complicated object than a
�nite cylinder due to the equipment like tanks, suit etc.
that also contributes strongly to the total scattering. But
at �rst step to assess roughly the target strength of the
diver we used in modeling the assumption that the main
component of such object is the gas container that could
be treated as a �nite cylinder [11]. The solution is most
accurate in the case where the incident plane wave is
normal to the axis of the cylinder and the length of the
cylinder is greater than the diameter (Fig. 1).
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Fig. 1. Cylinder of length L, radius a and the ray in-
cident at angle θ.

The target strength was calculated with the use of the
numerical modeling of a �nite cylinder using the formula
from Urick [12]:

TS = 10 log
aL2

2λ

[
sin(kL sin θ)

kL sin θ

]2
cos θ (1)

where L is the cylinder length [m], a is the cylinder radius
[m], θ is the wave incident angle, and k = 2π/λ is the
wave number.
The target strength calculated with the use of the nu-

merical modeling of a �nite cylinder of length 1m and
radius 0.125 m using the formula (1) is shown in Fig. 2.
The �gure also shows results of calculations done for the
cylinder that could be used as a model of a pipeline of
0.1 m radius when is observed with the use of wave with
frequency of 15 kHz (typical for parametric echosounder)
as well as 450 kHz used in the side scan sonar.

Fig. 2. Results of target strength calculation for cylin-
der modeling the diving tank and the pipeline for dif-
ferent frequencies of waves.

In consecutive �gures, echograms pointed out charac-
teristic elements in shapes of underwater image of a diver
are shown. The echogram in Fig. 3 was taken by means
of side scan sonar during tests in the area of the Gulf of
Gdansk.
Another type of sonar gives an image of a diver slightly

di�erent from the one shown in Fig. 3.
In Figs. 4 and 5 there is a well visible silhouette of

a diver with many details. Further, Fig. 6 shows the
echogram of underwater pipeline taken by means of para-
metric echosounder SES 2000 whose target strength esti-
mation is given in Fig. 2 � solid line, cylinder a = 0.1 m,
L = 1 m, f = 15 kHz.

Fig. 3. Echogram of a diver close to the bottom taken
by side scan sonar.

Fig. 4. Echogram of diver taken by multibeam sonar
BlueView P450.

Fig. 5. Details in underwater silhouette of diver in
echogram from Fig. 4: 1 � diver's legs, 2 � diving
cylinder, 3 � cloud of bubbles near breathing machine.

Fig. 6. The echogram of the pipeline taken by para-
metric echosounder SES2000.
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3. Passive method in diver observation

Passive method in underwater observation is especially
useful in protection system for objects of particular im-
portance such as ports, farwaters, oil rigs, and others.
In such a system the most important thing is to notice
changes in the ambient noise. The distortion of the am-
bient noise produced by a diver is very small when taking
into account the di�erence in the pressure value. There-
fore characteristics of sound of a diver in time as well as
in the frequency domain should be considered.
The �rst step towards assessing the sound produced by

a diver breathing with open circuit machine was taking
the characteristics of breath when the diver was close to
the hydrophone. The recorded signal of pressure and the
pressure level determined based on it is shown in Fig. 7.

Fig. 7. Changes in pressure (upper panel) and in pres-
sure level (lower panel) in sound produced by a diver.

Fig. 8. Spectrogram of a diver using an open breathing
circuit.

The main changes that can be noticed in the time series
chart are caused by exhausted air in the form of bubbles
rapidly changing their volume while �oating upwards.
Sound that can be heard during inhale is recognizable
but not so well distinguished as this related to exhaust.
The level of underwater noise varies in the range of about
10�15 dB.
In real conditions where the diver is in certain distance

from a sensor, the results of spectral analysis could be

more useful. An example of spectrogram of diver's sound
is given in Fig. 8. Except from variation in pressure as
a function of time, the presence of a diver is a source of
consecutive changes in spectrum of environmental noise
in range of frequency up to 10 kHz, whereas the greatest
changes are observed in band up to 2 kHz. In this ex-
ample a diver was moving slowly in the direction of the
hydrophone array.

4. Conclusions

Detection of a human diver by means of passive
method is rather a complicated task because the object
represents a broadband source of small intensity. Deter-
mining the presence of the diver needs a discerning anal-
ysis of the environmental noise simultaneously in time
and frequency range.
For active sonars, the diver is quite a well recognizable

object. The diving cylinder, the dry diving suite, and the
cloud of bubbles when the open circuit is in use create
highly re�ective elements.
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