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This paper presents forms of visualisation used in modedemnvater systems, a topic
covered at two previous Seminars. This year’s presentdgscribes how imaging is organ-
ised on the monitors of a passive sonar with a long acoustay,atowed behind the ship’s
stern, part of a modernisation project at the Department afifé Electronics Systems. The
introduction gives an overview of the design of the sonartaedype of signals received and
used for imagining. The article then describes the othdofacwhich are important for how
images are organised, i.e. the operators’ tasks, the getind how they are presented, other
data from additional sonar sensors, how the systems wothkstkaé other on-board systems,
operator training and ergonomics. Examples of images atedad.
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1. Introduction

Passive, long range sonars with acoustic arrays towed at long distinoe the
vessel are used on ships and submarines. They are used for apthmibearing and
the distance to alien ships and torpedoes, treated as sources of spmséic n

To obtain the right conditions for listening to signals from these sourcesditipe
in the order of a nautical mile), it is important to place the array at a farrdistérom
the vessel generating its own noise, and in the case of a ship it is importamt the
array below the wake, because it cuts off sound propagation andgesaoise.

Energy distribution in the spectra of noise generated by the vessels detespe-
cially by slow moving submarines) shows a concentration in a very lowéecy range
— of the order of about fifty hertz. The length of the acoustic wavesvedeould be
as much as about fifty meters, so to ensure proper directional readrrdy must be
several hundred meters long. Towed behind the array is a stabilisingatioe; fifty
meters long.

Figure 1 shows the spatial arrangement of the system comprising thecabip
and array.
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Fig. 1. Spatial proportions of the system: the towing shihle and array.

2. Sonar structure

The array has a row of several hundred hydrophones, combiteeskations. Listen-
ing to the band of the lowest frequencies of about a dozen hertz udespinpnes from
the entire array, and for the higher bands (usually up to 1.5 kHz) fnapggtionally
shorter sections. The last section of the array has watertight contaiitlerd compass,
hydrostatic pressure sensor and thermometer, the other contairgrhezelectronics:
pre-amplifiers, multiplexers, sampling systems and processors fuagireg and ensur-
ing two-way transmission of data (the ship sends the settings, e.g. diftangain
control) through the cable.
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Fig. 2. Sonar structure.
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The system on board is responsible for receiving and sending thepdat&ssing
and displaying the results of listening and cooperating with the other shigterag,
such as for navigation, command and sound velocity meters. The mgatiee for
processing the signals is to use beamforming [1, 2], with a simultanemesai®n
of many narrow beam patterns to ensure that noise sources (shigslamdrines) are
identified accurately.

There are eight computers in the on-board part. Four are used fal gigpcessing
and the other four input the settings, communicate with external systekescaae
of displaying the images on four monitors installed in two consoles and ohtp&s
training. With this layout two operators can perform different functidriee@same time,
e.g. keep track of the results of listening in four different frequeranyds or concentrate
on watching different sources. Figure 2 presents the structure obtize E3].

3. Signals and how they are displayed

Itis important to say that a single row of hydrophones can receive imatrewbeam
patterns in one dimension only because of the array length. In the seeotidn, the
receiving is omnidirectional, making it impossible to identify clearly the locatittine
source, not even to say whether it is on the right or left side of the shtgprmention
the depth of the source. It is not until the ship and the array do someeauariag, that
the source can be localised on the right or left side.

To overcome this problem, new and more expensive sonar generatome with
thicker arrays (with greater hydrodynamic resistance, more difficllatale and store
etc.), but they also come with three rows of hydrophones. As a reseildrthy’s cross-
section can process signals just like a gradient array, although leetteispacing be-
tween the hydrophones compared with the length of the acoustic waveslis
beam pattern obtained is not very impressive and only gives a vagaefidéhether the
source is to the right or left side.

Because the modernisation project does not go as far as to changeathdesign,
the visualisation should be presented in a way that ensures a clear distilayresults
of array targeting manoeuvres. Earlier, the space on both sides ohighensist be
displayed symmetrically.

Specifically, the operator should carry out the tasks in this order:

e check the region with a relatively wide listening band;

e reduce the band of the analysed signals to watch a narrow range with etaxim
amplitudes of spectral lines from the expected spectrum of interestiregsdeng.
very low frequencies in the case of submarines);

e watch source bearings (one or more sources) generating signalslacted nar-
row band and demand manoeuvres to allow the operator to identify theesour
(sources) to the left or right of ship’s side;

e keep track of the changes in the bearing to watch and possibly identifysatliea
approximate source location;
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e if the location cannot be identified with sufficient precision, demand to ties o

methods e.g. sonobuoys;

e send the listening results to the conning station.

Because the sonar is operated by two operators, one of them shousdbioéollow-
ing a selected target (targets), while the other should keep track of teodewents in
the region. Because both have the same choice of visualisation typesatheypport
each other and watch the same or different sources (but in a diffggentrum range).

Figure 3 shows the initial results of observation. The left vertical windoows the
amplitude distribution of the spectrum of all signals — the current and geetistribu-
tion (lighter colour) of several transmissions. The central window shepectral distri-
butions (colour marked amplitudes) of signals coming from the beanec({iins) from
several transmissions. The lower window shows the maxima of spdidtabutions in
the different directions. The observations help to choose (limit) both tbetispn and
scope of the directions, e.g. as shown in this model situation.
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Fig. 3. Early results of observation.

Figure 4 shows the screen with windows and the successive steps qietatar.
In the first window on the left-hand side you can see how the level of ardpbtwf
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lines is controlled in a selected spectrum range, the second shows theadnstof
bearings during manoeuvres (“waterfall” image [4, 5]), and the thdrecentration of
the bearings suggesting the location of the source.
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Fig. 4. Basic form of sonar visualisation.

4. Conclusions

As you can see, with the digital structure, the signals can be proces$dsplayed
in different forms. Apart from the options shown, the system can lifdcemce points to
the ship’s course or to the north, it can change the scale (zoom) aratjeveaximal or
other levels of signals or spectral distributions for single or multiple cyeles|6, 7].

The screens have toolbars, but also a lot of other information (sellegtét user)
such as the current system settings, the ship’s and array’s navigatiantide hydrol-
ogy of the region, the markers and marker identification and geogipdosition, the
status and content of communications with external systems, alarmsrardencies.
There are separate images for the other systems, e.g. for meathaihgdrological
conditions.
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All this can be achieved in a friendly and familiar WINDOWS environment] &n

designed to help the operator (who has other workload too) with detectingikowing
targets and informing the command systems.
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